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Therefore, according to the teachings of Queen et al., human framework region sequences 

needed to be tailored to each non-human antibody to be humanized. Furthermore, this 

reference taught that the heavy chain and light chain used for humanization should be derived 

from the same human antibody. 

Applicants submit that the invention recited in independent claims 1, 7, 15 and 22 herein differs 

from the teachings of each of the cited references in that it provides humanized antibodies 

wherein the heavy chain framework region of the humanized antibody is provided by a 

consensus human variable domain of a human heavy chain immunoglobulin subgroup, such as 

the VH subgroup Ill consensus human variable domain, e.g., of SEQ ID N0:4. The references 

cited by the Office fail to disclose or suggest the use of such a heavy chain consensus human 

variable domain. 

First, Applicants will comment on the statement by the Examiner that "there is no 

functional/structural distinction from what applicant has claimed and that taught by the 

combination of references." As noted above, independent claims 1, 7, 1.5 and 22 herein recite a 

"consensus human variable domain of a human heavy chain immunoglobulin subgroup." As 

noted on page 15, lines 15-25 of the application, consensus sequences (i.e., most commonly 

occurring residue or pair of residues) of human heavy chain immunoglobulin subgroups are 

compiled in Kabat et al., Sequences of Proteins of Immunological Interest, Fourth Edition, U.S. 

Dept. of Health & Human Services, pubs., (1987). Kabat et al. grouped various heavy and light 

chain variable domains according to their amino acid sequence identity to form several human 

immunoglobulin subgroups, i.e., human kappa light chains subgroups I to IV, human lambda 

light chains subgroups I to VI and human heavy chains subgroups I to Ill (see pages 41-76 and 

160-175 of Kabat et al., copies attached}. The "occurrences of most common amino acid" (i.e., 

"consensus human variable domain" of the instant claims) at each position of the variable 

domain are provided in the second to last column for each immunoglobulin subgroup in Kabat et 

a/. The cited references fail to disclose or suggest the use of a consensus human variable 

domain of a human heavy chain immunoglobulin subgroup having such an amino acid sequence 

in antibody humanization. Thus, Applicants submit that the heavy chain framework region of the 

claims herein, in fact, is structurally distinct from the framework regions of the cited references. 
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Second, with respect to the Examiner's comment that a modification in the framework regions 

which affects the proximity or orientation of the VL-VH interface regions is the same as 

substituting that FR residue from the import regions that is involved in the effects set forth in 

paragraph (f) of claim 1, Applicants respectfully invite the Office to point out where exactly the 

references teach the invention set forth in part (f)(3) of claim 1. 

Finally, concerning the allegation that Riechmann et al. teaches reduced immunogenicity 

associated with the humanized antibody, Applicants enclose a copy of Isaacs et al. The Lancet 

340:748-752 (1992). Isaacs et al. demonstrate that three out of four patients treated with 

Riechmann's humanized CAMPATH-1H antibody developed antiglobulins that were able to 

inhibit the binding of CAMPATH-1H to its antigen (see first paragraph of the discussion on page 

751 of this reference). On the contrary, repeated administration (i.e., loading dose and 10 

weekly doses) of the humanized anti-HER2 antibody (huMAb405-8) of Example 1 of the instant 

application has not lead to an immunogenic response in patients treated therewith (i.e. no 

antibodies against rhuMAb HER2 were detected in any patients). See abstract of Baselga et al., 

J. Clin. Oncol. 14(3):737-744 (1996), copy attached. Likewise, multidose administrations of an 

anti-lgE antibody humanized according to the teachings of the instant application and having a 

consensus human variable domain as claimed herein, did not induce a human antihuman 

antibody response in any of the patients treated therewith (see column 1, last paragraph on 

page 311 of Shields et al., Int. Arch. Allergy lmmunol. 107:308-312 (1995), copy attached). 

These data point to the functional distinctness of the claimed consensus, human variable 

domain. 

In addition to the desirable lack of immunogenicity of the claimed humanized antibodies, as is 

apparent from the examples, the binding affinity of an antibody humanized using the claimed 

method is essentially retained and in some instances is improved in the humanized antibody 

compared to the non-human antibody from which it was derived. As shown, for example, in 

Table 3 of Example 1, anti-HER2 humanized variants huMAb405-6 and huMAb405-8 had 

binding affinities which were superior to the murine antibody from which they were derived. This 

could not have been predicted from the prior art, especially from Queen et al., which advocated 
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the best-fit method (see above) and incorporated many (i.e., 15; see Figure 2) murine residues 

back into the humanized sequence to generate a "high affinity" humanized antibody. The above

mentioned anti-HER2 variants, on the other hand, had only five FR substitutions and were not 

generated using the "best-fit" method said to be essential by Queen et al. 

The instantly claimed invention has other novel and non-obvious features. For example, claim 2 

involves retaining the human residue, where the corresponding non-homologous import residue 

is exposed on the surface of the domain. The cited references fail to describe anywhere such a 

step. Claim 3 is independently patentable, as will be elaborated below. Claim 4 involves 

replacing consensus glycosylation sites which are not present in the import sequence with the 

corresponding import residue. The references are silent as to such a step. Similarly, the 

references fail to describe the additional step of claim 5 of the instant application. Also, the FR 

residues which can be substituted as now listed in claims 6, 7 and 10 are not disclosed in the 

cited references. Thus, Applicants submit that the invention recited in the claims of the instant 

application is clearly non obvious over the cited references. 

Accordingly, Applicants request that the above section 103 rejection be withdrawn. 

§103 -In re Durden 

Claims 1, 2, 4-12 and 15 and renumbered claims 19-22 and 24-25 stand rejected under 35 USC 

§103 as being unpatentable over the Winter patent application, Riechmann et al. and Queen et 

al. in view of In re Durden 226 USPQ 359 (Fed. Cir. 1985). 

The Examiner states that the claimed methods for producing humanized antibodies and for 

humanization do not appear to differ from what was disclosed in the references. For the 

reasons given in the previous section, Applicants submit that the instantly claimed methods for 

humanization and the humanized antibodies are clearly different from what was disclosed in the 

cited references, especially with respect to the consensus human variable domain forming the 

FR of the humanized antibody. 
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Further, the Examiner is respectfully referred to the recent CAFC decisions of In re Brouwer, 37 

USPQ2d 1663 (Fed. Cir. 1996) and In re Ochiai, 37 USPQ2d 1127 (Fed. Cir. 1995). These 

cases stand for the proposition that a prima facie case of obviousness cannot be based on 

Durden, but rather needs to rest on particularized findings. It was held in Brouwer that there are 

no Durden obviousness rejections per se, only sec. 103 obviousness rejections. In the case of 

the instant claims, where the particular end product is unobvious, these.cases hold that the 

method of making them is also unobvious. In this regard, the Examiner is referred to the Official 

Gazette notice of 3/26/96, copy enclosed, which establishes guidelines for PTO personnel and 

the public on the proper consideration of method claims in light of these cases. In this Notice, it 

is stated that: 

[IJnterpreting a claimed invention as a whole requires consideration of all claim 
limitations. Thus, language in a process claim which recites making or using a 
nonobvious product must be treated as a material limitation, and a motivation to 
make or use the nonobvious product must be present in the prior art for a § 103 
rejection to be sustained. 

In light of Ochiai and Brouwer, Office personnel will consider all claim limitations 
when analyzing process claims which make or use nonobvious products under § 
103. Office personnel will focus on treating claims as a whole and follow the 
analysis set forth in Graham v. John Deere, 383 U.S. 1, 148 USPQ 459 (1966). 
( emphasis in original) 

Therefore, since there is no motivation in the cited art, as a whole, to make or use the 

nonobvious product, the claimed methods herein are non-obvious, and Applicants respectfully 

request that this rejection be reconsidered and withdrawn. 

§103 - Claims 3 and 23 

Claim 3 and renumbered claim 23 stand rejected under 35 USC §103 as being unpatentable 

over the Winter patent application, Riechmann et al. and Queen et al. as applied to claims 1, 2, 

4-12, and 15 and further in view of Roitt et al., Immunology Gower Medical Publishing Ltd., 

London, England, pg. 5.5 (1985) for the same reasons set forth in Paper #18. 

Applicants submit that claim 3 and FR substitution (c) of claim 23 clearly would not have been 

obvious in light of the cited references. The three primary references have been discussed 
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above. Roitt et al. merely shows that lgA 1 immunoglobulins may possibly have carbohydrate 

units in their variable domains. No such carbohydrate or oligosaccharide units are depicted in 

the diagrams of lgD and lgE variable domains in this reference. This reference is not concerned 

with antibody humanization, much less how to deal with glycosylation sites in humanization. In 

fact, the 405 antibody referred to in Example 1 is fairly unusual in that it has a glycosylation site 

in its variable region (i.e., residue number 65 of the light chain). As far as Applicants are aware, 

the instant application teaches, for the first time, how to deal with glycosylation sites in antibody 

humanization. 

Accordingly, Applicants submit that claim 3 and FR substitution (c) of claim 23 are clearly not 

obvious in light of the references cited and therefore respectfully request that the § 103 rejection 

be withdrawn. 

Provisional double patenting rejection 

Claims 1-12, 15 and 19-25 are provisionally rejected under the judicially created doctrine of 

obviousness-type double patenting as being unpatentable over claims 1-12, 15 and 19 of 

copending application Serial No. 08/439,004. Given the provisional nature of this rejection, 

Applicants respectfully request that it be held in abeyance pending resolution as to allowable j X 
subject matter in this application or in the application on which this provisional rejection is based. j 

§102 

Claims 1-12, 15 and 19-25 are rejected under 35 USC §102(e) as being anticipated by US 

Patent 5,530,101 (the "101 patent"). With respect to claims 1-2 and 19-25, the Examiner is of 

the view that the 101 patent teaches methods for the production of humanized antibodies 

wherein the CDR amino acid sequences from the import/donor are exchanged for the 

human/acceptor CDR amino acid sequences, as well as the alignment of import and human 

framework regions and selection of substituted human framework antibody residues based on 

the following effects; the import framework residue noncovalently binds antigen directly, interacts 

with a CDR, or participates in the VL-VH interface. The Examiner asserts that the 101 patent 

teaches that, if a residue is exposed on the surface of the domain and does not have one of the 

effects of step (f) of claim 1, one should leave the human residue intact. The Examiner states 

BIOEPIS EX. 1002 
Page 2505



Serial No. 08/146,206 
Page 13 

• • 
that the term "consensus" has been interpreted to include the aligning of murine import 

framework residues to human acceptor framework residues, in addition to the aligning of all 

human framework residues and compiling a single "consensus" human framework. The 

Examiner comments separately on claims 3 and 4, 5, 6-8, 9, 10-12 and 15 and contends that 

these claims are also anticipated by the 101 patent. 

Applicants submit that the instantly claimed invention is not anticipated by the 101 patent for the 

reasons that follow. 

The 101 patent fails to teach the use, in antibody humanization, of a consensus human variable l 
domain, such as that of a human heavy chain immunoglobulin subgroup, as set forth in \ )j. 
independent claims 1, 7, 15 and 22 herein. As to claim 1 (and FR substitution (d) of claim 23), \ 

the 101 patent further fails to teach the step of identifying and altering FR residues that 

participate in the interface between the light chain variable domain and the heavy chain variable 

domain of an antibody (i.e., the "VL-VH interface"). The Examiner takes the view that categories 

3, 4 and 5 in columns 14 and 15 of the 101 patent teach selection and substitution of such FR 

residues, but Applicants respectfully disagree. The FR residues to be identified in categories 3, 

4 and 5 of the 101 patent are those which "interact with amino acids in the CDR's", "interact 

directly with the antigen" or are "rare" for human sequences. There is no explicit teaching in the 

101 patent as to category (f)(3) of claim 1 or FR substitution (d) of claim 23 herein. 

Hence, Applicants submit that independent claims 1, 7, 15 and 22 as well as FR substitution ( d) 

of claim 23 are clearly novel over the 101 patent. 

As to the· other rejected claims, Applicants submit that they are further novel over the 101 patent 

for the reasons which follow. 

Claim 2 is concerned with determining whether non-homologous residues are exposed on the 

surface of the domain or buried within it. Where the non-homologous residue is exposed, the 

human residue is retained. Applicants submit that determining whether a residue is exposed on 

the surface of a domain or buried within it as recited in claim 2 is not the same as determining 
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whether a residue "interacts with a CDR". Applicants contend that the 101 patent in columns 13] l 
14 does not teach the additional step of claim 2 of the instant application. 

With respect to claims 3 and 4 (as well as FR substitution (c) of claim 23), Applicants submit 

that since the Examiner has failed to show where the 101 patent mentions glycosylation, let 

alone the invention recited in claims 3 and 4 and part (c) of claim 23, these claims must be novel 

over the 101 patent. If this rejection is to be maintained, Applicants request that the Examiner 

point out specifically where the 101 patent teaches the method steps of claims 3 and 4 and part 

(c) of claim 23 herein. 

As to claim 5, this refers to a step wherein non-homologous residues are identified and the 

human residue is used, where it represents a residue which is highly conserved across all 

species at that site. Category 2 in column 14 of the 101 patent refers, on the other hand, to 

using the "donor amino acid rather than the acceptor". Category 5 in the paragraph bridging 

columns 15-16 of the 101 patent suggests that neither the donor nor the, acceptor residue be 

used where the donor and acceptor residues are "rare". Clearly, the 101 patent fails to 

anticipate the method of claim 5 herein. 

Turning now to claims 6-8, the residues specifically mentioned as candidates for substitution in7 7)( 
column 15 of the 101 patent (to which the Examiner refers) have been removed from claim 6 j 
and claim 7 (on which claim 8 depends). . 

Concerning claim 9, Applicants submit that the 101 patent fails to enable the consensus human 

variable domain of this claim, but nevertheless the rejection is moot, due to the cancellation of 

claim 9. 

With respect to claims 10-12, the residue positions mentioned in colum~ 15 of the 101 patent] 

have been removed from claim 10 (on which claims 11 and 12 depend). 

As to claims 19-21, Applicants submit that these claims are novel over the 101 patent, but they 

were canceled, and thus the §102 rejection is moot insofar as it applies to these claims. 

,f 
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Finally, with respect to claims 24-25, Applicants submit that the Examples of the 101 patent J A. 
require many more FR substitutions than "about 1 to about 5" as recited in these claims. 

Applicants submit that, for the reasons given above, claims 1-12, 15 and 19-25 are clearly novel 

over the 101 patent, and therefore respectfully request that this rejection be reconsidered and 

withdrawn. 

Applicants believe that the amendments and comments here put this case in condition for 

allowance. Nevertheless, should the Examiner have any further comments or questions, he is 

invited to call Wendy Lee at (415) 225-1994 concerning these. 

Date: June c2 ~ , 1997 

460 Pt. San Bruno Blvd. 
So. San Francisco, CA 94080-4990 
Phone: (415} 225-1994 
Fax: (415} 952-9881 

Enclosures: 
Isaacs et al. 
Baselga et al. 
Shields et al. 
Kabat et al. 
OG Notice of 3/26/96 

Respectfully submitted, 

GENENTECH, INC. 

By: ~2./~ 
Janet Hasak . 
Reg. No. 28,616 
(for Wendy M. Lee 
Reg. No. 40,378} 
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UNITED ST~~EPARTMENT OF COMMERCE 
Patent and Trademark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 

SERIAL NUMBER FILING DATE FIRST NAMED APPLICANT ATIORNEY DOCKETI NO. 

EXAMINER 

ART UNIT PAPER NUMBER 

DATE MAILED: 

EXAMINER INTERVIEW SUMMARY RECORD 

All participants (applicant, applicant's representative, PTO personnel): 

?JtFJ?~iCtc. Nt)LA/11 {!,Hlc/S c7s cAJ.JC!fe?uf:::. (1)------<------------------- (3) ________________ ....._ ____ _ 

{)J l;1J1) vf t.Zf;" 
(2)-------------,------------ (4)---------------------

Date of Interview ---~-/_-z~,+.A_9_,_-_r_,__ _______ _ 
Type: D Telephonic ~rsonai (copy is given to D applicant ~icant's representative). 

Exhibit shown or demonstration conducted: D Yes D No. If yes, brief description:-----------------------

Agreement o was reached with respect to some or all of the claims in question. ~ not reached. 

Claims discussed:--~//_/;~----------------------------------------

Identification of prior art discussed:---------------------------------------

Description of the general nature of what was agreed to If an agreement was reached, or any other comments: _(17_.__ __ U)_tZ._~ __ ,a1'--_,t!i"""-~"-'-'------=--

/t<.4 ,t/p,~J ~ ,, Cbff~U,.a ti ., 

tpsrduu,. 

(A fuller de cription, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be 
attach Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.) 

. It is not necessary for applicant to provide a separate record of the substance of the interview. 

Unless the paragraph below has been checked to indicate to the contrary, A FORMAL WRITIEN RESPONSE TO THE LAST OFFICE ACTION IS NOT 
WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this form). If a response to the last Office 
action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview. 

D 2. Since the examiner's Interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and 
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the 
response requirements of the last Office action. Applicant is not relieved from providing a separate record of the substance of the interview unless 

box1aboveisalsochecked. ~ d~· ~ 
PTOL-413 (REV. 2 -93) Examiner's Signature 

ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER 
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'• • \ · Patent Docket P0709P1 
IN Tt'~E UNITED STATES PATENT AND TRADEMARK OFFICE { 

In re Application of Group Art Unit: 1816 

Paul J. Carter et al. ,\', Examiner: P. Nolan /u) 7/9 / 
Serial No.: 08/146,206 

Filed: 17 November 1993 
n . .•••••n••••ngg,triiiJl+ti=st:Jiitt•.;HJMiv••••r• r>>-•······,-·,,, 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 1r11a11 

.. -~-·~--· 
SUPPLEMENTAL AMENDMENT ___ .~_ .... --·· 

Assistant Commissioner of Patents •.. ..- . __ ~t:V 
Washington, D.C. 20231 i\ ~':-'C~~ _ 
Sir: If ~'t;;.,,. _ 

Please amend the application in the following respects: cl~ :a\ ·\ff 1• 
IN THE SPECIFICATION: ~ v S'~ 
On page 9, line 1, please replace "muMAb4d5" with -muMAb4D5-. ~~~~ 
On page 9, lines 206~ 3~se replace "huxCD3v9" with -huxCD3v1~.,- _:..--;--~:~-----····· 

On page 9, line 30, pleast((e'place·"20" with--26-. -~- / __ ...... --

On page 9, line 33, please ~e "(o)" with-(•)-. 

On page 84, line 29, please-rej)race "(Fig. 5)" with -(SEQ ID N0:20)-. 

On page 90, please substitute the "S~CE LISTING" with the enclosed paper copy of the 

"SEQUENCE LISTING". 

REMARKS 

This amendment is prepared for the purposes of introducing a substitute sequence listing into the 

application. Applicants have found that SEQ ID N0:20 from the previously submitted sequence listing 

corresponds to the heavy chain variable domain seqµence of huxCD3v9 (see page 84, line 29), whereas 

Figure 5 shows the sequence of huxCD3~1._J_he description of Figure 5 on page 9 has been corrected in 

this respect and the sequence of huxCD3v1 in Figure 5 is included in the substitute sequence listing as SEQ 

ID N0:26. Further typographical errors in lines 1 and 33 on page 9 are corrected herein. Furthermore, 

page 84, line 29 now refers to SEQ ID N0:20, the huxCD3v9 heavy chain variable domain sequence. In 

accordance with 37 C.F.R. §§1.821 (f) and (g), the undersigneq hereby states that the content of the paper 

and the computer readable sequence listings is the same. I further state that this submission includes no 

new matter. Respectfully submitted, 

GEN.~ECH, INC. 

Date:August ~q, 1997 By:_LtJ/U. ___ ~-------
WendyM. Lee 

1 DNA Way_ 
South San Francisco, CA 94080-4990 
Phone: (415) 225-1994 

Reg. No. 40,378 
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LISTING 

INFORMATION: 

(i) APPLICANT: Carter, Paul J. 
Presta, Leonard G. 

• 
/ 

I 
(ii) TITLE OF INVENTION: Method for Making Humanized 

(iii) NUMBER OF SEQUENCES: 26 

Antibodi;" 

(iv) CORRESPONDENCE ADDRESS: 
(A) ADDRESSEE: Genentech, Inc. 
(B) STREET: 1 DNA Way 
(C) CITY: South San Francisco 
(D) STATE: California 
(E) COUNTRY: USA 
(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 
(Bl COMPUTER: IBM PC compatible 
(C) OPERATING SYSTEM: PC-DOS/MS-DOS 
(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 08/146206 
(B) FILING DATE: 17-Nov-1993 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBER: 07/715272 
(B) FILING DATE: 14-JUN-1991_ 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Lee, Wendy M. 
(B) REGISTRATION NUMBER: 40,378 
(C) REFERENCE/DOCKET NUMBER: P0709Pl 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 650/225-1994 
(B) TELEFAX: 650/952-9881 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

I 
I 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser 
1 5 10 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val 
20 25 

la Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro 
35 40 

/ 

I 
I 

Val 
15 

Asn 
30 

Lys 
45 

1 
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Leu Leu Ile Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 

50 55 60 

Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Arg Thr 
109 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys 
20 25 30 

Asp Thr Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
50 55 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
65 70 75 

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 100 105 

Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
110 115 120 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 
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Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser 

20 25 30 

Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu 

Ile Lys Arg Thr 
109 

95 100 105 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
20 25 30 

Asp Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Val Ile Ser Glu Asn Gly Gly Tyr Thr Arg Tyr 
I 50 55 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
. 65 70 75 

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 100 105 

Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
110 115 120 

(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

Asp Ile Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val 
1 5 10 15 

Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Asn 
20 25 30 

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ser Ala Ser Phe Arg Tyr Thr Gly Val Pro Asp 
50 55 60 

Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr Ile 
65 70 75 

Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln 
80 85 90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu 

Ile Lys Arg Ala 
109 

95 100 105 

(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
1 5 10 15 

Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys 
20 25 30 

Asp Thr Tyr Ile His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu 
35 40 45 

Glu Trp Ile Gly Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
50 55 60 

Asp Pro Lys Phe Gln Asp Lys Ala Thr Ile Thr Ala Asp Thr Ser 
65 70 75 

Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg Leu Thr Ser Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 100 105 

Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser Val Thr Val Ser Ser 
110 115 120 
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(21 INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

TCCGATATCC AGCTGACCCA GTCTCCA 27 

(2) INFORMATION FOR SEQ ID N0:8: 

(i) SEQUENCE CHARACTERISTICS: 
{Al LENGTH: 31 base pairs 
(Bl TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 

GTTTGATCTC CAGCTTGGTA CCHSCDCCGA A 31 

(2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
(Bl TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

AGGTSMARCT GCAGSAGTCW GG 22 

(2) INFORMATION FOR SEQ ID N0:10: 

(i) SEQUENCE CHARACTERISTICS: 
(Al LENGTH: 34 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:10: 

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34 

(2) INFORMATION FOR SEQ ID N0:11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:11: 

• 
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GTAGATAAAT CCTCTAACAC AGCCTATCTG CAAATG 36 

(2) INFORMATION FOR SEQ ID N0:12: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:12: 

GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 36 

(2) INFORMATION FOR SEQ ID N0:13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:13: 

GTAGATAAAT CCTCTTCTAC AGCCTATCTG CAAATG 36 

(2) INFORMATION FOR SEQ ID N0:14: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 68 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 

• 

CTTATAAAGG TGTTTCCACC TATAACCAGA AATTCAAGGA TCGTTTCACG 50 

ATATCCGTAG ATAAATCC 68 

(2) INFORMATION FOR SEQ ID N0:15: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:15: 

CTATACCTCC CGTCTGCATT CTGGAGTCCC 30 

(2) INFORMATION FOR SEQ ID N0:16: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: 

Asp Ile Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu 
1 5 10 15 

Gly Asp Arg Val Thr Ile Ser Cys Arg Ala Ser Gln Asp Ile Arg 
20 25 30 

Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr Val Lys 
35 40 45 

Leu Leu Ile Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser 
50 55 60 

Lys Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile 
65 70 75 

Ser Asn Leu Glu Gln Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln 
80 85 90 

Gly Asn Thr Leu Pro Trp Thr Phe Ala Gly Gly Thr Lys Leu Glu 
95 100 105 

Ile Lys 
107 

(2) INFORMATION FOR SEQ ID N0:17: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

' 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:17: 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Ile Arg 
20 25 30 

Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Tyr Thr Ser Arg Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

Gly Asn Thr Leu Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 
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•• 
(2) INFORMATION FOR SEQ ID N0:18: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:18: 

• 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser 
20 25 30 

Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr cys Gln Gln 
80 85 90 

Tyr Asn Ser Leu Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu 

Ile Lys 
107 

95 100 105 

(2) INFORMATION FOR SEQ ID N0:19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:19: 

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
1 5 10 15 

Ala Ser Met Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr 
20 25 30 

Gly Tyr Thr Met Asn Trp Val Lys Gln Ser His Gly Lys Asn Leu 
35 40 45 

Glu Trp Met Gly Leu Ile Asn Pro Tyr Lys Gly Val Ser Thr Tyr 
50 55 60 

Asn Gln Lys Phe Lys Asp Lys Ala Thr Leu Thr Val Asp Lys Ser 
65 70 75 
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Ser Ser Thr Ala Tyr Met Glu Leu Leu Ser Leu Thr Ser Glu Asp 

80 85 90 

Ser Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly Asp Ser 
95 100 105 

Asp Trp Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr Val Thr Val 

Ser Ser 
122 

110 115 120 

(2) INFORMATION FOR SEQ ID N0:20: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:20: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Ser Phe Thr 
20 25 30 

Gly Tyr Thr Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Leu Ile Asn Pro Tyr Lys Gly Val Ser Thr Tyr 
50 55 60 

Asn Gln Lys Phe Lys Asp Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly Asp Ser 
95 100 105 

Asp Trp Tyr fhe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 

Ser Ser 
122 

110 115 120 

(2) INFORMATION FOR SEQ ID N0:21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 
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SUPPLEMENTAL INFORMATION DISCLos·aRE STATE ~'" \~\ --·- ~, Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

,, 

~"t.'v \ ~ . 
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Applicants submit herewith patents, publications or other information {atta~ and ~cfon . 
the attached Form PT0-1449) of which they are aware, which they believe m~( be ma~~~!~.bto,t~mination 

of this application and in respect of which there may be a duty to disclose.j,n~fcordance with 37 CFR §1.56. 

This Information Disclosure Statement: ' ~ 
(a) [ ] accompanies the new patent application submitted herewith. 37 CFR §1.97(a). 

(b) [ ] is filed within three months after the filing date of the application or within three months after 
the date of entry of the national stage of a PCT application as set forth in 37 CFR§1.491. 

(c) [ ] as far as is known to the undersigned, is filed before the mailing date of a first Office action on 
the merits. 

(d) [X] is filed after the first Office Action and more than three months after the application's filing date 
or PCT national stage date of entry filing but, as far as is known to the undersigned, prior to 
the mailing date of either a final rejection or a notice of allowance, whichever occurs first, and 
is accompanied by either the fee ($230} set forth in 37 CFR §1.17{p) or a certification as 
specified in 37 CFR §1.97(e), as checked below. Should any fee be due, the U.S. Patent and 
Trademark Office is hereby authorized to charge Deposit Account No. 07-0630 in the amount 
of $220.00 to cover the cost of this Information Disclosure Statement. Any deficiency or 
overpayment should be charged or credited to this deposit account. A duplicate of this sheet 
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(e) [ ] is filed after the mailing date of either a final rejection or a notice of allowance, whichever 
occurred first, and is accompanied by the fee ($130} setforth in 37 CFR §1.17{i)(1} and a 
certification as specified in 37 CFR §1.97(e}, as checked below. This document is to be 
considered as a petition requesting consideration of the information disclosure 
statement. The U.S. Patent and Trademark Office is hereby authorized to charge Deposit 
Account No. 07-0630 in the amount of $130.00 to cover the cost of this Information Disclosure 
Statement. Any deficiency or overpayment should be charged or credited to this deposit 
account. A duplicate of this sheet is enclosed. 

[If either of boxes (d) or (e) is checked above, the following "certification" under 37 CFR §1.97(e) may 

need to be completed.] The undersigned certifies that: 

[ ] Each item of information contained in the information disclosure statement was cited in a 
communication mailed from a foreign patent office in a counterpart foreign application not 
more than three months prior to the filing of this information disclosure statement. 

[ ] No item of information contained in this information disclosure statement was cited in a 
communication mailed from a foreign patent office in a counterpart foreign application or, to 
the knowledge of the undersigned after making reasonable inquiry, was known to any 
individual designated in 37 CFR §1.56(c) more than three months prior to the filing of this 
information disclosure statement. 

A list of the patent(s} or publication{s) is set forth on the attached Form PT0-1449 {Modified). 

A copy of the items on PT0-1449 is supplied herewith: 

[x] each [ J none [ ] only those listed below: 

Those patent{s) or publication(s) which are marked with an asterisk (*) in the attached PT0-1449 form are not 

supplied because they were previously cited by or submitted to the Office in a prior application Serial No. _ 

_ , filed and relied upon in this application for an earlier filing date under 35 USC §120. 

A concise explanation of relevance of the items listed on PT0-1449 is: 

[x] not given 

[ J given for each listed item 

[ ] given for only non-English language listed item(s) [Required] 

[ ] in the form of an English language copy of a Search Report from a foreign patent office, 
issued in a counterpart application, which refers to the relevant portions of the references. 

The Examiner is reminded that a "concise explanation of the relevance" of the submitted prior art "may 

be nothing more than identification of the particular figure or paragraph of the patent or publication which has 

some relation to the claimed invention," MPEP §609. 
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While the information and references disclosed in this Information Disclosure Statement may be 

"material" pursuant to 37 CFR §1.56, it is not intended to constitute an admission that any patent, publication 

or other information referred to therein is "prior art" for this invention unless specifically designated as such. 

In accordance with 37 CFR §1.97(g), the filing of this Information Disclosure Statement shall not be 

construed to mean that a search has been made or that no other material information as defined in 37 CFR 

§1.56(a) exists. It is submitted that the Information Disclosure Statement is in compliance with 37 CFR §1.98 

and MPEP §609 and the Examiner is respectfully requested to consider the listed references. 

· Respectfully submitted, 

GE~~CH, INC. 

Date: August fil, 1997 By: __ VJ_P_lJ==Q=-------

460 Pt. San Bruno Blvd. 
So. San Francisco, CA 94080-4990 
Phone: (415) 225-1994 
Fax: {415) 952-9881 
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Description 

FIELD OF THE INVENTION 

5 This invention relates to mouse/human chimeric monoclonal antibodies with high specificity to and 
affinity for human carcinoembryonic antigen (CEA), derivatives thereof, processes for the preparation of 
these · antibodies and their derivatives, DNAs codi.ng for heavy and light chains of these antibodies, 
processes for the preparation of said DNAs, mammalian cell lines that produce and secrete the antibodies, 
processes for the preparation of said cell lines, the use of the chimeric monoclonal antibodies and their 

10 derivatives for the diagnosis and therapy of cancer, test kits containing the chimeric monoclonal antibodies, 
and pharmaceutical preparations containing said antibodies. 

BACKGROUND OF THE INVENTION 

15 lmmunoglobulins (antibodies) play an important role in the immune system of mammals. They are 
produced by plasma cells and consist of two identical light (L) polypeptide chains and two identical heavy 
(H) polypeptide chains joined by disulfide bridges. or polymers of this basic four chain unit. The light chains 
are of type x or >.., the heavy chains of type IJ., o, -y, a or E. Each chain consists of a variable M region and 
a constant (C) region. The V-regions, which show considerable sequence differences in antibodies with 

20 different specificity, comprise highly variable parts, so-called hypervariable or complementarity determining 
regions (CDRs), flanked by relatively conserved parts, so-called framework regions (FRs). 

Antibodies are bifunctional molecules. On the one hand, the N-terminal variaqle segments of the H- and 
L-chain polypeptides associate in a highly specific and individual manner, generating a three-dimensional 
structure with a unique affinity for particular chemical motifs (epitopes) on the surface of an antigen, i.e. a 

25 molecule which is recognized as foreign by the org.anism and induces an immune response. Such epitopes 
can be small-molecular-weight molecules (haptens) or parts of macromolecular chemical structures such as 
proteins, carbohydrates and glycoproteins, e.g. cell-surface antigens. 

The unique antigen-combining characteristics of the immunoglobulin (lg) molecule results from genetic 
recombination of H- and L-chain germline genes early in 8-cell differentiation, for example during 

30 embryogenesis: one of several hundred V-segments is joined to one of a small number of joining segments 
(J-segments) and, in the case of the H-chain locus, additional diversity segments (D-segments), forming a 
totally unique contiguous V-(0)-J rearranged gene segment coding for an lg molecule with specific antigen
combining characteristics. In addition to antibody diversity caused by simple gene recombination, the 
precise junction at which V and J segment genes combine may vary slightly. As the joining reaction can 

35 occur between different base pairs and additional nucleotides can be added during the recombination 
process, several different amino acids, not coded in the germline, can be inserted at the site of each 
potential V-J or D-J combination. Furthermore, somatic mutation of single bases also contributes to lg 
diversity. 

The other key structural feature of lg molecules is their ability to activate diverse biological pathways in 
40 the immune system. These so-called effector functions (complement binding, stimulation of phagocytosis, 

triggering of granule release by mast cells) reside primarily in the carboxy-terminal constant region 
segments of the H-chain polypeptides, giving rise to different lg classes (lgA, lgE, lgG, etc.) which define 
the role of the antibody in a particular immune response. 

The development of hybridoma technology has made it possible to generate continuous cell lines, 
45 mostly murine hybridomas, producing monoclonal antibodies of desired specificity which can be used to 

identify, isolate and characterize biologically important molecules. However, a major limitation in the use of 
murine-derived monoclonal antibodies as in vivo diagnostic and therapeutic agents is their immunogenicity 
as foreign proteins, their rather lorig persistence in the circulation, and the formation of damaging immune · 
complexes. On the other hand, the treatment with human monoclonal antibodies is limited also since human 

5o hybridoma cell lines are rarely available, usually unstable and do not produce monoclonal antibodies of 
appropriate specificity in sufficient quantities and at reasonable costs. 

A promising alternative is the modification of immunoglobulin genes by using recombinant ONA 
technology. One approach to decrease immunogenicity and to avoid undesired immune response, for 
example, is the production of chimeric antibodies with the advantages and the selectivity of murine 

55 monoclonals, yet the species specific properties of human antibodies. 
The overall strategies applicable for the assembly of chimeric genes and the production of chimeric 

antibodies involve standard procedures of recombinant DNA technology (identification and isolation of lg 
genes, insertion of the cloned genes into vectors, transfection into immortalized cell lines, e.xpression of 
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chimeric proteins). Depending on the source of the genes to be combined and on the nature of the genes 
coding for the antigen-specific variable region, however, particular problems arise so that new and inventive 
steps are required to develop workable solutions. 

Several research groups have attempted to engineer chimeric antibodies. Their research objectives 
5 differ in the conceptual approach, however, and the research results vary considerably with regard to the 

nature and characteristics of the recombinant molecules. 
Chimeric antibodies of several immunoglobulin classes have been produced. 
Neuberger et al. (Nature 314, 268, 1985) describe a chimeric lgE>. 1 antibody whose heavy chain is 

composed of a human e constant region fused to a mouse variable region specific for the hapten 4-hydroxy-
10 3-nitrophenacetyl (NP). The strategy used in the production of the chimeric antibody is to construct a 

chimeric gene coding for the heavy chain and to introduce this chimeric DNA segment into the J558L 
mouse cell line in which the expressed chimeric heavy chain is assembled with the endogenous mouse 
light chain to produce complete lgE molecules. 

Boulianne et al. (Nature 312, 643, 1984) succeeded in linking the variable regions of the heavy and light 
15 chains from an anti-TNP mouse myeloma to human u and x genes, respectively. The chimeric genes were 

transfected into myetoma cells. The secreted JgM, however, was not as effective as the original mouse lgM 
and showed different binding qualities. 

The generation of chimeric immunoglobulin G by joining human 'Y constant genes to murine variable 
genes has been described by various authors. 

20 Patent application WO 87/02671 describes a chimeric antibody which binds to viral antigens, especially 
hepatitis B surface antigen, created from a human "'11 region and a variable region from mouse myeloma 
CAL 8017. The authors also constructed a mouse/human chimeric antibody on the basis of the mouse 
monoclonal antibody (MAb) L6, as did Liu et al. (Proc. Natl. Acad. Sci. 84, 3439, 1987). MAb L6 [lgG2a(x)J 
binds to a carbohydrate antigen found on the surface of cells derived from a variety of human carcinomas. 

25 The authors give exact data for the human colon carcinoma cell line C-3347. The 'Y2a and x constant 
regions of MAb L6 were substituted by human "'11 and x constant regions by recombining cDNA modules 
encoding variable or constant region domains. 

Another chimeric monoclonal antibody directed to the surface antigens of human carcinomas was 
constructed by Sahagan et al. (J. lmmunol. 137, 1066, 1986) who fused variable region exons from the lgG1 

30 antibody of the murine hybridoma cell lina86.2 to human -y1/x genes. Binding characteristics for the 
chimeric lg were determined with A549.E1 human lung carcinoma cells. 

Sun et al. (Proc. Natl. Acad. Sci. 84, 214, 1987) combined DNA fragments coding for the H-chain/L
chain variable regions of anti-colorectaicarcinoma (ACRC) antibody, produced by mouse hybridoma 1083-
17-A, with human -y3/Cx regions. 

35 The chimeric MAbs which are subject of the present invention are directed against carcinoembryonic 
antigen (CEA). CEA is a complex immunoreactive glycoprotein with a molecular weight of 180,000 found in 
adenocarcinomas of endodermally derived digestive system epithelia and foetal colon. The role of CEA 
immunoassays for diagnosis and serially monitoring cancer patients for recurrent disease or response to 
therapy has been widely evaluated and documented. One of the major drawbacks of the use of anti-CEA 

40 antibodies for the above purposes has been the cross-reactivity of these reagents with some apparently 
normal adult tissues. 

Previous studies have shown that most conventional hyperimmune antisera raised against CEA using 
different immunogens cross-react with many different types of carcinomas as well as CEA-related antigens, 
e.g. non-specific cross-reacting antigen NCA, tumor-extracted CEA-related antigen TEX, various normal 

45 faecal antigens (NFA1, NFA2), biliary glycoprotein-1 and others, found in normal colonic mucosa, spleen, 
liver, lung, sweatglands, polymorphonuclear leukocytes and monocytes of apparently normal individuals (for 
an overview, cf. Herberman & McIntire, "lmmunodiagnosis of Cancer", Vol. 9, part 1, N.Y., 1979). This 
means that the antisera recognize epitopes specific for CEA alone as well as epitopes present on ·both CEA 
and CEA-related antigens; it further suggests closely related genes between CEA and CEA-related antigens 

50 as well as precursor-product relationships between some of them. 
It is suggested that polyclonal antibodies (rabbit, sheep) recognize 10-15 antigenic sites in CEA 

(Sundblad et al., Protides Biol. Fluids 24, 435, 1976). The epitopes are predominantly located on the 
peptide moieties of CEA and appear to be strongly conformation dependent. Using monoclonal antibodies, . 
at least 5 different epitopes were detected in CEA (Hedin et al., Mol. lmmunol. 23, 1053, 1986). 

55 Anti-CEA monoclonal antibodies have already been employed for the production of chimeric antibodies. 
In patent application EP O 125 023, an lg'Y1 antibody originating from hybridoma cell line CEA.66-E3 is 
used. The chimeric antibody is not characterized with regard to epitope specificity or cross-reactivity nor 
are binding or inhibition data included. The inventors describe the use of ~ coli for the cloning of DNA 
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fragments and the expression of the chimeric genes. It is well established, however, that prokaryotic cells 
do not provide the necessary steps for biosynthesis of functional tetrameric antibodies, such as correct 
nascent polypeptide chain folding, glycosylation and assembly. The inventors of EP O 125 023 describe 
(Proc. Natl. Acad. Sci. 81, 3273, 1984) that no detectable antibody activity is found in E. coli coproducing 

s lgG H- and L-chains forthe original mouse antibody when prepared following the guidance of the patent 
specification. The specification lists a number of possible host cells, also including mammalian cells, but 
these suggestions are not substantiated by the examples. The conceptual approach to the production of 
chimeric antibodies in the above cited patent application therefore lacks the basis for the expression of the 
recombinant gene constructs and thus, the secretion of active monoclonal antibodies. 

10 

OBJECT OF THE INVENTION 

The object of the invention is the construction of novel chimeric monoclonal antibodies (MAbs) which 
• possess murine variable and human constant region determinants, 

15 • bind specifically to human carcinoembryonic antigen, 
• are produced at a high level in immortalized mammalian cell lines, 
• can be used for diagnostic and therapeutic purposes. 

In view of the complex antigenic structure of the CEA molecule, the desired chimeric anti-CEA MAbs 
must have the following characteristics: 

20 • high affinity for CEA, 

25 

30 

35 

4() 

45 

• high percentage of binding to CEA-carrying carcinoma cells, both in vitro and in vivo. 
• low percentage or absence of binding to normal tissues and cells. - -- - -

DESCRIPTION OF THE INVENTION 

The invention concerns chimeric monoclonal antibodies consisting of variable regions of mouse origin 
and human constant regions, which recognize human carcinoembryonic antigen (CEA) not present on non
specific cross-reacting antigen NCA, such as NCAss and NCAss (Buchegger et al., Int. J. Cancer 33, 643, 
1984), on biliary glycoprotein, or on granulocytes, and derivatives thereof. -

Preferred are chimeric monoclonal antibodies and derivatives thereof with an affinity of at least 2.1 x 
1010 1iters/mol for human CEA. 

For the production of a chimeric monoclonal antibody, a chimeric light chain and a chimeric heavy 
chain, each comprising a variable and a constant region, are constructed separately and are therefore 
distinguished in this description with special emphasis on the variable region of each chimeric construct. 

The preferred chimeric monoclonal antibody of the invention and its derivatives are characterized in that 
they comprise light chain variable regions of the formula 

FR1-Arg-Ala-Ser-Gln-Ser-I1e-Gly-Thr-Ser-Leu-His-FRz-
~~~~~~~- CDRlL ~~~~~~~~~~ 

Tyr-Ala-Ser-Glu-Ser-Ile-Ser-FR3-Gln-Gln-Ser-His-Gly-Trp-Pro-Phe-Thr-FR~ 
CDR2L CDR3L --~---"-~~-t 

(I). 

wherein FR1 is a polypeptide residue comprising 23-28 naturally occurring amino acids, FR2 is a 
polypeptide residue comprising 14-16 naturally occurring amino acids, FR3 is a polypeptide residue 
comprising 30-34 naturally occurring amino acids and FA4 is a polypeptide residue comprising 9-11 

so naturally occurring amino acids, and wherein the amin_o acid Cys may be in the oxidized state forming S-S
bridges. Especially preferred are a chimeric monoclonal antibody and derivatives thereof comprising light 
chain variable regions of formula I, wherein the polypeptide residues of the framework regions FR, , FR2. 
FR3 and FA4 are those preferably occurring in mammalian, especially murine, antibodies. 

Most preferred are a chimeric monoclonal antibody and derivatives thereof according to the invention 
55 comprising light chain variable regions of formula I, wherein FR1 is a polypeptide residue of the formula 
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A-Gly-Asp-Ile-Leu-Leu-Thr-Gln-Ser-Pro-Ala-Ile-Leu-Ser-Val-Ser-Pro~ 

Gly-Glu-Arg-Val-Thr-Phe-Ser-Cys 

(IA), 

wherein A is hydrogen, acyl, or the residue Ala-Ser-Arg, Ser-Arg or Arg, particularly hydrogen, 
10 FR:! is the polypeptide residue 

15 

20 

25 

30 

35 

Trp-Tyr-Gln-Gln-Arg-Thr-Asn-Gly-Ser-Pro-Arg-Leu-Leu-Met-Lys 

(IB) • 

FR3 is the polypeptide residue 

Gly-Ile-Pro-Ser-Arg-Phe-Ser-Gly-Ser-Gly-Ser-Gly-Thr-Asp-Phe-Thr-Leu

Thr-Ile-Asn-Ser-Val-Glu-Ser-Glu-Asp-Ile-Ala-Asp-Tyr-Tyr-Cys 

(IC)• 

and F~ is the polypeptide residue 

Phe-Gly-Ser-Gly-Gly-Thr-Lys-Leu-Glu-Ile-Lys 

(ID)• 

and wherein the amino acid Cys may be in the oxidized state forming S-S-bridges. 
The invention also relates to a chimeric monoclonal antibody and derivatives thereof comprising light 

chain variable regions of formula I, wherein FR1 , FR:!, FRJ and F~ are polypeptide residues of formula IA, 
IB, IC and ID, respectively, and wherein one or more, e.g. 1, 2, 3 or 4, single amino acids are replaced by 

40 other amino acids outside the regions CDR1 L, CDR2L and CDR3L, and wherein the amino acid Cys may be 
in the oxidized state forming S-S-bridges. 

45 

50 

The preferred chimeric monoclonal antibody of the invention and its derivatives are characterized in that 
they comprise heavy chain variable regions of the formula 

FRs-Thr-Tyr-Ala-Met-Ala-Trp-Val-FR6 -Ser-Ser-Gly-Gly-Thr-Thr-Tyr-Tyr-Pro
i------- CDRlH 

Asp-Ser-Val-Lys-Gly-FR1-Gly-Phe-Tyr-Asp-Gly-Tyr-Leu-Tyr-Val-Val-FRs 
CDR2H -------1 CDR3H -------f 

( II)• 

wherein FRs is a polypeptide residue comprising 32-36 naturally occurring amino acids, FF\; is a 
ss polypeptide residue comprising 14-16 naturally occurring amino acids, FR1 is a polypeptide residue 

comprising 32-34 naturally occurring amino acids and FRa is a polypeptide residue comprising 12-14 
naturally occurring amino acids, and wherein the amino acid Cys may be in the oxidized state forming S-S
bridges. Especially preferred are a chimeric monoclonal antibody and derivatives thereof comprising heavy 
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chain variable regions of formula II, wherein the polypeptide residues of the framework regions FRo, FR1, 
FRa and FRs are those preferably occurring in mammalian, especially murine, antibodies. 

Most preferred are a chimeric monoclonal antibody and derivatives thereof according to the invention 
comprising heavy chain variable regions of formula II, wherein FRs is a polypeptide residue of the formula 

B-Gly~Val-Gln-Cys-Glu-Val-Lys-Leu-Val-Glu-Ser-Gly-Gly-Gly-Leu

Val-Lys-Pro-Gly-Gly-Ser-Leu-Lys-Leu-Ser-Cys-Ala-Ala-Ser-Gly-Phe-

10 Thr~Phe-Arg 

(IIA), 

wherein Bis hydrogen or acyl, particularly hydrogen, 
15 FRo is the polypeptide residue 

20 

25 

30 

35 

40 

Arg-Gln-Thr-Pro-Glu-Lys-Arg-Leu-Glu-Trp-Val-Thr-Ser-Ile 

( IIB), 

FR1 is the polypeptide residue 

Arg-Phe-Thr-Ile-Ser-Arg-Asp-Asn-Ala-Arg-Asn-Ile-Leu-Tyr

Leu-Gln-Val-Ser-Ser-Leu-Arg-Ser-Glu-Asp-Thr-Ala-Ile-Tyr-Tyr-Cys

Ala-Arg 

( IIC), 

and FRa is the polypeptide residue 

Asp-Tyr-Trp-Gly-Gln-Gly-Thr-Ser-Leu-Thr-Val-Ser-Ser 

(IID), 

and wherein the amino acid Cys may be in the oxidized state forming S-S-bridges. 
The invention also relates to a chimeric monoclonal antibody and derivatives thereof comprising heavy 

chain variable regions of formula II, wherein FRs, FRo, FR1 and FRa are polypeptide residues of formula IIA, 
IIB, IIC and IID, respectively, and wherein one or more, e.g. 1, 2, 3 or 4, single amino acids are replaced by 

45 other amino acids outside the regions CDR1 H, CDR2H and CDR3H, and wherein the amino acid Cys may 
be in the oxidized state forming S-S-bridges. 

Light chain variable regions of formula IA and heavy chain variable regions of formula IIA may comprise 
an acyl residue, for example formyl or alkanoyl, e.g. palmitoyl, myristoyl or lower alkanoyl, such as acetyl or 
propionyl. 

50 The class of an lg molecule is defined by the H- and L-chain constant regions as pointed out above. A 
chimeric monoclonal antibody of the invention may be of any immunoglobulin class, i.e. lgA, lgD, lgE, lgG 
or lgM. A preferential chimeric monoclonal antibody according to the invention is an immunoglobulin of 
class G which comprises light chain human constant regions " or >., especially human constant regions ", 
and heavy chain human constant regions -y1, -y2, -y3 or -y4, especially human constant regions -y4. 

55 The invention preferentially concerns a chimeric monoclonal antibody and derivatives thereof with light 
chain variable regions of formula I with the preferred meaning, wherein the amino acid Cys may-be in the 
oxidized state forming S-S-bridges, light chain human constant regions ", heavy chain variable regions of 
formula II with the preferred meaning, wherein the amino acid Cys may be in the oxidized state forming S-

6 

BIOEPIS EX. 1002 
Page 2534



EP O 323 806 B1 

S-bridges, and heavy chain human constant regions -y4. 
Derivatives of chimeric monoclonal antibodies according to the invention are, for example, fragments 

that retain their specificity for the antigenic determinants of the CEA molecule, such as the univalent 
fragment Fab and the divalent fragment F(ab' )2, conjugates of the chimeric monoclonal antibodies with 

5 enzymes, fluorescent markers, metal chelates, cytostatic or cytotoxic substances, avidin, biotin, and the like, 
and radioactively labelled antibodies. 

Enzymes used for antibody conjugates of the invention are, for example horseradish peroxidase, 
alkaline phosphatase, t!-D-galactosidase, glucose oxidase, glucoamylase, carbonic anhydrase, acetyl
cholinesterase, lysozyme, malate dehydrogenase or glucose-6-phosphate dehydrogenase. 

10 Fluorescent markers conjugated with chimeric antibodies are fluorescein, fluorochrome, rhodamine, and 
the like. 

In such conjugates the antibody is bound to the enzymes or fluorescent markers directly or by the way 
of a spacer or linker group. 

Examples for metal chelators are ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepentaacetic 
15 acid (DPT A), 1,4,8, 11-tetraazatetradecane, 1 ,4,8, 11-tetraazatetradecane-1 ,4,8, 11-tetraacetic acid, 1-oxa-

4,7, 12, 15-tetraazaheptadecane-4, 7, 12, 15-tetraacetic acid, or the like. Cytostatics, applicable in connection 
with the chimeric antibodies, are, inter alia, alkylating substances, such as mechlorethamine, 
triethylenephosphoramide,cyclophosphamide, ifosfamide, chlorambucil, busulfan, melphalan or triaziquone, 
also nitrosourea compounds, such as carmustine, lomustine, or semustine. Also used are antimetabolites, 

20 such as methotrexate, mercaptopurine, cytarabine, fluorouracil, floxuridine, or ftorafur. A further group of 
cytostatics includes vinblastine and vincristine, as well as certain antibiotics, such as actinomycin-0, 
daunorubicin (daunomycin), doxorubicin, mithramycin, streptonigrin, mitomycin and bleomycin. Further 
suitable cytostatics are, inter alia, procarbacine, hydr_oxyurea, L-asparaginase, dacarbazine, mitotane, 
estramustine, or podophyllotoxin. Further cytostatic agents are hormones and hormone antagonists, such as 

25 corticosteroids, e.g. prednisone, progestins, e.g. hydroxyprogesterone or medroprogesterone, estrogens, 
e.g. diethylstilbestrol, antiestrogens, e.g. tamoxifen, androgens, e.g. testosterone, and aromatase inhibitors, 
e.g. aminogluthetimide. 

Conjugates of chimeric monoclonal antibodies with cytotoxic substances contain either the intact toxin 
or the A-chain derived from it. Toxins suitable for antibody-coupling are, among others, several lectins, such 

30 as ricin or abrin, or diphtheria toxin A, and the like. 
Radioactively labelled chimeric monoclonal antibodies contain e.g. radioactive iodine (1231, 12S I, 131 I), 

yttrium (9°Y), technetium {99mTc), or the like. 
The· chimeric .monoclonal antibodies and derivatives thereof according to the invention are prepared by 

processes that are known per se, characterized in that mammalian cells as defined further below producing 
35 such chimeric monoclonal antibodies are multiplied according to known methods in vitro or in vivo, and, if 

desired, the resulting monoclonal antibodies are converted into derivatives thereof. - -- - --
Multiplication in vitro is carried out in suitable culture media, which are the customary standard culture 

media, for example Dulbecco's Modified Eagle Medium (DMEM) or RPMI 1640 medium, optionally 
replenished by a mammalian serum, e.g. foetal calf serum, or trace elements and growth-sustaining 

40 supplements, e.g. feeder cells such as normal mouse peritoneal exudate cells, spleen cells, bone marrow 
macrophages, or the like. 

As the antibody-producing cells carry a selection marker described in detail hereinbelow, the culture 
media may be supplemented with selective media, for example media containing G-418 or xanthine, 
hypoxanthine/thymidine and mycophenolic acid, in order to prevent normal cells from overgrowing the 

45 producer cells. 
In vitro production allows scale-up to give large amounts of the desired antibodies. Techniques for 

mammalian cell cultivation under tissue culture conditions are known in the art and include homogeneous 
suspension culture, e.g. in an airlift reactor or in a continuous stirrer reactor, or immobilized or entrapped 
cell culture, e.g. in hollow fibres, microcapsules, on agarose microbeads or ceramic cartridges. 

50 The cell culture supernatants are screened for the desired monoclonal antibodies. preferentially with an 
enzyme immunoassay, e.g. a dot-assay, or a radioimmunoassay. 

For isolation of the chimeric monoclonal antibodies, the immunoglobulins in the culture supernatants are 
first concentrated, e.g. by precipitation with ammonium sulphate, dialysis against hygroscopic material such 
as PEG, filtration through selective membranes, or the like. If necessary and/or desired, the concentrated 

55 antibodies are purified by the customary chromatography methods, for example gel filtration, ion-exchange 
chromatography, chromatography over OEAE-cellulose or (immuno-)affinity chromatography. 

Large quantities of the desired chimeric monoclonal antibodies can also be obtained by multiplying the 
cells !,!! vivo. For this purpose, cell clones from a histocompatible and/or tolerated lg-producing cell line are 
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injected into syngeneic mammals to cause growth of antibody~producing tumors. Optionally, the animals are 
primed with a hydrocarbon, especially mineral oils such as pristane (tetramethyl pentadecane), prior to the 
injection. After 1-3 weeks, the antibodies are isolated from the body fluids of those mammals. For example, 
hybridoma cells derived from Balb/c mice that produce the desired chimeric monoclonal antibodies are 

5 injected intraperitoneally into Balb/c mice that have optionally been pre-treated with a hydrocarbon such as 
pristane, and, after 8-10 days, ascitic fluid is taken from these animals. The chimeric monoclonal antibodies 
are isolated therefrom by conventional methods as given above. 

Fragments of chimeric monoclonal antibodies that retain their specificity towards human CEA, for 
example Fab or F(ab

1

)2 fragments, can be obtained from a chimeric antibody prepared as described above 
10 by methods known per se, e.g. by genetic manipulation of the appropriate lg-coding axons, by digestion 

with enzymes such as papain or pepsin, and/or cleavage of disulfide bonds by chemical reduction. 
Conjugates of monoclonal antibodies of the invention are prepared by methods known in the art, e.g. by 

reacting a monoclonal antibody prepared as described hereinbefore with the enzyme in the presence of a 
coupling agent, e.g. glutaraldehyde, periodate, N,N' -o-phenylenedimaleimide, N-(m-maleimidobenzoyloxy)-

15 succinimide, N-(3-[2' -pyridyldithio ]-propionoxy)-succinimide, N-ethyl-N' -(3-dimethylaminopropyl)-car-
bodiimide or the like. Conjugates with avidin are prepared likewise. Conjugates with biotin are prepared e.g. 
by reacting monoclonal antibodies with an activated ester of biotin such as the biotin N-hydroxysuccinimide 
ester. Conjugates with fluorescent markers are prepared in the presence of a coupling agent, e.g. those 
listed above, or by reaction with .an isothiocyanate, preferably fluorescein-isothiocyanate. Conjugates of the 

20 chimeric antibodies of the invention with cytostatic/cytotoxic substances and metal chelates are prepared in 
an analogous manner. 

Chimeric monoclonal antibodies radioactively labelled with iodine (1231, 125 1, 131 1) are obtained from the 
monoclonal antibodies according to the invention by iodination known per se, for example with radioactive 
sodium or potassium iodide and a chemical oxidising agent, such as sodium hypochlorite, chloramine T or 

25 the like, or an enzymatic oxidising agent, such as lactoperoxidase, glucose oxidase and glucose. Chimeric 
monoclonal antibodies according to the invention are coupled to yttrium (3°Y) for example by 
diethylenetriaminepentaacetic acid (DTPA}-chelation. Technetium-99m labelled chimeric antibodies are 
prepared by ligand exchange processes, for example by reducing pertechnate (TcQ4-) with stannous ion 
solution, chelating the reduced technetium onto a Sephadex column and applying the antibodies to this 

30 column, or by direct labelling techniques, e.g. by incubating pertechnate, a reducing agent such as SnC'2, a 
buffer solution such as a sodium-potassium phthalate-solution, and the antibodies. 

The invention also concerns recombinant DNAs comprising an insert coding for a light chain murine 
. variable region and/or for a heavy chain murine variable region of chimeric monoclonal antibodies specific 
for human CEA as described hereinbefore. By definition such DNAs comprise coding single stranded DNAs, 

35 double stranded DNAs consisting of said coding DNAs and of complementary DNAs thereto, or these 
complementary (single stranded) DNAs themselves. 

In particular the invention concerns a recombinant DNA comprising an insert coding tor a light chain 
murine variable region specific for human CEA, originating from genomic DNA of the cell line CE 25. The 
cell line CE 25 was generated by the fusion of B lymphocytes of the spleen of Balb/c mice and ·cells from 

40 the myeloma-P3-NS2/1Ag4 and produces a murine anti-CEA antibody with ax light chain and a -y1 heavy 
chain. 

Preferred is a recombinant DNA comprising an insert coding for the polypeptide of formula I, optionally 
containing introns, especially an insert coding for the polypeptide of formula I wherein FR1, F~. FRs and 
F~ are polypeptide residues of formula IA, 18, IC and ID, respectively, optionally containing introns. 

45 An example of such a preferred recombinant DNA is a recombinant DNA comprising an insert of the 
formula 

50 

55 
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TCTAGACTGCTGTGGTCTTTTAAGTAGCATGAAAAACATCTGCTAAAGAAGGAATTAGTT 
1 ---------+---------+---------+---------+---------+---------+ 60 

TGAACATGCTAGAAATACATCTGTGATACTCTCATCACTCTTGTTGGAAAGATATGCAAG 
61 ---------+---------+---------+---------+---------+---------+ 120 

AAGCACTATTTGGCTATTATTTGGAAAGTGCTATAATGTATTTTGATATCTCAACCTCTG 
121 ---------+---------+---------+---------+---------+---------+ 180 

AAATTCTTCTGTATGTTGGCAGATTGTAAACCTTTACAAGGCTTTCATTCTCTTCTCTGG 
181 ---------+---------+---------+---------+---------+---------+ 240 

AGAAAAATGTCTTTGTAGGCAATCCAGAATTTCTTATTTCTTGCTAATGAAATCTCCTCA 
241 ---------+---------+---------+---------+---------+---------+ 200 

GTGTGATATCACTTTAGTTTCATGTGTTGTTATGCTTCATGTAATGTTAAGAAAGTTAAA 
301 ---------+---------+---------+---------+---------+---------+ 360 

GATGCTCCAATCCATATTGTAAGAAACATTCCAAGCCATGGAATAAGGCATGGATTTGAG 
361 ---------+---------+---------+---------+---------+---------+ 420 

ATGCTCTTTATTTCAAACTACTGAATATATCTTAGAGATTTCTTTAGACTGTGTTAAATA 
421 ---------+---------+---------+---------+---------+---------+ 480 

TGTAACCATTTAAGTAGGAGTCAAGTCTCCTTTAAATCTCAACAGCTCTTCAGGTAACCA 
481 ---------+---------+---------+---------+---------+---------+ 540 

ACAAAAGGATAAATATTCTAATAAGTCACTAGGAGCATGCTCTTCTGACCAGGTCTTTCT 
541 ---------+---------+---------+---------+---------+---------+ 600 

TATAAGCAACATGAAGACAGTATGATTTGCATAAGTTTTTCTTTCTTCTAATGTCCCTGC 
601 ---------+---------+---------+---------+---------+--- · ----+ 660 

CTCTTAGAGTATTATAAGAAGATCTTTCTAGGGATGTGTCATGGTCCACACAAAAATAGG 
661 ---------+---------+---------+---------+---------+---------+ 720 

M V S T P Q F L V F L L F V I P 
MetVa1SerThrProG1nPheLeuVa1PheLeuLeuPheTrpilePro 

GAAAGTGTGAAGATGGTATCCACACCTCAGTTCCTTGTATTTTTGCTTTTCIGGAITCCA 
35 721 ---------+---------+---------+---------+---------+---------+ 780 

40 

45 

50 

55 
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GGTAATGACTGTTTGGGTGTGGCAAAAAAGTGGAGATGTTATTTAAATACAAAATTTTCT 
781 ---------+---------+---------+---------+---------+---------+ 840 

TGCTTTATTTGGAAGCCAATGTCACATGGGAATTGACTTTCAGTTTAAAGAAATTGATAC 
5 841 ---------+---------+---------+---------+---------+---------+ 900 

10 

15 

20 

25 

30 

35 

40 

AATAAAAGTCATTTATTTTTCTAAGTTGTTTAGAAGTGACTTTCATATTCAGTGTTATGA 
901 ---------+---------+---------+---------+---------+---------+ 960 

A S . R G D I L L T Q S 
AlaSerArgGlyAspileLeuLeuThrGlnSer 

TCGACTAATGTATCTTCCATTTTTCCAGCCTCCAGAGGTGACATCTTGCTGACTCAGTCT 
961 ---------+---------+---------+---------+---------+---------+ 1020 

P A I L S V S P G E R V T F S C R A S Q 

ProAlaileLeuSerVa1SerProGlyG1uArgVa1ThrPheSerCysArgAlaSerGln 
CCAGCCATCCTGTCTGTGAGTCCAGGAGAAAGAGTCACTTTCTCCTGCAGGGCCAGTCAG 

1021 ---------+---------+---------+---------+---------+---------+ 1080 
S I G T S L H W Y Q Q R T N G S P R L L 
SerileGlyThrSerLeuHisTrpTyrGlnGlnArgThrAsnGlySerProArgLeuLeu 
AGCATTGGCACAAGCTTACACTGGTATCAGCAAAGAACAAATGGTTCTCCAAGGCTTCTC 

1081 ---------+---------+---------+---------+---------+---------+ 1140 
M K Y A S E S I S G I P S R F S G S G S 
KetLysTyrAlaSerGluSerileSerGlyileProSerArgPheSerGlySerGlySer 
ATGAAGTATGCTTCTGAGTCTATCTCTGGGATCCCTTCCAGGTTTAGTGGCAGTGGATCA 

1141 ---------+---------+---------+---------+---------+---------+ 1200 
G T D F T L T I N S V E S E D I A D Y Y 
GlyThrAspPheThrLeuThrileAsnSerValGluSerGluAsplleAlaAspTyrTyr 

I GGGACAGATTTTACTCTTACCATCAATAGTGTGGAGTCTGAAGATAITGCAGATTATTAC 
1201 ---------+---------+---------+---------+---------+---------+ 1260 

C Q Q S H G W P F T F G S G T K L E I K 
CysGlnGlnSerHisGlyTrpProPheThrPheGlySerGlyThrLysLeuGlulleLys 
TGTCAACAAAGTCATGGCTGGCCATTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAA 

1261 ---------+---------+---------+---------+---------+---------+ 1320 
CGTAAGTGGACTTTTGTTCATTTACTTGTGACGTTTTGGTTCTGTTTGGGTAGCTTGTGT 

1321 ---------+---------+---------+---------+---------+---------+ 1380 
GAATTTGTGATATTT 

1381 ---------+----- 1395 

(III). 

45 A recombinant DNA comprising an insert of formula 111 wherein one or more, e.g. up to 10, single 
nucleotides are replaced· by other nucleotides outside the nucleotide sequences of formula Ill from position 
1069-1102, 1147-1167 and 1263-1291, respectively, is also preferential. 

In particular, the invention also concerns a recombinant DNA comprising an insert coding for a heavy 
chain murine variable region specific for human CEA, originating from genomic DNA of the cell line CE 25. 

5o Preferred is a recombinant DNA comprising an insert coding for the polypeptide of formula II, optionally 

55 

containing introns, especially an insert coding for the polypeptide of formula II wherein FRs, FAG, FR1 and 
FRs are polypeptide residues of formula IIA, 118, IIC and IID, respectively, optionally containing introns. 

An example of such a preferred recombinant DNA is a recombinant DNA comprising an insert of the 
formula 
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AAGCTTGTTCTGTTCACATGCAAGGAGGGAAACTAAACTGAGTATGGTGAATCCCTAACC 
1 ---------+---------+---------+---------+---------+---------+ 60 

AAAGGGAAAAAATGAAACTACAATATGTTTCAAATGCTGTAACTGAAATCTGGTTTTTTG 
61 ---------+---------+---------+---------+---------+---------+ 120 

ATGCCTTATATCTGGTATCATCAGTGACTTCAGATTTAGTCCAACCCCAGAGCATGGTAT 
121 ---------+---------+---------+---------+---------+---------+ 180 

AGCAGGAAGACATGCAAATAAGTCTTCTCTCTGCCCATGAAAACACCTCGGCCCTGACCC 
181 ---------+---------+---------+---------+---------+---------+ 240 

TGCAGCTCTGACAGAGGAGGCCAGTCCATGGATTTGAGTTCCTCACATTCAGTGATGAGC 
241 ---------+---------+---------+---------+---------+---------+ 300 

M N F G F S L I F L V L V 
KetAsnPheGlyPheSerLeuilePheLeuValLeuVal 

ACTGAACACAGACACClCACCATGAACTJCGGGTTCAGCTTGATTTTCCTTGTCCTTGTT 
301 ---------+---------+---------+---------+---------+---------+ 360 

L K G 
LeuLysGly 
TTAAAAGGTAATTTATTGAGAAGAGATGACATCTATTTTACGCACATGAGACAGA.A..AAAA 

361 ---------+---------+---------+---------+---------+---------+ 420 
V Q 
ValGl 

TGTGGTTTGTTTTGTTAGTGACAGTTTTCCAACCAGTTATTCTCTGTTTGTAGGTGTCCA 
421 ---------+---------+---------+--~------+---------+---------+ 480 

C E V K L V E S G G G L V K P G G S L K 
nCysGluValLysLeuValGluSerGlyGlyGlyLeuValLysProGlyGlySerLeuLy 
GTGTGAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAA 

30 481 ---------+---------+---------+---------+---------+---------+ 540 

35 

40 

45 

50 

55 

L S C A A S G F T F R T Y A M A V V R Q 
sLeuSerCysAlaAlaSerGlyPheThrPheArgThrTyrAlaMetAlaTrpValArgGl 
ACTCTCCTGTGCAGCCTCTGGGTTCACTTTCAGGACCTATGCCATGGCTTGGGTTCGCCA 

541 ---------+---------+---------+---------+---------+---------+ 600 
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T P E K R L E W V T S I S S G G T T Y Y 
nThrProGluLysArgLeuGluTrpValThrSerlleSerSerGlyGlyThrThrTyrTy 
GACTCCAGAGAAGAGGCTGGAGTGGGTCACATCCATTAGTAGTGGTGGTACCACCTACTA 

601 ---------+---------+---------+---------+---------+---------+ 660 

P D S V K G R F T I S R D N A R N I L Y 
rProAspSerVa1LysGlyArgPheThrlleSerArgAspAsnA1aArgAsnI1eLeuTy 
TCCAGACAGTGTGAAGGGCCGATTCACCATCTCCAGAGATAATGCCAGGAACATCCTGTA 

661 ---------+---------+---------+---------+---------+---------+ 720 
L Q V S .S L R S E D T A I Y Y C A R G F 

rLeuG1nVa1SerSerLeuArgSerGluAspThrA1aileTyrTyrCysAlaArgG1yPh 
CCTGCAAGTGAGCAGTCTGAGGTCTGAGGACACGGCCATTTATTACTGTGCAAGAGGTTT 

721 ---------+---------+---------+---------+---------+---------+ 780 
YD G Y LY V VD Y·W G Q GT SL TVS 

eTyrAspGlyTyrLeuTyrVa1Va1AspTyrTrpGlyGlnGlyThrSerLeuThrVa1Se 
CTATGATGGTTACCTCTATGTTGTGGACTACTGGGGTCAAGGAACCTCACTCACCGTCTC 

781 ---------+---------+---------+---------+---------+---------+ 840 
s 

rSer 
CTCAGGTAAGAATGGCC 

841 ---------+------- 857 

(IV). 

A recombinant DNA comprising ari insert of formula IV wherein one or more, e.g. up to 10, single 
nucleotides are replaced by other nucleotides outside the nucleotide sequences of formula IV from position 

30 · 575-595, 629-680 and 776-805, respectively, is also preferential. 
For the assembly of complete tetrameric immunoglobulin molecules and the expression of active 

antibodies, the recombinant DNA inserts coding for light and heavy chain variable regions are fused with the 
corresponding DNAs coding for light and heavy chain constant regions, then incorporated into hybrid 
vectors and transferred into appropriate host cells with the help of these hybrid vectors. 

35 The invention therefore also concerns recombinant DNAs comprising an insert coding for a light chain 
murine variable region specific for human CEA fused to a human constant region x or >.. Preferred is a 
recombinant DNA coding for a preferred murine variable region as described hereinbefore fused to a human 
constant region x. 

Likewise the invention concerns recombinant DNAs comprising an insert coding for a heavy chain 
40 murine variable specific for human CEA fused to a human constant region .,, for example -y1, -y2, -y3 or -y4. 

Preferred is a recombinant DNA coding for a preferred murine variable region as described hereinbefore 
fused to a human constant region -y4. · 

Furthermore the invention concerns a recombinant DNA which is a hybrid vector comprising an insert 
coding for a chimeric murine/human light chain as described hereinbefore and/or an insert coding for a 

45 chimeric murine/human heavy chain as described hereinbefore, a complete replicon and one or more 
dominant marker sequences, operationally linked to expression control sequences. 

The markers allow for selection of host cells which contain the vector. Selection markers include genes 
which confer resistance to heavy metals, e.g. copper, antibiotics, e.g. G-418 (geneticin, a neomycin· 
derivative) or hygromycin, or genes which complement a genetic lesion of the host cell such as the absence 

50 of thymidine kinase, hypoxanthine phosphoryl transferase, dihydrofolate reductase or the like. In addition, 
hybrid vectors optionally contain signal sequences, one or more restriction sites available for the insertion of 
a structural gene, enhancers and/or expression control sequences. A wide variety of transcriptional and 
translational regulatory · sequences may be employed, depending on the nature of the host. Preferred 
vectors are suitable for mammalian hosts and are based on viral replication systems, such as simian virus 

55 40 (SV40), Rous sarcoma virus (RSV), adenovirus 2, bovine papilloma virus (BPV), papovavirus BK mutant 
(BKV), or mouse and human cytomegalovirus (CMV). Alternatively, the vectors may contain promoters from 
mammalian expression products. such as actin. collagen, myosin etc .• or the native promoter and control 
sequences which are normally associated with the immunoglobulin gene sequences. Enhancers are 
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transcription-stimulating DNA sequences of viral ongrn, e.g. derived from simian virus such as SV40, 
polyoma virus, bovine papifloma virus or Moloney sarcoma virus, or of genomic, especially murine origi!1 
(mouse lg enhancer). An origin of replication is provided either by construction of the vector to include an 
exogeneous origin, such as derived from SV40 or another viral source, or by the host cell chromosomal 

5 replication mechanism. Examples of preferred vectors are those derived from pSV-vectors in which the 
selectable marker is placed under the control of the SV40 early promoter, in particular pSV2gpt carrying the 
xanthine-guanine phosphoribosyl transferase gene, and pSV2neo, carrying the phosphotransferase gene. 

The chimeric gene constructs for the light chain and for the heavy chain are sequentially or 
simultaneously transferred into the host cells with the help of two vectors. Alternatively, both heavy and light 

10 chains are cloned into the same hybrid vector and incorporated in a one step-procedure as a single 
construct into the host cells. 

The recombinant DNAs coding for the desired chimeric monoclonal antibodies can be prepared, for 
example, by culturing a transformed host.· 

In particular, such DNAs can be prepared by 
15 a) isolating murine DNAs from a suitable hybridoma cell line, selecting the desired DNAs coding for the 

variable regions of monoclonal antibodies directed against human CEA using DNA probes, 
b) isolating human DNAs from a genomic library, selecting the desired DNAs coding for the constant 
regions of monoclonal antibodies using DNA probes, 
c) constructing chimeric mouse/human genes by incorporating the DNA of step a) and b) into appropriate 

20 hybrid vectors, 
d) transferring the obtained hybrid vectors into a recipient host, and 
e) selecting and culturing the transformed host. 
The DNA according to step a) of the process described above can be obtained by isolation of genomic 

DNA or by preparation of cDNA from isolated mRNA. As genomic DNA constructs facilitate gene 
25 expression, the preparation and use of genomic DNA is to be preferred. 

Genomic DNA from hybridoma cells is isolated by methods known in the art which include steps for 
disruption of the cells, e.g. by lysis in presence of detergents like Triton, extracting the DNA, e.g. by 
treatment with phenol and CHCla/isoamyl alcohol, and DNA-precipitation. The DNA is fragmented, conve
niently by one or more restriction endonucleases, e.g. Xbal, Bglll, EcoRI, Hindlll, BamHI, the resulting 

30 fragments are replicated on a suitable carrier, e.g. nitrocellulose membranes, and screened with a DNA 
probe as described in more detail hereinbelow for the presence of the DNA sequences coding for the 
polypeptide sequence of interest, in particular for the presence of the rearranged H- and L-chain lg gene 
loci. By this procedure DNA fragments are found that contain inserts with heavy chain V, D and J regions 
and light chain V and J regions, respectively, together with a leader sequence and intrans, if any. 

35 Genomic human DNA according to step b) of the process described above is isolated from suitable 
human tissue, preferably from human· placenta or human ·foetal liver cells, according to methods known in 
the art. A genomic DNA library is constructed therefrom by limited digestion with suitable restriction 
endonucleases, e.g. Haem and Alul, and incorporation into >.. Charon phage, e.g. >.. Charon 4a, following 
established procedures. The genomic DNA library is replicated, e.g. on nitrocellulose membranes, and 

4(J screened with a DNA probe as described below for the DNA sequences of interest. 
The DNA probe for the mouse variable regions or the human constant regions may be a synthetic DNA, 

a cDNA derived from mRNA coding for tlie desired immunoglobulin or a genomic DNA or DNA fragment of 
known nucleotide sequence. Preferably a genomic DNA or DNA fragment probe is used. As probes for the 
detection of the rearranged lg gene loci of the variable regions of L-/H-chains, DNA fragments of known 

45 nucleotide sequences of adjacent conserved variable or constant regions are selected which constitute the 
lg loci of the L-/H-chain in the mammal from which the DNA is derived, e.g. Balb/c mice. The utilization of 
murine DNA probes for the detection of human DNA sequences is based on sequence homologies between 
the murine and human DNAs. The DNA probe is isolated from suitable tissue of an appropriate mammal, 
e.g. Balb/c mouse liver, purified by molecular cloning in bacteriophage >.. and subcloning appropriate DNA 

so fragments in suitable plasmid vectors, such as pUC12 or pUC13, and recovering/purifying cloned DNA 
inserts using standard procedures. The purified probe DNA is labelled, e.g. radioactively-labelled by the 
well-known nick-translation technique, then hybridized with the human DNA library in buffer and salt 
solutions containing adjuncts, e.g. calcium chelators, viscosity regulating compounds, proteins, non-specific 
DNA and the like, at temperatures favoring selective hybridization. 

55 Once a fragment has been identified which contains the desired DNA sequence, this fragment may be 
further manipulated to remove nonessential DNA, modified at one or both termini, and treated to remove all 
or a portion of intervening sequences, or the like. 
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The joining of the various DNA fragments in order to produce chimeric genes is performed in 
accordance with conventional techniques, for example, by blunt- or staggered-end ligation, restriction 
enzyme digestion to provide for appropriate cohesive termini, filling in cohesive ends as appropriate. 
alkaline phosphatase treatment to avoid undesirable joining. and ligation with appropriate ligases. 

s The transfer of the recombinant DNAs, e.g. the transfer of hybrid vectors, and the selection of 
transformed cells is described below. 

Moreover, the invention relates to host cells transformed with the recombinant DNAs described above, 
namely host cells which are transformed with a DNA encoding the light chain and/or a DNA encoding the 
heavy chain of the desired chimeric antibody. 

10 The host cells of the present invention have to be capable of culture in vitro and have to be of higher 
eukaryotic origin to provide a suitable environment for the production of active antibodies, since the 
biosynthesis of functional tetrameric antibody molecules requires correct nascent polypeptide chain folding, 
glycosylation, and assembly. Examples of suitable host cells according to the invention are mammalian 
cells, e.g. COS-7 cells, Bowes melanoma cells, chinese hamster ovary (CHO) cells, embryonic lung cells L-

75 132, and in particular mammalian cells of lymphoid origin, such as myeloma or lymphoma cells, for 
example Sp2/0 cells. Sp2/0 (ATCC CRL 1581) is a well-characterized, lg non~secreting mouse cell line, 
derived from the fusion of mouse spleen cells with the myeloma X63-Ag8. These host cells are transfected 
with the chimeric H-chain gene construct alone, with the L-chain gene construct alone, or with both, either 
transferred with the help of two separate vectors or by using a double-construct (L-chain/H-chain) vector as 

20 indicated hereinbefore. Particularly preferred are host cells transfected with both gene constructs, which are 
transferred with the help of two separate vectors, secreting chimeric monoclonal antibodies with an affinity 
to CEA as described hereinbefore, for example cells of the cell line EFVlll/-y4Na 75-75/CxGaS-6 (referred to 
as CE75-5-6). Also particularly preferred are host cells transfected with both gene constructs, which are 
simultaneously transferred with the help of a double-construct vector, secreting chimeric monoclonal 

25 antibodies of the invention, for example cells of the cell line EFIX-pCEA-lg-(-y4;Cx) (referred to as CE 4-8-
13). Further examples of host cells of the invention are cells transfected with similar recombinant plasmids 
which contain alternative orientations of the H- and L-chain gene constructs, incorporating additional DNA 
elements to facilitate high levels of expression of the chimeric monoclonal antibodies. 

The host cells of the invention are genetically stable, secrete chimeric monoclonal antibodies of the 
30 invention of constant specificity and can be activated from deep-frozen cultures by thawing and recloning. 

The invention also relates to processes for the preparation of host cells secreting chimeric monoclonal 
antibodies with specificity to CEA as described hereinbefore, characterized in that a suitable cell is 
transformed with one or two vectors, e.g. by electroporation, calcium treatment. microinjection or protoplast 
fusion. 

35 Vectors are introduced into mammalian cells by transfection in the presence of helper compounds, e.g. 
diethylaminoethyldextran, dimethyl sulfoxide, glycerol, polyethylene glycol or the like, or as co-precipitates 
of vector DNA and calcium phosphate. Further suitable methods include direct microinjection of vector DNA 
into the cell nucleus, protoplast fusion and electroporation, i.e. introduction of DNA by a short electrical 
pulse which transiently increases the permeability of cell membranes. The subsequent selection of 

40 transfected cells can be done using a selection marker which is either covalently integrated into the 
expression vector or added as a separate entity. Selection markers include genes which confer resistance 
to antibiotics, e.g. G-418 (geneticin, a neomycin-derivative) or hygromycin, or genes which complement a 
genetic lesion of the host cell such as the absence of thymidine kinase, hypoxanthii'le phosphoribosyl 
transferase, dihydrofolate reductase, or the like. 

45 The chimeric monoclonal antibodies and derivatives thereof according to the invention are used in a 
number of applications, especially for the diagnosis and therapy of cancer. 

An example of diagnostic use is the qualitative and quantitative determination of human carcinoem
bryonic antigen, especially in biological fluids. The chimeric monoclonal antibodies and derivatives thereof 
may be used in any of the immunoassays known per se that utilize the binding interactions between antigen 

so and monoclonal antibody. such as radioimmunoassays (RIA), enzyme-linked immunoassays, im
munofluorescence tests, latex agglutination or haemagglutination. 

Any of the known modifications of a RIA can be used, for example RIA in homogeneous phase, solid 
phase RIA or heterogeneous RIA, single RIA or double (sandwich) RIA with direct or indirect (competitive) 
determination of CEA. There is preferred a sandwich RIA in which a suitable carrier, for example the 

55 plastics surface of a microtitre plate or of a test tube, for example of polystyrene, polypropylene or polyvinyl 
chloride, glass. or· plastics beads, filter paper, or dextran, cellulose acetate or nitrocellulose sheets or the 
like, is coated with an antibody to CEA by simple adsorption or optionally after activation of the carrier, for 
example with glutaraldehyde or cyanogen bromide, and incubated with the test solution and a solution of an 
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antibody radioactively labelled with 125 1, the dissolved antibody recognizing another epitope of CEA than the 
carrier-bound antibody, and the amount of CEA is determined by measuring the radioactivity bound· to the 
carrier. One of the two antibodies used in the sandwich RIA is a chimeric monoclonal antibody of the 
invention, the other one can be a known monoclonal or polyclonal anti-CEA antibody or also a chimeric 

5 antibody according to the invention. 
The chimeric monoclonal antibodies according to the invention can be used as such or in the form of 

enzyme-conjugated derivatives in an enzyme-immunoassay. Such immunoassays include test procedures in 
which enzyme-labelled chimeric monoclonal antibody derivatives according to the invention or · enzyme
labelled antibodies known per se that recognize and bind an epitope of the antibodies according to the 

10 invention are used. The amountof antigen is determined in a cascade-antigen-antibody~complex with the 
help of an enzymatic test. 

There is preferred an ELISA (enzyme-linked immunosorbent assay) in which a carrier as described 
above for a RIA is coated with an anti-CEA antibody and incubated with a test solution containing CEA. After 
binding of CEA, a second antibody directed against CEA is added which binds to the antibody-antigen-

1s complex. The bound antibodies are developed by a third enzyme-labelled antibody specific for the constant 
region of the second antibody. The amount of CEA is determined by an enzyme-substrate reaction. One of 
the antibodies used in the test is a chimeric monoclonal antibody of the invention, the other one can be a 
known monoclonal or polyclonal anti-CEA antibody or also a chimeric antibody according to the invention. 
The labelled antibody is, for example, an alkaline phosphatase-labelled goat-anti-human lgG antibody. 

20 There is also preferred an ELISA in which a carrier coated with an antibody is incubated with a test 
solution containing CEA and with a solution of an antibody that is conjugated with an enzyme. the dissolved 
antibody recognizing a ·different CEA-epitope than does the carrier-bound antibody. One of the antibodies 
used in the test is a chimeric monoclonal antibody of the invention, the other one is a known monoclonal or 
polyclonal anti-CEA antibody. 

25 The invention relates also to test kits for the determination of human CEA containing chimeric 
monoclonal antibodies to human CEA and/or derivatives thereof and, optionally, adjuncts. 

Test kits according to the invention for a radioimmunoassay contain, for example, a suitable carrier, 
optionally freeze-dried or concentrated solutions of one or more monoclonal antibodies, solutions of a 
radioactively labelled monoclonal antibody or of radioactively labelled human CEA, standard solutions of 

30 human CEA, buffer solutions and, optionally, detergents for preventing non-specific adsorption and ag
gregate formation, pipettes, reaction vessels, calibration curves and the like. One or more of the monoclonal 
antibodies of the test kit are chimeric monoclonal antibodies of the invention. 

Test kits according to the invention for an enzyme-immunoassay contain, for example, a suitable carrier, 
optionally freeze-dried or concentrated solutions of one or more monoclonal antibodies, optionally freeze-

35 dried or concentrated solutions of an enzyme-labelled monoclonal antibody, of enzyme-labelled human 
CEA, of a polyclonal anti-human CEA serum and/or of enzyme-labelled monoclonal or polyclonal antibodies 
that recognize and bind the anti-human CEA antibody, enzyme substrates in solid or dissolved form, 
standard solutions of human CEA, buffer solutions, detergents, pipettes, reaction vessels, calibration curves, 
colour scale tables and the like. One or more of the monoclonal antibodies of the test kit are chimeric 

40 monoclonal antibodies of the invention. 
In addition, based on their reduced immunogenicity, the chimeric monoclonal antibodies and their 

derivatives are useful in therapy, for passive immunization without negative immune reactions such as 
serum ,sickness or anaphylactic shock, for localization and in vivo imaging of tumors, for specific treatment 
of diseased cells, e.g. site-directed delivery of cytotoxins:-immuno-modulators or other pharmaceutically 

45 active molecules where local concentration of the active agent is an important factor, or the like. For in vivo 
imaging, the chimeric antibody is radiolabelled or conjugated with a metal chelate complexed witlla 
radionuclide, e.g. iodine, yttrium, technetium, or the like, and radioscanning techniques may be used to 
detect primary and metastatic tumors. To that end, the radioactive antibody is injected e.g. intravenously 
and the patient scanned with a gamma imager at regular intervals. Tumors expressing CEA will take up 

so more radioactive antibodies than other tissue and will be clearly recognized by the gamma imaging camera. 
Preferentially monoclonal antibodies labelled with 13 1 I are used for radioscanning in amounts of 3 to 8 1.1.g 
representing 15 to 30 1.1.Ci per kg body weight. For biocidal activity in the treatment of cancer, the chimeric 
antibodies are used as derivatives conjugated to cytostatic or cytotoxic substances as described herein
before, e.g. ricin A, as radiolabelled derivatives, or else delivered in liposomes containing biocidal reagents. 

55 The therapeutic dose for mammals is between approximatively 1 mg and 5 mg per kg body weight for 
monoclonal antibodies themselves, and between 0.1 mg and 5 mg per kg body weight for conjugates with 
cytotoxic drugs, depending on the status of the patient and the mode of application. Alternatively, the 
chimeric antibodies can be used in combination with coml)onents of the host immune system, e.g. 
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complement, due to the presence of the native constant region. In vitro, the subject chimeric antibodies can 
be used in conjunction with complement to remove particular CEA-presenting cells from a mixture of cells. 

The invention also relates to pharmaceutical preparations containing a chimeric monoclonal antibody or 
derivatives thereof with a high specificity for CEA as disclosed hereinbefore. The pharmaceutical prepara-

5 tions contain, for example, chimeric monoclonal antibodies or derivatives thereof in an effective amount 
together or in admixture with inorganic or organic, solid or liquid pharmaceutically acceptable carriers. 

Preferred are pharmaceutical preparations for parenteral application. Preparations for intramuscular, 
subcutaneous or intravenous application are e.g. isotonic aqueous solutions or suspensions, optionally 
prepared shortly before use from lyophilized or concentrated preparations. The pharmaceutical preparations 

10 may be sterilized and contain adjuvants e.g. for conserving, stabilizing, wetting, emulsifying or solubilizing 
the ingredients, salts for the regulation of the osmotic pressure, buffer and/or compounds regulating the 
viscosity, e.g. sodium carboxycellulose, dextran, polyvinylpyrrolidone or gelatine. !hey are prepared by 
methods known in the art, e.g. by conventional mixing, dissolving or lyophi!izing, and contain from 
approximately 0.01 o/o to approximately 50 o/o of active ingredients. The preparations for injections are 

15 processed, filled into ampoules or vials, and sealed under aseptic conditions according to methods known in 
the art. 

20 

The following examples illustrate the invention. 

Figure legends 

Symbols for restriction sites: A - Alul, B - BamHI, Bg - Bglll, E - EcoRI, H - Hindlll, Hh - Hhal, P - Pstl, 
Sa - San. Sp - Sphl, X - Xbal, Xm - Xmnl 

V: variable region lg gene segment 
J: joining segment 

25 D: diversity segment 
L: leader sequence 

Boxes indicate the position of the rearranged V-region and its leader peptide coding segment (black boxes), 
and the position of J-segments (open boxes). 

30 Figure 1: 

A) G: germline configuration of the mouse L-chain lg gene locus showing the position of J-segments 
and the origin of the J-region probe 
L2 and L2.5: restriction maps of the CE 25 hybridoma-specific rearranged L-chain lg genes deduced from 

35 Southern blot analysis (Example 3) 
plasmid pCEA-L2a: cloned segment of the L2 gene 
(8) G: germline configuration of the mouse H-chain lg gene locus showing the position of J-segments and 
the origin of the J-region probe 
H2 and HS: restriction maps of the CE 25 hybridoma-specific rearranged H-chain lg genes deduced from 

40 Southern blot analysis (Example 3) 

45 

The plasmid pH8a1 is not shown, but it is constructed in an analogous manner to pCEA-L2a and contains 
the Xbal/Xbal segment of the HS gene. 

[EJ: EcoRI sites in the cloned HS gene that cannot be detected by Southern blot analysis of CE 25 
hybridoma DNA 

Figure 2: 

Detection of L2- and HS-specific mRNA transcripts in CE 25 hybridoma cells by Northern blot analysis 
(Example 6): 

50 RNA blots of 25 and 50 ug of P3-NS2/1 Ag4-cell RNA (NS) and CE 25 hybridoma-cell RNA (CE 25) 
(a) using an L2 L-chain gene segment 

55 

(b) using an HS H-chain gene segment. 

Figure 3: 

Scheme for construction of the chimeric mouse/human L-chain gene pCEA-CxGa (Examples 8.1 and 
8.2) 
Symbols: see above. 
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Figure 4: 

Scheme for construction of the chimeric mouse/human H-chain gene pCEA-y4Na (Examples 8.3 and 
8.4) 

5 Symbols: see above. ./ 

Figure 5: 

Scheme for the construction of pM1HuCx-1a 
10 (Examples 10.1 and 10.2) 

15 

20 

25 

30 

35 

40 

45 

50 

Symbols: see above; restriction sites placed in brackets are eliminated during the various cloning 
procedures. 

Figure 6: 

Scheme for the construction of the chimeric double-construct pCEA(H + L)2neo holding both 
mouse/human (-y4;x) anti-CEA, H- and L-chain lg genes 
Symbols: see above; restriction sites placed in brackets are eliminated during the various cloning 
procedures. 

Figure 7: 

Binding of the chimeric monoclonal antibody secretd by CE 4-8-13 to CEA 
OD: optical density. 

Abbreviations 

bp 
CDR 
ddNTP 
dNTP 
DMEM 
OTT 
EDTA 
FCS 
HEPES 
HAT 
HT 
lg 
kb 
MOPS 
NZ-amine 

PBS 
PBS-CM 
RIA 
sos 
20 x SET 
SSC 
TE buffer 
Tris 

base pairs 
complementarity determining region 
dideoxyribonucleotide triphosphate (N = adenine, cytosine, guanine or thymine) 
deoxyribonucleotide triphosphate (N = adenine, cytosine, guanine or thymine) 
Dulbecco's minimal essential medium (Dulbecco & Vogt, J. Exp. Med. 99, 167, 1954) 
dithiothreitol -
ethylenediaminetetraacetic acid 
foetal calf serum 
N-2-hydroxyethyl piperazine-N' -2' ethanesulphonic acid 
hypoxanthine/aminopterin/thymidine 
hypoxanthine/thymidine 
immunoglobulin 
kilobase (pairs) 
-y-morpholino propanesulphonic acid 
NZ-amine (10 g/1); NaCl (5 g/1); yeast extract (5 g/1, Difeo); casamino acids (1 g/1, Difeo) 
MgSQ4 "7H20 (2 g/1), pH 7.5 with NaOH 
phosphate buffered saline (Dulbecco & Vogt, J. Exp. Med. 99, 167, 1954) 
PBS without MgCl2 and CaCl2 -
radioimmunoassay 
sodium dodecylsulphate 
3M NaCl, 20 mM EDTA, 0.4 M Tris-HCI, pH 7.8 
0.15 M NaCl, O.Q15 M sodium citrate 
1 mM EDTA, 10 mM Tris-HCI, pH 8.0 
Tris (hydroxymethyl)aminomethane 

Example 1: Preparation of hybridoma cell line CE 25 

55 1.1 Purification of carcinoembryonic antigen (CEA) 

Colon carcinoma liver metastases obtained from autopsies (within 6 h of death) are extracted with 
saline. 1 vol. of tissue is first homogenized in 3 vol. of 0.02M phosphate buffer pH 7.4 at 4 • C for 10 min in 
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a Sorvall Omnimixer® at 8,000 rpm. The crude homogenate is then centrifuged at 8,000 g for 15 min at 
4 • C. The clear supernatant is applied to an immunoadsorbent consisting of a pool of the known anti-CEA 
monoclonal antibodies MAb 35 and MAb 115 (Haskell et al., Cancer Res. 43, 3857, 1983; Buchegger et al., 
J. Exp. Med. 158, 413, 1983) and MAb 73 (Buchegger et al., lmmunol.Letters 5, 85, 1982) coupled to 

5 CNBr-activated Sepharose®. CEA is eluted with 2M ammonium thiocyanate. -

1.2 Immunization of Balb/c mice 

Balb/c mice two months of age are immunized with CEA by injecting intraperitoneally 15 ug of saline-
10 . extracted purified CEA with complete Freund's adjuvant. After 4 months, a series of booster injections 

comprising 15, 50 and 150 ug of the same saline CEA preparation without Freund's adjuvant given 
intraperitoneally 5, 4 and 3 days before fusion, respectively. 

15 

1.3 Cell fusion 

Cell fusion is accomplished using 1.5 x 108 spleen cells of immunized mice and 1.5 x 107 cells from 
the mouse myeloma P3-NS2/1Ag4 according to conventional previously described methods (Koehler & 
Milstein, Nature 256, 495, 1975). After washing, the cells are resuspended in 48 ml of standard Dulbecco's 
minimum essential medium (Gibco No. 0422501). 3 x 106 normal mouse peritoneal exudate cells per fusion 

· 20 are added as feeder cells. The cells are distributed into 96 x 0.5 ml Costar wells and fed 3 times per week 
with standard HAT selection medium for 3-6 weeks. When the growth of hybridoma cells becomes visible, 
the supernatants are screened as described in Example 1.4. Positive hybridomas, for example the· cell line 
CE25 described in Example 1.5, are recloned and stored. 

25 1.4 Antibody detection in hybridoma supernatants 

Culture fluids of growing hybridomas are tested for the presence of anti-CEA antibody by a modification 
of the assay of Farr (J. Infect. Dis. 103, 239, 1958) as described previously (Accolla et al., Proc. Natl. Acad. 
Sci. 77, 563, 1980). 1 :10 (v/v) dilutions of cell culture supernatants are incubated in duplicate with 125 I· 

30 labelled CEA in 0.02M Tris-HCI buffer, pH 7.4. CEA bound to antibodies is precipitated at 4 • C by adding 
cold, saturated ammonium sulphate solution in the presence of normal human serum. 

1.5 Hybridoma storage and processing 

35 Hybridoma CE 25 secreting anti-CEA antibody MAb CE 25 can be grown in culture, frozen at -80 • C or 

40 

in liquid nitrogen and recultivated. The cells are cloned by the method of limiting dilution and expanded by 
forming ascites in Balb/c mice primed with pristane. Cell line CE 25 was deposited at the "Collection 
Nationale de Cultures de Microorganismes" of the lnstitut Pasteur, Paris, on December 15, 1987, under the 
number I-719. 

Example 2: Isolation of DNA from the hybridoma cell lines CE 25, P3-NS2/1 Ag4 and Balb/c mouse kidney 
cells 

CE 25 hybridoma cells (5 x 107) are grown in suspension culture at 37' C in DMEM (Seromed) + 10 % 
45 FCS (Seromed), 1 mM sodium pyruvate (Seromed), 2 mM glutamine (Seromed), 50 uM 2 mercaptoethanol 

and 100 1,1g/ml of gentamycin (Seromed) in a humidified atmosphere of air and 7.5 % CO:!, in 175 cm3 

tissue culture flasks (Falcon 3028). Cells are harvested by centrifugation, flash-frozen in liquid nitrogen and 
kept frozen as a pellet at -80 • C in a clean, sterile plastic capped tube. 

The frozen cells are resuspended in 10 ml of PBS to which is added 90 ml of 0.3 M sucrose, 5 mM 
50 MgCl2 , 0.1 % (w/v) Triton-® X-100, 10 mM Tris-HCI, pH 7.5, at 4'C in a clean, sterile 100 ml plastic 

beaker. Cells are lysed by mixing, and nuclei collected by centrifugation (10 min, 10,000 rpm, 4 • C, Sorvall 
RC-5 centrifuge, SS-34 rotor). The supernatant is removed and the nuclear pellet resuspended in 4.5 ml of 
75 mM NaCl, 24 mM EDTA, pH 8.0. Distilled water (100 1,11), SOS (250 Ill of a 10 % (w/v) solution in 
distilled water), and 100 ul of proteinase K solution (Boehringer; 10 mg/ml solution in distilled water) are 

55 added and mixed gently. The mixture is incubated at 37• C overnight. 
The solution is extracted by mixing with an equal volume of redistilled phenol saturated with 20 mM 

Tris-HCI, pH 8.0, at O • C. The aqueous phase is recovered after centrifugation (10,000 rpm, room 
temperature, Sorvall RC-5 Centrifuge, SS-34 Rotor) and extracted twice with an equal volume of 
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CHClalisoamyl alcohol (24:1, v/v). DNA is precipitated by the addition of one-tenth volume of 3 M NaOAc, · 
pH 5.0, followed by two volumes of absolute ethanol at room temperature. The precipitated DNA is lifted 
from the ethanolic solution, placed in 1 ml of TE. buffer and dissolved overnight at 4 • C. The yield of DNA is 
approximately 0.5 mg. 

5 DNA from cell line P3-NS2/1 Ag4 is obtained likewise. 

10 

For preparations of DNA from Balb/c mouse kidney tissue, fresh mouse kidney is flash-frozen in liquid 
nitrogen, ground to a fine powder in a clean, sterile pestle and mortar in the presence of liquid nitrogen, and 
DNA extracted from an amount of tissue equivalent to 5 x 107 cells, following the procedure described 
above. 

Example 3: Analysis of rearranged lg H- and L-chain gene loci in CE 25 cells 

Hybridoma CE 25 contains H- and L-chain lg gene loci derived from the P3-NS2/1Ag4 cell used as 
fusion partner for the generation of the hybridoma. The P3-NS2/1 Ag4 cell line is derived from the MOPC-21 

15 myeloma (Storb et al., Nucleic Acids Res. 8, 4681 , 1980). These 'endogenous' rearranged loci are 
distinguished from CE 25-specific rearranged genes by the following procedures: 

3.1 Source and preparation of probe DNA fragments 

20 The probe DNA segment used for the detection of the Balb/c mouse germline H-chain J-region DNA 
segment is an approximately 1750 bp Bglll/Xbal segment of Balb/c mouse liver DNA, corresponding to 
nucleotide positions 1130-2881 of the published germline H-chain lg locus (Newell et al., Science 209, 
1128, 1980; EMBL data base entry MUSIGCD07). -

The probe DNA segment used for the detection of the Balb/c mouse germline L-chain J-region segment 
25 is an approximately 2240 bp Hindlll/Xbal segment of Balb/c mouse liver DNA, corresponding to nucleotide 

positions 659-2900 of the published germline L-chain lg locus (Max et al., Proc. Natl. Acad. Sci. 76, 3450, 
3454, 1979; EMBL data base sequence entry MUS1GKJC2). · -

DNA probes are purified by molecular cloning of Balb/c mouse liver DNA in bacteriophage >-. 
subcloning appropriate DNA fragments in pUC12· or pUC13-plasmid vectors, and recovering/purifying 

30 cloned DNA inserts using standard procedures (Maniatis et al., "Molecular Cloning: A laborato_ry manual", 
Cold Spr. Harbour, N.Y., 1982). 

DNA probes are prepared from 300 ng of purified DNA fragments by nick-translation in the presence of 
a-32P-dCTP, E. coli DNA polymerase-I and DNasel, using the standard published procedure (Rigby et al., J. 
Mol. Biol. 113, 237, 1977). Labelled probe DNA is separated from unincorporated label using Sephadex® 

35 GSO (Pharmacia) chromatography with a 10 x 0.5 cm separation column and an elution buffer containing 
150 mM NaCl, 10 mM EDTA, 0.1 % (w/v) SDS, 50 mM Tris-HCI, pH 7.5. 

3.2 Get electrophoresis of DNA 

40 Samples of DNA (5 I.Lg) from (a) the P3-NS2/1-Ag4 myeloma used as parental fusion partner in the 
generation of the CE 25 hybridoma, (b) the CE 25 hybridoma, and (c) Balb/c mouse kidney cells, prepared 
as described in Example 2, are digested to completion using the restriction enzymes Xbal, Bglll, EcoRI + 
Hind!II, BamHI, EcoRI or Hindlll (Boehringer) under conditions recommended by the manufacturer. DNA 
fragments are separated by flat-bed agarose gel electrophoresis using 10 x 20 x 0.5 cm 0.5 % (w/v) 

45 agarose (Biorad, standard low M,) gels and electrophoresis buffer containing 25 mM disodium-EDTA, 90 
mM Tris-base, 90 mM boric acid, pH 8.3. Fragments of bacteriophage >- digested either with Hindlll or with 
EcoRI are pooled and radioactively labelled using Kienow DNA polymerase I fragment (Boehringer) in the 
presence of dNTPs and a-32P-dNTPs using a published procedure (Maniatis et al., "Molecular Cloning: A 
laboratory manual", Cold Spr. Harbour, N.Y., 1982). These are included in separate lanes of the agarose gel 

50 to provide a range of labelled DNA marker fragments of known size. After separation of DNA fragments by 
electrophoresis they are transferred by blotting at room temperature to nitrocellulose membrane using the 
published Southern procedure (Southern, J. Mol. Biol. 98, 503, 1975) with some minor modifications as 
follows. After electrophoresis excess agarose is trimmed from the edges of the gel, after which it is soaked 
at room temperature in 500 ml of 0.25 M HCI solution for 30 min. followed by soaking in 500 ml of 1.5 M 

ss NaCl, 0.5 M NaOH for 60 min to denature the DNA. The gel is rinsed briefly with distilled water and then 
soaked for 60 min in neutraiising solution (3 M NaCl, 0.3 M Tris-HCI, pH 7.5). DNA fragments are then 
transferred overnight to a nitrocellulose membrane (Schleicher & Schuell, 0.45 um pore size) by the 
published procedure referred to above using a solution containing 3 M NaCl, 0.3 M sodium citrate, pH 6.8. 
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The nitrocellulose membrane containing the blotted DNA fragments is air-dried and baked at 80 • C for 2 h 
under vacuum. After baking, excess dried salts are removed by soaking the membrane in 0.75 M NaCl, 
0.075 M sodium citrate, pH 6.8, before hybridizing with radioactively-labelled DNA probes. 

5 3.3 DNA hybridization 

Nitrocellulose filters prepared as described in Example 3.2 are prehybridized in heat-sealed plastic bags 
for 4 h at 65 • C in 20 ml of pre hybridization solution containing 0.2 ml of 10 o/o (w/v) SDS, 0.4 ml of 5 % 
(w/v) sodium pyrophosphate, 0.4 ml of herring sperm DNA (5 mg/ml in distilled water) sheared by passage 

10 through an 18 gauge hypodermic needle, 5 ml of Denhardt's solution (Denhardt, BBRC 23, 641, 1966; 0.2 
o/o (w/v) bovine serum albumin, 0.02 o/o (w/v) polyvinylpyrrolidone, 0.02 % (w/v) Ficoll-400 in 20 x SET 
buffer (3M NaCl. 20 mM EDTA. 0.4 M Tris-HCI. pH 7.8)) and 14 ml of distilled water. 

The DNA hybridization mixture contains 107 cpm of radioactively-labelled DNA probe, 10 ml of 
prehybridization solution. prepared as described above. and 10 % (w/v) dextran sulphate (Sigma). The 

15 mixture is heated at 100 • C for 20 min to denature the DNA. For hybridization. the prehybridization mixture 
is removed from the plastic bag and replaced by the hybridization mixture. After excluding air-bubbles the 
bag is resealed and incubated overnight at 65 • C. To remove non-specifically bound DNA from the 
membrane, the hybridization mixture and membrane are removed from the plastic bag. The membrane is 
placed in a bath containing 500 ml of 5 x SSC. 0.1 % (w/v) sodium pyrophosphate and washed for 15 min 

20 at 65 • C. The membrane is then washed sequentially at 65 • C for 30 min in 500 ml of solution containing 4 
x SSC. 3 x SSC. 2 x SSC and finally 1 x SSC. all containing 0.1 % (w/v) sodium pyrophosphate. The 
membrane is air-dried, sealed in a clean, thin polythene bag, and autoradiographed at -70 • C using Kodak 
X-ray film (X-omat TM AR) and image intensifying screens, for up to three days. 

The results are summarized in Table 1 below and illustrated in Figure 1: 
25 

Table 1 

Size of CE 25 hybridoma-specific genomic DNA fragments showing homology with murine H-chain and 

30 
L-chain lg J-region DNA probes 

DNA probe restriction enzyme used/size of fragments in kb 

Xbal Bglll EcoRI/Hindlll BamHI EcoRI Hlndlll 

H-chain 8.0* 21.0 5.6 10.8 7.5 6.3 
35 2.1 20.0 2.1 8.3 2.5 2.9 

L-chain 2.5 1.8 2.1 6.4 20.0 9.5 
2.0· 1.2 1.9 4.5 18.0 1.9 

• fragments encoding functional H- and L-chain V-region H8 and L2 segments of the CE 25 
4Q antibody 

By comparison with the parental fusion partner cell line P3-NS2/1Ag4, the CE 25 hybridoma contains 
two additional rearranged H-chain lg gene loci and two additional rearranged L-chain lg gene loci. These are 

45 
referred to as H2 and H8 (Fig. 18), and L2 and L2.5 (Fig. 1A), respectively, from the sizes of the mouse 
genomic DNA fragments detected in Xbal restriction digests by Southern blotting using mouse lg-specific 
DNA probes. 

Example 4: Molecular cloning of functionally-rearranged H- and L-chain lg genes of the CE 25 hybridoma 

50 
4.1 Preparation of size-selected DNA fractions containing CE 25 hybridoma-specific rearranged H- and L-

55 

chain lg loci 

CE 25 hybridoma DNA (50 ug) is digested to completion with Xbal, extracted with an equal volume of 
CHCla/redistilled phenol (1 :1, v/v, saturated with 20 mM Tris-HCI, pH 8.0), followed by extraction with an 
equal volume of CHC'3 to remove traces of phenol. DNA is precipitated by the addition of 0.1 vol. of 3 M 
NaOAc, pH 5.0 and 2.5 vol. of absolute ethanol at -20 • C. The DNA pellet is recovered, dissolved in 150 Ill 
of TE buffer and applied to a 12 ml. 5-24 % (w/v) NaCl gradient in TE buffer in a polyallomer tube for the 
Beckman SW41 rotor. Gradients are centrifuged for 4.5 hat 37,000 rpm at 25 • C, and fractionated from the 
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bottom. ONA fractions (300 ul) corresponding to (a) 1.5-2.5 kb-long ONA fragments, and (b) 6.0-9.0 kb-long 
DNA fragments, are collected, pooled and precipitated using 2.5 vol. of absolute ethanol at -20 • C. DNA 
from pooled fractions (a) and (b) are recovered by centrifugation, dried under vacuum and dissolved in TE 
buffer to concentrations of 50 ng/ul and 200 ng/ul, respectively. 

4.2 DNA ligations and packaging into bacteriophage particles 

ONA samples (1 ul) from fractions (a) and (b) as described above are ligated overnight at 4 • C with 0.8 
u.g of >..-OngC/Xbal-digested bacteriophage ONA arms (Stratagene Inc., San Diego, USA) in 5 ul of a 

10 solution containing 10 mM OTT, 1 mM ATP, 10 mM MgCl2, 20 mM Tris-HCI, pH 7.6, in the presence of 5 
units of T4 ONA ligase (Boehringer). Ligation mixtures are packaged using Gigapack 'PLUS' (Stratagene 
Inc., San Diego, USA) and plated on E. coli K12NCS257 (prepared by growth on NZ-amin/0.4 % (w/v) 
maltose) using NZ-amin growth medium,occording to the manufacturer's instructions, at a density of 
approximately 250 pfu/cm2 using standard microbiological procedures. Plates are incubated overnight at 

15 37° C. 
The L2 and L2.5 rearranged L-chain lg gene loci are detected in library (a) by Benton & Davis 

hybridization screening (Science 196, 180, 1977) using the nick-translated 32P-labelled mouse L-chain lg 
DNA probe described in Example°3:1. Positively-hybridizing plaques are plaque-purified, picked using the 
tip of a sterile pasteur pipette, and the phage resuspended in 1 ml of phage buffer (100 mM NaCl. 8 mM 

20 MgSO ... 0 7H20, 0.01 o/o (w/v) gelatin, 5 mM Tris-HCI, pH 7.5). Phage lysates (10 ml) are prepared by 
adsorbing 20 u.l of phage suspension to a 100 u.l volume of cells taken from an overnight culture of E. coli 
K12NCS257, grown in NZ-amin medium supplemented with 0.4 % (w/v) maltose. The mixture is diluted to 
10 ml with fresh NZ-amin medium in sterile 50 ml Falcon tubes and grown overnight at 37° C with vigorous 
shaking. CHCl3 (20 u.l) is added and shaking continued at 37 • C for 30 min. Recombinant bacteriophage 

25 ONA is prepared from the lysates using a published procedure devised by Blattner et al. (Science 202, 
1279, 1978). DNA obtained after the final ethanol precipitation step is dissolved in 100 ul of TE buffer. 
Yields of phage DNA are approximately 100 u.g. 

Samples of DNA (1 ug) from each positively-hybridizing recombinant bacteriophage are digested to 
completion using the restriction endonuclease Xbal. An L2 gene segment is identified as a 2 kb Xbal 

30 restriction fragment when the digested recombinant DNA samples are analysed by 1 % (w/v) agarose gel 
electrophoresis. The approximately 2.0 kb L2 gene segment is cut from the agarose gel, purified by 
phenol/CHCb extractionand recovered by ethanol precipitation. The purified DNA fragment is then sub
cloned in both orientations into the pUC12 plasmid cloning vector, linearized by Xbal digestion. All 
procedures are standard methods (Maniatis et al., ffMolecular Cloning: A laboratory manual", Cold Spr. 

35 Harbour, N.Y., 1982). Restriction mapping of these plasmid subclones using the restriction endonucleases 
Xbal, Bglll, Pstl, Hindlll and BamHI confirms that the structure of the cloned L2 gene segment corresponds 
to that of the original genomic L2 gene segment, deduced from Southern blotting of CE 25 hybridoma ONA 
as described in Example 3. Plasmids containing the cloned L2 gene segment in either orientation are 
designated pCEA-L2a and pCEA-L2b. A restriction map of pCEA-L2a is shown in Fig. 1A. 

40 Library (b) is used as a source of the H8 rearranged H-chain lg gene segment using the same 
procedure. Screening of recombinant phage for H-chain gene loci is achieved by hybridizing with the H
chain-specific radioactively-labelled DNA probe described in Example 3.1. Positively-hybridizing recom
binant phages are plaque-purified, ONA is isolated and digested using Xbal as described above. An HS 
gene sequence is identified as an approximately 8 kb restriction fragment when separated from cloning 

45 vector DNA by digestion with Xbal followed by 1 o/o (w/v) agarose gel electrophoresis. The HS gene is 
subcloned in both orientations into the plasmid vector pUC12, linearized by digestion using Xbal. Restriction 
mapping of the ONA subclones using the enzymes Xbal, Pstl, Hindlll and BamHI confirms that the structure 
of the cloned HS. gene segment corresponds to that of the genomic HS rearranged H-chain lg locus, 
deduced from Southern blotting of CE 25 hybridoma ONA using ·an H-chain-specific radioactively-labelled 

50 DNA probe as described in Example 3. These HS ONA subclones are designated pH8a1 and pH8b1. A 
restriction map of the pH8a1 Xbal insert ONA fragment is shown in Fig. t B. 

4.3 Nucleotide sequence analysis of the L2 and HS gene segments 

55 Nucleotide sequencing of the L2 and HS gene loci in pCEA-L2(a or b) and pH8(a1 or b1) is performed 
using the published Sanger dideoxynucleotide chain-termination method (Sanger et al., Proc. Natl. Acad. 
Sci. 74, 5463, 1977). Recombinant plasmid ONAs are cut using appropriate restriction endonucleases and 
DNA fragments to be sequenced recovered by 1 o/o (w/v) gel electrophoresis. DNA fragments are then 
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cloned and sequenced in M13 bacteriophage vectors with the Amersham M13 Cloning System, using the 
instructions supplied (Amersham International PLC, UK). · 

The L2 gene segment is sequenced from the 5
1 

-Xbal restriction site to nucleotide 1395, located 3
1 

to 
the rearranged L-chain V-J4 region. The nucleotide sequence is the one given in formula Ill. 

5 This data confirms the restriction map of the cloned L2 gene in this region (Fig. 1A) and defines the 
sequence of the first exon encoding the N-terminal residues of the L-chain leader peptide (beginning with 
methionine at position 733 in the sequence), an intervening sequence (nucleotides 781-987), and the coding 
sequence of the remainder of the leader peptide and the rearranged L2 V-region ending in a proline residue 
located at the V-J4 region (nucleotides 988-1284). Nucleotides 1285-1395 correspond to the known mouse 

10 x-chain lg germline sequence (between 1725-1836 of the EMBL data bank sequence entry MUS1GKJC2). 
Nucleotides 680-1284 correspond to a known mouse germline L-chain V-region (L7, Pech et al., Nature 291, 

. 668, 1981) except for 7 changes in the V-region coding sequence, which may arise by somatic mutation. 
This data defines the amino acid coding sequence of the rearranged L2 L-chain gene encompassing the 
leader peptide, the three framework regions and complementarity determining regions CDRLs 1-3 

15 (nucleotide residues 1069-1102, 1147-1167, 1263-1291) including the in-frame V-J4 junction. 
The HS H-chain gene segment is sequenced from the internal Hindlll restriction site to nucleotide 857 

located 3' to the rearranged H-chain V-D-J region. The nucleotide sequence is the one given in formula IV. 
This data confirms the restriction map of this region of the HS gene (Fig. 1 B) and defines the sequence 

of the first exon encoding the N-terminal 16 amino acid residues of the leader peptide (beginning with 
20 methionine at position 322 in the sequence), an intervening sequence (nucleotides 368-473) and the coding 

sequence of the remainder of the leader peptide and the HS V-region up to a serine residue (nucleotides 
474-844). Nucleotide residues 797-857 correspond to the mouse H-chain lg germline sequence (between 
2291-2352 of the EMBL data bank sequence entry MUSIGCD007) except for three nucleotide changes 
which affect the predicted coding sequence of the J-region of the H-chain polypeptide. The first 796 

25 nucleotide residues of the sequence are homologous to, but not identical to, known mouse H-chain V
region, as deduced from a search of the available sequence data in the Genbank, NBRF or EMBL libraries. 
This sequencing data defines the amino acid coding sequence encompassing the leader peptide, the three 
framework regions- and CDRHs 1-3 (nucleotides 575-595, 629-680, n6-B05), the origin of the H-chain 
diversity (D) segment (which originates either from DSP2.3, DSP2.4 or DSP2.6 of the mouse H-chain lg 

30 germline locus) and the in-frame V-D-J4 junction of the rearranged HS H-chain gene of hybridoma CE 25. 

Example 5: Comparison between nucleotide sequences of expressed H-and L-chain lg mRNAs and 
nucleotide sequences of rearranged H-and L-chain genes from the mouse hybridoma CE 25 

35 5.1 Extraction of total cellular RNA 

Total RNA is extracted using the LiCl/urea method described by Auffray & Rougeon (Eur. J. Biochem. 
107, 303, 1980) as modified by Le Meur et al. (Cell 23, 561, 1981). CE 25 hybridoma cells (5 x 107 ) are 
grown and prepared as described in Example 2. Cell pellets are thawed directly in the tube in the presence 

40 of 5 ml of LiCl/urea (3 M LiCI, 6 M urea, 200 ug/ml heparin, 0.1 % SDS, 10 mM NaOAc, pH 5.0). 
Subsequent steps are described in the published procedures. The method yields approximately 50 ug of 
total cellular RNA. Final purified material is stored under 70 o/o (v/v) ethanol at -80 • C at a known 
concentration. 

45 5.2 Nucleotide sequencing of expressed H- and L-chain lg mRNAs 

Nucleotide sequencing of mRNA from the CE 25 hybridoma is accomplished directly in total cellular 
RNA preparations utilising specific radioactively-labelled oligonucleotide primers. These primer 
oligonucleotides are synthesized chemically using a published procedure (Rink et al., Nuc. Acids Res. 12, 

50 6369, 1984). -
(a) Sequencing of mouse Cx-containing mRNA is achieved using a specific oligonucleotide primer of 
composition H0-5' -dGGGAAGATGGATACAGTTGG-3' -OH. This sequence is complementary to codons 
3-12 of the published mouse Cx coding sequence (Altenburger et al., Nuc. Acids Res. 9, 971, 1981). 
(b) Sequencing of mouse lgG1-specific mRNA is achieved using a specific oligonucleotide primer of 

55 composition H0-5' -dGGCCAGTGGATAGAC-3' -OH. This sequence is complementary to codons 7-11 of 
the CH1 domain (first constant region exon) of the mouse lg-y1 H-chain coding sequence (Honjo et al., 
Proc. Natl. Acad. Sci. 18, 559, 1979). · 
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Both oligonucleotides are radioactively-labelled at the 5' -end in the presence of r32P-ATP (Amersham) 
using T4-polynucleotide kinase (Pharmacia), to a specific activity of 2 x 106 dpm/pmole. Labelling and 
separation of radioactively-labelled oligonucleotides from unincorporated -y-32P-ATP using Sephadex G50 
(Pharmacia) chromatography is carried out using a published procedure (Qu et al., Nuc. Acids Res. 11, 

5 5903, 1983). -
For sequencing, samples (25 I.Lg) of stored RNA under ethanol are recovered by centrifugation at 4 • C 

for 30 min using an Eppendorf centrifuge, and resuspended in TE buffer containing 106 dpm of 5' -end
labelled primer. This mixture is aliquoted into 5 x 1 ml Eppendorf tubes containing 1 I.LI of annealing buffer, 
5 units of reverse transcriptase (Genofit SA, Geneva), 1 I.LI of dNTP mixture and 1 I.LI of either ddATP (200 

10 UM), ddGTP (100 J.LM), ddCTP (80 uM) or ddTTP (200 J.LM) solution in distilled water in a final volume of 5 
I.LI (all from Amersham International, UK). The fifth reaction tube contains no ddNTPs and is used to monitor 
the integrity of the mRNA. Reaction mixtures are incubated at 37 • C for 30 min for primer (a). or at 42 • C for 
30 min for primer (b). Buffers and mixtures are as follows: annealing buffer for primer (a): 60 mM MgCl2. 0.4 
M KCI. 0.5 M Tris-HG!, pH 8.3; annealing buffer for primer (b): 60 mM MgCb. 0.6 M NaCl, 0.5 M Tris-HCI, 

15 pH 8.3; dNTP mixture: 2 mM concentration of each of dNTPs in distilled water, except for that correspond
ing to the ddNTP used in the particular sequencing reaction, which is used at a concentration of 0.5 mM. 

Sequencing reactions are stopped by the addition of 20 ul of distilled water and 30 ul of 0.6 M NaOH to 
each tube. RNA is hydrolysed by incubation overnight at 37• C. Reaction mixtures are neutralized by the 
addition of 8.4 ul of 3 M acetic acid, and DNA precipitated by addition of 2.5 vols. of absolute ethanol in the 

20 presence of 0.3 M NaOAc, pH 5.0. The DNA pellets are dried in air at 60 • C and resuspended in 2 I.LI of 
sequencing dye mixture and electrophoresed on 6 % polyacrylamide/urea DNA sequencing gels using 
standard materials and procedures (Sanger et. al., Proc. Natl. Acad. Sci. 74, 5463, 1977). 

25 

30 

35 

40 

45 

50 

55 

The sequence of the L-chain mRNA specifically expressed in mouse hybridoma CE 25 is 

1160 ll80 1200 

mRNA: 
ATGAAGTATGCTTCTGAGTCTATCTCTGGQATCCCTTCc.tGGTTTAGTQGCAGTGGATCt 

3'-GACCCtAGGGAAGGTCCAAATCACCGTCACCTAGT 

1220 1240 1260 
GGGACAGATTTTACTCTTA9CATCAATAGIGTGGAGTCTQAAGATATTG9AGATTATTA9 

mRNA: CCCTGTCTAAAATGAGAATGGTAGTTATC CACCTCAGACTTCTATAACGTCTAATAATG 

1280 1300 1320 
TGTCAACAA},.GTCATGGCTQGCCATTCACGTTCGGCTCGQGGACAAAGTTGGAAATAAAA 

mRNA: ACAGTTGTTfCAGTACCGACCGGTAAGTGCAAGCCGAGCCCCTGTTTCAACCTTTATTTt 

CG 
mRNA: GCccgactacgacgtggttgacataggtagaaggg-5' 

primer ~~~~~~----1 

The sequence runs 3' -5' and is complementary to the portion of the cloned and sequenced L2 L-chain lg 
gene isolated from CE 25 hybridoma DNA from nucleotide 1166-1322 (cf. Example 4.3). 
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The sequence of the H-chain mRNA specifically expressed in mouse hybridoma CE 25 is 

mRNA: 

mRNA: 

mRNA: 

mRNA: 

614 634 654 
TCGCCAGACTCCAGAGAAGAGGCTGGAGTQGGTCACATC~ATTAGTAGTQGTGGTACCA~ 

3'-ACCTCACCCAGTGTAGGTAATCATCACCACCATGGTG 

674 694 714 
CTACTATCCAGACAGTGTGAAGGGCCGATTCACCATCTC9AGAGATAATQCCAGGAACAI 
GATGATAGGtCTGTCACACtTCCCGGCTAAGTGGTAGAGGTCTCTATTACGGTCCTTGT 

734 754 774 
CCTGTACCTQCAAGTGAGC4GTCTGAGGTyTGAGGACACQGCCATTTATTACTGTGCAAQ 
GGACATGGACGTTCACICGtCAGACTCCAGACTCCTGTGCCGGTAAATAATGACACGTTC 

794 814 834 
AGGTTTCTAIGATGGTTACyTCTATGTTGIGGACTACTGQGGTCAAGGA4CCTCACTCAy 
TCCAAAGAT CTACCAATGGAGATACAAC CCTGATGACCCCAGTTCCTtGGAGTGAGTG 

854 
CGTCTCCTCAGGTAAGAATGGCC 

20 mRNA: GCAGA-5' 

The sequence runs 3' -5' and is complementary to the portion of the cloned and sequenced H8 H-chain lg 
gene isolated -from CE 25 hybridoma DNA from nucleotide 618-839 (cf. Example 4.3). It does not include 

25 the sequence complementary to the primer binding site. 

Example 6: Specific transcription of L2· and HS-specific mRNA transcripts in CE 25 hybridoma cells by 
Northern blot analysis 

30 Total cellular RNA from either CE 25 hybridoma cells or from P3-NS2/1Ag4 cells is prepared as 
described in Example 5. Samples of RNA (25 and 50 u.g) are recovered by centrifugation from the ethanol 
used for storage, after which they are resuspended in 20 u.l of solution containing 2.2 M formaldehyde, 50 
% (v/v) formamide, 1 mM EDTA, 40' % (w/v) sucrose, 50 mM rmorpholino propanesulphonic acid (MOPS) 
pH 7.0, and 0.5 % (w/v) xylene cyanol and 0.5 % (w/v) bromocresol green, used as marker dyes for 

35 monitoring the progress of electrophoresis. After mixing,. samples are loaded on to 1 % (w/v) agarose gels 
using an electrophoresis buffer containing 1 mM EDT A, 2.2 M formaldehyde, 50 mM MOPS, pH 7.0. Gels 
are pre-electrophoresed for 30 min before use. 

After electrophoresis, excess agarose is trimmed from the sides of the gel, which is then soaked in 20 x 
SSC buffer for 5 min. RNA is transferred to nitrocellulose membrane by the standard Northern blot 

40 procedure (Maniatis et al., "Molecular Cloning: A laboratory manual", Cold Spr. Harbour, N.Y., 1982). After 
overnight transfer, the membrane is air-dried and baked for 2 h at 80 • C under vacuurp. Before hybridiza
tion, the membrane is prehybridized in 20 ml of a solution containing 50 % (v/v) formamide, 5 x SSC buffer, 
5 x Denhardt's solution (described in Example 3.3), 10 mM EDTA, 0.1 % (w/v) SOS, 50 mM sodium 
phosphate, pH 6.8 and 2 ml of sheared herring sperm DNA (5 mg/ml in distilled water, Example 3.3). 

45 Incubation is carried out in a heat-sealed plastic bag at 42 • C for 8 h. For hybridization, the prehybridization 
mixture is removed from the plastic bag and replaced with hybridization solution similar to prehybridization 
solution but containing 2 x Denhardt's solution instead of 5 x Denhardt's solution, and 2 x 107 cpm of nick
translated 32P-labelled denatured hybridization probe DNA. The radioactively-labelled DNA probe specific 
for the rearranged L2 lg L-chain gene segment is the plasmid pCEA-L2a (Fig. 1A & Fig. 3). The 

50 radioactively-labelled DNA specific for the rearranged HS H-chain gene segment is the plasmid pH8a1 (Fig. 
1 B). Preparation of nick-translated probe DNA is described in Example 3.1. After hybridization for 16 h at 
42 • C, the membrane is removed from the plastic bag and washed twice for 1 h at 42' C in hybridization 
mixture without DNA probe, then once in 2 x SSC, 0.1 % (w/v) SDS also at 42 • C, followed by two washes 
in 0.1 x SSC, 0.1 % (w/v) SOS, both at room temperature. The membrane is then air-dried, placed in a thin 

55 plastic bag and exposed to Kodak X-omat TM AR diagnostic film at -70 • C using an image intensifying 
screen. 

The results of the Northern blot analysis are shown in Fig. 2. 
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Example 7: Molecular cloning of constant region segments of the human lg gene loci 

7.1 Human DNA library 

5 A human DNA library is constructed in the bacteriophage >.. vector Charon 4a, by limited digestion of 

10 

human foetal liver DNA with restriction endonucleases Haelll and Alul using published procedures (lawn et 
al., Cell 15, 1157, 1978). Approximately 1 x 106 independent recombinant phages are plated on E. coli 
K12/803 and screened by nucleic acid hybridization for the presence of human Cx l-chain sequences and 
for human lg'Y4 H-chain sequences, as described below. 

7.2 Isolation of human Cx-containing DNA segment 

A nick-translated 32-P-labelled mouse lg l-chain DNA probe is prepared corresponding to that described 
in Example 3.1, and used to screen recombinant phage using the procedure described in Example 4.2. DNA 

15 is isolated from plaque-purified positively-hybridizing plaques using a standard published procedure 
(Blattner et al., Science 202, 1279, 1978). A 2.5 kb EcoRI DNA fragment encompassing the human Cx 
coding segment (Hieter etai., J. Biol. Chem. 257, 1516, 1982) is isolated in this manner and subcloned in 
both orientations into the plasmid vector pBR322, linearized using EcoRI. These plasmids are referred to as 
pDA 13b and pDA 14a, respectively. A restriction map of pDA 14a is constructed and is shown in Rg. 3. 

20 

7.3 Isolation of human -y4 H-chain-containing DNA segment 

A nick-translated 32P-labelled mouse lgG H-chain DNA probe corresponding to the Xbal/Hhal fragment 
of the mouse 'Y2b gene locus is used to screen recombinant phage as described previously (Takahashi et 

25 al., Cell 29, 671, 1982). One DNA clone (#188) contains the human 'Y4 gene locus as determined by 
restriction-mapping and by nucleotide sequence analysis using the Gilbert-Maxam procedure (Proc. Natl. 
Acad. Sci. 74, 560, 1977). The portion of clone #188 that is sequenced corresponds exactly to that of the 
published human 'Y4 gene between nucleotides 27-98 (EMBL data base sequence entry HUMIGCD2). An 
approximately 3 kb Hindlll/EcoRI DNA restriction fragment, including the 4 axons of the 'Y4 gene locus, is 

30 subcloned into the plasmid vector pUC12 cleaved using Hindlll/EcoRI. The plasmid is designated p-y4/1. 

35 

The Hindlll site in p-y4/1 is found in the 'Y4 gene locus of Balb/c mouse DNA (nucleotide position 1 of EMBL 
data base sequence entry HUMIGCD2; Ellison et al., DNA 1, 11, 1981 ). The EcoRI site is derived from the 
EcoRI cloning site in the Charon 4a bacteriophage lambda cloning vector at the end of clone #188. A 
restriction map of p-y4/1 is shown in Fig. 4. 

Example 8: Construction of chimeric mouse/human (')'4;x) anti-CEA H- and l-chain lg genes and insertion of 
these genes into separate vectors 

Chimeric constructs holding chimeric mouse/human anti-CEA H- and l-chain genes, respectively, are 
40 constructed and are sequentially transferred into host cells with the help of two expression vectors as 

described in the following (examples 8 and 9). 
Unless otherwise stated experimental procedures are those described in Maniatis et al. ("Molecular 

Cloning: A laboratory manual", Cold Spr. Harbour, N.Y., 1982). 

45 8.1 Molecular cloning of a mouse DNA segment containing the l-chain lg enhancer element 

An approximately 475 bp Alu! DNA restriction fragment containing the mouse L-chain lg enhancer of 
RNA transcription (Picard & Schaffner, Nature 307, 80, 1984; nucleotides 3691-4164 of the Balb/c mouse l- · 
chain lg locus, EMBL data base sequence entry MUSIGKJC2) is cloned by blunt-end ligation into the 

50 pUC12 plasmid vector linearized using the restriction endonuclease Smal. ligated DNA is transformed into 
competent E. coli K12/803, and clones are selected after overnight growth on nutrient agar (Oxoid) plates 
containing 50 ug/ml of ampicillin. Of the two orientations of insert DNA possible a clone is selected 
containing the plasmid pEL22, the restriction map of which is shown in Fig. 3. pEL22 contains the 475 bp 
mouse Alul DNA fragment in the same orientation as in the mouse genome, with its 3' end adjacent to the 

55 EcoRI site in the pUC12 vector. Its orientation is determined by nucleotide sequencing with the Sanger 
sequencing protocol described in Example 4.3, using the modifications for direct sequencing of plasmid 
DNA molecules (Chen & Seaburg, DNA 4, 165, 1985). The sequencing primer used is the Amersham 
reverse sequencing primer (Cloning and Sequencing Handbook, Amersham lntemati~nal PLC, UK). 
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8.2 The chimeric L-chain gene (pCEA-CxGa) 

The scheme for the construction of pCEA-CxGa is shown in Fig. 3. Plasmid pDA 14a (Example 7.2) and 
plasmid pEL22 (Example 8.1) are digested to completion with restriction endonuclease Eco RI. The 2.5 kb 

5 EcoRI DNA fragment insert of pDA14a is separated from vector sequences by 1 % (w/v) agarose gel 
electrophoresis and recovered by ethanol precipitation after phenol/CHCb extraction (Example 3.2). 
Equimolar amounts of EcoRl-cut pEL22 and pDA 14a 2.5 kb DNA insert are ligated together overnight at 
4 • C using T 4 DNA ligase (Boehringer) and transformed into competent E. coli K12/803. Ampicillin-resistant 
colonies are selected by plating on nutrient agar plates containing 50 ug/ml of ampicillin and incubating 

10 overnight at 37 .• C. Single colonies are selected and plasmid DNA is prepared from 5 ml mini-cultures 
according to the procedure described by lsh-Horowicz & Burke (Nucleic Acids Res. 9, 2989, 1981 ). 
Digestion of recombinant plasmids using the restriction endonuclease Xbal is used to- determine the 
orientation of the 2.5 kb EcoRI fragment with respect to the transcriptional enhancer-containing element of 
pEL22. A clone containing these fragments in the desired orientation is selected and plasmid DNA isolated. 

15 The corresponding recombinant plasmid is referred to as pKY14a. DNA of pKY14a is partially digested 
using the restriction endonuclease Xbal, extracted with phenol/CHCl3 and recovered by ethanol precipita
tion. After recovery, the DNA is treated with Kienow DNA polymerase-I· fragment (Boehringer) in the 
presence of dNTPs to perform a filling-in reaction on the Xbal-cleaved DNA termini. Flush-ended DNA 
fragments are blunt-end ligated in the presence of T 4 DNA ligase (Boehringer). transformed into competent 

20 E. coli K12/803, and plasmid DNA mini-preparations made from individual ampicillin-resistant clones, as 
described above. Restriction mapping of recombinant plasmids by terminal digestion using Hindlll + Xbal 
is used to identify a plasmid recombinant (pXba5.5) containing a deleted Xbal restriction site at the position 
indicated in parentheses in Fig. 3. 

The complete DNA insert (approximately 3 kb) of pXba5.5 is isolated by partial digestion of the plasmid 
25 with EcoRI followed by complete digestion with Sall, separation from vector DNA sequences by 1 % (w/v) 

agarose gel electrophoresis, followed by phenol/CHCb extraction and ethanol precipitation as described 
above. The approximately 2 kb insert DNA fragment of pCEA-L2a is similarly recovered after terminal 
digestion with EcoRI/Sall. The recovered DNA fragments are quantified. The eukaryotic plasmid vector 
pSV2gpt (Mulligen & Berg, Science 209, 1422, 1980) is digested to completion using EcoRI and DNA 

30 similarly extracted with phenol/CHCl~ecovered after ethanol precipitation and quantified. Equimolar 
amounts of EcoRt-cut pSV2gpt, the 2 kb EcoRI/Sall mouse DNA fragment of_ pCEA-L2a, and the 3 kb 
Sall/EcoRI mouse DNA fragment of pXba5.5 are ligated together in a three-way ligation reaction in the 
presence of T4 DNA ligase (Boehringer). Recombinant plasmids are again selected as described above and 
those with the correct orientation of DNA fragments characterized by restriction mapping. One recombinant 

35 designated pCEA-CxGa contains the DNA fragments in the orientation shown in Fig. 3. The selectable 
marker gene (gpt) derived from pSV2gpt and the resulting chimeric mouse/human L-chain lg gene have the 
same transcriptional polarity. 

40· 

8.3 Molecular cloning of a mouse DNA segment containing the H-chain lg enhancer element 

A 1.6 kb Hindlll/EcoRI DNA segment from the Balb/c mouse genome (nucleotide positions 1963-3559, 
EMBL data bank sequence entry MUS1GCD07) is treated with Kienow DNA polymerase-I fragment 
(Boehringer) in the presence of dNTPs in order to generate a blunt-ended, double-stranded DNA molecule. 
The DNA is extracted with phenol/CHC'3 and recovered after ethanol precipitation. Double-stranded Hindlll 

45 DNA linkers are added by ligation in the presence of T4 DNA ligase (Boehringer) and the 
extraction/precipitation procedure repeated. The DNA fragment is then treated with restriction en
donucleases Hindlll + Xbal, and the smaller of the two Xbal/Hindlll fragments generated (approximately 670 
bp) is isolated after separation from the other by 1 % (w/v) agarose gel electrophoresis. This fragment is 
cloned in an Xbal/Hindlll-cleaved pUC13 plasmid vector using procedures described in Example 8.2. The 

50 resulting plasmid, referred to as pDA4 (Fig. 4), contains the mouse H-chain lg enhancer of transcription. 

8.4 The chimeric H-chain gene (pCEA--y4Na) 

The mouse lg enhancer-containing fragment of pDA4 is recovered after cleavage with EcoRI + Hindlll 
55 by agarose gel electrophoresis/phenol-CHCb extraction/ethanol precipitation. The 3 kb EcoRI/Hindlll DNA 

insert of py4/1 is similarly isolated. The two fragments are ligated together with pBR322 plasmid vector 
DNA linearized by digestion with Eco RI. After transformation into E. coli K12/803, recombinants are selected 
and plasmid DNA mini-preparations made. Restriction mapping using EcoRI, Hindlll and Pstl leads to the 
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identification of recombinant clones containing the desired DNA fragments. One of these clones is 
designated pDA16a (Fig. 4). The approximately 3.7 kb insert DNA fragment of pDA16a is recovered after 
terminal digestion using restriction endonucleases Xbal and EcoRI, followed by agarose gel 
electrophoresis/phenol-CHCb extraction/ethanol precipitation. The approximately 1.7 kb EcoRI/Xbal frag-

5 ment of pH8a1, containing the rearranged V-D-J4 H-chain segment of the HS gene is similarly purified. The 
two fragments are quantified and ligated together in equimolar amounts in a three-way ligation reaction with 
pSV2neo (Southern & Berg, J. Mol. App. Genet. 1, 327, 1982) linearized using EcoRI restriction en
donuclease in the presence of T4 DNA ligase (Boehringer). After transformation into E. coli K12/803, 
recombinants are selected as described above and characterized by restriction mappi~ using the 

10 restriction endonucleases EcoRI, Hind!II, Pstl and Xbal. A recombinant with the desired orientation of DNA 
fragments is designated pCEA--y4Na. In this plasmid the selectable marker gene (neo) derived from the 
vector pSV2neo has the same transcriptional polarity as the mouse/human chimeric H-chain lg gene. 

Example 9: Transfection and expression of chimeric mouse/human lg genes pCEA-CxGa and pCEA-y4Na 
15 in mouse lymphoid cells 

Sp2/0 (ATCC CAL 1581) is a well-characterized mouse cell line of lymphoid origin'. It is an lg non
secreting variant of a cell line obtained from the fusion of a mouse spleen cell with the myeloma X63-Ag8, a 
subline of the myeloma MOPC-21 (Koehler & Milstein, Eur. J. lmmunol. 6, 511, 1976; Shulman et al., Nature 

20 276, 270, 1978). Sp2/0 cells grown in supplemented DMEM as described in Example 2 are harvested by 
gentle centrifugation (130 g, 4 • C) in 50 ml sterile tubes (Falcon 2070) and washed/resuspended in PBS-CM 
(Seromed) at a concentration of approximately 1 x 108 cells/ml at 4 • C. Cells are kept on ice for up to 30 
min. 

25 9.1 Transfection of Sp2/0 with the chimeric H-chain lg gene pCEA-y4Na 

Transfection of the chimeric H-chain gene construct (pCEA-y4Na) is achieved by addition of 20 1..1.g of 
supercoiled PCEA-y4Na DNA in 50 1..1.I of TE buffer to 1 x 107 Sp2/0 cells in 200 f.1.1 of PBS-CM in a sterile 
plastic tube, on ice. The cells are drawn into the barrel of a TA750 electro-transfection apparatus (Kruess 

30 GmbH, Hamburg, W. Germany) and subjected to one electrical pulse of 3500 V/cm for 10 1..1.s, using the 
cylindrical electroporation chamber provided by the manufacturers, pre-cooled by drawing sterile, ice-cold 
PBS-CM into the barrel of the apparatus before use. Cells are expelled gently into a clean, sterile cryotube 
(Nunc) and kept on ice for 1 O min, after which they are incubated at room temperature for a further 20 min 
after dilution (1 :3; v/v) with growth medium (see above). Cells are then distributed into 96 wells in two 48-

35 well tissue culture clusters (Costar) at a cell density of approximately 1 x 105 cells/well in 1 ml of DMEM 
growth medium containing 15 o/o FCS, 1 mM sodium pyruvate, 10 mM Hepes, 1 mM glutamine, 100 1..1.M 
gentamycin (Gibco), 5 ng/ml insulin + 5 ng/ml transferrin + 5 pg/ml selenium (CR-ITS premix., Collabo
rative Res. Inc.), 56 ug/ml folic acid (Seromed), 36 u.g/ml L-asparagine (Calbiochem), 116 u.g/ml L-arginine 
HCI (Calbiochem). After incubation for 48 h at 37 • C in a humidified atmosphere containing 7.5 % CO2 -

40 (Heraeus Cytoperm incubator), transfected cells are selected by addition of 1 mg/ml of G418-sulphate 
(Geneticin, Gibco 066-1811 ). Medium and drug are changed every 2 days. Cells are screened for the 
expression of human lgG after 14 days using the "dot" assay described in Example 9.2. 

45 

9.2 Selection of transfectants containing intracellular human lg H-chain polypeptide 

No H-chain lg protein is expected to be detected in the medium of Sp2/0 cells transfected with the 
chimeric H-chain gene construct alone, because H-chains are only secreted after they become associated 
with L-chains, but Sp2/0 cells do not contain functional L-chain polypeptide. Confirmation of expression of 
intracellular H-chain polypeptides in cells transfected with the chimeric lg H-chain gene pCEA-y4Na is 

50 performed as follows. Transfected cells (1 x 105) are collected from culture medium by gentle centrifuga
tion, washed with PBS and resuspended in 10 1..1.l of ~O. Cells are ruptured by three rounds of freezing in 
dry ice and thawing at 37 • C. Cell . debris is removed by centrifugation at 5'000 g (Eppendorf Microcen
trifuge) at room temperature. The intracellular heavy chain expression is analysed by a procedure described 
by Towbin & Gordon (J. lmmun. Meth. 72, 313, 1984) by dotting samples (1 u.l) of the supernatant on to 

55 acetate cellulose membrane (Millipore HAWAG, 0.45 u.m pore size). After blocking non-specific binding by 
incubating membranes in RIA-buffer (1 o/o BSA (Fluka Fraction V, 05480), 0.2 % NaN3 (Merck), 0.1 o/o 
phenol red (Seromed) in PBS) at 37 • C for 20 min, they are washed in PBS and then incubated for 2 h at 
37' C in developing serum containing goat-anti-human lgG (alkaline phosphatase-labelled, Tago) at a 
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dilution of 1:1000 in RIA-buffer. Membranes are washed 6x in PBS followed by 6x in H20 after which they. 
are incubated at room temperature for 15 min in substrate buffer consisting of a 1 :1 mixture of the following 
two solutions prepared immediately before use: (a) 1 mg/ml of Fast Blue B salt (Fluka, 44660) in H20; (b) 1 
mg/ml of 2-naphthylphosphate, monosodium salt (Fluka, 71100) in 60 mM borate buffer, pH 9.7. The 

5 reaction is stopped by incubating membranes in methanol:acetic acid:water (5:1 :5, v/v). Viable cells, 
corresponding to those giving strong colour signal signifying alkaline phosphatase activity (thus expressing 
high levels of intracellular human lgG heavy chain), are cloned. From several such cloned cell lines, one 
(EFVlll/-y4Na75-75) is chosen for a second round of transfection with the chimeric L-chain gene construct 
plasmid pCEA-CxGa. 

10 

9.3 Transfection of EFVlll/-y4Na75-75 with the chimeric L-chain lg gene pCEA-CxGa 

Cells of EFVllt/-y4Na75-75 or any other cell fine prepared according to Example 9.2 are expanded by 
grow1h in the medium described in Example 2. Approximately 1 x 107 cells are collected by gentle 

15 centrifugation, and washed/resuspended in 200 1.1.I of PBS-CM on ice. Cells are then transfected using 10 
1.1.g of supercoifed pCEA-CxGa DNA, and transfectants plated in tissue culture clusters using the procedure 
described in Example 9.2. After grow1h for 60 h transfected cells are selected using growth medium 
containing 0.1251.1.g/ml of mycophenolic acid (Calbiochem, 475913, from Behring Diagnostics), 250 1.1.g/ml of 
xanthine, and a 1:45 dilution of hypoxanthinelthymidine (HT, 50x cone., Boehringer, 623091). The concentra-

20 tion of mycophenolic acid is increased to 0.5 1.1.g/ml within the following 14 day grow1h period, keeping the 
amount of HT and xanthine constant. After this period, cell culture medium from wells of tissue culture 
clusters is assayed for secreted human lgG, as described in Example 9.4. 

25 

9.4 Antibody detection assay and determination of level of secreted human lgG in transfected cells 

Flat-bottomed micro-ELISA plates (lmmulon. Dynatech. M129A) are coated either with 1 11.g/well of goat
anti-human x antibody (Tago, 060401) or with 500 ng/well of purified human carcinoembryonic antigen 
(Tu241, a gift from Prof. J.-P. Mach, Department of Biochemistry, University of Lausanne), by incubation 
overnight at 4 • C. After washing with PBS, ·non-specific binding is blocked by incubating with RIA-buffer 

30 (Example 9.2) for 20 min at 37• C in a humidified chamber, followed by further washing with PBS. Cell 
supernatants (50 I.I.I) are added and incubated for 2 h at 37 • C. After washing with PBS, bound chimeric 
antibody is developed using alkaline phosphatase-labelled goat-anti-human lgG antibody (Tago, 902002) at 
the recommended dilution (1 :1000) in RIA-buffer. Plates are incubated for 2 h at 37° C. Plates are washed 
several times with PBS before addition of 150 1.1.I of substrate buffer which consists of 2 tablets of 

35 phosphatase substrate (p-nitrophenylphosphate, Sigma, 104R) in 10 ml of substrate buffer (800 ml of H20, 
97 ml of diethanolamine, 130 ml of 1 M HCI, 200 mg of NaN3, 200 mg of MgCl2°6H20, pH adjusted to 9.7. 
After incubation for 15 min at 37° C the colour reaction is stopped by addition of 50 1.1.I of 1 M NaOH. 
'=4 05 -4ss measured using a Titertek Multiscan MC,. Viable cells from parallel wells having high levels of 
secreted human lgG are cloned. One of several such clones is designated EFVlll/-y4Na75-75/CxGa5-6 

40 (referred to as CE 75-5-6) and was deposited at the "Collection Nationale de Cultures de Microorganismes" 
of the lnstitut Pasteur, Paris, on Dec. 15, 1987, under the number 1-720. 

For quantitation of the amount of chimeric antibody (-y4;x) secreted by CE 75-5-6, several standard 
human lgG4x myeloma proteins (from Dr. F. Skvaril, Institute of Cancer Research,. Berne) are used. Based 
on this test the transfectoma CE 75-5-6 secretes 1 1.1.g/ml of chimeric antibody into the culture medium after 

45 6 days growth. 

Example 10: Construction of chimeric mouse/human (-y4;x) anti-CEA H- and L-chain genes and insertion of 
these genes into a double-construct vector 

50 Chimeric constructs containing chimeric mouse/human anti-CEA H- and L-chain-genes, respectively, are 

55 

constructed and are transferred into host cells with the help of a single vector comprising chimeric H- as 
well as L-chain genes as described in the following examples 10 and 11. Unless otherwise stated 
experimental procedures are those described in Maniatis et al. ("Molecular Cloning: A laboratory manual", 
Cold Spr. Harbour, N.Y., 1982). · 
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10.1 Molecular cloning of a mouse DNA segment containing the L-chain lg enhancer element (mouse lg L
chain-.6.Cx precursor) 

The mouse Cx gene is deleted from the germline sequences by isolating a 2 kb Pstl/Xmnl and a 1.1 kb 
5 Xmnl/BamHI fragment from plCEA/14A. (Walfield et al., Nucl. Acids Res. 8, 4689, 1980). This plasmid 

contains the mouse NS2 Cx light chain gene, rearranged at the J2 joining segment, on a 7.0 kb 
BamH1/BamH1 restriction fragment. This fragment is equivalent to the 7.0 kb BamHI/BamHI fragment 
derived from MOPC21/NS-1n as described by Walfield et al. (see above). The exact sequence of the 3.9 kb 
Pstl/BamHI fragment is given in the EMBL data base entry MUS1GKJC2, nucleotide positions 2368-6258. 

10 The cloning of these two fragments into the vector pUC12, double-restricted with Pstl and BamHI, 
creates a recombinant plasmid designated pM1.6.Cx. The resultant cloned fragment contains germline 
sequences from the mouse immunoglobulin light chain locus starting at the Psti site. 268 bp downstream of 
the J5 joining segment, through to the BamHI site, 3884 bp downstream of the Pstl site. Nuc!eotide 
positions below are indicated relative to the first base of this Pstl recognition seqeunce. The fragment 

15 includes the mouse lg Cx enhancer sequences at 1542-1666 in its original germline configuration. The 
mouse Cx coding region has been deleted between positions 2021 and 2754 using existing Xmnl sites at 
these positions, recreating an Xmnl site at the junction of the deleted Cx gene. The total Pstl/BamHI 
fragment measures 3152 bp and now has a unique Xmnl site at the site of the deleted mouse Cx gene at 
position 2017-2026, for cloning purposes. A restriction map of pM1.6.Cx is shown in Figure 5. 

20 
. h 

10.2 The chimeric L-chain gene (pMceaCc-la) 

The human Cx coding ·sequences are isolated from plasmid pDA14a, a pBR322 recombinant, containing 
25 a 2.5 kb EcoRI/EcoRI fragment within which is located the ca. 320 bp human Cx coding region. This 

plasmid has been described in Example 7.2 and a restriction map is shown in figures 3 and 5. A 724 bp 
Sphl/Hhal fragment is purified and the 3' protruding ends trimmed with bacteriophage T4 DNA-polymerase. 
The fragment starts 106 bp 5' and extends 296 bp 3' of the human Cx coding region. It includes also the 
polyadenylation site which lies 177 bp 3' of the Cx coding sequence. 

30 pM1.6.Cx contains two Xmnl sites, one at the junction of the deleted mouse Cx sequences and one in 
the tl-lactamase coding sequence derived from pUC12, which confers resistance to ampicillin. pM1.6.C is 
partially restricted to ampicillin. pM1.6.Cx is partially restricted with Xmnl and the linear form gel-purified. 50 
% of this material is restricted at the Xmnl site in the· tl-lactamase coding sequence, 50 % is restricted at 
the required former mouse Cx location. 

35 Insertion of the human Cx fragment in the first Xmnl site results in a rec_ombinant plasmid without a 
functional tl-lactamase gene, hence only recombinants are found which contain the human Cx fragment at 
the position of the former mouse Cx region. Two orientations are possible. The recombinant plasmid 
containing the human Cx fragment in the correct orientation, N-terminus closest to the mouse enhancer 
region, is identified by restriction analysis of the recombinant plasmids with restriction endonuclease Avall. 

40 This plasmid is designated pM1 HuCx-1 a. 
The mouse CEA light chain sequences are isolated from the recombinant plasmid pCEA-L2a. This 

plasmid contains an 1.9 kb Xbal/Xbal fragment coding for the functional variable part of the mouse anti-CEA 
light chain and is described previously (Example 4.2). A restriction map is shown in Figs. 1 A, 3 and 6. 

By partial Xbal restriction followed by total EcoRI restriction, the mouse anti-CEA light chain variable 
45 segment is isolated on a 1.9 kb EcoRI/Xbal fragment. This fragment has an extra 24 bp derived from the 

pUC12 polylinker, including restriction sites for BamHI, Smal and Sacl. These sites lie 5' of the mouse 
variable anti-CEA coding region. In the final genomic construct they are positioned at the junction of the 
recombinant fragment and the expression vector. 

The 1.9 kb EcoRI/Xbal fragment is joined to the 3.8 kb Pstl/BamHI fragment from pM1HuCx-1a 
50 described above, containing the mouse lg Cx enhancer and the human Cx coding region. For cloning 

purposes it is isolated as an Xbal/EcoRI fragment using the Xbal site 18 bp downstream of the Pstl site and 
the EcoRI site in the pUC12 polylinker, which adds 18 bp downstream of the BamHI site including Smal and 
Sacl restriction sites. These polylinker sequences are positioned at the second junction of recombinant 
fragment and expression vector. 

55 The two fragments are joined and cloned into the expression vector pSV2gpt, restricted with EcoRI, in a 
three way ligation. Two orientations of the fragment, relative to the gpt gene, are isolated, either both gpt 
and mouse variable anti-CEA-human Cx in the same transcriptional orientation (orientation a) or in opposite 
transcriptional orientation (orientation b). Both orientations are identified by double restriction with restriction 
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endonucleases Hindlll and Pstl. They are designated pMceaC~ -1a and pMceaC~ -1b. Their DNA insert 
contains the full coding region of the mouse variable anti-CEA-human Cx constant immunoglobulin light 
chain in the original mouse genomic configuration. The fragment is recovered as a single EcoRI/EcoRI 
fragment of ca. 5.7 kb. 

10.3 The chimeric H-chain gene (pCEA--y4Na) 

The chimeric H-chain gene pCEA-y4Na is constructed as described in examples 8.3 and 8.4. 

10 10.4 The chimeric double~construct holding both mouse/human (-y4;x) anti-CEA H- and l-chain lg genes 
(pCEA(H + l)2neo) 

Both the mouse anti-CEA-human constant chimeric light and heavy chain are contained on a single 
EcoRI/EcoRI fragment, the light chain -on a 5.7 kb fragment in pMceaC~ -1a, the heavy chain on a 5.3 kb 

15 EcoRI/EcoRI fragment in pCEA--y4Na. 
By joining the light and heavy chain EcoRI/EcoRI fragments and destroying the EcoRI site at the 

junction, a double gene construct is created where all coding sequences and regulatory sequences for the 
mouse/human (-y4;x) anti-CEA H- and l-chain lg genes are located on an 11,0 kb EcoRI/EcoRI fragment. 

pMcea~ -1a and pCEA-y4Na are partially restricted with EcoRI followed by filling in of the 5' overhang 
20 with the large fragment of E. coli DNA polymerase I (Kienow fragment). The linear form of each plasmid is 

gel purified followed by double restriction with restriction endonucleases EcoRI and Hpal. This releases the 
chimeric fragment from the pSV2gpt or pSV2neo vector, respectively, since the only restriction sites for 
Hpal are in the two vectors. Only one of the EcoRI 5' ends of each fragment is a blunt end. The other end 
remains a 'sticky' 5' -EcoRI overhang. The two fragments are ligated together in a 1 :1 ratio with bac-

25 teriophage T4 ligase to form concatemeric· molecules. A certain number of the light chain fragments are 
joined to a blunt-end of a heavy chain fragment. Total restriction with EcoRI produces a certain number of 
11.0 kb EcoRI/EcoRI fragments of which a third part is a light chain joined to a heavy chain mouse/human 
(-y4;x) anti-CEA chimeric fragment. The remaining two thirds consist of heavy-heavy and light-light chain 
dimers which are presumably not clonable. 

30 Gel purification of the ca. 11.0 kb EcoRI/EcoRI fragments followed by cloning into the pSV2neo or 
pSV2gpt expression vector, restricted with EcoRI, and transformation to competent E.coli K12/803 results in 
a number of recombinant plasmids. These are screened by colony hybridization to the 1 .9 kb Xbal/Xbal 
fragment coding for the mouse anti-CEA variable light chain sequences, isolated from plasmid pCEA-l2a 
(Example 4.2). DNA is prepared from positive colonies and recombinant plasmids having both the heavy 

35 and light chain mouse/human (-y4;x) anti-CEA chimeric DNA fragments are identified by restriction enzyme 
analysis with restriction endonucleases EcoRI, Xmnl and Pstl. One recombinant plasmid obtained this way 
is designated pCEA(H + l)2neo. The anti-CEA light and heavy chain chimeric fragments are arranged in 
opposite transcriptional orientation. The anti-CEA heavy chain fragment is in the same transcriptional 
orientation as the neo gene in pSV2neo. The EcoRI site at the junction of the anti-CEA light and heavy 

40 chain chimeric fragments is destroyed but the expected Xmnl site, which is created by joining two blunted 
Eco RI sites, is not present. From this double chimeric gene construct the mouse/human (-y4;x) anti-CEA 
light and heavy chain coding and regulatory sequences are isolated as a single ca. 11.0 kb EcoRI/EcoRI 
fragment. A restriction map of pCEA(H + l)2neo is shown in Figure 6. 

45 Example 11: Transfection and expression of the chimeric mouse/human (-y4;x) anti-CEA lg H- and l-chain 
double gene construct pCEA(H + l)2neo in mouse lymphoid cells 

Transfection of the chimeric mouse/human (-y4;x) anti-CEA lg gene double-construct pCEA(H + l)2neo is 
achieved by isolation of the coding regions of the mouse/human (-y4;x) anti-CEA H- and l-chains on a single 

50 ca. 11.0 kb EcoRI/EcoRI DNA fragment from pCEA(H + l)2neo. 15 ug of this fragment are mixed with 1,5 
ug pSV2neo, linearized with EcoRI, in 50 ul of TE buffer and subsequently transfected to Sp2/0 mouse 
lymphoid cells, exactly as described in example 9 for the chimeric mouse/human (-y4;x) anti-CEA single lg 
gene constructs. 

Selection for neomycin resistance, antibody detection and determination of level of secreted lgG in 
55 transfected cells are carried out exactly as described in Example 9.2 and 9.3, respectively. One clonal cell 

line isolated in this manner and selected for high expression of the chimeric monoclonal antibody is 
designated EFIX-pCEA-lg-(-y4;Cx) 4-8-13 (referred to as CE 4-8-13) and was deposited at the ~Collection 
Nationale de Cultures de Microorganismes" of the lnstitut Pasteur, Paris, on Nov. 22, 1988, under the 
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number 1-818. 
The transfectoma CE 4-8-13 secretes 10 ug/ml of chimeric antibody into the culture medium after 6 

days growth, as determined by the procedures described in example 9.4. 

5 Example 12: Characterization of the chimeric monoclonal antibody 

The binding of the chimeric monoclonal antibody h.4;x) to CEA is determined by the ELISA test 
described in Example 9.4 for the selection of chimeric antibodies. With the chimeric anti-CEA MAb secreted 
by the cell line CE 4-8-13, less than 8 ng/ml of the MAb is required to result in an optical density of 0.1 in 

10 the test (see Figure 7). For competition tests, purified CEA antigen and a purified lg fraction from mouse 
ascites fluid generated from the CE 25 hybridoma are used. Methods used are based on published 
procedures (Voller et al., "Manual of Clinical Immunology", 1976, 506). The binding of the chimeric antibody 
to purified CEA in the ELISA test is inhibited either by soluble CEA or with purified murine CE 25 antibody. 
Over 99 % of secreted chimeric monoclonal anti\)ody can be absorbed on immobilized CEA antigen. 

15 Whereas the parental CE 25 hybridoma produces a murine ('y1;x) antibody when developed using·goat-anti
mouse lgG, (alkaline phosphatase labelled), CE 75-5-6 and CE 4-8-13 do not. 

The above immunological tests demonstrate that the antibody secreted by cell lines CE 75-5-6 and CE 
4-8-13: 

(a) bind to the CEA antigen; 
20 (b) possess human constant region ('y4;x) determinants and lack corresponding determinants of mouse 

origin; 
(c) are inhibited by the corresponding murine antibody produced by hybridoma CE 25; 
(d) bind specifically to the CEA antigen, since their binding is inhibited by soluble CEA; 
(e) are produced at high levels in transfectomas containing the chimeric H- and L-chain lg genes as 

25 described above (1 ug/ml by CE 75-5-6; 10 ug/ml by CE 4-8-13). 

30 

Example 13: Isolation and· purification of chimeric monoclonal antibodies for diagnostic/therapeutic purposes 

13.1 In vitro synthesis 

A cell line as described above synthesizing the chimeric monoclonal antibodies is grown on the glass 
beads of a packed bed column. The preculture for this column is prepared as follows: The cells from 4 
confluent 175 cm2 tissue culture flasks are used to inoculate one Nunc stapler. The adherent cells are 
detached from the flask by rinsing the confluent cell layer with a trypsinNersene solution made up of equal 

35 volumes of trypsin solution (Gibco, 0.5 g/1) and Versene (Gibco, 1 :5000). 4 x 106 cells are suspended in 400 
ml of modified conditioned DMEM medium (DMEMmed = DMEM containing in addition 1 mM Na-pyruvate, 
2 mM glutamine, 50 uM 2-mercaptoethanol, 10 mM Hepes and, if not indicated otherwise, 10 % FCS). The 
volume of the suspension is brought to 500 ml by adding fresh OMEMmed. 500 ml cell suspension are 
transferred to a Nunc stapler and incubated at 37" C in an atmosphere of air containing 10 % CO2. Four, 

40 seven and ten days after inoculation, additional medium (3 x 500 ml) is added. Fourteen days after 
inoculation the cells are harvested and used to inoculate the packed bed reactor. The conditioned medium 
is first removed from the stapler. 500 ml trypsinNersene solution is added to the stapler and the entire cell 
layer is soaked with this solution. Free trypsinNersene solution is poured off and the cell layer is left in 
contact with remaining trypsinNersene for 5 min. 500 ml conditioned medium is added back to. the cells. 

45 The cells are detached by shaking the stapler thoroughly. An additional 1.5 I of conditioned medium are 
added to the stapler and the entire suspension is then transferred to the packed bed reactor. The reactor 
consists of a 10 I cylindrical glass vessel filled with boro-silicate glass beads of 2 mm diameter. The 
medium is circulated through the reactor by an external pump at a rate of 45 1/h. The dissolved oxygen 
concentration and the pH of the circulating medium is measured and controlled continuously. Pure oxygen 

50 is used to keep the minimal dissolved oxygen level above 10 % saturation and C~ and 1.0 NaOH are used 
to control the pH between 7.0 and 7.3. The liquid volume in the reactor and the external circuit is 5 I. The 
system is kept in a water bath at 37 • C. After inoculation the cells are allowed to grow in a DMEMmed 
medium containing 10 % serum. As soon as the glucose level in the medium drops below 1 g/1 continuous 
exchange of medium is initiated at a rate of 2 I/day. When the level of dissolved oxygen decreases to 20 % 

55 the serum concentration in the feed medium is lowered to 1.25 %. Two days later the exchange ratio is 
increased by 1 I/day. On subsequent days the exchange rate is increased further until a maximum value of 
5 I/day is reached. From this time onward the outflowing medium is collected for the isolation and 
purification of the chimeric antibody. 
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13.2 Isolation and purification of chimeric monoclonal antibodies 

The culture medium is filtered using a Minitan ultrafiltration system (Millipore Corp., Bedford, Mass.), 
through a 0.1 1.1.m cassette filter (type WLPOMP04, Millipore). The filtrate is concentrated 10-fold using the 

s Minitan ultrafiltration system fitted with 30,000 MW cut-off filter cassettes (type PTTKOMP04, Millipore). 
The concentrated retentate is then prepared for chromatography on protein-A Sepharose by addition of 
glycine and NaCl to a final concentration of 1.5 M glycine and 3 M NaCl and the pH adjusted to 8.6 with 5 
M NaOH. After passing the culture medium concentrate through a column containing protein-A Sepharose 
CL-4B (Pharmacia, Uppsala, Sweden}, unbound material is washed from the column with binding buffer (1.5 

10 M glycine, 3 M NaCl, pH 8.9 with NaOH) and the column eluted with a stepwise gradient of decreasing pH 
consisting of 100 mM citric acid adjusted to pH 3.0, 4.0, 5.0 and 6.0 with 5 M NaOH as described in the 
Pharmacia application note (Separation News Vol. 13, No. 5). The highest concentration of chimeric 
antibody is determined by an ELISA test to elute at pH 4.0. 

75 Example 14: Determination of CEA with an enzyme-linked immunosorbent assay (ELISA) 

14.1 Labelling of chimeric monoclonal antibodies with alkaline phosphatase 

1.4 mg of a chimeric monoclonal antibody in 1.4 ml of PBS are coupled for 2 h with a solution 
20 containing 5 mg of alkaline phosphatase (Sigma P6774, type VII-T) according to the standard method of 

Voller et al. (Bull. World Health Organ. 53, 55, 1976) using glutaraldehyde (0.2 % v/v). The conjugate is 
transferred into 5 ml of Tris buffer 0.05 M, pH 8.0, containing 1 mM MgCl2, 1 % BSA and 0.02 % NaN3 • 

The solution is kept in the dark at 4 • C. 

25 14.2 Assay procedure 

Polypropylene microtitre plates (Dynatech) are coated over a period of 2 h at 37 • C and overnight at 
4 • C with 150 ul of a solution of the chimeric monoclonal antibody secreted by cell line CE 75-5-6 or CE 4-
8-13 10 ug/ml) in a buffer pH 8.6 (carbonate-buffered 0.9 % saline containing 0.02 % sodium azide). The 

30 plates are washed five times with PBS, and protein-reactive sites still present are saturated by incubation for 
1 h at 37• C with 250 ul of a buffer pH 7.4 (0.2 % gelatine and 0.2 % NaNa in PBS). Plates coated in this 
manner can be kept at 4 • C in this buffer for a few days. 

50 ul of a dilution series of a test solution or a standard solution containing purified human CEA, 50 1.1.I 
of buffer pH 7.4 and 50 ul of a solution of the phosphatase-labelled monoclonal anti-CEA antibody MAb 35 

35 (Haskell et al., Cancer Res. 43, 3857, 1983) recognizing a different CEA-epitope than the chimeric antibody 
(Example 14.1) diluted 1:100with buffer pH 7.4 are mixed and incubated in the wells of the microtiter plates 
for 2 h at 37° C and for 30 minutes at 4 • C. The plates are washed five times with PBS, then incubated for 
30 min at 37" C with 150 ul of a solution of p-nitrophenyl phosphate (1 mg/ml in 10 % diethanolamine 
buffer. 0.5 mM MgCl2, pH 9.8). By measuring the optical density at 405 nm, the amount of released p-

40 nitrophenol is determined, which is proportional to the amount of the bound enzyme phosphatase and 
hence proportional to the amount of human CEA in the test solution. 

45 

The test can also be carried out by using the enzyme-labelled chimeric monoclonal antibody secreted 
by cell line CE 75-5-6 or CE 4-8-13 and coating the microtitre plates with the monoclonal anti-CEA antibody 
MAb 35 recognizing a different CEA-epitope than the chimeric antibody. 

14.3 Test kit for ELISA 

A test kit for the assay described in Example 14.2 contains: 
polypropylene microtiter plates, 

so 20 ml of the chimeric monoclonal anti-CEA antibody secreted by cell line CE 75-5-6 or CE 4-8-13 (10 
ugtml) in carbonate-buffered saline (0.9 % NaCl, 0.42 % NaHCOa, 0.0072 % Na2COa, 0.02 % NaNa). . 
1 ml of the alkaline phosphatase-coupled monoclonal anti-CEA antibody MAb 35 recognizing a different 
CEA-epitope than the chimeric antibody (0.3 mg antibody per ml) in Tris-buffer (0.05 M, 1 mM MgCl2, 1 % 
BSA, 0.02 % NaNa, pH 8.0), 

55 2 ml of standard solution containing 5 ug purified human CEA, 
300 ml of PBS, 
300 ml of buffer pH 7.4 (0.2 % gelatine and 0.2 % NaNa in PBS) 
50 ml of p-nitrophenyl phosphate (1 mg/ml) in diethanolamine buffer (10 %, 0.5 mM MgC'2, 0.02 % NaN3, 
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Example 15: Pharmaceutical preparation for parenteral application 

120 mg chimeric monoclonal antibody prepared according to Example 13 are dissolved in 5 ml 
physiological saline. The solution is passed through a bacteriological filter, and the filtrate filled in an 

10 ampoule under aseptic conditions. The ampoule is preferentially stored in the cold, e.g. at -20 • C. 

Claims 
Clalms for the following Contracting States: AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

75 1. A chimeric monoclonal antibody consisting of variable regions of mouse origin and human constant 
regions, which recognizes epitopes of human carcinoembryonic antigen (CEA) not present on non
specific cross-reacting antigen NCAss and NCA9s, on biliary glycoprotein, or on granulocytes, and 
derivatives thereof. 

20 2. A chimeric monoclor:ial antibody and derivatives thereof according to claim 1 with an affinity of at least 
2.1 x 1010 liters/mo! for human CEA. 

25 

30 

35 

3. A chimeric monoclonal antibody and derivatives thereof according to claim 1 or 2 comprising light 
chain variable regions of the formula 

FR 1-Arg-Ala-Ser-Gln-Ser-Ile-Gly-Thr-Ser-Leu-His-FRz-
CDR1L 

Tyr-Ala-Ser-Glu-Ser-Ile-Ser-FR3 -Gln-Gln-Ser-His-Gly-Trp-Pro-Phe-Thr-FR~ 
CDR2L CDR3L ~~~~~---1 

(I). 

wherein FR, is a polypeptide residue comprising 23-28 naturally occurring amino acids, FR2 is a 
polypeptide residue comprising 14-16 naturally occurring amino acids, FRa is a polypeptide residue 
comprising 30-34 naturally occurring amino acids and FA-4 is a polypeptide residue comprising 9-11 
naturally occurring amino acids, and wherein the amino acid Cys may be in the oxidized state forming 
S-S-bridges. 

4. A chimeric monoclonal antibody and derivatives thereof according to any of the claims 1-3 comprising 
40 light chain variable regions of formula I, wherein the polypeptide residues of the framework regions 

FR1 • FR2. FRa and FA-4 are those preferably occurring in murine antibodies. 

45 

50 

55 

5. A chimeric monoclonal antibody and derivatives thereof according to any of the claims 1 ·4 comprising 
light chain variable regions of formula I, wherein FR, is a polypeptide residue of the formula 

A-Gly-Asp-Ile-Leu-Leu-Thr-Gln-Ser-Pro-Ala-Ile-Leu-Ser-Val-Ser-Pro

Gly-Glu-Arg-Val-Thr-Phe-Ser-Cys 

(IA), 

wherein A is hydrogen, acyl, or the residue Ala-Ser-Arg, Ser-Arg or Arg, 

FR2 is the polypeptide residue 
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· Trp-Tyr-Gln-Gln-Arg-Thr-Asn-Gly-Ser-Pro-Arg-Leu-Leu-Het-Lys 

(IB), 

FR3 is the polypeptide residue 

Gly-Ile-Pro-Ser-Arg-Phe-Ser-Gly-Ser-Gly-Ser-Gly-Thr-Asp-Phe-Thr-Leu

Thr-Ile-Asn-Ser-Val-Glu-Ser-Glu-Asp-Ile-Ala-Asp-Tyr-Tyr-Cys 

(IC), 

and F~ is the polypeptide residue 

Phe-Gly-Ser-Gly-Gly-Thr-Lys-Leu-Glu-Ile-Lys 

(ID)' 

and wherein the amino acid Cys may be in the oxidized state forming S-S-bridges. 

6. A chimeric monoclonal antibody and derivatives thereof according to claim 3 comprising light chain 
variable regions of formula I, wherein FR1 , FR2, FR3 and F~ are polypeptide residues of formula IA, 

30 IB, IC and ID, respectively, wherein one or more single amino acids are replaced by other amino acids 
outside the regions CDR1 L, CDR2L and CDR3L, and wherein the amino acid Cys may be in the 
oxidized state forming S-S-bridges. 

7. A chimeric monoclonal antibody and derivatives thereof according to any of the claims 1-6 comprising 
35 heavy chain variable regions of the formula 

40 

45 

FRs-Thr-Tyr-Ala-Met-Ala-Trp-Val-FR6-Ser-Ser-Gly-Gly-Thr-Thr-Tyr-Tyr-Pro-
1--~~~~~~ CDRlH ------I 

Asp-Ser-Val-Lys-Gly-FR1-Gly-Phe-Tyr-Asp-Gly-Tyr-Leu-Tyr-Val-Val-FRs 
~~~ CDR2H CDR3H ~~~~~~---t 

(II), 

wherein FRs is a polypeptide residue comprising 32-36 naturally occurring amino acids, FF\; is a 
polypeptide residue comprising 14-16 naturally occurring amino acids, FR1 is a polypeptide residue 
comprising 32-34 naturally occurring amino acids and FRa is a polypeptide residue comprising 12-14 
naturally occurring .amino acids, and wherein the amino acid Cys may be in the oxidized state forming 

so S-S-bridges. · 

55 

a A chimeric monoclonal antibody and derivatives thereof according to any of the claims 1-7 comprising 
heavy chain variable regions of formula II, wherein the polypeptide residues of the framework regions 
FRs, FF\;, FR1 and FRa are those preferably occurring in murine antibodies. 

9. A chimeric monoclonal antibody and derivatives thereof according to any of the claims 1-8 comprising 
heavy chain variable regions of formula 11, wherein FRs is a polypeptide residue of the formula 
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B-Gly-Val-Gln-Cys-Glu-Val-Lys-Leu-Val-Glu-Ser-Gly-Gly-Gly-Leu

Val-Lys-Pro-Gly-Gly-Ser-Leu-Lys-Leu-Ser-Cys-Ala-Ala-Ser-Gly-Phe

Thr-Phe-Arg 

( IIA) • 

wherein B is hydrogen or acyl, 

FRs is the polypeptide residue 

Arg-Gln-Thr-Pro-Glu-Lys-Arg-Leu-Glu-Trp-Val-Thr-Ser-lle 

(IIB). 

FR1 is the polypeptide residue 

Arg-Phe-Thr-Ile-Ser-Arg-Asp-Asn-Ala-Arg-Asn-lle-Leu-Tyr

Leu-Gln-Val-Ser-Ser-Leu-Arg-Ser-Glu.-Asp-Thr-Ala-Ile-Tyr-Tyr-Cys

Ala-Arg 

(IIC) • 

and FRs is the polypeptide residue 

Asp-Tyr-Trp-Gly-Gln-Gly-Thr-Ser-Leu-Thr-Val-Ser-Ser 

( IID) • 

and wherein the amino acid Cys may be in the oxidized state forming S-S-bridges. 

40 10. A chimeric monoclonal antibody and derivatives thereof according to claim 7 comprising heavy chain 
variable regions of formula II wherein FRs, FRs, FR1 and FRs are polypeptide residues of formula IIA, 
118, IIC and 110, respectively, wherein one or more single amino acids are replaced by other amino 
acids outside the regions CDR1 H, CDR2H and CDR3H, and wherein the amino acid Cys may be in the 
oxidized state forming S-S-bridges. 

45 

11. A chimeric monoclonal antibody and derivatives thereof according to any of the claims 1-10 comprising 
light chain human constant regions x or >... 

12. A chimeric monoclonal antibody and derivatives thereof according to any of the claims 1-11 comprising 
50 heavy chain human constant regions -y1, -y2, -y3 or -y4. 

13. A chimeric monoclonal antibody and derivatives thereof according to any of the claims 1-12 comprising 
light chain human constant regions x and heavy chain human constant regions -y4. 

55 14. A chimeric monoclonal antibody and derivatives thereof according to any of the claims 1-13 with light 
chain variable regions of formula I wherein FR1, F~. FR3 and FR. are polypeptide residues of the 
formula IA, IB, IC and ID, respectively, and wherein the amino acid Cys may be in the oxidized state 
forming S-S-bridges, a light chain human constant region x, a heavy chain variable region of formula II 
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wherein FRs. FR.;, FR, and Flis are polypeptide residues of formula IIA, IIB, IIC and IID, respectively, 
and wherein the amino acid Cys may be in the oxidized state forming S-S-bridges and a heavy chain 
human constant region -y4. 

5 15. A derivative of a chimeric monoclonal antibody according to any of the claims 1-14 which is a fragment. 

10 

16. A derivative of a chimeric monoclonal antibody according to any of the claims 1-14 which is a 
conjugate with an enzyme, a fluorescent marker, a metal chelate, a cytostatic or cytotoxic substance, 
avidin or biotin. 

17. A derivative of a chimeric monoclonal antibody according to any of the claims 1-14 which is 
radioactively labelled. 

18. A process for the preparation of chimeric monoclonal antibodies and derivatives thereof according to 
15 claim 1, characterized in that mammalian cells producing such chimeric monoclonal antibodies are 

multiplied in vitro and, if desired, the resulting chimeric monoclonal antibodies are converted into 
derivatives thereof. 

19. A process for the preparation of chimeric monoclonal antibodies and derivatives thereof according to 
20 claim 1, characterized in that mammalian cells producing such chimeric monoclonal antibodies are 

multiplied in vivo and, if desired, the resulting chimeric monoclonal antibodies are converted into 
derivatives thereof. 

20. A recombinant DNA comprising an insert coding for a light chain murir:ie variable region and/or for a 
25 heavy chain murine variable region of chimeric monoclonal antibodies according to claim 1. 

30 

21. A recombinant DNA according to claim 20 comprising an insert coding for a light chain murine variable 
region specific for human CEA which originates from genomic DNA of the cell line CE 25, having the 
deposit accession number CNCM 1-719. 

22. A recombinant DNA according to claim 20 or 21 comprising an insert coding for the polypeptide of 
formula I, optionally containing introns. 

23. A recombinant DNA according to any of the claims 20-22 compnsmg an insert coding for the 
35 polypeptide of formula I wherein FR1, FRi!, FR3 and FA4 are polypeptides of formula IA, IB, IC and ID, 

respectively, optionally containing introns. 

40 

45 

50 

55 
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24. A recombinant DNA according to any of the claims 20-23 comprising an insert of the formula 

TCTAGACTGCTGTGGTCTTTTAAGTAGCATGAAAAACATCTGCTAAAGAAGGAATTAGTT 
1 ---------+---------+---------+---------+---------+---------+ 60 

TGAACATGCTAGAAATACATCTGTGATACTCTCATCACTCTTGTTGGAAAGATATGCAAG 
61 ---------+---------+---------+---------+---------+---------+ 120 

AAGCACTATTTGGCTATTATTTGGAAAGTGCTATAATGTATTTTGATATCTCAACCTCTG 
121 ---------+---------+---------+---------+---------+---------+ 180 

.AAATTCTTCTGTATGTTGGCAGATTGTAAACCTTTACAAGGCTTTCATTCTCTTCTCTGG 
181 ---------+---------+---------+---------+---------+---------+ 240 

AGAAAAATGTCTTTGTAGGCAATCCAGAATTTCTTATTTCTTGCTAATGAAATCTCCTCA 
241 ---------+---------+---------+---------+---------+----- ---+ 200 

GTGTGATATCACTTTAGTTTCATGTGTTGTTATGCTTCATGTAATGTTAAGAAAGTTAAA 
301 ---------+---------+---------+---------+---------+---------+ 360 

GATGCTCCAATCCATATTGTAAGAAACATTCCAAGCCATGGAATAAGGCATGGATTTGAG 
361 ---------+·--------+---------+---------+---------+---------+ 420 

ATGCTCTTTATTTCAAACTACTGAATATATCTTAGAGATTTCTTTAGACTGTGTTAAATA 
421 ---------+---------+---------+---------+---------+---------+ 480 

TGTAACCATTTAAGTAGGAGTCAAGTCTCCTTTAAATCTCAACAGCTCTTCAGGTAACCA. 
481 ---------+---------+---------+---------+---------+---------+ 540 

ACAAAAGGATAAATATTCTAATAAGTCACTAGGAGCATGCTCTTCTGACCAGGTCTTTCT 
541 ---------+---------+---------+---------+---------+---------+ 600 

TATAAGCAACATGAAGACAGTATGATTTGCATAAGTTTTTCTTTCTTCTAATGTCCCTGC 
601 ---------+---------+---------+---------+---------+---------+ 660 

CTCTTAGAGTATTATAAGAAGATCTTTCTAGGGATGTGTCATGGTCCACACAAAAATAGG 
661 ---------+---------+---------+---------+---------+----. ---+ 720 

M V S ,T P Q F L V F L L F W I P 
MetVa1SerThrProG1nPheLeuVa1PheLeuLeuPheTrpllePro 

GAAAGTGTGAAGATGGTATCCACACCTCAGTTCCTTGTATTTTTGCTTTTCTGGATTCCA 
721 ---------+---------+---------+---------+---------+---------+ 780 
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GGTAATGACTGTTTGGGTGTGGCAAAAAAGTGGAGATGTTATTTAAATACAAAATTTTCT 
781 ---------+---------+---------+---------+---- ----+---------+ 840 

5 TGCTTTATTTGGAAGCCAATGTCACATGGGAATTGACTTTCAGTTTAAAGAAATTGATAC 
841 ---------+---------+--- -----+---------+---------+---------+ 900 

AATAAAAGTCATTTATTTTTCTAAGTTGTTTAGAAGTGACTTTCATATTCAGTGTTATGA 
901 ---------+---------+---------+---------+---------+---------+ 960 

ro A S R G D I L L T Q S 

15 

AlaSerArgGlyAspileLeuLeuThrGlnSer 
TCGACTAATGTATCTTCCATTTTTCCAGCCTCCAGAGGTGACATCTTGCTGACTCAGTCT 

961 ---------+---------+---------+---------+---------+---------+ 1020 

P A I L S V S P G E R V T F S C R A S Q 
ProAlalleLeuSerVa1SerProGlyGluArgVa1ThrPheSerCysArgA1aSerG1n 
CCAGCCATCCTGTCTGTGAGTCCAGGAGAAAGAGTCACTTTCTCCTGCAGGGCCAGTCAG 

1021 ---------+---------+---------+---------+---------+---------+ 1080 

S I G T S L H W Y Q Q R T N G S P R L L 
20 SerileGlyThrSerLeuHisTrpTyrGlnGlnArgThrAsnGlySerProArgLeuLeu 

25 

AGCATTGGCACAAGCTTACACTGGTATCAGCAAAGAACAAATGGTTCTCCAAGGCTTCTC 
1081 ---------+---------+---------+---------+---------+---------+ 1140 

M K Y A S E S I S G I P S R F S G S G S 
MetLysTyrAlaSerGluSerileSerGlyileProSerArgPheSerGlySerGlySer 
ATGAAGTATGCTTCTGAGTCTATCTCTGGGATCCCTTCCAGGTTTAGTGGCAGTGGATCA 

1141 ---------+---------+---------+---------+---------+---------+ 1200 

G T D F T L T I N S V E S E D I A D Y Y 
GlyThrAspPheThrLeuThrileAsnSerVa1GluSerGluAspI1eA1aAspTyrTyr 

30 GGGACAGATTTTACTCTTACCATCAATAGTGTGGAGTCTGAAGATATTGCAGATTATTAC 

35 

40 

1201 ---------+---------+---------+---------+---------+-- .------+ 1260 

C Q Q S H G V P F T F G S G T K L E I K 
CysGlnGlnSerHisGlyTrpProPheThrPheGlySerGlyThrLysLeuGluileLys 
TGTCAACAAAGTCATGGCTGGCCATTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAA 

1261 ---------+---------+---------+---------+---------+---------+ 1320 

CGTAAGTGGACTTTTGTTCATTTACTTGTGACGTTTTGGTTCTGTTTGGGTAGCTTGTGT 
1321 ---------+---------+---------+---------+---------+---------+ 1380 

GAATTTGTGATATTT 
1381 ---------+----- 1395 

(III). 

45 25. A recombinant DNA according to claim 22 comprising an insert of formula Ill wherein one or more 
single nucleotides are replaced by other nucleotides· outside the nucleotide sequences of formula Ill 
from position 1069-1102, 1147-1167 and 1263-1291, respectively. 

26. A recombinant DNA according to claim 20 comprising an insert coding for a heavy chain murine 
50 variable region specific for human CEA which originates from genomic DNA of the cell line CE 25, 

having the deposit accession number CNCM 1-719. 

55 

27. A recombinant DNA according to claim 20 or 26 comprising an insert coding for the polypeptide of 
formula II, optionally containing introns. 

28. A recombinant DNA according to claim 20, 26 or 27 comprising an insert coding for the polypeptide of 
formula II wherein FRs, FAG, FR1 and FRa are polypeptide residues of formula IIA, IIB, UC and 110, 
respectively, optionally containing introns. 
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29. A recombinant DNA according to any of the claims 20, 26·28 comprising an insert of the formula 

1 

61 

121 

181 

241 

AAGCTTGTTCTGTTCACATGCAAGGAGGGAAACTAAACTGAGTATGGTGAATCCCTAACC 
---------+---------+---------+---------+---------+---------+ 
AAAGGGAAAAAATGAAACTACAATATGTTTCAAATGCTGTAACTGAAATCTGGTTTTTTG 
---------+---------+---------+---------+---------+---------+ 
ATGCCTTATATCTGGTATCATCAGTGACTTCAGATTTAGTCCAACCCCAGAGCATGGTAT 
---------+---------+---------+---------+---------+---------+ 
AGCAGGAAGACATGCAAATAAGTCTTCTCTCTGCCCATGAAAACACCTCGGCCCTGACCC 
---------+---------+---------+---------+---------+---------+ 
TGCAGCTCTGACAGAGGAGGCCAGTCCATGGATTTGAGTTCCTCACATTCAGTGATGAGC 
---------+----- ---+---------+---.-----+---------+---------+ 

M N F G F S L I F L V L V 
MetAsnPheGlyPheSerLeullePheLeuValLeuVal 

ACTGAACACAGACACCTCACCATGAACTTCGGGTTCAGCTTGATTTTCCTTGTCCTTGTT 

60 

120 

180 

240 

300 

301 ---------+-------- +---------+---------+---------+----- ---+ 360 

L K G 
LeuLysGly 
TTAAAAGGTAATTTATTGAGAAGAGATGACATCTATTTTACGCACATGAGACAGAAAAAA 

361 ---------+---------+---------+---------+---------+---------+ 420 

V Q 
ValGl 

TGTGGTTTGTTTTGTTAGTGACAGTTTTCCAACCAGTTATTCTCTGTTTGTAGGTGTCCA 
421 _. -------+---------+--·------+---------+---------+---------+ 480 

30 C E V K L V E S G G G L V K P G G S L K 

35 

40 

45 

50 

55 

nCysGluValLysLeuValGluSerGlyGlyGlyLeuValLysProGlyGlySerLeuLy 
GTGTGAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAA 

481 ---------+---------+---------+---------+---------+---------+ 540 

L S C A A S G F T F R T Y A M A W V R Q 
sLeuSerCysAlaAlaSerGlyPheThrPheArgThrTyrAlaMetAlaTrpVa!ArgGl 
ACTCTCCTGTGCAGCCTCTGGGTTCACTTTCAGGACCTATGCCATGGCTTGGGTTCGCCA 

541 ---------+---------+---------+---------+---------+---------+ 600 

T P E K R L E W V T S I S S G G T T Y Y 
nThrProGluLysArgLeuGluTrpValThrSerileSerSerGlyGlyThrThrTyrTy 
GACTCCAGAGAAGAGGCTGGAGTGGGTCACATCCATTAGTAGTGGTGGTACCACCTACTA 

601 ---------+---------+---------+------- ~+---------+---------+ 660 
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P D S V K G R F T I S R D N A R N I L Y 
rProAspSerVa1LysGlyArgPheThrlleSerArgAspAsnA1aArgAsnI1eLeuTy 
TCCAGACAGTGTGAAGGGCCGATTCACCATCTCCAGAGATAATGCCAGGAACATCCTGTA 

661 ---------+---------+---------+---------+---------+---------+ 720 
L Q V S S L R S E D T A I Y Y C A R G F 

rLeuGlnVa1SerSerLeuArgSerGluAspThrA1alleTyrTyrCysAlaArgG1yPh 
CCTGCAAGTGAGCAGTCTGAGGTCTGAGGACACGGCCATITATTACTGTGCAAGAGGTTT 

721 ---------+---------+---------+------- -+---------+---------+ 780 

Y D G Y L Y V V D Y W G Q G T S L T V S 
eTyrAspGlyTyrLeuTyrVa1Va1AspTyrTrpG1yGlnGlyThrSerLeuThrVa1Se 
CTAIGATGGTTACCTCTATGTTGTGGACTACTGGGGTCAAGGAACCTCACTCACCGTCTC 

781 ---------+---------+---------+---------+---------+---------+ 840 

s 
rSer 
CTCAGGTAAGAATGGCC 

841 ---------+------- 857 

(IV). 

25 30. A recombinant DNA according to claim 27 comprising an insert of formula IV wherein one or more 
single nucleotides are replaced by other nucleotides outside the nucleotide sequences of formula IV 
from position 575-595, 629-680 and 776-805, respectively. 

31. A recombinant DNA according to claim 20 comprising an insert coding for a light chain murine variable 
30 region fused to a human constant region x or >,. 

32. A recombinant DNA according to claim 31 comprising an insert of formula Ill fused to a human constant 
region x. 

35 33. A recombinant DNA according to claim 20 comprising an insert coding for a heavy chain murine 
variable region fused to a human constant region -y1, -y2, -y3 or -y4. 

40 

45 

50 

55 

34. A recombinant DNA according to claim 33 comprising an insert of formula IV fused to a human 
constant region -y4. 

35. A recombinant DNA according to claim 20 which is a hybrid vector comprising an insert coding for a 
chimeric_ murine/huma:n light chain according to claim 31 and/or a chimeric murine/human heavy, chain 
according to claim 33, a complete replicon and one or more dominant marker sequences, operationally 
linked to expression control squences. 

36. A recombinant DNA according to claim 20 which is a hybrid vector comprising an insert coding for a 
chimeric murine/human light chain according to claim 32 and/or a chimeric murine/human heavy chain 
according to claim 34, a complete replicon and one or more dominant marker sequences, operationally 
linked to expression control squences. 

37. A recombinant DNA which is a hybrid vector according to claim 35 or 36 suitable for mammalian hosts. 

38. A recombinant DNA which is a hybrid vector according to claim 35, 36 or 37 wherein the vector is 
derived from plasmid pSV. 

39. A recombinant DNA which is a hybrid vector according to claim 38 wherein the vector is derived from 
plasmid pSV2gpt or from plasmid pSV2neo. 
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40. A process for the preparation of recombinant DNAs according to claim 20 comprising culturing a 
transformed host. 

41. A process according to claim 40 comprising the steps of 
5 · a) isolating murine DNAs from a suitable hybridoma cell line, selecting the desired DNAs coding for 

the variable regions of monoclonal antibodies directed against human CEA using DNA probes, 
b) isolating human DNAs from a genomic library, selecting the desired DNAs coding for the constant 
regions of monoclonal antibodies using DNA probes, 
c) constructing chimeric mouse/human genes by incorporating the DNAs of step a) and b) into 

10 appropriate hybrid vectors, 
d) transferring the obtained hybrid vectors into a recipient host, and 
e) selecting and culturing the transformed host. 

42. A host cell which is transformed with recombinant DNAs according to any of the claims 31-39. 
15 

20 

43. A host cell according to claim 42 which is a mammalian cell of lymphoid origin. 

44. A host.cell according to claim 42 which is a cell derived from the lg non-secreting mouse hybridoma 
cell line Sp2/0 (ATCC CRL 1581). 

45. A host cell according to claim 42 or 44 which is transformed with one or two vectors according to any 
of the claims 36-39. 

46. A host cell according to claim 45 which is a cell of the cell line EFVlll/-y4Na75-75/CxGa5-6 (CE 75-5-6, 
25 having the deposit accession number CNCM 1-720). 

47. A host cell according to claim 45 which is a cell of the cell line EFIX-pCEA-lg-(-y4;Cx) (CE 4-8-13, 
having the deposit accession number CNCM 1-818). 

30 4a A host cell according to claim 42 characterized in that it secretes chimeric monoclonal antibodies 
according to claim 1. 

49. · A process for the preparation of a host cell according to claim 42 or 48, characterized in that a suitable 
cell is transformed with one or two vectors by electroporation, calcium treatment, microinjection or 

35 protoplast fusion. 

50. Chimeric monoclonal antibodies and derivatives thereof according to claim 1 for use in a method for the 
treatment of humans and for diagnosis. 

40 51. The use of chimeric monoclonal antibodies and derivatives thereof according to claim 1 for the in vitro 

45 

diagnosis of cancer. - --

52. The use of chimeric monoclonal antibodies and derivatives thereof according to claim 1 for the 
qualitative and quantitative ~ vitro determination of human CEA. 

53. The use according to claim 51 of chimeric monoclonal antibodies and derivatives thereof in a 
radioimmunoassay or an enzyme-immunoassay. 

54. Test kits for the qualitative and quantitative determination of human CEA containing chimeric mon-
50 oclonal antibodies according to claim 1 and/or derivatives thereof and, optionally, other monoclonal or 

polyclonal antibodies and/or adjuncts. 

55 

55. A pharmaceutical composition containing a chimeric monoclonal antibody or derivatives thereof accord
ing to .claim 1. 
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Claims for the following Contracting States : ES, GR 

1. A process for the preparation of a chimeric monoclonal antibody consisting of variable regions of 
mouse origin and human constant regions, which recognizes epitopes of human carcinoembryonic 

5 antigen (CEA), not present on non-specific cross-reacting antigen NCAss and NCAss, on biliary 
glycoprotein, or on granulocytes, and derivatives thereof, characterized in that mammalian cells 
producing such chimeric monoclonal antibodies are multiplied in vivo or in vitro and, if desired, the 
resulting _chimeric monoclonal antibodies are converted into derivatives thereof.--

10 2. A process according· to claim 1 for the preparation of a chimeric monoclonal antibody and derivatives 
thereof with an affinity of at least 2.1 x 1010 liters/mo! for human CEA. 

15 

20 

25. 

3. A process according to claim 1 or 2 for the preparation of a chimeric monoclonal antibody and 
derivatives thereof comprising light chain variable regions of the formula 

FR 1 -Arg-Ala-Ser-Gln-Ser-I1e-Gly-Thr-Ser-Leu-His-FR2-
CDRlL ~~~~~~~~---i 

Tyr-Ala~Ser-Glu-Ser-Ile-Ser-FR3-Gln-Gln-Ser-His-Gly-Trp-Pro-Phe-Thr-FR~ 
CDR2L CDR3L ~~~~~--1 

(I) • 

. wherein FR, is a polypeptide residue compnsmg 23-28 naturally occurring amino acids, FRi is a 
polypeptide residue comprising 14-16 naturally occurring amino acids, FR3 is a polypeptide residue 
comprising 30-34 naturally occurring amino acids and F~ is a polypeptide residue comprising 9-11 
naturally occurring amino acids, and wherein the amino acid Cys may be in the oxidized state forming 
S-S-bridges. 

4. A process according to any of the claims 1-3 for the preparation of a chimeric monoclonal antibody and 
30 derivatives thereof comprising light chain variable regions of formula I, wherein the polypeptide 

residues of the framework regions FR,, FR2, FR3 and F~ are those preferably occurring in murine 
antibodies. 

5. A process according to any of the claims 1-4 for the preparation of a chimeric monoclonal antibody and 
35 derivatives thereof comprising light chain variable regions of formula I, wherein FR, is a polypeptide 

residue of the formula 

4() 

45 

50 

55 

A-Gly-Asp-Ile.-Leu-Leu-Thr...;Gln-Ser-Pro-Ala-Ile-Leu-Ser-Val-Ser-Pro

Gly-Glu-Arg-Val-Thr-Phe-Ser-Cys 

(IA), 

wherein A is.hydrogen, acyl, or the residue Ala-Ser-Arg, Ser-Arg or Arg, 

FR2 is the polypeptide residue 

Trp-Tyr-Gln-Gln-Arg-Thr-Asn-Gly-Ser-Pro-Arg-Leu-Leu-Ket-Lys 

( I:B) • 

FR3 is the polypeptide residue 
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Gly-Ile-Pro-Ser-Arg-Phe-Ser-Gly-Ser-Gly-Ser-Gly-Thr-Asp-Phe-Thr-Leu

Thr-Ile-Asn-Ser-Val-Glu-Ser-Glu-Asp-Ile-Ala-Asp-Tyr-Tyr-Cys 

(IC)• 

and FA4 is the polypeptide residue 

Phe-Gly-Ser-Gly-Gly-Thr-Lys-Leu-Glu-Ile-Lys 

(ID)• 

and wherein the amino acid Cys may be in the oxidized state forming S-S-bridges. 

20 6. A process according to claim 3 for the preparation of a chimeric monoclonal antibody and derivatives 
thereof comprising light chain variable regions of formu.la I, wherein FR1. FR:!, FR3 and FA4 are 
polypeptide residues of formula IA, IB, IC and ID, respectively, wherein one or more single amino acids 
are replaced by other amino acids outside the regions CDR1 L, CDR2L and CDR3L, and wherein the 
amino acid Cys may be in the oxidized state forming S-S-bridges. 

25 

7. A process according to any of the claims 1-6 for the preparation of a chimeric monoclonal antibody and 
derivatives thereof comprising heavy chain variable regions of the formula 

3o FRs-Thr-Tyr-Ala-Met-Ala-Trp-Val-FR6-Ser-Ser-Gly-Gly-Thr-Thr-Tyr-Tyr-Pro-
1--------- CDRlH ---I 

35 

40 

45 

Asp-Ser-Val-Lys-Gly-FR7 -Gly-Phe-Tyr-Asp-Gly-Tyr-Leu-Tyr-Val-Val-FRs 
CDR2H --1 CDR3H --------1 

( II)• 

wherein FRs is a polypeptide residue comprising 32-36 naturally occurring amino acids, F~ is a 
polypeptide residue comprising 14-16 naturally occurring amino acids, FR1 is a polypeptide residue 
comprising 32-34 naturally occurring amino acids and FAs is a polypeptide residue comprising 12-14 
naturally occurring amino acids, and wh~rein the amino acid Cys may be in the oxidized state forming 
S-S-bridges. 

8. A process according to any of the claims 1-7 for the preparation of a chimeric monoclonal antibody and 
derivatives thereof comprising heavy chain variable regions of formula II, wherein the polypeptide 
residues of the framework regions FRs, F~, FR1 and FAs are those preferably occurring in murine 
antibodies. 

9. A process according to any of the claims 1-8 for the preparation of a chimeric monoclonal antibody and 
so derivatives thereof comprising heavy chain variable regions of formula II, wherein FRs is a polypeptide 

residue of the formula 

55 
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B-Gly-Val-Gln-Cys-Glu-Val-Lys-Leu-Val-Glu-Ser~Gly-Gly-Gly-Leu

Val-Lys-Pro-Gly-Gly-Ser-Leu-Lys-Leu-Ser-Cys-Ala-Ala-Ser-Gly-Phe

Thr-Phe-Arg 

(IIA), 

wherein B is hydrogen or acyl, 

F~ is the polypeptide residue 

Arg-Gln-Thr-Pro-Glu-Lys-Arg-Leu-Glu-Trp-Val-Thr-Ser-Ile 

( IIB), 

FR1 is the polypeptide residue 

Arg-Phe-Thr-Ile-Ser-Arg-Asp-Asn-Ala-Arg-Asn-Ile-Leu-Tyr

Leu-Gln-Val-Ser-Ser-Leu-Arg-Ser-Glu-Asp-Thr-Ala-Ile-Tyr-Tyr-Cys

Ala-Arg 

( IIC), 

and FRs is the polypeptide residue 

Asp-Tyr-Trp-Gly-Gln-Gly-Thr-Ser-Leu-Thr-Val-Ser-Ser 

(IID). 

and wherein the amino acid Cys may be in the oxidized state forming S-S-bridges. 

10. A process according to claim 7 for the preparation of a chimeric monoclonal antibody and derivatives 
40 thereof comprising heavy chain variable regions of formula II wherein FRs, F~, FR1 and FRs are 

polypeptide residues of formula IIA, IIB, IIC and 110, respectively, wherein one or more single amino 
acids are replaced by other amino acids outside the regions CDR1 H, CDR2H and CDR3H, and wherein 
the amino acid Cys may be in the oxidized state forming S-S-bridges. 

45 11. A process according to any of the claims 1-10 for the preparation of a chimeric monoclonal antibody 
and derivatives thereof comprising light chain human constant regions x or A. 

50 

12. A process according to any of the claims 1-11 for the preparation of a chimeric monoclonal antibody 
and derivatives thereof comprising heavy chain human constant regions -y1, -y2, -y3 or -y4. 

13. A process according to any of the claims 1-12 for the preparation of a chimeric monoclonal antibody 
and derivatives thereof comprising light chain human constant regions x and heavy chain human 
constant regions -y4. 

55 14. A process according to any of the claims 1-13 for the preparation of a chimeric monoclonal antibody 
and derivatives thereof with light chain variable regions of formula I wherein FR1, FR2, FA3 and FA4 are 
polypeptide residues of the formula IA, IB, IC and ID, respectively, and wherein the amino acid Cys 
may be in the oxidized state forming S-S-bridges, a light chain human constant region x, a heavy chain 
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variable region of formula II wherein FAs. FRs. FR1 and FRa are polypeptide residues of formula IIA, 
118, IIC and 110, respectively, and wherein the amino acid Cys may be in the oxidized state forming S
S-bridges and a heavy chain human constant region ")'4. 

5 15. A process according to any of the claims 1-14 for the preparation of a derivative of a chimeric 
monoclonal antibody, characterized in that the monoclonal antibody is cleaved enzymatically or 
chemically into a fragment. 

16. A process according to any of the claims 1-14 for the preparation of a derivative of a chimeric 
10 monoclonal antibody, characterized in that the monoclonal antibody is conjugated with an enzyme, a 

fluorescent marker, a metal chelate, a cytostatic or cytotoxic substance, avidin or biotin. 

15 

20 

17. A process according to any of the claims 1-14 for the preparation of a derivative of a chimeric 
monoclonal antibody, characterized in that the monoclonal antibody is radioactively labelled. 

18. A process for the preparation of a recombinant DNA comprising an insert coding for a tight chain 
murine variable region and/or for a heavy chain murine variable region of chimeric monoclonal 
antibodies prepared by a process according to claim 1, characterized in that said process comprises 
culturing a transformed host. 

19. A process according to claim 18 for the. preparation of a recombinant DNA, characterized in that said 
process comprises the steps of 

a) isolating murine DNAs from a suitable hybridoma cell line, selecting the desired DNAs coding for 
the variable regions of monoclonal antibodies directed against human CEA using DNA probes, 

25 b) isolating human DNAs from a genomic library, selecting the desired DNAs coding for the constant 
regions of monoclonal antibodies using DNA probes, 
c) constructing chimeric mouse/human genes by incorporating the DNAs of step a) and b) into 
appropriate hybrid vectors, 
d) transferring the obtained hybrid vectors into a recipient host, and 

30 e) selecting and culturing the transformed host. 

35 

20. A process according to claim 18 or 19 for the preparation of a recombinant DNA comprising an insert 
coding for a light chain murine variable region specific for human CEA which originates from genomic 
ONA of the cell line CE 25, having the deposit accession number CNCM 1-719 

21. A process according to claim 18, 19 or 20 for the preparation of a recombinant DNA comprising an 
insert coding for the polypeptide of formula I, optionally containing introns. 

22. A process according to any of the claims 18-21 for the preparation of a recombinant DNA comprising 
40 an insert coding for the polypeptide of formula I wherein FR1 , FR2, FR3 and F~ are polypeptides of 

formula IA, 18, IC and ID, respectively, optionally containing introns. 

45 

50 

55 

23. A process according to any of the claims 18-22 for the preparation of a recombinant DNA comprising 
an insert of the formula 

TCTAGACTGCTGTGGTCTTTTAAGTAGCATGAAAAACATCTGCTAAAGAAGGAATTAGTT 
1 ---------+---------+---------+---------+---------+---------+ 60 
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TGAACATGCTAGAAATACATCTGTGATACTCTCATCACTCTTGTTGGAAAGATATGCAAG 
---------+---------+---------+---------+---------+---------+ 120 

AAGCACTATTTGGCTATTATTTGGAAAGTGCTATAATGTATTTTGATATCTCAACCTCTG 
---------+---------+---------+---------+---------+---------+ 180 

AAATTCTTCTGTATGTTGGCAGATTGTAAACCTTTACAAGGCTTTCATTCTCTTCTCTGG 
---------+---------+---------+---------+---------+---------+ 240 
AGAAAAATGTCTTTGTAGGCAATCCAGAATTTCTTATTTCTTGCTAATGAAATCTCCTCA 
---------+---------+---------+---------+---------+---------+ 200 
GTGTGATATCACTTTAGTTTCATGTGTTGTTATGCTTCATGTAATGTTAAGAAAGTTAAA 
---------+---------+---------+---------+---------+---------+ 360 
GATGCTCCAATCCATATTGTAAGAAACATTCCAAGCCATGGAATAAGGCATGGATTTGAG 
---------+---------+---------+---------+---------+---------+ 420 

ATGCTCTTTATTTCAAACTACTGAATATATCTTAGAGATTTCTTTAGACTGTGTTAAATA 
---------+---------+---------+---------+---------+---------+ 480 
TGTAACCATTTAAGTAGGAGTCAAGTCTCCTTTAAATCTCAACAGCTCTTCAGGTAACCA 
---------+---------+---------+---------+---------+---------+ 540 

ACAAAAGGATAAATATTCTAATAAGTCACTAGGAGCATGCTCTTCTGACCAGGTCTTTCT 
---------+---------+---------+---------+---------+---------+ 600 
TATAAGCAACATGAAGACAGTATGATTTGCATAAGTTTTTCTTTCTTCTAATGTCCCTGC 
---------+---------+---------+---------+---------+---------+ 660 
CTCTTAGAGTATTATAAGAAGATCTTTCTAGGGATGTGTCATGGTCCACACAAAAATAGG 
---------+---------+---------+---------+---------+---------+ 720 

M V S T P Q F L V F L L F W I P 
MetVa1SerThrProG1nPheLeuVa1PheLeuLeuPheTrpI1ePro 

GAAAGTGTGAAGATGGTATCCACACCTCAGTTCCTTGTATTTTTGCTTTTCTGGATTCCA 
721 ---------+---------+---------+---------+---------+---------+ 780 

GGTAATGACTGTTTGGGTGTGGCAAAAAAGTGGAGATGTTATTTAAATACAAAATTTTCT 
781 ---------+---------+---------+---------+---------+---------+ 840 

\ 
TGCTTTATTTGGAAGCCAATGTCACATGGGAATTGACTTTCAGTTTAAAGAAATTGATAC 

841 ---------+---------+---------+---------+---------+---~-----+ 900 
AATAAAAGTCATTTATTTTTCTAAGTTGTTTAGAAGTGACTTTCATATTCAGTGTTATGA 

901 ---------+---------+---------+---------+---------+---------+ 960 
A S R G D I L L T Q S 
AlaSerArgGlyAsplleLeuLeuThrGlnSer 

45 TCGACTAATGTATCTTCCATTTTTCCAGCCTCCAGAGGTGACATCTTGCTGACTCAGTCT 

50 

961 ---------+---------+---------+---------+---------+---------+ 1020 
P A I L S V S P G E R V T F S C R A S Q 
ProAlalleLeuSerVa1SerProG1yGluArgVa1ThrPheSerCysArgAlaSerG1n 
CCAGCCATCCTGTCTGTGAGTCCAGGAGAAAGAGTCACTTTCTCCTGCAGGGCCAGTCAG 

1021 ---------+---------+---------+---------+---------+---------+ 1080 
S I G T S L H W Y Q Q R T N G S P R L L 
SerlleGlyThrSerLeuHisTrpTyrGlnGlnArgThrAsnGlySerProArgLeuLeu 
AGCATTGGCACAAGCTTACACTGGTATCAGCAAAGAACAAATGGTTCTCCAAGGCTTCTC 

55 1081 ---------+---------+---------+---------+---------+---------+ 1140 
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M K Y A S E S I S G I P S R F S G S G S 
MetLysTyrAlaSerGluSerileSerGlyileProSerArgPheSerGlySerGlySer 
ATGAAGTATGCTTCTGAGTCTATCTCTGGGATCCCTTCCAGGTTTAGTGGCAGTGGATCA 

1141 ---------+---------+---------+---------+---------+---------+ 1200 

G T D f T L T I _N S V E S E D I A D Y Y 
GlyThrAspPheThrLeuThrileAsnSerVa1GluSerGluAspI1eA1aAspTyrTyr 

10 GGGACAGATTTTACTCTTACCATCAATAGTGTGGAGTCTGAAGATATTGCAGATTATTAC 

15 

20 

1201 ---------+---------+---------+---------+---------+---------+ 1260 
C Q Q S H G W P F T F G S G T K L E I K 
CysGlnGlnSerHisGlyTrpProPheThrPheGlySerGlythrLysLeuGlulleLys 
TGTCAACAAAGTCATGGCTGGCCATTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAA 

1261 ---------+---------+---------+---------+---------+---------+ 1320 
CGTAAGTGGACTTTTGTTCATTTACTTGTGACGTTTTGGTTCTGTTTGGGTAGCTTGTGT 

1321 ---------+---------+---------+---------+---------+---------+ 1380 

GAATTTGTGATATTT 
1381 ---------+----- 1395 

(III). 

25 24. A process according to claim 21 for the preparation of a recombinant DNA comprising an insert of 
formula Ill wherein one or more single nucleotides are replaced by other nucleotides outside the 
nucleotide sequences of formula Ill from position 1069-1102, 1147-1167 and 1263-1291, respectively. 

25. A process according to claim 18 for the preparation of a recombinant DNA comprising an insert coding 
30 for a heavy chain murine variable region specific _for human CEA which originates from genomic DNA 

of the cell line CE 25, having the deposit accession number CNCM 1-719. 

35 

26. A process according to claim 18 or 25 for the preparation of a recombinant DNA comprising an insert 
coding for the polypeptide of formula II, optionally containing introns. 

27. A process according to claim 18, 25 or 26 for the preparation of a recombinant DNA comprising an 
insert coding for the polypeptide of formula II wherein FRs. FR!;. FR, and FRs are polypeptide residues 
of formula IIA, 118, IIC and IID, respectively, optionally containing introns. 

40 28. A process according to any of the claims 18, 25-27 for the preparation of a recombinant DNA 
comprising an insert of the formula 

45 

50 

55 
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AAGCTTGTTCTGTTCACATGCAAGGAGGGAAACTAAACTGAGTATGGTGAATCCCTAACC 
l ---------+---------+---------+---------+---------+---------+ 60 

AAAGGGAAAAAATGAAACTACAATATGTTTCAAATGCTGTAACTGAAATCTGGTTTTTTG 
5 61 --.------+---------+---------+------- · +---------+---------+ 120 

ATGCCTTATATCTGGTATCATCAGTGACTTCAGATTTAGTCCAACCCCAGAGCATGGTAT 
121 ---------+---------+---------+---------+---------+---------+ 180 

AGCAGGAAGACATGCAAATAAGTCTTCTCTCTGCCCATGAAAACACCTCGGCCCTGACCC 
10 181 ---------+---------+---------+---------+---------+---------+ 240 

15 

TGCAGCTCTGACAGAGGAGGCCAGTCCATGGATTTGAGTTCCTCACATTCAGTGATGAGC 
241 ---------+---------+---------+---------+---------+---------+ 300 

M N F G F S L I F L V L V 
MetAsnPheGlyPheSerLeuilePheLeuValLeuVal 

ACTGAACACAGACACCTCACCATGAACTTCGGGTTCAGCTTGATTTTCCTTGTCCTTGTT · 
301 ---------+---------+---------+---------+---------+---------+ 360 

L K G 
LeuLysGly 

20 TTAAAAGGTAATTTATTGAGAAGAGATGACATCTATTTTACGCACATGAGACAGAAAAAA 

25 

30 

· 35 

40 

45 

50 

55 

361 ---------+---------+---------+---------+---------+---------+ 420 

V Q 
ValGl 

TGTGGTTTGTTTTGTTAGTGACAGTTTTCCAACCAGTTATTCTCTGTTTGTAGGTGTCCA 
421 ---------+------- -+---------+---------+---------+---------+ 480 

C E V K L V E S G G G L V K P G G S L K 
nCysGluValLysLeuValGluSerGlyGlyGlyLeuValLysProGlyGlySerLeuLy 
GTGTGAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAA 

481 ---------+---------+---------+---------+---------+---------+ 540 

L S C A A S G F T F R T Y A M A W V R Q 
sLeuSerCysAlaAlaSerGlyPheThrPheArgThrTyrAlaMetAlaTrpValArgGl 
ACTCTCCTGTGCAGCCTCTGGGTTCACTTTCAGGACCTATGCCATGGCTTGGGTTCGCCA 

541 ---------+---------+---------+---------+.--------+---------t 600 

T P E K R L E W V T S I S S G G T T Y Y 
nThrProGluLysArgLeuGluTrpValThrSerileSerSerGlyGlyThrThrTyrTy 
GACTCCAGAGAAGAGGCTGGAGTGGGTCACATCCATTAGTAGTGGTGGTACCACCTACTA 

601 ---------+---------+---------+---------+---------+---------+ 660 

P D S V K G R F T I S R D N A R N I L Y 
rProAspSerValLysGlyArgPheThrlleSerArgAspAsnAlaArgAsnlleLeuTy 
TCCAGACAGTGTGAAGGGCCGATTCACCATCTCCAGAGATAATGCCAGGAACATCCTGTA 

661 ---------+---------+---------+---------+---------+---------+ 720 

L .Q V S S L R S E D T A i Y Y C A R G F 
rLeuG1nVa1SerSerLeuArgSerGluAspThrAlaI1eTyrTyrCysAlaArgG1yPh 
CCTGCAAGTGAGCAGTCTGAGGTCTGAGGACACGGCCATTTATTACTGTGCAAGAGGTTT 

721 ---------+---------+---------+---------+---------+---------+ 780 

Y D G Y L Y V V D Y W G Q G T S L T V S 
eTyrAspGlyTyrLeuTyrVa1Va1AspTyrTrpGlyGlnGlyThrSerLeuThrVa1Se 
CTATGATGGTTACCTCTATGTTGTGGACTACTGGGGTCAAGGAACCTCACTCACCGTCTC 

781 ---------+---------+---------+---------+---------+---------+ 840 
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s 
rSer 
CTCAGGTAAGAATGGCC 

841 ---------+------- 857 

{IV). 

A process according to claim 26 for the preparation of a recombinant DNA comprising an insert of 
formula IV wherein one or more single nucleotides are replaced by other nucleotides outside the 
nucleotide sequences of formula IV from position 575-595, 629-680 and 776-805, respectively. 

A process according to claim 18 for the preparation of a recombinant DNA comprising an insert coding 
for a light chain murine variable region fused to a human constant region x or >-. 

A process according to claim 30 for the preparation of a recombinant DNA comprising an insert of 
formula Ill fused to a human constant region x. 

A process according to claim 18 for the preparation of a recombinant DNA comprising an insert coding 
for a heavy chain murine variable region fused to a human constant region -y 1, -y2, -y3 or .,..4. 

A process according to claim 32 for the preparation of a recombinant DNA comprising an insert of 
formula IV fused to a human constant region -y4. 

A process according to claim 18 for the preparation of a recombinant DNA which is a hybrid vector 
comprising an insert coding for a chimeric murine/human light chain prepared by a process according 
to claim 31 and/or a chimeric murine/human heavy chain prepared by a process according to claim 33, 
a complete replicon and one or more dominant marker sequences, operationally linked to expression 
control squences. 

35. A process according to claim 18 for the preparation of a recombinant DNA which is a hybrid vector 
35 comprising an insert coding for a chimeric rriurine/human light chain prepared by a process according 

to claim 32 and/or a chimeric murine/human heavy chain prepared by a process according to claim 34, 
a complete replicon and one or more dominant marker sequences, operationally linked to expression 
control squences. 

40 36. 

37. 

45 

38. 

39. 
50 

40. 

41. 
55 

42. 

A process according to claim 34 or 35 for the preparation of a recombinant DNA which is a hybrid 
vector suitable for mammalian hosts. 

A process according to claim 34, 35 or 36 for the preparation of a recombinant DNA which is a hybrid 
vector wherein the vector is derived from plasmid pSV. 

A process according to claim 37 for the preparation of a recombinant DNA which is a hybrid vector 
wherein the vector is derived from plasmid pSV2gpt or from plasmid pSV2neo. 

A host cell which is transformed with recombinant DNAs prepared by a process according to any of the 
claims 30-38. 

A host cell according to claim 39 which is a ma~malian cell of lymphoid origin. 

A host cell according to claim 39 which is a cell derived from the lg non-secreting mouse hybridoma 
cell line Sp2/0 (ATCC CAL 1581). 

A host cell according to claim 39 or 41 which is transformed with one or two vectors prepared by a 
process according to any of the claims 35-38. 
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43. A host cell according to claim 42 which is a cell of the cell line EFVlll/'Y4Na75-75/CxGa5-6 (CE 75-5-6, 
having the deposit accession number CNCM 1-720). 

44. A host cell according to claim 42 which is a cell of the cell line EFIX-pCEA-lg-(-y4;Cx) (CE 4-8-13, 
5 having the deposit accession number CNCM 1-818). 

45. A host cell according to claim 39 characterized in that it secretes chimeric monoclonal antibodies 
prepared by a process according to claim 1. 

10 46. A process for the preparation of a host cell according to claim 39 or 45, characterized in that a suitable 
cell is transformed with one or two vectors by electroporation, calcium treatment, microinjection or 
protoplast fusion. 

47. A process for the preparation of a pharmaceutical composition containing a chimeric monoclonal 
15 antibody or derivatives thereof prepared by a process according to claim 1, characterized in that the 

monoclonal antibody is mixed with a pharmaceutical carrier. 

Patentansprilche 
Patentansprilche filr folgende Vertragsstaaten: AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

20 

25 

1. Chimarer monoklonaler Antikorper, bestehend aus variablen Regionen des Maus~Origin und humanen 
konstanten Regionen, der Epitope von menschlichem Carcinoembryoal-Antigen (CEA) erkennt, die nicht 
vorhanden sind auf den nicht-spezifisch kreuzreagierenden Antigenen NCAss und NCAss, auf biliarem 
Glycoprotein oder auf Granulocyten, und Derivaten davon. 

2. Chimarer monoklonaler Antikorper und Derivate davon nach Anspruch 1 mit einer Affinitat von 
wenigstens 2,1 x 1010 Liter/Mol tor Human-CEA. 

3. Chimarer monoklonaler Antikorper und Derivate davon nach Anspruch 1 oder 2, umfassend die variable 
30 Regionen der leichten Katten der Formal 

35 

40 

FR1-Arg-Ala-Ser-Gln-Ser-Ile-Gly-Thr-Ser-Leu-His-FR2- ·· 
CDRlL --~~~~~~~--1 

Tyr-Ala-Ser-Glu-Ser-Ile-Ser-FR1-Gln-Gln-Ser-His-Gly-Trp-Pro-Phe-Thr-FR1, 
CDR2L CDR3L --~~~~---; 

(I). 

worin FR, ein Polypeptidrest ist, umfassend 23-28 natOrlich vorkommende Aminosauren, FR2 ist ein 
Polypeptidrest. umfassend 14-16 natllrlich vorkommende Aminosauren, FA:i ist ein Polypeptidrest, 
umfassend 30-34 natllrlich vorkommende. Aminosauren und FA4 ist ein Polypeptidrest, umfassend 9-11 
natOrlich vorkommende Aminosauren, und worin die Aminosaure Cys in oxidiertem Zustand S-S-

45 BrUcken bilden kann. 

50 

55 

4. Chimarer monoklonaler Antikorper und Derivate davon nach einem der AnsprUche 1 bis 3, umfassend 
die variable Regionen der leichten Kette der Formal I, worin die Polypeptidreste der GerUstregionen 
FR,, F~, FR3 und FA4 solche sind, die vorzugsweise in Maus-Antikorpern auftreten. 

5. Chimarer monoklonaler Antikorper und Derivate davon nach einem der AnsprUche 1 bis 4, umfassend 
die variable Regionen der leichten Kette der Formal I, worin FR, ein Polypeptidrest ist der Formel 

50 
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A-Gly-Asp-Ile-Leu-Leu-Thr-Gln-Ser-Pro-Ala-Ile-Leu-Ser-Val-Ser-Pro

Gly-Glu-Arg-Val-Thr-Phe-Ser-Cys 

(IA), 

worin A Wasserstoff, Acyl oder der Rest Ala-Ser-Arg, Ser-Arg oder Arg ist, 
10 FR2 ist der Polypeptidrest 

15 

20 

25 

30 

35 

Trp-Tyr-Gln-Gln-Arg-Thr-Asn-Gly-Ser-Pro-Arg-Leu-Leu-Het-Lys 

(ID), 

FR:i ist der Polypeptidrest 

Gly-Ile-Pro-Ser-Arg-Phe-Ser-Gly-Ser-Gly-Ser-Gly-Thr-Asp-Phe-Ihr-Leu

Ihr-Ile-Asn-Ser-Val-Glu-Ser-Glu-Asp-Ile-Ala-Asp-Tyr~Tyr-Cys 

(IC), 

und F~ ist der Polypeptidrest 

Phe-Gly-Ser-Gly-Gly-Thr-Lys-Leu-Glu-Ile-Lys 

(ID)• 

und worin die Arninosaure Cys in oxidiertem Zustand S-S-BrOcken bilden kann. 

6. Chimarer monoklonaler Antikorper und Derivate davon nach Anspruch 3, umfassend variable Regionen 
der leichten Kette der Formal I, worin FR, , FR2, FR:i und F~ entsprechende Polypeptidreste der 

40 Formal IA, IB, IC und ID sind, worin eine oder. mehrere einzelne Aminosauren durch andere Aminosau
ren auBerhalb der Regionen CDR1 L, CDR2L und CDR3L ersetzt sind, und worin die Aminosaure Cys in 
oxidiertem Zustand S-S-BrOcken bilden kann. 

7. Chimarer monoklonaler Antikorper und Derivate davon nach einem der AnsprOche 1 bis 6, umfassend 
45 variable Regionen der schweren Kette der Formel 

50 

FR 5 -Thr-Tyr-Ala-Met-Ala-Trp-Val-FR,-Ser-Ser-Gly-Gly-Thr-Thr-Tyr~Tyr-Pro
CDR1H --I 

Asp-Ser-Val-Lys-Gly-FR1-Gly-Phe-Tyr-Asp-Gly-Tyr-Leu-Tyr-Val-Val-FRs 
CDR2H CDR3H 

(II), 

55 worin FRs ein Polypeptidrest ist, bestehend aus 32-36 naturlich vorkommenden Aminosauren, FAo ist 
ein Polypeptidrest. bestehend aus 14-16 natOrlich vorkommenden Arninosauren, FR1 ist ein Polypepti
drest, bestehend aus 32-34 natOrlich vorkommenden Aminosauren und FRa ist ein Polypeptidrest, 
bestehend aus 12-14 natOrlich vorkommenden Arninosauren, und worin die Arninosaure Cys in 
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oxidiertem Zustand S-S-BrOcken bilden kann. 

8. Chimarer monoklonaler Antikorper und Derivate davon nach einem der AnsprOche 1 bis 7, umfasssend 
variable Regionen der schweren Ket!e der Formel II, worin die Polypeptidreste der GerOstregionen FRs. 

s FA6. FR1 und FRa solche sind, die vorzugsweise in Maus-Antikorpern auftreten. 

10 

15 

20 

25 

30 

35 

40 

45 

9. Chimarer monoklonaler Antikorper und Derivate davon nach einem der AnsprOche 1 bis 8, umfassend 
variable Regionen der schweren Kette der Formal II, worin FRs ein Polypeptidrest der Formel 

B-Gly-Val-Gln-Cys-Glu-Val-Lys-Leu-Val-Glu-Ser-Gly-Gly-Gly-Leu

Val-Lys-Pro-Gly-Gly-Ser-Leu-Lys-Leu-Ser-Cys-Ala-Ala-Ser-Gly-Phe

Thr-Phe-Arg 

ist, worin B Wasserstoff oder Acyl ist, 
FA6 ist der Polypeptidrest 

( IIA), 

Arg-Gln-Thr-Pro-Glu-Lys-Arg-Leu-Glu-Trp-Val-Thr-Ser-Ile 

( IIB), 

FR1 ist der Polypeptidrest 

Arg-Phe-Thr-Ile-Ser-Arg-Asp-Asn-Ala-Arg-Asn-Ile-Leu-Tyr

Leu-Gln-Val-Ser-Ser-Leu-Arg-Ser-Glu-Asp-Thr-Ala-Ile-Tyr-Tyr-Cys

Ala-Arg 

( IIC), 

und FRa ist der Polypeptidrest 

Asp-Tyr-Trp-Gly-Gln-Gly-Thr-Ser-Leu-Ihr-Val-Ser-Ser 

(!ID)• 

und worin die Aminosaure Cys in oxidiertem Zustand S-S-BrUcken bilden kann. 

10. Chimarer monoklonaler Antikorper und Derivate davon nach Anspruch 7, umfassend variable Regionen 
der schweren Kette der Form el I, worin FRs. FA6. FR1 und FRa entsprechende Polypeptidreste der 

50 Formal IIA. IIB, IIC und 110 sind, worin eine oder mehrere einzelne Aminosauren durch andere 
Aminosauren auBerhalb der Regionen CDR1 H, CDR2H und CDR3H ersetzt sind, und worin die 
Aminosaure Cys in oxidiertem Zustand S-S-BrOcken bilden kann. 

11. Chimarer monoklonaler Antikorper und Derivate davon nach einem der AnsprOche 1 bis 10, umfassend 
55 die konstanten Regionen x oder >.. der humanen leichten Kette. 

12. Chlmarer monoklonaler Antikorper und Derivate davon nach einem der AnsprOche 1 bis 11, umfassend 
die konstanten Regionen -y1. -y2, -y3 oder -y4 der humanen schweren Kette. 

52 

BIOEPIS EX. 1002 
Page 2580



EP O 323 806 B1 

13. Chimarer monoklonaler Antikorper und Derivate davon nach einem der AnsprUche 1 bis 12, umfassend 
die kostanten Regionen x der humanen leichten Kette und die konstanten Regionen ,y4 der humanen 
schweren Kette. 

5 14. Chimarer monoklonaler Antikorper und Derivate davon nach einem der AnsprUche 1 bis 13 mit 
variablen Regionen der leichten Kette der Formel I, worin FR,. FR2. FRa und Ff4 entsprechende 
Polypeptidreste der Formal IA, 18, IC und ID sind, und worin die Aminosaure Cys in oxidiertem Zustand 
S-S-Briicken bilden kann, einer konstanten Region x der humanen leichten Kette, einer variablen 
Region der schweren Kette der Formal II, worin FRs, FRi;, FR7 und FRa entsprechende Polypeptidreste 

10 der Formal IIA, 118, IIC und 110 sind, und worin die Aminosaure Cys in oxidiertem Zustand S-S-BrUcken 
bilden kann, und einer konstanten Region -y4 der humanen schweren Kette. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

15. Derivat eines chimaren monoklonalen Antikorpers nach einem der AnsprOche 1 bis 14, das ein 
Fragment ist. 

16. Derivat eines chimaren monoklonalen Antikorpers nach einem der Anspriiche 1 bis 14, das ein 
Konjugat ist mit einem Enzym, einem fluoreszierenden Marker, einem Metallchelat. einer cytostatischen 
oder cytotoxischen Substanz, Avidin oder Biotin. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

Oerivat eines chimaren monoklonalen Antikorpers nach einem der AnsprUche 1 bis 14, das radioaktiv 
markiert ist. 

Verfahren zur Herstellung von chimaren monoklonalen Antikorpern und von Derivaten davon nach 
Anspruch 1, dadurch gekennzeichnet, da8 Saugerzellen, die solche chimaren monoklonalen Antikorper 
produzieren, in vitro vermehrt warden und gewOnschtenfalls die erhaltenen chimaren monoklonalen 
Antikorper in Derivate davon umgewandelt warden. 

Verfahren zur Herstellung eines chimaren monoklonalen Antikorpers und von Derivaten davon nach 
Anspruch 1, dadurch gekennzeichnet, da8 Saugerzellen, die solche chimaren monoklonal(;ln Antikorper 
produzieren, in vivo vermehrt warden und gewUnschtenfalls die erhaltenen chimaren monoklonalen 
Antikorper in Derivate davon umgewandelt warden. 

Rekombinante DNA, umfassend ein Insert, das fllr eine variable Region der leichten Kette der Maus 
und/oder eine variable Region der schweren Kette der Maus eines chimaren monoklonalen Antikorpers 
nach Anspruch 1 kodiert. 

Rekombinante DNA nach Anspruch 20, umfassend ein Insert, das fiir eine variable Region der leichten 
Kette der Maus kodiert, die spezifisch ist fUr Human-CEA, das aus genomischer DNA der Zellinie CE 
25 herrOhrt, mit der Hinterlegungsnummer CNCM 1-719. 

Rekombinante DNA nach Anspruch 20 oder 21, umfassend ein Insert, das fUr das Polypeptid der 
Formal I kodiert. das gegebenenfalls lntrons enthalt. 

Rekombinante DNA nach einem der AnsprOche 20 bis 22, umfassend ein Insert, das fOr das Polypeptid 
der Former I kodiert, worin FR, , FR:!, FAa und Ff4 entsprechende Polypeptide der Formal IA, 18, IC 
und ID sind, das gegebenenfalls lntrons enthalt. 
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24. Aekombinante DNA nach einem der AnsprOche 20 bis 23, umfassend ein Insert der Formal 

TCTAGACTGCTGTGGTCTTTTAAGTAGCATGAAAAACATCTGCTAAAGAAGGAATTAGTT 
5 1 ---------+---------+---------+---------+---------+---------+ 60 

TGAACATGCTAGAAATACATCTGTGATACTCTCATCACTCTTGITGGAAAGATATGCAAG 
61 ------- -+---------+---------+---------+---------+---------+ 120 

AAGCACTATTTGGCTATTATTTGGAAAGTGCTATAATGTATTTTGATATCTCAACCTCTG 
10 121 ---------+---------+---------+---------+---------+---------+ 180 

AAATTCTTCTGTATGTTGGCAGATTGTAAACCTTTACAAGGCTTTCATTCTCTTCTCTGG 
181 ---------+------ --+---------+---------+---------+---------+ 240 

15 

20 

25 
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40 
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55. 
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AGAAAAATGTCTTTGTAGGCAAICCAGAATTTCTTATTTCTTGCTAATGAAATCTCCTCA 
241 ---------+---------+---------+---------+---------+---------+ 200 

GTGTGATATCACTTTAGTTTCATGTGTTGTTATGCTTCAIGTAATGTTAAGAAAGTTAAA 
5 301 ---------+---------+---------+---- ----+---------+---------+ 360 

10 

15 

20 

GATGCTCCAATCCATATTGTAAGAAACATTCCAAGCCATGGAATAAGGCATGGATTTGAG 
361 ---------+---------+---------+---------+ --------+---------+ 420 

ATGCTCTTTATTTCAAACTACTGAATATATCTTAGAGATTTCTTTAGACTGTGTTAAATA 
421 ---------+---------+---------+---- . ---+---------+---------+ 480 

TGTAACCATTTAAGTAGGAGTCAAGTCTCCTTTAAATCTCAACAGCTCTTCAGGTAACCA 
481 ---------+---------+---------+---------+--· ------+---------+ 540 

ACAAAAGGATAAATAITCTAATAAGTCACTAGGAGCAIGCTCTICTGACCAGGTCTTTCT 
541 ---------+---------+---------+---------+---------+---------+ 600 

TATAAGCAACATGAAGACAGTATGATTTGCAIAAGTTIITCITTCTTCTAATGICCCTGC 
601 ---------+----~----+---------+-· -------+---------+---------+ 660 

CTCTIAGAGTAIIATAAGAAGATCTTTCTAGGGATGTGICAIGGTCCACACAAAAATAGG 
661 - -------+----·----+-. -------+---------+---------+---------+ 720 

H V S T P Q F L V F L L F W I P 
HetVa1SerThrProG1nPheLeuVa1PheLeuLeuPheTrpilePro 

GAAAGTGTGAAGATGGTATCCACACCTCAGTTCCTTGTATTITTGCTTITCTGGATTCCA 
25 721 ---------+---------+---------+---------+---------+---------+ 780 

GGTAATGACTGTTTGGGTGTGGC.AAAAAAGTGGAGATGTTATTTAAATACAAAATITTCT 
781 ---------+---------+---------+---------+---------+---------+ 840 

TGCTTTATTTGGAAGCCAATGTCACATGGGAATTGACTTTCAGTTTAAAGAAATTGATAC 
30 841 ---------+---------+---------+---------+--~-----+---------+ 900 

AATAAAAGTCATTTATTTTTCTAAGTTGTTTAGAAGIGACTTTCATATTCAGTGTTATGA 
901 .--------+---------+---------+---------+---------+---------+ 960 

AS R GD ILL T Q ·s 
35 AlaSerArgGlyAsplleLeuLeuThrGlnSer 

40 

TCGACTAATGTATCTTCCATTTTTCCAGCCTCCAGAGGTGACATCTTGCIGACTCAGTCT 
961 ---------+---------+---------+-----~--+---------+---------+ 1020 

P A I L S V S P G E R V T F S C R A S Q 
ProAlaileLeuSerVa1SerProGlyGluArgVa1IhrPheSerCysArgAlaSerG1n 
CCAGCCATCCTGTCTGTGAGTCCAGGAGAAAGAGICACTITCTCCIGCAGGGCCAGTCAG 

1021 ---------+---------+---------+---------+---------+---------+ 1080 
S I G T S L H Y Y Q Q R T N G S P R L L 
SerileGlyThrSerLeuHisTrpTyrGlnGlnArgThrAsnGlySerProArgLeuLeu 

45 AGCATTGGCACAAGCITACACTGGTATCAGCAAAGAACAAATGGTTCTCCAAGGCTTCTC 
1081 ---------+---------+------- -+---------+---------+---------+ 1140 

M K Y A S E S I S G I P S R F S G S G S 
HetLysTyrAlaSerGluSerileSerGlyileProSerArgPheSerGlySerGlySer 
ATGAAGTAIGCTICTGAGTCTATCTCIGGGATCCCTTCCAGGTTTAGTGGCAGTGGATCA 

50 
1141 ---------+ --------+---------+---------+---------+---------+. 1200 

G T D F T L T I N S V E S .E D I A D Y Y 
GlyThrAspPheThrLeuThrlleAsnSerValGluSerGluAsplleAlaAspTyrTyr 
GGGACAGATTTTACTCITACCATCAATAGTGTGGAGTCTGAAGAIATIGCAGATTATTAC 

55 1201 ---------+---------+---------+------ --+---------+---------+ 1260 
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C Q Q S H G W P F T F G S G T K L E I K 
CysGlnGlnSerHisGlyTrpProPheThrPheGlySerGlyThrLysLeuGlulleLys 
TGTCAACAAAGTCATGGCTGGCCATTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAA 

1261 ---------+---------+---------+---------+---------+---------+ 1320 

CGTAAGTGGACTTTTGTTCATTTACTTGTGACGTTTTGGTTCTGTTTGGGTAGCTTGTGT 
1 321 ---------+---------+--- . ----+---------+---------+---------+ 1380 

GAATTTGTGATATTT 
1381 ---------+----- 1395 

(III). 

25. Rekombinante DNA nach Anspruch 22, umfassend ein Insert der Formel Ill, worin ein oder mehrere 
Nukleotide durch anders Nukleotide ersetzt sind au/3erhalb der Nukleotidsequenzen der Formel Ill von 
Position 1069-1102, 1147-1167 und 1263-1291. 

20 26. Rekombinante ONA nach Anspruch 20, umfassend ein Insert, das fOr eine variable Region der 
schweren Kette der Maus kodiert, 'die spezifisch ist tor Human-CEA, das aus der genomischen DNA 
der Zellinie CE 25 herrOhrt, mit der Hinterlegungsnummer CNCM 1-719. 

27. Rekombinante ONA nach Anspruch 20 oder 26, umfassend ein Insert, das tor das Polypeptid der 
25 Formel II kodiert, das gegebenenfalls lntrons enthalt. 

30 

28. Rekombinante ONA nach einem der AnsprUche 20, 26 oder 27, umfassend ein Insert." das fUr das 
Polypeptid der Formel II kodiert, worin FRs, FAG, FR1 und FRs entsprechende Polypeptidreste der 
Formel IIA, IIB, IIC und IID sind, das gegebenenfalls lntrons enthalt. 

29. Rekombinante DNA nach einem der AnsprUche 20, 26 bis 28, umfassend ein Insert der Formal 

AAGCTTGTTCTGTTCACATGCAAGGAGGGAAACTAAACTGAGTATGGTGAATCCCTAACC 
35 1 ---------+---------+---------+---------+---------+---------+· 60 

AAAGGGAAAAAATGAAACTACAATATGTTTCAAATGCTGTAACTGAAATCTGGTTTTTTG 
61 ---------+---------+---------+---------+---------+---------+ 120 

ATGCCTTATATCTGGTATCATCAGTGACTTCAGATTTAGTCCAACCCCAGAGCATGGTAT 
40 121 ---------+---------+---------+---------+---------+---------+ 180 

45 

50 

55 
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AGCAGGAAGACATGCAMTAAGTCTTCTCTCTGCCCATGMMCACCTCGGCCC.TGACCC 
181 ---------+---------+---------+---------+--- .-----+---------+ 240 

TGCAGCTCTGACAGAGGAGGCCAGTCCATGGATTTGAGTTCCTCACATTCAGTGATGAGC 
241 ---------+---------+---------+---------+---------+---------+ 300 

K N F G F S L I F L V L V 
HetAsnPheG1yPheSerLeuI1ePheLeuVa1LeuVal 

to ACTGAACACAGACACCTCACCATGAACTTCGGGTTCAGCTTGATTTTCCTTGTCCTTGTT 

15 

20 

301 ---------+---------+---------+--------·+---------+---------+ 360 

L K G 
LeuLysGly 
TTMMGGTAATTTATTGAGAAGAGATGACATCTATTTTACGCACATGAGACAGAAMM 

361 ---------+---------+---------+---------+---------+---------+ 420 
V Q 

ValGl 
TGTGGTTTGTTTTGTTAGTGACAGTTTTCCAACCAGTTATTCTCTGTTTGTAGGTGTCCA 

421 ---------+---------+---------+---------+---------+---------+ 480 

C E V K L V E S G G G L V K P G G S L K 
nCysGluValLysLeuValGluSerGlyGlyGlyLeuValLysProGlyGlySerLeuLy 
GTGTGAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAA 

25 481 ---------+---------+---------+---------+---------+---------+ 540 

30 

35 

40 

45 

L S C A A S G F T F R T Y A H A W V R Q 

sLeuSerCysAlaAlaS'erGlyPheThrPheArgThrTyrAlaHetAlaTrpValArgGl 
ACTCTCCTGTGCAGCCTCTGGGTTCACTTTCAGGACCTATGCCATGGCTTGGGTTCGCCA 

541 ---------+---------+---------+---------+---------+---. -----+ 600 
T P E K R L E W V T S I S S G G T T Y Y 

nThrProGluLysArgLeuGluTrpValThrSerileSerSerGlyGlyThrThrTyrTy 
. GACTCCAGAGAAGACCCTGGAGTCGCTCACATCCATTAGTAGTGGTGGTACCACCTACTA 

601 ---------+---------+---------+---------+---------+---------+ 660 

P D S V K G R F T I S R D H A R N I L Y 
rProAspSerValLysGlyArgPheThrlleSerArgAspAsnAlaArgAsnlleLeuTy 
TCCAGACAGTGTGAAGGGCCGATTCACCATCTCCAGAGATAATGCCAGGAACATCCTGTA 

661 ---------+---------+---------+---------+---------+---------+ 720 
L Q V S S L R S E D T A I Y Y C A R G F 

rLeuClnValSerSerLeuArgSerGluAspThrAlalleTyrTyrCysAlaArgGlyPh 
CCTGCAAGTGAGCAGTCTGAGGTCTGAGGACACGGCCATTTATTACTGTGC~GAGGTTT 

721 ---------+---------+---------+---------+---------+---------+ 780 

Y D G Y L Y V V D Y W G Q G T S L T V S 
eTyrAspGlyTyrLeuTyrVa1Va1AspTyrTrpGlyG1nGlyThrSerLeuThrVa1Se 
CTATGATGGTTACCTCTATGTTGTGGACTACTGGGGTCAAGGAACCTCACTCACCGTCTC 

781 ---------+---------+----. --+---------+---------+---------+ 840 
s 

50 rSer 
CTCAGGTAAGAATGGCC 

841 ---------+------- 857 

55 (IV). 
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30. Rekombinante DNA nach Anspruch 27, umfassend ein Insert der Formel IV, worin ein oder mehrere 
Nukleotide durch andere Nukleotide ersetzt sind auBerhalb der Nukleotidsequenzen der Formel IV von 

5 Position 575-595, 629-680 und 776-805. 

31. Rekombinante DNA nach Anspruch 20, umfassend ein Insert, das fur eine variable Region der leichten 
Kette der Maus fusioniert mit einer konstanten Region x oder >. kodiert. 

· 10 32. Rekombinante DNA nach Anspruch 31, umfassend ein Insert der Formal Ill, fusioniert mit einer 
humanen konstanten Region x. 

15 

33. Rekombinante DNA nach Anspruch 20, umfassend ein Insert, das tor eine variable Region. der 
schweren kette der Maus fusioniert mit einer konstanten Region -y1, -y2, -y3 oder -y4 kodiert. 

34. Rekombinante DNA nach Anspruch 33, umfassend ein Insert der Formal IV fusioniert mit einer 
humanen konstanten Region -y4. 

35. Rekombinante DNA nach Anspruch 20, die ein Hybridvektor ist, umfassend ein Insert, kodierend fUr 
20 eine chimare Maus/Human-leichte Kette nach Anspruch 31 und/oder eine chimare Maus/Human

schwere Kette nach Anspruch 33, ein vollstandiges Replikon und eine oder mehrere dominante 
Markersequenzen, gegebenenfalls an Expressionssteuerungssequenzen gebunden. 

36. Rekombinante ONA nach Anspruch 20, die ein Hybridvektor ist, umfassend ein Insert, kodierend fOr 
25 eine chimare Maus/Human-leichte Kette nach Anspruch 32 und/oder eine chimare Maus/Human

schwere Kette nach Anspruch 34, ein vollstandiges Replikon und eine oder mehrere dominante 
Markersequenzen, gegebenenfalls an Expressionssteuerungssequenzen gebunden. 

37. 
30 

38. 

39. 
35. 

40. 

4() 41. 

Rekombinante DNA, die ein Hybridvektor ist, nach Anspruch 35 oder 36, geeignet fUr Sauger-Wirta. 

Rekombinante DNA, die ein Hybridvektor ist, nach Anspruch 35, 36 oder 37, worin der Vektor aus dem 
Plasmid pSV abgeleitet ist. 

Rekombinante DNA, die ein Hybridvektor ist, nach Anspruch 38, worin der Vektor aus dem Plasmid 
pSV2gpt oder aus dem Plasmid pSV2neo abgeleitet ist. 

Verfahren zur Herstellung von rekombinanten DNAs nach Anspruch 20, gekennzeichnet durch Kultivie
ren eines transformierten Wirtes. 

Verfahren nach Anspruch 40, umfassend die Stufen 
a) lsolieren von Maus0 0NAs aus einer geeigneten Hybridoma-Zellinie, Selektieren der gewtinschten 
DNAs, die fUr die variablen Regionen von monoklonalen Antikorpern kodieren, die gegen Human
CEA gerichtet sind, unter Verwendung von ONA-Sonden. 
b) lsolieren von Human-DNAs aus einer genomischen Bibliothek, Selektieren der gewUnschten 

45 DNAs, die fUr die konstanten Regionen monoklonaler Antikorper kodieren, unter Verwendung von 
ONA-Sonden, 
c) Konstruieren der chimaren Maus/Human-Gene durch Einbringen der ONAs von Stufe a) und b) in 
entsprechende Hybridvektoren, 
d) Transferieren der erhaltenen Hybridvektoren in einen Rezipienten-Wirt, und 

50 e) Selektieren und Kultivieren des transformierten Wirtes. 

42. Wirtszelle, transformiert mit rekombinanten DNAs nach einem der Ansprtiche 31 bis 39. 

43. Wirtszelle nach Anspruch 42, die eine Saugerzelle lymphoiden Ursprunges ist. 
55 

44. Wirtszelle nach Anspruch 42, die eine Zelle ist, abgeleitet aus der lg nicht-sekretierenden Maus
Hybridom-Zellinie Sp2/0 (ATCC CAL 1581). 
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45. Wirtszelle nach Anspruch 42 oder 44, die ·mit einem oder zwei Vektoren nach einem der AnsprOche 36 
bis 39 transformiert ist. 

46. Wirtszelle nach Anspruch 45, die eine Zelle der Zellinie EFVlll/.y4Na 75-75/CxGa5-6 ist (CE 75-5-6 mit 
5 der Hinterlegungsnummer CNCM 1-720). 

47. Wirtszelle nach Anspruch 45, die eine Zelle der Zellinie EFIX-pCEA-lg-(y4;Cx) ist (CE 4-8-13 mit der 
Hinterlegungsnummer CNCM 1-818). 

10 48. Wirtszelle nach Anspruch 42, dadurch gekennzeichnet, daB sie chimare monoklona!e Antikorper nach 
Anspruch 1 sekretiert. 

49. Verfahren zur Herstellung einer Wirtszelle nach Anspruch 42 oder 48, dadurch gekennzeichnet, daB 
eine geeignete Zelle mit einem oder zwei Vektoren durch Elektroporation, Calciumbehandlung, Mikroin-

75 jektion oder Protoplastenfusion transformiert wird. 

50. Chim!ire monoklonale Antikorper und Derivate davon nach Anspruch 1 zur Verwendung in einer 
Methode fUr die Behandlung von Menschen und zur Diagnose. 

20 51. Verwendung von chimaren monoklonalen Antikorpern und Derivaten davon nach Anspruch 1 tor die in 

25 

vitro-Diagnose von Krebs. · 

52. Verwendung von chimaren monoklonalen Antikorpern und Derivaten davon nach Anspruch 1 zur 
qualitativen und quantitativen in vitro-Bestimmung von Human-CEA. 

53. Verwendung nach Anspruch 51 von chim!iren monoklonalen Antikorpern und Derivaten davon in einem 
Radioimmunoassay oder einem Enzym-lmmunoassay. 

54. Test-AusrUstung fUr die qualitative und quantitative Bestimmung von Human-CEA, enthaltend chimare 
30 monoklonale Antikorper nach Anspruch 1 und/oder Derivate davon und gegebenenfalls andere mono

klonate oder polyklonale Antikorper und/oder Begleitstoffe. 

35 

55. Pharmazeutische Zusammensetzung, enthaltend einen chimaren monoklonalen Antikorper oder Deriva
te davon nach Anspruch 1. 

PatentansprUche fi.ir folgende Vertragsstaaten: ES, GR 

1. Verfahren zu Herstellung eines chimarer monoklonaler Antikorpers, bestehend aus variablen Regionen 
des Maus-Origin und humanen konstanten Regionen, der Epitope von menschlichem 

40 Carcinoembryonat-Antigen (CEA) erkennt, die nicht vorhanden sind auf den nicht-spezifisch kreuzrea
gierenden Antigenen NCAss und NCAss, auf biliarem Glycoprotein oder auf Granulocyten, und 
Derivaten davon, dadurch gekennzeichnet, daB Saugerzellen, die solche chimaren monoklonalen 
Antikorper produzieren, in vitro vermehrt warden und gewunschtenfalls die erhaltenen chimaren 
monoklonalen Antikorper in Derivate davon umgewandelt warden. 

45 

2. Verfahren nach Anspruch 1 zur Herstellung eines chimaren monoklonalen Antikorpers und Derivaten 
davon mit einer Affinitat von wenigstens 2, 1 x 1010 Liter/Mo I fur Human-CEA. 

3. Verfahren nach Anspruch 1 oder 2 zur Herstellung eines chimaren monoklonalen · Antikorpers und 
50 Derivaten davon, umfassend die variablen Regionen der leichten Katten der Formal 

55 
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FR1-Arg-Al~-Ser-Gln-Ser-Ile-Gly-Thr-Ser-Leu-His-FRz
CDRIL ~~~~~~~~~; 

s Tyr-Ala-Ser-Glu-Ser-Ile-Ser-FR3-Gln-Gln-Ser-His-Gly~Trp-Pro-Phe-Thr-FR\ 
CDR2L CDR3L ~~~~~--1 

{I), 

10 wo~in FR1 ein Polypeptidrest ist, umfassend 23-28 natOrlich vorkommende Aminosauren, FR2 ist ein 
Polypeptidrest, umfassend 14-16 natOrlich vorkommende Aminosauren, FRa ist ein Polypeptidrest, 
umfassend 30-34 natOrlich vorkommende Aminosauren und F~ ist ein Polypeptidrest, umfassend 9-11 
natOrlich vorkommende Aminosauren, und worin die Aminosaure Cys in oxidiertem Zustand S-S
Bri.icken bilden kann. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

4. Verfahren nach einem der Anspri.iche 1 bis 3 zur Herstellung eines chimaren monoklonalen Antikorpers 
und Derivaten davon, umfassend die variablen Regionen der leichten Kette der Formel I, worin die 
Polypeptidreste der GerUstregionen FR,, F~, FR3 und F~ solche sind1 • die vorzugsweise in Maus
Antikorpern auftreten. 

5. Verfahren nach einem der AnsprOche 1 bis 4 zur Herstellung eines chimaren monoklonalen Antikorpers 
und Oerivaten davon, umfassend die variablen Regionen der leichten Kette der Formel I, worin FR, ein 
Polypeptidrest ist der Formal 

A-Gly-Asp-Ile-Leu-Leu-Thr-Gln..:..ser-Pro-Ala;..Ile-Leu-Ser-Val-Ser-Pro

Gly-Glu-Arg-Val~Thr-Phe-Ser-Cys 

(IA), 

worin A Wasserstoff, Acyl oder der Rest Ala-Ser-Arg, Ser-Arg oder Arg ist, 
F~ ist der Polypeptidrest 

Trp-Tyr-Gln-Gln-Arg-Thr-Asn-Gly-Ser-Pro-Arg-Leu-Leu-Het-Lys 

{IB), 

FRa ist der Polypeptidrest 

Gly-Ile-Pro-Ser-Arg-Phe-Ser-Gly-Ser-Gly-Ser-Gly-Thr-Asp-Phe-Thr-Leu

Thr-Ile-Asn-Ser-Val-Glu-Ser-Glu-Asp-Ile-Ala-Asp-Tyr-Tyr-Cys 

(IC), 

und F~ ist der Polypeptidrest 
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Phe-Gly-Ser-Gly-Gly-Thr-Lys-Leu-Glu-Ile-Lys 

5 (ID)' 

und worin die Aminosaure Cys in oxidiertem Zustand S-S-BrUcken bilden kann. 

10 6. Verfahren nach Anspruch 3 zur Herstellung eines chimaren monoklonalen Antikorpers und Derivaten 
davon, umfassand variablan Ragionen der laichten Ketta dar Formal I, worin FR1 • FR2, FR3 und F~ 
entsprechende Polypeptidreste der Formal IA, IB, IC und ID sind, worin eine oder mehrere einzalna 
Aminosauran durch andere Aminosauran auBerhalb der Regionen CDR1 L, CDR2L und CDR3L arsatzt 
sind, und worin die Aminosaure Cys in oxidiartem Zustand S-S-BrOcken bilden kann. 

15 

20 

25 

30 

7. Verfahren nach einem der AnsprOche 1 bis 6 zur Herstellung eines chimaren monoklonalen Antikorpers 
und Derivaten davon, umfassend die variablen Regionen der schweren Kette der Formel 

FRs-Thr-Tyr-Ala-Met-Ala-Trp-Val-FR,-Ser-Ser-Gly-Gly-Thr-Thr-Tyr-Tyr-Pro-
1--------- CDRlH ~ 

Asp-Ser-Val-Lys-Gly-FR7 -Gly-Phe-Tyr-Asp-Gly-Tyr-Leu-Tyr-Val-Val-FRa 
--- CDR2H -f CDR3H --------1 

( II)' 

worin FRs ein Polypeptidrest ist. bestehend aus 32-36 natarlich vorkommandan Aminosauran, FA6 ist 
ein Polypeptidrest, bestehend aus 14-16 natarlich vorkommenden Aminosauren, FR, ist ein Polypepti
drest, bestehend aus 32-34 natOrlich vorkommenden Aminosauren und FRs ist ein Polypeptidrest, 
bestehend aus 12-14 natarlich vorkommenden Aminosauren, und worin die Aminosaure Cys in 
oxidiertem Zustand S-S-BrOcken bilden kann. 

8. Verfahren nach einem der AnsprOche 1 bis 7 zur Herstellung eines chimaren monokfonalen Antikorpers 
und Derivaten davon, umfasssend variablen Regionen der schweren Kette der Formel II, worin die 

35 Polypeptidreste der GerOstregionen FRs. FA6. FR, und FRs solche sind, die vorzugsweise in Maus
Antikorpern auftreten. 

9. Verfahren nach einem der AnsprOche 1 bis 8 zur Herstellung eines chimaren monoklonalen Antikorpers 
und Derivaten davon, umfassend die variablen Regionen der schweren Kette der Formel II, worin FRs 

40 ein Polypeptidrest der Formel 

45 

B-Gly-Val-Gln-Cys-Glu-Val-Lys-Leu-Val-Glu-Ser-Gly-Gly-Gly-Leu

Val-Lys-Pro-Gly-Gly-Ser-Leu-Lys-Leu-Ser-Cys-Ala-Ala-Ser-Gly-Phe

Thr-Phe-Arg 

( IIA), 

5o ist, worin B Wasserstoff oder Acyl ist, 
FA6 ist der Polypeptidrest 

Arg-Gln-Thr-Pro-Glu-Lys-Arg-Leu-Glu-Trp-Val-Thr-Ser-Ile 

55 

(IIB), 
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FR1 ist der Polypeptidrest 

Arg-Phe-Thr-Ile-Ser-Arg-Asp-Asn-Ala-Arg-Asn-Ile-Leu-Tyr

Leu-Gln-Val.;.Ser-Ser-Leu-Arg-Ser-Glu-Asp-Thr-Ala-Ile-Tyr-Tyr-Cys

Ala-Arg 

(IIC), 

und FRa ist der Polypeptidrest 

Asp-Tyr-Trp-Gly-Gln-Gly-Thr-~er-Leu-Thr-Val-Ser-S~r· 
. . . - . -· ' - -· -

( IID), 

20 und worin die Aminosaure Cys in oxidiertem Zustand sein kann: S-S-BrOcken bildend. 

10. Veriahren nach Anspruch 7 zur Herstellung eines chimaren monoklonalen Antikorpers und Derivaten 
davon, umfassend schwere Kette-variable Region en der Formal II, worin FRs, FRo, FR1 und FRa 
entsprechende Polypeptidreste der Formal IIA, 118, IIC und IID sind, worin eina oder mehrere einzalne 

25 Aminosauran durch andera Aminosauran auBerhalb der Ragionen CDR1 H, CDR2H und CDR3H ersetzt 
sind, und worin die Aminosaura Cys in oxidiertein Zustand sein kann, S-S-BrOcken bildand. 

30 

11. Veriahren nach einem der AnsprOche 1 bis 10 zur Herstellung eines chimaren monoklonalen Antikor
pers und Derivaten davon, umfassand die konstantan Regionen x oder>. der humanen leichten Kette. 

12. Verfahren nach einem der AnsprOche 1 bis 11 zur Herstellung eines chimaren monoklonalen Antikor
pers und Derivaten davon, umfassend die konstanten Regionen -y1, -y2, -y3 oder -y4 der humanen 
schweran Kette. 

35 13. Varfahren nach ainem dar AnsprOche 1 bis 12 zur Herstellung eines chimaren monoklonalen Antikor
pers und Derivaten davon, umfassend die konstanten Regionan x der humanan leichten Kette und die 
konstanten Regionen -y4 der humanen schweren Kette. 

14. Veriahren nach einem der AnsprOche 1 bis 13 zur Herstellung eines chimaren monoklonalen Antikor-
40 pers und Derivaten davon mit variablen Regionen der leichten Kette der Formal I, worin FR1 FR2, FR3 

und F~ entsprechende Polypeptidreste der Formal IA, IB, IC und ID sind, und worin die Aminosaure 
Cys in oxidiertem Zustand S-S-Br0cken bilden kann, einer konstanten Region x der humanen laichten 
Kette, einer variablen Region der schweren Kette der Formal II, worin FRs, FRo, FR1 und FRa 
entsprechende Polypeptidresta der Formal IIA, 118, IIC und 110 sind, und worin die Aminosaure Cys in 

45 oxidiertem Zustand S~S-BrOckan bilden kann, und einer konstanten Region -y4 der humanen schweren 
~~- . 

15. Verfahren nach einem der AnsprOche 1 bis 14 zur Herstellung eines Derivates eines chimaren 
monoklonalen Antikorpers, dadurch gekennzeichnet, dall der monoklonale Antikorper enzymatisch oder 

50 chemisch in ein Fragment gespalten wird. 

16. Verfahren nach einem der AnsprOche 1 bis 14 zur Herstellung eines Derivates eines chimaren 
monoklonalen Antikorpers, dadurch gekennzeichnet, · daB der monoklonale Antikorper konjugie_rt wird 
mit einem Enzym, einem fluoreszieranden Marker, einem Metallchelat, einer cytostatischen oder 

55 cytotoxischen Substanz, Avidin oder Biotin. 

17. Verfahren nach einem der AnsprOche 1 bis 14 zur Herstellung eines Derivates eines chimaren 
monoklonalen Aritikorpers, dadurch gekennzeichnet, dall der monoklonale Antikorper radioaktiv markiert 
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ist. 

18. Verfahren zur Herstellung einer rekombinanten DNA, umfassend ein Insert, das tor eine variable Region 
der leichten Kette der Maus und/oder eine variable Region der schweren Kette der Maus der nach 

5 einem Verfahren gemalJ Anspruch 1 hergestellten chimaren monoklonalen Antikorper kodiert, dadurch 
gekennzeichnet. dalJ das Verfahren das Kultivieren eines transformierten Wirtes umfalJt. 

19. Verfahren nach Anspruch 18 zur Herstellung einer rekombinanten DNA, dadurch gekennzeichnet, dalJ 
das Verfahren die Stufen umfalJt 

10 a) lsolieren von Maus-DNAs aus einer geeigneten Hybridom-Zellinie, Selektieren der gewunschten 
DNAs, die tor die variablen Regionen von monoklonalen Antikorpern kodieren, die gegen Human-
CEA gerichtet sind, unter Verwendung von DNA-Sonden, · 
b) lsolieren von Human-DNAs aus einer genomischen Bibliothek, Selektieren der gewOnschten 
DNAs, die tor die konstanten Regionen monoklonaler Antikorper kodieren, unter Verwendung von 

15 DNA-Sonden, 
c) Konstruieren der chimaren Maus/Human-Gene durch Einbringen der DNAs von Stufe a) und b) in 
entsprechende Hybridvektoren, 
d) Transferieren der erhaltenen Hybridvektoren in einen Rezipienten-Wirt, und 
e) Selektieren und Kultivieren des transformierten Wirtes. 

20 

20. Verfahren nach Anspruch 18 oder 19 zur Herstellung einer rekombinanten DNA, umfassend ein Insert, 
das fur eine variable Region der leichten Kette der Maus kodiert, die spezifisch ist fOr Human-CEA, das 
aus genomischer DNA der Zellinie CE 25 herruhrt, mit der Hinterlegungsnummer CNCM 1-719. 

25 21. Verfahren nach Anspruch 18, 19 oder 20 zur Herstellung einer rekombinanten DNA, umfassend ein 
Insert, das fOr das Polypeptid der Formal I kodiert, das gegebenenfalls lntrons enthalt. 

22. Verfahren nach einem der Anspruche 18 bis 21 zur Herstellung einer rekombinanten DNA, umfassend 
ein Insert, das fUr das Polypeptid der Formal I kodiert, worin FR1 , FR2, FR3 und F~ entsprechende 

30 Polypeptide der Formal IA, IB, IC und ID sind, das gegebenenfalls Intrans enthalt. 

40 

45 

50 

55 

23. Verfahren nach einem der Ansprtiche 18 bis 22 zur Herstellung einer rekombinanten DNA, umfassend 
ein Insert der Formal 
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TCTAGACTGCTGTGGTCTTITAAGTAGCATGAAAAACATCTGCTAAAGAAGGAATTAGTT 
·1 ---------+---------+---------+---------+---------+---------+ 60 

5 TGAACATGCTAGAAATACATCTGTGATACTCICAICACTCTTGTTGGAAAGATATGCAAG 
61 ---------+---------+---------+---------+---------+---------+ 120 

AAGCACTATITGGCTATTAITTGGAAAGIGCTATAATGTATTTTGAIATCTCAACCTCTG 
121 ---------+---------+---------+---------+---------+---------+ 180 

10 AAATTCTTCTGTAIGTTGGCAGATTGTAAACCTTTACAAGGCTTICATTCTCTTCTCTGG 
181 ---------+---------+---------+---------+---------+---------+ 240 

AGAAAAATGTCTTTGTAGGCAATCCAGAATTTCTTATTTCTTGCTAATGAAATCTCCTCA 
241 ---------+---------+---------+---------+---------+---------+ 200 

15 GTGTGATATCACTTTAGTTTCATGTGTTGTTATGCTTCATGTAATGTTAAGAAAGTTAAA 
301 ---------+---------+---------+---------+---------+---------+ 360 

GATGCTCCAATCCATATTGTAAGAAACATTCCAAGCCATGGAATAAGGCATGGATTTGAG 
361 ---------+---------+---------+---------+---------+- ·-------+ 420 

20 ATGCTCTTTATTTCAAACTACTGAATATATCTTAGAGATTTCTTTAGACTGTGTTAAATA 
421 ---------+---------+---------+· --------+---------+---------+ 480 

TGTAACCATTTAAGTAGGAGTCAAGTCTCCTTTAAATCTCAACAGCTCTTCAGGTAACCA 
481 ---------+---------+---------+----.----+---------+---------+ 540 

25 ACAAAAGGATAAATATTCTAATAAGTCACTAGGAGCATGCTCTICTGACCAGGTCTTTCT 
541 ---------+---------+---------+---------+---------+------·--+ 600 

TATAAGCAACATGAAGACAGTATGATTTGCATAAGTTTTTCTTTCTTCTAATGTCCCTGC 
601 ---------+---------+---------+---------+---------+---------+ 660 

30 CTCTTAGAGTATTATAAGAAGATCTTTCTAGGGATGTGTCATGGTCCACACAAAAATAGG 
661 ---------+---------+---------+---------+-- ------+---------+ 720 

35 

40 

45 

50 
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M V S T P Q F L V F L L F W I P 
HetVa1SerThrProG1nPheLeuVa1PheLeuLeuPheTrpI1ePro 

GAAAGTGTGAAGATGGTATCCACACCTCAGTTCCTTCTATTTTTGCTTTTCTGGATTCCA 
---------+---------+---------+---------+---------+---------+ 780 
GGTAATGACTGTTTGGGTGTGGCAAAAAAGTGGAGATGTTATTTAAATACAAAATTTTCT 
-------·--+---------+---------+---------+---------+---------+ 8 40 

TGCTTTATTTGGAAGCCAATGTCACATGGGAATTGACTTTCAGTTTAAAGAAATTGATAC 
---------+---------+---------+---------+---------+---------+ 900 

AATAAAAGTCATTTATTTTTCTAAGTTGTTTAGAAGTGACTTTCATATTCAGTGTTATGA 
---------+---------+---------+---------+---------+---------+ 960 

A S R G D I L L T Q S 
AlaSerArgGlyAspileLeuLeuThrGlnSer 

TCGACTAATGTATCTTCCATTTTTCCAGCCTCCAGAGGTGACATCTTGCTGACTCAGTCT 
---------+---------+---------+---------+---------+---------+ 1020 

P A I L S V S P G E R V T F S C R A S Q 
ProA1aileLeu.SerVa1SerProGlyGluArgVa1ThrPheSerCysArgAlaSerGln 
CCAGCCATCCTGTCTGTGAGTCCAGGAGAAAGAGTCACTTTCTCCTGCAGGGCCAGTCAG 
---------+---------+---------+---------+---------+---------+ 1080 
S I G T S L H W Y Q Q R T N G S P R L L 
SerileGlyThrSerLeuHisTrpTyrGlnGlnArgThrAsnGlySerProArgLeuLeu 
AGCATTGGCACAAGCTTACACTGGTATCAGCAAAGAACAAATGGTTCTCCAAGGCTTCTC 
---------+---------+---------+---------+---------+---------+ 1.140 
H K Y A S E S I S G I P S R F S G S G S 
MetLysTyrAlaSerGluSerlleSecGlyilaP.roSe.rArgPheSerGl~SerGlySer 

30 ATGAAGTATGCTTCTGAGTCTATCTCTGGGATCCCTTCCAGGTTTAGTGGCAGTGGATCA 

35 

fl4I ---------+---------+---------+---------+---------+---------+ 1200 
G T D F T L T I H S V E S E D I A D Y Y 
GlyThrAspPheThrLeuThrlleAsnSerValGluSerGluAsplleAlaAspTyrTyr 
GGGACAGATTTTACTCTTACCATCAATAGTGTGGAGTCTGAAGATATTGCAGATTATTAC 

1201 ---------+---------+---------+---------+---------+---------+ 1260 

C Q Q S H G W P F T F G S G T K L E I K 
CysGlnGlnSerHisGlyTrpProPheThrPheGlySerGlyThrLysLeuGluileLys 
TGTCAACAAAGTCATGGCTGGCCATTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAA 

40 1261 ---------+---------+---------+------~-+---------+---------+ 1320 
CGTAAGTGGACTTTTGTTCATTTACTTGTGACGTTTTGGTTCTGTTTGGGTAGCTTGTGT 

1321 ---------+---------+---------+---------+---------+---------+ 1380 

GAATTTGTGATATTT 
45 1381 ---------+----- 1395 

(III), 

so 24. Verfahren nach Anspruch 21 zur Herstellung einer rekombinanten DNA, umfassend ein Insert der 
Formel Ill, worin ein oder mehrere Nukleotide durch andere Nukleotide ersetzt sind au/lerhalb der 
Nukleotidsequenzen der Formel Ill von Position 1069-1102, 1147-1167 und 1263-1291. 

25. Verfahren nach Anspruch 18 zur Herstellung einer rekombinanten DNA, umfassend ein Insert, das fur 
55 eine variable Region der schweren Kette der Maus kodiert,. die spezifisch ist. fur Human-CEA, das aus 

der genomischen DNA der Zellinie CE 25 herrGhrt, mit der Hinterlegungsnummer CNCM 1-719. 
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26. Verfahren nach Anspruch 18 oder 25 zur Herstellung einer rekombinanten DNA, umfassend ein Insert, 
das fUr das Polypeptid der Formel II kodiert, das gegebenenfalls Intrans enthalt. 

27. Verfahren nach Anspruch 18, 25 oder 26 zur Herstellung einer rekombinanten DNA, umfassend ein 
5 Insert, das ftir das Polypeptid der Formal .11 kodiert, worin FRs, FAG, FA, und FAs entsprechende 

Polypeptidreste der Formal IIA, 118, IIC und IID sind, das gegebenenfalls Intrans enthalt. 

10 

15 

20 

25 

28. Verfahren nach einem der Ansprtiche 18, 25-27 zur Herstellung einer rekombinanten DNA, umfassend 
ein Insert der Formal 

AAGCTTGTTCTGTTCACATGCAAGGAGGGAAACTAAACTGAGTATGGTGAATCCCTAACC 
1 ---------+---------+---------+---------+---------+---------+ 60 

AAAGGGAAAAAATGAAACTACAATATGTTTCAAATCCTGTAACTGAAATCTGGTTTTTTG 
61 ---------+---------+---------+---------+---------+---------+ 120 

ATGCCTTATATCTGGTATCATCAGTGACTTCAGATTTAGTCCAACCCCAGAGCATGGTAT 
121 --- --· --+---------+---------+---------+---------+---------+ 180 

AGCAGGAAGACATGCAAATAAGTCTTCTCTCTGCCCATGAAAACACCTCGGCCCTGACCC 
181 --- -----+---------+---------+---------+---------+---------+ 240 

TGCAGCTCIGACAGAGGAGGCCAGTCCATGGATTTGAGTTCCTCACATTCAGTGATGAGC 
241 ---------+---------+---------+---------+---------+---------+ 300 

K N F G F S L I F L V L V 
HetAsnPheG1yPheSerLeuI1ePheLeuVa1LeuVal 

ACTGAACACAGACACCTCACCATGAACITCOGGTTCAGCTTGATTTTCCTTGTCCITGTT 
301 ---------+---------+---------+---------+---------+---------+ 360 

L K G 
LeuLysGly 

30 IIAAAAGGTAAITIATTGAGAAGAGATGACATCTATTTTACGCACAIGAGACAGAAAAAA 

35 

40 

45 

50 

55 

361 ---------+---------+---------+---------+---------+---------+ 420 

V Q 
ValGl 

TGTGGTTTGTTTTGTTAGTGACAGTTTTCCAACCAGTTATTCTCTGTTTGTAGGTGTCCA 
421 ---------+---------+---------+---------+---------+---------+ 480 

66 

BIOEPIS EX. 1002 
Page 2594



5 

10 

EP O 323 806 81 

C ~ V K L V E S G G G L V K P G G S L K 
nCysGluValLysLeuValGluSerGlyGlyGlyLeuValLysProGlyGlySerLeuLy 
GTGTGAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAA 

481 ---------+---------+---------+---------+---------+---------+ 540 

L S C A A S G F T F R T Y A M A Y V R Q 
sLeuSerCysAlaAlaSerGlyPheThrPheArgThrTyrAlaHetAlaTrpValArgGl 
ACTCTCCTGTGCAGCCTCTGGGTTCACTTTCAGGACCTATGCCATGGCTTCGGTTCGCCA 

541 ---------+---------+---------+---------+---------+---------+ 600 

T P E K R L E Y V T S I S S G G T T Y Y 
nThrProGluLysArgLeuGluTrpValThrSerileSerSerGlyGlyThrThrTyrTy 
GACTCCAGAGAAGAGGCTGGAGTGGGTCACATCCATTAGTAGTGGTGGTACCACCTACTA 

601 ---------+---------+---------+---------+---------+---------+ 660 

15 P D S V K G R F T I S R D N A R N I L Y 

20 

rProAspSerValLysGlyArgPheThrileSerArgAspAsnAlaArgAsnlleLeuTy 
TCCAGACAGTGTGAAGGGCCGATTCACCATCTCCAGAGATAATGCCAGGAACATCCTGTA 

661 ---------+--·------+---------+---------+---------+---------+ 720 

L Q V S S L R S E D T A I Y Y C A R G F 
rLeuGlnValSerS~rLeuArgSerGluAspThrAlaileTyrTyrCysAlaArgGlyPh 
CCTGCAAGTGAGCAGTCTGAGGTCTGAGGACACGGCCATTTATTACTGTGCAAGAGGTTT 

721 ---------+---------+---------+---------+---------+---------+ 780 

Y D G Y L Y V V D Y Y G Q G T S L T V S 
25 eTyrAspGlyTyrLeuTyrValValAspTyrTrpGlyGlnGlyThrSerLeuThrValSe 

CTATGATGGTTACCTCTATGTTGTGGACTACTGGGGTCAAGGAACCTCACTCACCGTCTC 
781 ---------+---------+---------+---------+---------+---------+ 840 

s 
30 rSer 

CTCAGGTAAGAATGGCC 
841 ---------+--~--- 857 

35 {IV). 

29. Verfahren nach Anspruch 26 zur Herstellung einer rekombinanten DNA, umfassend ein Insert der 
40 Formel IV, worin ein oder mehrere Nukleotide durch andere Nukleotide ersetzt sind auBerhalb der 

Nukleotidsequenzen der Formel IV von Position 575-595, 629-680 und 776-805. 

30. Verfahren nach Anspruch 18 zur Herstellung einer rekombinanten DNA, umfassend ein Insert, das fur 
eine variable Region der leichten Kette der Maus fusioniert mit einer Humanen-konstanten Region x 

45 oder >. kodiert. 

31. Verfahren nach Anspruch 30 zur Herstellung einer rekombinanten DNA, umfassend ein Insert der 
Formal Ill, fusioniert an eine Humane-konstante Region x. 

50 32. Verfahren nach Anspruch 18 zur Herstellung einer rekombinanten DNA, umfassend ein Insert, das fur 
eine variable Region der schweren Kette der Maus fusioniert mit einer Humanen-konstanten Region -yl, 
-y2, -y3 oder. -y4 kodiert. 

33. Verfahren nach Anspruch 32 zur Herstellung einer rekombinanten DNA, umfassend ein Insert der 
55 Formal IV fusioniert mit einer Humanen-konstanten Region -y4. 

34. Verfahren nach Anspruch 18 zur Herstellung einer rekombinanten DNA, die ein Hybridvektor ist, 
umfassend ein Insert, kodierend tor eine chimare Maus/Human-leichte Kette, hergestellt durch ein 
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Verfahren gemaB Anspruch 31 und/oder eine chimare Maus/Human-schwere Kette, hergestellt nach 
einem Verfahren gemaB Anspruch 33, ein vollstandiges Replikon und eine oder mehrere dominante . 
Markersequenzen, gegebenenfalls an Expressionssteuerungssequenzen gebunden. 

5 35. Verfahren nach Anspruch 18 zur Herstellung einer rekombinanten DNA, die ein Hybridvektor ist, 
umfassend ein Insert, kodierend fUr eine chimare Maus/Human-leichte Kette, hergestellt nach einem 
Verfahren gemaB Anspruch 32 und/oder eine chimare Maus/Human-schwere Kette, hergestellt nach 
einem Verfahren gema8 Anspruch 34, ein vollstandiges Replikon und eine oder mehrere dominante 
Markersequenzen, gegebenenfalls an Expressionssteuerungssequen.zen gebunden. 

10 

36. Verfahren nach Anspruch 34 oder 35 zur Herstellung einer rekombinanten DNA, die ein fUr Sauger
Wirta geeigneter Hybridvektor ist. 

37. Verfahren nach Anspruch 34, 35 Qder 36 zur Herstellung einer rekombinanten DNA, die ein Hybridvek-
75 tor ist, worin der Vektor aus dem Plasmid pSV abgeleitet ist. 

38. Verfahren nach Anspruch 37 zur Herstellung einer rekombinanten DNA, die ein Hybridvektor ist, worin 
der Vektor aus dem Plasmid pSV2gpt oder aus dem Plasmid pSV2neo abgeleitet ist. 

20 39. Wirtszelle, transformiert mit rekombinanten DNAs, hergestellt nach einem Verfahren gemaB einem der 
AnsprOche 30 bis 38. 

40. Wirtszelle nach Anspruch 39, die eine Saugerzelle lymphoiden Ursprunges ist. 

25 41. Wirtszelle nach Anspruch 39, die eine Zelle ist, abgeleitet aus der Jg nicht-sekretierenden Maus
Hybridoma-Zellinie Sp2/0 (ATCC CRL 1581). 

30 

35 

40 

42. 

43. 

44. 

45. 

46. 

Wirtszelle nach Anspruch 39 oder 41, die mit einem oder zwei Vektoren transformiert ist. die nach 
einem Verfahren gema/.l einem der AnsprOche 35 bis 38 hergestellt sind. · 

Wirtszelle nach Anspruch 42, die eine Zelle der Zellinie EFVlll/-y4Na75-75/CxGa5-6 ist (CE 75-5-6 mit 
der Hinterlegungsnummer CNCM 1-720). 

Wirtszelle nach Anspruch 42, die eine Zelle der Zellinie EFIX-pCEA-lg-(-y4;Cx) ist (CE 4-8-13 mit der 
Hinterlegungsnummer CNCM 1-818). 

Wirtszelle nach Anspruch 39, dadurch gekennzeichnet, da8 sie chimare monoklonale Antikorper 
sekretiert, die nach einem Verfahren gema/.l Anspruch 1 hergestellt sind. 

Verfahren zur Herstellung einer Wirtszelle nach Anspruch 39 oder 45, dadurch gekennzeichnet, da/3 
eine geeignete Zelle mit einem oder zwei Vektoren durch Elektroporation, Calciumbehandlung, Mikroin-
jektion oder Protoplastenfusion transformiert wird. 

47. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, enthaltend einen chimaren 
45 monoklonalen Antikorper oder Derivate davon, hergestellt nach einern Vertahren gerna8 Anspruch 1, 

dadurch gekennzeichnet, da/.l der monoklonale Antikorper mit einem pharmazeutischen Trager ver
mischt wird. 

Revendlcatlons 
50 Revendlcations pour les Etats contractants sulvants: AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Anticorps monoclonal chimerique constitue. de regions variables d'origine murine et de regions 
constantes d'origine humaine, qui reconnait des epitopes d'antigene carcinoembryonnaire humain 
(CEA) non-presents sur les antigenes a reaction croisee non-specifiques NCAss et NCAss. sur la 

55 glycoproteine biliaire, ou sur las granulocytes, et leurs derives. 

2. Anticorps monoclonal chimerique et ses derives salon la revendication 1 ayant une affinite d'au moins 
2, 1 x 1010 litres/mole pour le CEA humain. 
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3. Anticorps monoclonal chimerique et ses derives salon la revendication 1 ou 2, comprenant des regions 
variables a chaine legere de formula 

5 FR1-Arg-Ala-Ser-Gln-Ser-Ile-Gly-Thr-Ser-Leu-His-FRz-

10 

15 

i--~~~~~~- CDRlL ~·~~~~~---~~-4 

Tyr-Ala-Ser-Glu-Ser-Ile-Ser-FR1-Gln-Gln-Ser-His-Gly-Trp-Pro-Phe-Thr-FR. 
1--~~~~ CDR2L CDR3L ~~~~~~ 

(I}' 

dans laquelle FR1 est un residu polypeptide comprenant 23-28 acides amines naturals, F~ est un 
residu polypeptide comprenant 14-16 acides amines naturals, FR3 est un residu polypeptide compre
nant 30-34 acides amines naturals et FA4 est un residu polypeptide comprenant 9-11 acides amines 
naturals, et ou l'acide amine cys peut etre a l'etat oxyde, formant des ponts S-S. 

4. Anticorps monoclonal chimerique et ses derives salon l'une quelconque des revendications 1 a 3 
comprenant des regions variables a cha1ne legere de formula I, ou las residus polypeptides des 
regions d'ossature FR1, FA2, FRJ et FA4 sont ceux qui apparaissent de preference dans les anticorps 

20 murins. 

25 

30 

5. Anticorps monoclonal chimerique et ses derives selon l'une quelconque des revendications 1 a 4 
comprenant des regions variables a cha1ne legere de formula I, ou FA1 est un residu polypeptide de 
formula · 

A-Gly-Asp-Ile-Leu-Leu-Thr-Gln-Ser-Pro-Ala-Ile-Leu-Ser-Val-Ser-Pro

Gly-Glu-Arg-Val-Thr-Phe-Ser-Cys 

(IA), 

dans laquelle A est un hydrogene, un acyle, ou le residu Ala-Ser-Arg, Ser-Arg ou Arg, 
35 FA2 est le residu polypeptide 

40 

45 

50 

55 

trp-Tyr-Gln-Gln-Arg-Thr-Asn-Gly-Ser-Pro-Arg-Leu-Leu-Met-Lys 

(IB), 

FAJ est le residu polypeptide 

Gly-Ile-Pro-Ser-Arg-Phe-Ser-Gly-Ser-Gly-Ser-Gly-Thr-Asp-Phe-Thr-Leu

Thr-Ile-Asn-Ser-Val-Glu-Ser-Glu-Asp-lle-Ala-Asp-Tyr-Tyr-Cys 

(IC)• 

et FA4 est le residu polypeptide 
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Phe-Gly-Ser-Gly-Gly-Thr-Lys-Leu-Glu-Ile-Lys 

5 (ID}• 

et OU l'acide amine cys peut etre a l'etat oxyde. formant des ponts s-s. 

10 6. Anticorps monoclonal chimerique et ses derives salon la revendication 3 comprenant des regions 
variables a chaine legere de formula I, ou FR1, FR2, FR3 et FR4 sont des residus polypeptidiques de 
formulas IA, 18, IC et ID, respectivement, ou un ou plusieurs acides amines isoles sont remplaces par 
d'autres acides amines en dehors des regions CDR1 L, CDR2L, et CDR3L, et ou l'acide amine cys peut 
etre a l'etat oxyde, formant des ponts s-s. 

15 

7. Anticorps monoclonal chimerique et ses derives selon l'une quelconque des revendications 1-6 
comprenant des regions variables a cha1ne lourde de formula 

20 
FRs-Thr-Tyr-Ala-Met-Ala-Trp-Val-FR,-Ser-Ser-Gly-Gly-Thr-Thr-Tyr-Tyr-Pro

t--~~~~~--- CDRlH ----t 

25 

Asp-Ser-Val-Lys-Gly-FR1-Gly-Phe-Tyr-Asp-Gly-Tyr-Leu-Tyr-Val-Val-FRe 
~~~ CDR2H CDR)H ~~~~~~---i 

(II)' 

dans laquelle FRs est un residu polypeptide comprenant 32-36 acides amines naturals, FAG est un 
residu polypeptide comprenant 14-16 acides amines naturals, FR7 est un residu polypeptide compre
nant 32-34 acides amines· naturals et FRs est un residu polypeptide comprenant 12-14 acides amines 

30 naturals, et OU l'acide amine cys peut etre a l'etat oxyde formant des ponts s-s. 

8. Anticorps monoclonal chimerique et ses derives salon l'une quelconque des revendications 1-7 
comprenant des regions variables a chaine lourde de formula II, ou les residus polypeptides des 
regions d'ossature FRs, FAG, FR1 et FRs sont ceux que l'on trouve de preference dans les anticorps 

35 murins. 

40 

45 

9. Anticorps monoclonal chimerique et ses derives salon l'une quelconque des revendications 1-8 
comprenant des regions variables a chaine lourde de formula II, ou FRs est un residu polypeptide de 
formula 

B-Gly-Val-Gln-Cys-Glu-Val-Lys-Leu-Val-Glu-Ser-Gly-Gly-Gly-Leu

Val-Lys-Pro-Gly-Gly-Ser-Leu-Lys-Leu-Ser-Cys-Ala-Ala-Ser-Gly-Phe

Thr-Phe-Arg 

( IIA), 

dans laquelle 8 est un hydrogene ou un acyle, 
5o FAG est le residu polypeptide 

Arg-Gln-Thr-Pro-Glu-Lys-Arg-Leu-Glu-Trp-Val~Thr-Ser-Ile 

55 ( IIB). 

FR1 est le residu polypeptide 
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Arg-Phe-Thr-Ile-Ser-Arg-Asp-Aan-Ala-Arg-Aan-Ile-Leu-Tyr

Leu-Gln-Val-Ser-Ser-Leu-Arg-Ser-Glu-Asp-Thr-Ala-Ile-Tyr-Tyr-Cya
Ala-Arg 

( IIC), 

et FRa est le residu polypeptide 

Asp-Tyr-Trp-Gly-Gln-Gly-Thr-Ser-Leu-Thr-Val-Ser-Ser 

( IID) • 

et OU l'acide amine cys peut etre a l'etat oxyde formant des ponts s-s. 

10. Anticorps monoclonal chimerique et ses derives selon la revendication 7, comprenant des regions 
20 variables a chaihe lourde de formula II, ou FRs, FAG, FR1 et FRa sont des residus polypeptides de 

formula IIA, IIB, IIC et 110, respectivement, ou un ou plusieurs acides amines isoles sont remplaces par 
d'autres acides amines en dehors des regions CDR1 H, CDR2H et CDR3H, et ou l'acide amine cys peut 
etre a l'etat oxyde formant des ponts s-s. 

25 11. Anticorps monoclonal chimerique et ses derives selon l'une quelconque des revendications 1-10 
comprenant des regions constantes humaines a chaine legere x ou >... 

30 

12. Anticorps monoclonal chimerique et ses derives salon l'une quelconque des revendications 1-11 
comprenant des regions constantes humaines a chaine lourde ,. 1, ,-2, ,-3, ou ,-4. 

13. Anticorps monoclonal chimerique et ses derives salon l'une quelconque des revendications 1-12, 
comprenant des regions coristantes a chaine legere et des regions constantes humaines x a chaTne 
lourde ,-4. 

35 14. Anticorps monoclonal chimerique et ses derives selon l'une quelconque des revendications 1-13 avec 
des regions variables a chaine legere de formula I ou FR1, FA2, FRa et F~ sont des residus 
polypeptides de formula IA, 18, IC et ID, et ou l'acide amine cys peut etre a l'etat oxyde formant des 
ponts s-s. une region constante humaine a chaine legere x, une region variable a chaine lourde de 
formula II, ou FRs, FAG, FR1 et FRa sont des residus polypeptides de formulas !IA, 118, IIC, et IID, 

40 respectivement, et ou l'acide amine cys peut etre a l'etat oxyde formant des ponts s-s et une region 
constante humaine a chaine lourde ,-4. 

45 

15. Derive d'un anticorps monoclonal chimerique salon l'une quelconque des revendications 1-14 qui est 
un fragment. 

16. Derive d'un anticorps monoclonal chimerique selon l'une quelconque des revendications 1-14 qui est 
un conjugue avec une enzyme, un marqueur fluorescent, un chelate metallique, une substance 
cytostatique ou cytotoxique, l'avidine ou la biotine. 

50 17. Derive d'unanticorps monoclonal chimerique salon l'une quelconque des revendications 1-14 qui est 
radioactivement marque. 

1& Procede de preparation d'anticorps monoclonaux chimeriques et de leurs derives selon la revendication 
1, caracterise en ce qu'on multiplie in vitro des cellules de mammifere produisant de tels anticorps 

55 monoclonaux chimeriques et, si on Te desire, en ce qu'on transforme des anticorps monoclonaux 
chimeriques resultants en leurs derives. . 
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19. Procede de preparation d'anticorps monoclonaux chimeriques et de leurs derives salon la revendication 
1, caracterise en ce qu'on multiplie in vivo des cellules de mammifere produisant de tels anticorps 
monoclonaux. chimeriques et, si on le desire, on transforme les anticorps monoclonaux chimeriques 
resultants en leurs derives. 

20. ADN recombinant comprenant un insert codant pour une region variable murine a cha1ne legere et/ou 
pour une region variable murine a cha1ne lourde d'anticorps monoclonaux chimeriques selon la 
revendication 1 . 

10 21. ADN recombinant salon la revendication 20 comprenant un insert codant pour une region variable 
murine a cha1ne legere specifique du CEA humain qui provient de l'ADN genomique de la lignee 
cellulaire CE 25, ayant le n• d'acces au depot CNCM 1-719. 

22. ADN recombinant salon la revendication 20 ou 21 comprenant un insert codant pour le polypeptide de 
15 formula I, contenant facultativement des introns. · 

20 

25 

30 

35 

40 

45 

50 

55 

23. ADN recombinant salon l'une quelconque des revendications 20-22 comprenant un insert codant pour 
les polypeptides de formula I, ou FR1. FR.!, FR3 et F~ sont des polypeptides de formule IA, 18, JC et 
ID, respectivement, contenant facultativement des intrans. 

24. ADN recombinant salon l'une quelconque des revendications 20-23 comprenant un insert de formula 

l 

61 

121 

181 

241 

301 

361 

421 

481 

541 

601 

661 

721 

TCTAGACTGCTGTGGTCTTTTAAGTAGCATG>-4>...A..ACATCTGCTAAAGAAGGAATTAGTT 
---------+---------+---------+---------+-.--- ---+---------+ 60 
TGAACATGCTAGAAATACATCTGTGATACTCTCATCACTCTTGTTGGAAAGATATGCAAG 
---------+---------+---------+---------+---------+---------+ 120 
AAGCACTATTTGGCTATTATTTGGAAAGTGCTATAATGTATTTTGATATCTCAACCTCTG 
---- . --+-· -------+---------+---------+----·----+---------+ 180 
AAATTCTTCTGTATGTTGGCAGATTGTAAACCTTTACAAGGCTTTCATTCTCTTCTCTGG 
---------+---------+---------+---------+---------+---------+ 240 
AGAAAAATGTCTTTGTAGGCAATCCAGAATTTCTTATTTCTTGCTAATGAAATCTCCTCA 
---------+---------+---------+---------+---------+---------+ 200 
GTGTGATATCACTTTAGTTTCATGTGTTGTTATGCTTCATGTAATGTTAAGAAAGTTAAA 
---------+---------+---------+---------+---------+---------+ 360 
GATGCTCCAATCCATATTGTAAGAAACATTCCAAGCCATGGAATAAGGCATGGATTTGAG 
---------+---------+-·-------+-- ------+---------+---------+ 420 
ATGCTCT_TTATTTCAAACTACTGAATATATCTTAGAGATTTCTTTAGACTGTGTTAAATA 
---------+---------+---------+---------+---------+---------+ 480 
TGTAACCATTTAAGTAGGAGTCAAGTCTCCTTTAAATCTCAACAGCTCTTCAGGTAACCA 
---------+---------+---------+---------+---------+---· -----+ 540 
ACAAAAGGATAAATATTCTAATAAGTCACTAGGAGCATGCTCTTCTGACCAGGTCTTTCT 
---------+---------+---------+---------+---------+---------+ 600 
TATAAGCAACATGAAGACAGTATGATTTGCATAAGTTTTTCTTTCTTCTAATGTCCCTGC 
---------+---------+---------+---------+---------+---------+ 660 
CTCTTAGAGTATTATAAGAAGATCTTTCTAGGGATGTGTCATGGTCCACACAAAAATAGG 
---------+---------+---------+---------+---------+---------+ 720 

M V S T P Q F L V F L L F W I P 
MetValSerThrProGlnPheLeuValPheLeuLeuPheTrpllePro 

GAAAGTGTGAAGATGGTATCCACACCTCAGTTCCTTGTATTTTTGCTTTTCTGGATTCCA 
---------+------ . -+---------+---------+---------+---------+ 780 
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GGTAATGACTGTTTGGGTGTGGCAAAAAAGTGGAGATOTTATTTAAATACAAAATTTTCT 
781 ---------+---------+---------+---------+---------+---------+ 840 

TGCTTTATTTGGAAGCCAATGTCACATGGGAATTGACTTTCAGTTTAAAGAAATTGATAC 
841 ---------+---------+---------+---------+---------+---------+ 900 

AATAAAAGTCATTTATTTTTCTAAGTTGTTTAGAAGTGACTTTCATATTCAGTGTTATGA 
901 ---------+---------+---------+---------+---------+---------+ 960 

A S R G D I L L T Q S 
AlaSerArgGlyAspileLeuLeuThrGlnSer 

TCGACTAATGTATCTTCCATTTTTCCAGCCTCCAGAGGTGACATCTTGCTGACTCAGTCT 
961 ---------+---------+---------+---------+---------+---------+ 1020 

P A I L S V S P G E R V· T F S C R A S Q 
ProA1aileLeuSerVa1SerProG1yGluArgVa1ThrPheSerCysArgAlaSerGln 
CCAGCCATCCTGTCTGTGAGTCCAGGAGAAAGAGTCACTTTCTCCTGCAGGGCCAGTCAG 

1021 ---------+---------+---------+---------+---------+---------+ 1080 
S I G T S L H W Y Q Q R T N G S P R L L 
SerlleGlyThrSerLeuHisTrpTyrGlnGlnArgThrAsnGlySerProArgLeuLeu 
AGCATTGGCACAAGCTTACACTGGTATCAGCAAAGAACAAATGGTTCTCCAAGGCTTCTC 

20 1081 ---------+---------+---------+---------+---------+---------+ 1140 

25 

H K Y A S E S I S G I P S R F S G S G S 
MetLysTyrAlaSerGluSerileSerGlyileProSerArgPheSerGlySerGlySer 
ATGAAGTATGCTTCTGAGTCTATCTCTGGGATCCCTTCCAGGTTTAGTGGCAGTGGA~CA 

1141 ---------+---------+---------+---------+---------+---------+ 1200 
G T D F T L T r N S V E S E D I A D Y Y 
GlyThrAspPheThrLeuThrileAsnSe.rValGluSerGluAsplleAlaAspTyrTyr 
GGGACAGATTTTACTCTTACCATCAATAGTGTGGAGTCTGAAGATATTGCAGATTATTAC 

1201 ---------+---------+---------+---------+---------+---------+ 1260 
~ C Q Q S H G W P F T F G S G T K L E I K 

CysGlnGlnSerHisGlyTrpProPheThrPheGlySerGlyThrLysLeuGlulleLys 
TGTCAACAAAGTCATGGCTCGCCATTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAA 

35 

40 

45 

1261 ---------+---------+---------+---------+---------+--------~· 1320 
CGTAAGTGGACTTTTGTTCATTTACTTGTGACGTTTTGGTTCTGTTTGGGTAGCTTGTGT 

1321 ---------+---------+--------~+---------+---------+---------+ 1380 

GAATTTGTGATATTT 
1381 ---------+----- 1395 

(III). 

25. AON recombinant selon la revendication 22 comprenant un insert de formule Ill ou un ou plusieurs 
nucleotides isoles sont remplaces par d'autres nucleotides en dehors des sequences nucleotidiques de 
formula Ill a partir des positions 1069-1102, 1147-1167, et 1263-1291, respectivement. 

26. AON recombinant selon la revendication 20 comprenant un insert codant pour une region variable 
murine a chaine lourde specifique du CEA humain qui provient de l'AON genomique de la lignee 
cellulaire CE 25, ayant le N° d'acces au depot CNCM 1-719. 

50 27. ADN recombinant salon la revendication 20 ou 26 comprenant un insert codant pour le polypeptide de 
formula II, contenant facultativement des intrans. 

28. AON recombinant salon la revendication 20, 26 ou 27, comprenant un insert codant pour le polypeptide 
de formula I, ou FRs, FRs, FR, et FRs sont des residus polypeptides de formula IIA, IIB, IIC et 110, 

55 respectivement, contenant facultativement des intrans. 

29. AON recombinant salon l'une quelconque des revendications 20, 26-28, comprenant un insert de 
formula 
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AAGCTTGTTCTGTTCACATGCAAGGAGGGAAACTAAACTGAGTATGGTGAATCCCTAACC 
---------+---------+---------+---------+---------+---------+ 60 
AAAGGGAAAAAATGAAACTACAATATGTTTCAAATGCTGTAACTGAAATCTGGTTTTTTG 

5 61 ---------+---------+---------+---------+---------+---------+ 120 
ATGCCTTATATCTGGTATCATCAGTGACTTCAGATTTAGTCCAACCCCAGAGCATGGTAT 

121 ---------+---------+---------+---------+---------+---------+ 180 
AGCAGGAAGACATGCAAATAAGTCTTCTCTCTGCCCATGAAAACACCTCGGCCCTGACCC 

10 181 ---------+---------+---------+------- -+---------+---------+ 240 
TGCAGCTCTGACAGAGGAGGCCAGTCCATGGATTTGAGTTCCTCACATTCAGTGATGAGC 

241 ---------+---------+---------+---------+---------+---------+ 300 
K N F G F s· L I F L V L V 

75 HetAsnPheGlyPheSerLeullePheLeuValLeuVal 

20 

25 

ACTGAACACAGACACCTCACCATGAACTTCGGGTTCAGCTTGATTTTCCTTGTCCTTGIT 
301 ---------+---------+---------+---------+---------+---------+ 360 

L K G 
LeuLysGly 
TTAAAAGGTAATTTATTGAGAAGAGATGACATCTATTTTACGCACATGAGACAGA<\..AA·AA 

361 ---------+--------.+---------+---------+---------+---------+ 420 
V Q 
ValGl 

TGTGGTTTGTTTTGTTAGTGACAGTTTTCCAACCAGTTATTCTCTGTTTGTAGGTGTCCA 
421 ---------+---------+---------+---------+---------+---------+ 480 

C E V K L V E S G G G L V K P G G S L K 
nCysGluValLysLeuValGluSerGlyGlyGlyLeuValLysProGlyGlySerLeuLy 
GTGTGAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAA 

30 481 ---------+---------+-. -------+---------+---------+---------+ 540 

35 

40 

45 

50 

55 
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L S C A A S G f T F R T Y A H A W V R Q 
sLeuSerCysAlaAlaSerGlyPheThrPheArgThrTyrAlaHetAlaTrpValArgGl 
ACTCTCCTGTGCAGCCTCTGGGTTCACTTTCAGGACCTATGCCATGCCTTGGGTTCGCCA 

541 ---------+---------+---------+---------+---------+---------+ 600 
T P E K R L [ W V T S I S S G G T T Y Y 

nThrProGluLysArgLeuCluTrpValThrSerllaSerSerGlyGlyThrThrTyrTy 
GACTCCAGAGAAGAGGCTGGAGTGGGTCACATCCATTAGTAGTGGTGGTACCACCTACTA 

601 ---------+---------+---------+---------+---------+---------+ 660 

P D S V K G R F T I S R D N A R N I L y 
rProAspSerValLysGlyArgPhaThrlleSerArgAspAsnAlaArgAsnileLauTy 
TCCAGACAGTGTGAAGGGCCGATTCACCATCTCCAGAGATAATGCCAGGAACATCCTGTA 

661 -------·-+---------+---------+---------+---------+---------+ 720 
re L Q V S S L R S E D T A I Y Y C A R G F 

20 

rLeuGlnValSarSerLauArgSarGluAspThrAlaileTyrTyrCysAlaArgGlyPh 
CCTGCAAGTGAGCAGTCTGAGCTCTGAGGACACGGCCATTTATTACTGTGCAAGAGGTTT 

721 ---------+---------+---------+---------+---------+----- ·---+ 780 
Y D G Y L Y V V D Y W G Q G T S L T V S 

aTyrAspGlyTyrLauTyrValValAspTyrTrpGlyGlnGlyThrSerLeuThrValSa 
CTATGATGGTTACCTCTATGTTGTGGACTACTGGGGTCAAGGAACCTCACTCACCGTCTC 

781 ---------+---------+---------+---------+---------+---------+ 840 
s 

25 rSer 

30 

35 

4() 

45 

50 

55 

CTCAGGTAAGAATGGCC ~IV). 

841 ---------+------- 857 

30. AON recombinant selon la revendication 27 comprenant un insert de formula IV dans lequel un ou 
plusieurs nucleotides isoles sont remplaces par d'autres nucleotides en dehors des sequences 
nucleotidiques de formula IV provenant des positions 575-595, 629-680 et 776-805, respectivement. 

31. 

32. 

33. 

34. 

35. 

36. 

AON recombinant selon la revendication 20 comprenant un insert codant pour une region variable 
murine a charne legere fusionnee a une region Constante humaine x OU >... 

AON recombinant selon la revendication 31 comprenant un insert de formula Ill fusionne a une region 
constante humaine x. 

AON recombinant salon la revendication 20 comprenant un insert codant pour une region variable 
murine a charne lourde fusionnee a une region constante humaine 'Y 1, -y2, -y3 ou -y4. 

AON recombinant salon la revendication 33 comprenant un insert de formula IV fusionne a une region 
constante humaine -y4. 

AON recombinant selon la revendication 20 qui est un vecteur hybride comprenant un insert codant 
pour une chaTne legere murine/humaine chimerique salon la revendication 31 et/ou une chaTne lourde 
murine/humaine chimerique selon la revendication 33, un replicon complet et une ou plusieurs 
sequences marqueuses dominantes, liees de maniere operatoire a des sequences de commande 
d'expression. 

AON recombinant selon la revendication 20 qui est un vecteur hybride comprenant un insert codant 
pour une chaTne legere murine/humaine chimerique selon la revendication 32, et/ou une charne lourde 
murine/humaine chimerique selon la revendication 34, un replicon complet et -une ou plusieurs 
sequences marqueuses dominantes, liees de fagon operatoire a des sequences de commande 
d'expression. 
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37. ADN recombinant qui est un vecteur hybride salon la revendication 35 ou 36 approprie a des hotes 
mammiferes. 

38. ADN recombinant qui est un vecteur hybride selon la revendication 35, 36 ou 37, dans lequel le vecteur 
5 est derive du plasmide pSV. 

39. ADN recombinant qui est un vecteur hybride salon la revendication 38, dans lequel le vecteur hybride 
est derive du plasmide pSV2gpt ou du plasmide pSV2neo. 

10 40. Procede de preparation d'ADN recombinant salon la revendication 20 dans lequel on cultive un hote 
transforme. 

41. Precede selon la revendication 40 comprenant las etapes de 
a) isolement d'ADN murins provenant d'une lignee cellulaire d'hybridome appropriee, selection des 

15 ADN desires codant pour les regions variables des anticorps monoclonaux diriges contra le CEA 
humain en utilisant des sondes d'AON, 
b) isolement des AON humains a partir d'une bibliotheque genomique, selection des AON desires 
codant pour Jes regions.constantes des anticorps monoclonaux en utilisant des sondes d'ADN, 
c) construction de genes murins/humains chimeriques par incorporation des ADN des etapes a) et 

20 b) dans des vecteurs hybrides appropries, 

42. 
25 

43. 

44. 
30 

45. 

35 46. 

47. 

4() 

4& 

49. 
45 

50. 

50 

51. 

52. 

55 

53. 

d) transfert des vecteurs hybrides obtenus chez un hote recepteur1 et 
e) selection et culture de l'hote transforms. 

Cellule hote qui est transformee avec les ADN recombinants selon l'une quelconque des revendications 
31-39. 

Cellule hote selon la revendication 42 qui est une cellule de mammifere d'origine lympho·1c1e. 

Cellule hote selon la revendication 42 qui est une cellule derivee de la lignee cellulaire d'hybridome de 
souris non-secretrice d'lg Sp2'0 (ATCC CAL 1581). 

Cellule hote salon la revendication 42 ou 44 qui est transformee avac un ou deux vectaurs salon l'una 
quelconque des revendications 36-39. 

Cellula hote selon la revendication 45 qui est une cellule de la lignee cellulaire EFVlll/-y4Na75-
75/CxGa5-6 (CE 75-5-6) ayant le numero d'acces au depot CNCM 1-720. 

Cellule hote salon la revendication 45 qui est une cellule de la lignee cellulaire EFIX-pCEA-lg-(-y4;Cx) 
(CE 4-8-13), ayant le numero d'acces au depot CNCM 1-818. 

Cellule hote salon la revendication 42, caracterisee en ce qu'elle secrete des anticorps monoclonaux 
chimeriques selon la revendication 1. 

Procede de preparation d'une cellule hote salon la revendication 42 ou 48, caracterise en ce qu'on 
transforme une cellule appropriee avec un ou deux vecteurs par electroporation, traitement au calcium, 
rnicroinjection ou fusion de protoplaste. 

Anticorps rnonoclonaux chimeriques et leurs derives salon la revendication 1 pour utilisation dans le 
traitement de l'homme et pour le diagnostic. 

Utilisation d'anticorps rnonoclonaux chirneriques et de leurs derives salon la revendication 1 pour le 
diagnostic in vitro du cancer. 

Application d'anticorps monoclonaux chirneriques et de leurs derives salon la ravendication 1 pour la 
determination qualitative ou quantitative in vitro du CEA hurnain. 

Application salon la revendication 51 d'anticorps monoclonaux chimeriques et de leurs derives dans un 
radioimmunodosage ou un immunodosage enzyrnatique. 
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54. Necessaires experimentaux pour la determination qualitative et qua.ntitative de CEA humain contenant 
des anticorps monoclonaux chimeriques selon la revendication 1 et/ou leurs derives et, facultativement, 
d'autres anticorps monoclonaux ou polyclonaux et/ou additifs. 

5 55. Composition pharmaceutique contenant un anticorps monoclonal chimerique ou un de ses derives 
salon la revendication 1 . 

Revendications pour les Etats contractants suivants : ES, GR 

10 1. Procede de preparation d'un anticorps monoclonal chimerique constitue de regions variables d'origine 
murine et de regions constantes d'origine humaine, qui reconnan des epitopes d'antigene carcinoem
bryonnaire humain (CEA). non-present sur les antigenes a reaction croisee non-specifiques NCAss et 
NCAss. sur une glycoproteine biliaire ou sur des granulocyies, et de ses derives, caracterise en ce 
qu'on multiplie in vivo ou in vitro les cellules de mammifere produisant de tels anticorps monoclonaux 

75· chimeriques et, si on le desire, en ce qu'on transforme l'anticorps monoclonal chimerique resultant en 
leurs derives. 

20 

2. Procede selon la revendication 1 de preparation d'un anticorps monoclonal chimerique et de ses 
derives ayant une affinite d'au moins 2, 1 x 1010 litres/mole pour le CEA humain. 

3. Procede salon la revendication 1 ou 2 de preparation d'un anticorps monoclonal chimerique et ses 
derives comprenant des regions variables a cha'i'ne legere de formula 

25 FR 1 -Arg-Ala-Ser-Gln-Ser-I1e-Gly-Thr-Ser-Leu-His-FRz-

30 

t--~~~~~~ CDRlL ~~~~~~~~----i 

Tyr-Ala-Ser-Glu-Ser-Ile-Ser-FR1-Gln-Gln-Ser-His-Gly-Trp-Pro-Phe-Thr-FR, 
CDR2L CDR3L ~~~~~-1 

(I). 

dans laquelle FR, est un residu polypeptide comprenant 23-28 acides amines naturals, FR:! est un 
residu polypeptide comprenant 14-16 acides amines naturals, FRa est un residu polypeptide compre
nant 30-34 acides amines naturals et F~ est un residu polypeptide comprenant 9-11 acides amines 

35 naturals et oD l'acide amine cys peut ~tre a l'etat oxyde formant des ponts s-s. 

4. Procede salon l'une quelconque des revendications 1-3 pour la preparation d'un anticorps monoclonal 
chimerique et ses derives comprenant des regions variables a cha'i'ne legere de formula I, OU res 
residus polypeptides des regions d'ossature FR, • FR2, FRa et F~ sont cell es que l'on trouve de 

40 preference dans les anticorps murins. 

45 

50 

5. Procede selon l'une quelconque des revendications 1-4 pour la preparation d'un anticorps monoclonal 
chimerique et ses derives comprenant des regions variables a cha'i'ne legere de formula I, ou FR1 est 
un residu polypeptide de formula 

A-Gly-Asp-Ile-Leu-Leu-Thr-Gln-Ser-Pro-Ala-Ile-Leu-Ser-Val-Ser-Pro

Gly-Glu-Arg-Val-Thr-Phe-Ser-Cys 

(IA), 

OU A est un hydrogene, un acyle, OU le residu Ala-Ser-Arg, Ser-Arg OU Arg, 
55 FR2 est le residu polypeptide 
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Trp-Tyr-Gln-Gln-Arg-Thr-Asn-Gly-Ser-Pro-Arg-Leu-Leu-Het-Lys 

5 
( IB), 

FA3 est le residu polypeptide 

10 Gly-Ile-Pro-Ser-Arg-Phe-Ser-Gly-Ser-Gly-Ser-Gly-Thr-Asp-Phe-Thr-Leu-

15 

20 

25 

Thr-Ile-Asn-Ser-Val-Glu-Ser-Glu-Asp-Ile-Ala-Asp-Tyr-Tyr-Cys 

(IC)• 

et F~ est le residu polypeptide 

Phe-Gly-Ser-Gly-Gly-Thr-Lys-Leu-Glu-Ile-Lys 

(ID)' 

et OU l'acide amine cys peut etre a l'etat oxyde formant des ponts s-s. 

6. Procede selon la revendication 3 pour la preparation d'un anticorps monoclonal chimerique et ses 
derives comprenant des regions variables a chaTne legere de formula L, ou FR, , FA2, FR3 et F~ sont 

30 des residus polypeptides de formulas IA, 18, IC et ID, respectivement, ou un ou plusieurs acides 
amines isoles sont remplaces par d'autres acides amines en dehors des regions CDR1 L, CDR2L et 
CDR3L et ou l'acide amine cys peut etre a l'etat oxyde formant des ponts S-S. 

7. Procede selon rune quelconque des revendications 1-6 pour la preparation d'un anticorps monoclonal 
35 chimerique ou de ses derives comprenant des regions variables a cha,ne lourde de formula 

FRs-Thr-Tyr-Ala-Met-Ala-Trp-Val-FR,-Ser-Ser-Gly-Gly-Thr-Thr-Tyr-Tyr-Pro
i--~~~~~~- CDRlH ----1 

40 Asp-Ser-Val-Lys-Gly-FR1-Gly-Phe-Tyr-Asp-Gly-Tyr-Leu-Tyr-Val-Val-FR1 

CDR2H CDR3H ~-----------t 
( II)• 

45 dans lequel FRs est un residu polypeptide comprenant 32-36 acides amines naturals, F~ est un residu 
polypeptide comprenant 14-16 acides amines naturals, FR1 est un residu polypeptide comprenant 32-
34 acides amines naturels et FRa est un residu polypeptide comprenant 12-14 acides amines naturels, 
et OU l'acide amine cys peut etre a l'etat oxyde formant des ponts s-s. 

50 8. Procede selon l'une quelconque des revendications 1-7 pour la preparation d'un anticorps monoclonal 
chimerique. et ses derives comprenant des regions variables a chaTne lourde de formula II, ou les 
residus polypeptides des regions d'ossature FRs, F~, FR1 et FRa sont celles que l'on trouve de 
preference dans les anticorps murins. · 

55 9. Procede salon l'une quelconque des revendications 1-8 pour la preparation d'un anticorps monoclonal 
chimerique et ses derives comprenant des regions variables a cha,ne lourde de formula II, ou FRs est 
un residu polypeptide de formula · 
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B-Gly-Val-Gln-Cys-Glu-Val-Lys-Leu-Val-Olu-Ser-Gly-Oly-Gly:Leu

Val-Lys-Pro-Gly-Gly-Ser-Leu-Lys-Leu-Ser-Cys-Ala-Ala-Ser-Gly-Phe-

5 !hr-Phe-Arg 

ou B est un hydrogene ou un acyle, 
10 FAG est le residu polypeptide 

75 

20 

Arg-Gln-Thr-Pro-Glu-Lys-Arg-Leu-Glu-Trp-Val-Thr-Ser-Ile 

( IIB), 

FR1 est le residu polypeptide 

Arg-Phe-Thr-Ile-Ser-Arg-Asp-Asn-Ala-Arg-Asn-Ila-Lau-Tyr

Leu-Gln-Val-Ser-Sar-Leu-Arg-Ser-Glu-Asp-Thr-Ala-Ile-Tyr-Tyr-Cys-

25 Ala-Arg 
{ IIC), 

et FRs est le residu polypeptide 
30 

Asp-Tyr-Trp-Gly-Gln-Gly-Thr-Ser-Leu-Thr-Val-Ser-Ser 

35 
( IID), 

et OU l'acide amine cys peut etre a l'etat oxyde formant des ponts s-s. 

10. Procede salon la revendication 7 pour la preparation d'un anticorps monoclonal chimerique et ses 
40 derives comprenant des regions variables a chaine lourde de formule II dans laquelle FRs. FAG. FR, et 

FRs sont des residus polypeptides de formulas IIA, 118, IIC et IID, respectivement, ou un ou plusieurs 
acides amines isoles sont remplaces par d'autres acides amines en dehors des regions CDR1 H, 
CDR2H et CDR3H et ou l'acide amine cys peut etre a l'etat oxyde formant des ponts S-S. 

45 11. Procede selon l'une quelconque des revendications 1-10 pour la preparation d'un anticorps monoclonal 
Chimerique et SeS derives COffiprenant des regions COnStanteS humaineS 8 Chaine legere x OU >... 

12. Precede salon l'une quelconque des revendications 1-11 pour la preparation d'un anticorps monoclonal 
chimerique et ses derives comprenant des regions constantes humaines a chaine lourde -y1, -y2, -y3 ou 

50 -y4. 

55 

13. Procede salon l'une quelconque des revendications 1-12 pour la preparation d'un anticorps monoclonal 
chimerique et ses derives comprenant des regions constantes humaines a chaine legere et des regions 
constantes humaines a chaine lourde -y4; 

14. Precede selon l'une quelconque des revendications 1-13 pour la preparation d'un anticorps monoclonal 
chimerique et ses derives avec des regions variables a chaine legere de formula I dans laquelle FR, , 
FR:!, FRa et FA4 sont des residus polypeptides de formules IA, 18, IC et ID, respectivement et ou 
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l'acide amine cys peut etre a l'etat oxyde formant des ponts S-S, une region Constante humaine a 
cha1'ne legere x, une region variable a cha1'ne lourde de formula II dans laquelle FRs, FRs, FR, et FRs 
sont des residus polypeptides de formula IIA, IIB, IIC et IID, respectivement et ou l'acide amine cys 
peut etre a l'etat oxyde formant des ponts S-S et une region constante humaine a chaine lourde -y4. 

15. Procede salon l'une quelconque des revendications 1-14 pour la preparation d'un derive d'un anticorps 
monoclonal chimerique, caracterise en ce que l'anticorps monoclonal est clive de fagon enzymatique 
ou chimique en un fragment. 

10 16. Procede salon l'une quelconque des revendications 1-14 pour la preparation d'un derive d'un anticorps 
monoclonal chimerique, caracterise en ce que l'anticorps monoclonal est conjugue avec une enzyme, 
un marqueur de fluorescence, un chelate metallique, une substance cytostatique ou cytotoxique, 

. l'avidine ou la biotine. 

1s 17. Precede selon l'une quelconque des revendications 1-14 pour la preparation d'un derive d'un anticorps 
monoclonal chimerique, caracterise en ce que l'anticorps monoclonal est radioactivement marque. 

18. Precede de preparation d'un AON recombinant comprenant un insert codant pour une region variable 
murine a charne legere eVou pour une region variable murine a cha1'ne lourde d'anticorps monoclonaux 

20 chimeriques prepares selon la revendication 1, caracterise en ce que ledit precede comprend la culture 
d'un hote transforme. 

19. Precede selon la revendication 18 de preparation d'un AON recombinant, caracterise en ce que ledit 
procede comprend les etapes de 

25 a) isolement d'ADN murins provenant d'une lignee ceUulaire d'hybridome appropriee, selection des 
AON desires codant pour les regions variables des anticorps monoclonaux diriges contra le CEA 
humain en utilisant des sondes d'ADN, 
b) isolement des AON humains a partir d'une bibliotheque genomique, selection des AON desires 
codant pour les regions constantes des anticorps monoclonaux en utilisant des sondes d'ADN, 

30 c) construction de genes murins/humains chimeriques par incorporation des AON des etapes a) et 
b) dans des vecteurs hybrides appropries, · 
d) transfert des vecteurs hybrides obtenus chez un hote recepteur, et 
e) selection et culture de l'hote transforme. 

35 20. Precede selon la revendication 18 ou 19 pour la preparation d'un AON recombinant comprenant un 
insert codant pur une region variable murine a chaine legere specifique du CEA humain qui provient de 
l'ADN genomique de la lignee cellulaire CE 25, ayant le numero d'acces au depot CNCM 1-719. 

21. Precede selon la revendication 18, 19 ou 20, de preparation d'un AON recombinant comprenant un 
40 insert codant pour le polypeptide de formula I, contenant facultativement des introns. 

45 

50 

55 

22. Precede selon l'une quelconque des revendications 18-21, de preparation d'un AON recombinant 
comprenant un insert codant pour le polypeptide de formul,e I dans lequel FR1 . FR2. FRa et F~ sont 
des polypeptides de formula IA, 18, IC et ID, respectivement, contenant facultativement des introns. 

23. Precede selon l'une quelconque des revendications 18-22 de preparation d'un ADN recombinant 
comprenant un insert de formula 
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TCTAGACTGCTGTGGTCTTTTAAGTAGCATGAAAAACATCTGCTAAAGAAGGAATTAGTT 
---------+---------+---------+----, .---+---------+---------+.60 
TGAACATGCTAGAAATACATCTGTGATACTCTCATCACTCTTGTTGGAAAGA.:rATGCAAG 
---------+---------+---------+---------+---------+---------+ 120 
AAGCACTATTTGGCTATTATTTGGAAAGTGCTATAATGTATTTTGATATCTCAACCTCTG 
---------+---------+---------+---------+---------+---------+ 180 
AAATTCTTCTGTATGTTGGCAGATTGTAAACCTTTACAAGGCTTTCATTCTCTTCTCTGG 
---------+---------+---------+---------+---------+---------+ 240 
AGAAAAATGTCTTTGTAGGCAATCCAGAATTTCTTATTTCTTGCTAATGAAAT.CTCCTCA 
---------+---------+---------+---------+---------+---------+ 200 
GTGTGATATCACTTTAGTTTCATGTGTTGTTATGCTTCATGTAATGTTAAGAAAGTTAAA 
---------+ ·--------+---------+---------+---------+---------+ 360 
GATGCTCCAATCCATATTGTAAGAAACATTCCAAGCCATGGAATAAGGCATGGATTTGAG 
---------+---------+---------+---------+---------+---------+ 420 
ATGCTCTTTATTTCAAACTACTGAATATATCTTAGAGATTTCTTTAGACTGTGTTAAATA 
---------+---------+---------+---------+---------+---------+ 480 
TGTAACCATTTAAGTAGGAGTCAAGTCTCCTTTAAATCTCAACAGCTCTTCAGGTAACCA 
---------+---------+---------+---------+---------+---------+ 540 
ACAAAAGGATAAATATTCTAATAAGTCACTAGGAGCATGCTCTTCTGACCAGGTCTTTCT 
---------+---------+---------+---------+---------+---------+ 600 
TATAAGCAACATGAAGACAGTATGATTTGCATAAGTTTTTCTTTCTTCTAATGTCCCTGC 
---------+---------+---------+---------+---------+---------+ 660 
CTCTTAGAGTATTATAAGAAGATCTTTCTAGGGATGTGTCATGGTC~CACAAAAATAGG 
---------+---------+---------+---------+---------+---------+ 720 

M V S T P Q F L V F L L F W I P 
KetVa1SerThrProG1nPheLeuVa1PheLeuLeuPheTrpI1ePro 

GAAAGTGTGAAGATGGTATCCACACCTCAGTTCCTTGTATTTTTGCTTTTCTGGATTCCA 
---------+---------+---------+---------+---------+---------+ 780 
GGTAATGACTGTTTGGGTGTGGCAAAAAAGTGGAGATGTTATTTAAATACAAAATTTTCT 
---------+---------+---------+------.--+---------+---------+ 840 
TGCTTTATTTGGAAGCCAATGTCACATGGGAATTGACTTTCAGTTTAAAGAAATTGATAC 
---------+---- ----+---------+---------+---------+---------+ 900 
AATAAAAGTCATTTATTTTTCTAAGTTGTTTAGAAGTGACTTTCATATTCAGTGTTATGA 
---------+---------+---------+------.--+---------+---------+ 960 

A S R G D I L L T Q S 
AlaSerArgGlyAsplleLeuLeuThrGlnSer 

TCGACTAATGTATCTTCCATTTTTCCAGCCTCCAGAGGTGACATCTTGCTGACTCAGTCT 
---------+---------+---. -----+---------+-------·--+---------+ 1020 
P A I L S V S P G E R V T F S C R A S Q 
ProAlalleLeuSerValSerProGlyGluArgValThrPheSerCysArgAlaSerGln 
CCAGCCATCCTGTCTGTGAGTCCAGGAGAAAGAGTCACTTTCTCCTGCAGGGCCAGTCAG 
---------+---------+---------+---------+---------+---------+ 1080 
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S I G T S L K Y Y Q Q R T N G S P R L L 
SerlleClyThrSerLeuHisTrpTyrGlnGlnArgThrAsnGlySerProArgLeuLeu 
AGCATTGGCACAAGCTTACACTGGTATCAGCAAAGAACAAATGGTTCTCCAAGGCTTCTC 

1081 ---------+---------+---------+---------+---------+---------+ 1140 
K K Y A S E S I S G I P S R F S G S G S 
MetLysTyrAlaSerGluSerileSerGlyileProSerArgPheSerGlySerGlySer 
ATGAAGTATGCTTCTGAGTCTATCTCTGGGATCCCTTCCAGGTTTAGTGGCAGTGGATCA 

1141 ---------+---------+---------+---------+~-------+---------+ 1200 
10 G T D F T L T I N S V E S E D I A D Y , Y 

GlyThrAspPheThrLeuThrileAsnSerValGluSerGluAspileAlaAspTyrTyr 
GGGACAGATTTTACTCTTACCATCAATAGTGTGGAGTCTGAAGATATTGCAGATTATTAC 

15 

1201 ------. -+---------+---------+---------+---------+------·--+ 1260 

C Q Q S H G W P F T F G S G T K L E I K 
Cy sGlnG lnSe rHi-sGl yTrpPro Phe Th r PheGlySe rGlyThr Ly sLe uG lu I le Lys 
TGTCAACAAAGTCATGGCTGGCCATTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAA 

1261 ---------+---------+---------+---------+---------+---------+ 1320 
CGTAAGTGGACTTTTGTTCATTTACTTGTGACGTTTTGGTTCTGTTTGGGTAGCTTGTGT 

20 1321 ---------+---------+---------+---------+---------+---------+ 1380 

25 

GAATTTGTGATATTT 
1381 ---------+----- 1395 

(III). 

24. Precede selon la revendication 21 de preparation d'un ADN recombinant comprenant un insert de 
formula Ill dans lequel un ou plusieurs nucleotides isoles sont remplaces par d'autres nucleotides en 
dehors des sequences de nucleotides de formule Ill a partir des positions 1069-1102, 1147-1167 et 

30 1263-1291 , respectivement. · 

35 

25. Procede salon la revendication 18 de preparation d'un ADN recombinant comprenant un insert codant 
pour une region variable murine a cha'i'ne lourde specifique du CEA humain qui provient de l'ADN 
genomique de la lignee cellulaire CE 25, ayant le numero d'acces au depot CNCM 1-719. 

26. Precede salon la revendication 18 ou 25, de preparation d'un ADN recombinant comprenant un insert 
codant pour le polypeptide de formula JI,· contenant facultativement des introns. 

27. Procede salon la revendication 18, 25 ou 26 de preparation d'un ADN recombinant comprenant un 
40 insert codant pour le polypeptide de formula II dans laquelle FRs, FA6, FR1 et FRa sont des residus 

polypeptides de formula IIA, IIB, IIC et IID, respectivement, contenant facultativement des intrans. 

45 

50 

55 

28. Procede salon l'une quelconque des revendications 18,25-27 de preparation d'un ADN recombinant 
comprenant un insert de formula 
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AAGCTTGTTCTGTTCACATGCAAGGAGGGAAACTAAACTGAGTATGGTGAATCCCTAACC 
---------+---------+---------+---------+---------+---------+ 60 

AAAGGGAA-4-A...A...~TGAAACTACAATATGTTTCAAATGCTGTAACTGAAATCTGGTTTTTTG 
5 61 ---------+---------+---------+---------+---------+---------+ 120 

ATGCCTTATATCTGGTATCATCAGTGACTTCAGATTTAGTCCAACCCCAGAGCATGGTAT 
121 ---------+---------+---------+---------+---------+---------+ 180 

AGCAGGAAGACATGCAAATAAGTCTTCTCTCTGCCCATGAAAACACCTCGGCCCTGACCC 
10 181 ---------+---------+---------+---------+---------+---------+ 240 

TGCAGCTCTGACAGAGGAGGCCAGTCCATGGATTTGAGTTCCTCACATTCAGTGATGAGC 
241 ---------+---------+---------+---------+---------+---------+ 300 

M N F G F S L I F L V L V 
15 MetAsnPheGlyPheSerLeuilePheLeuValLeuVal 

20 

ACTGAACACAGACACCTCACCATGAACTTCGGGTTCAGCTTGATTTTCCTTGTCCTTGTT 
301 ---------+---------+---------+---------+---------+---------+ 360 

L K G 
LeuLysGly 
TTAAAAGGTAATTTATTGAGAAGAGATGACATCTATTTTACGCACATGAGACAGAAAAAA 

361 ---------+---------+---------+----·----+---------+---------+ 420 
V Q 
ValGl 

25 TGTGGTTTGTTTTGTTAGTGACAGTTTTCCAACCAGTTATTCTCTGTTTGTAGGTGTCCA 

30 

35 

40 

45 

50 

55 

421 ---------+---------+---------+---------+---------+---------+ 480 
C E V K L V E S G G G L V K P G G S L K 

nCysGluValLysLeuValGluSerGlyGlyGlyLeuValLysProGlyGlySerLeuLy 
GTGTGAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCTGAA 

481 ---------+---------+---------+---------+---------+---------+ 540 
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L S C A A S G f T F R T Y A H A W V R Q 
sLeuSerCysAlaAlaSerGlyPheThrPheArgThrTyrAlaHetAlaTrpValArgGl 
ACTCICCTGTGCAGCCTCTGGGTTCACTTTCAGGACCTATGCCATGGCTTGGGTTCGCCA 

541 ---------+---------+---------+---------+---------+---------+ 600 
T P E K R L E W V T S I S S G G T T Y Y 

nThrProGluLysArgLeuGluTrpValThrSerileSerSerGlyGlyThrThrTyrTy 
GACTCCAGAGAAGAGGCTGCACTGGGTCACATCCATTAGTAGTGGTGGTACCACCTACTA 

601 ---------+---------+---------+---------+---------+---------+ 660 
P D S V K G R F T I S R D N A R ·N I L Y 

rProAspSerValLysGlyArgPheThrileSerArgAspAsnAlaArgAsnlleLeuTy 
TCCAGACAGTGTGAAGGGCCGATTCACCATCTCCAGAGATAATGCCAGGAACATCCTGTA 

661 ---------+---------+---------+---------+---------+---------+ 720 
15 L Q V S S L R S E D T A I Y Y C A R G F 

20 

25 

rLeuGlnValSerSerLeuArgSerGluAspThrAlaileTyrTyrCysAlaArgGlyPh 
CCTGCAAGTGAGCAGTCTGAGGTCTGAGGACACGGCCATTTATTACTGTGCAAGAGGTTT 

721 ---------+---------+---------+---------+---------+---------+ 780 
Y D G Y L Y V V D Y W G Q G T S L T V S 

eTyrAspGlyTyrLeuTyrVa1Va1AspTyrTrpGlyGlnG1yThrSerLeuThrVa1Se 
CTATGATGGTTACCTCTATGTTGTGGACTACTGGGGTCAAGGAACCTCACTCACCGTCTC 

781 ---------+---------+---------+---------+---------+---------+ 840 
s 

rSer 
CTCAOGTAAGAATGGCC 

841 ---------+------- 8S7 

~ (IV). 

29. Procede selon la revendication 26 de preparation d'un ADN recombinant comprenant un insert de 
35 formula IV dans lequel un ou plusieurs nucleotides isoles sont remplaces par d'autres nucleotides en 

dehors des sequences de nucleotides de formula IV a partir des positions 575-595, 629-680 et 776-
805, respectivement. · 

30. Procede selon la revendication 18 de preparation d'un AON recombinant comprenant un insert codant 
40 pour une region variable murine a cha1he legere fusionnee a une region constante humaine x ou >.. 

31. Procede selon la revendication 30 de preparation d'un ADN recombinant comprenant un insert de 
tormule Ill fusionne a une region constante humaine x. 

45 32. Procede selon la revendication 18 de preparation d'un AON recombinant comprenant un insert codant 
pour une region variable murine a chaine lourde fusionnee a une region constante humaine -y1, -y2, -y3, 
OU 'Y4. 

33. Procede selon la revendication 32 de preparation d'un AON recombinant comprenant .un insert de 
5o formula IV fusionne a une region constante humaine -y4. 

34. Procede salon la revendication 18 de preparation d'un AON recombinant qui est un vecteur hybride 
comprenant un insert codant pour une chame legere murine/humaine chimerique prepare par un 
procede selon la revendication 31, et'ou une chaine lourde murine/humaine chimerique preparee par un 

55 procede salon la revendication 33, un replicon complet et une ou plusieurs sequences marqueuses 
dominantes, liees de fagon operatoire a des sequences de commande d'expression. 
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35. Procede salon la revendication 18 de preparation d'un AON recombinant qui est un vecteur hybride 
comprenant un insert codant pour une chaTne legere murine/humaine chimerique preparee par un 
procede salon la revandication 32 et'ou une chaTne lourda murine/humaina chimerique preparee par un 
procede selon la revendication 34, un replicon complet et une ou plusieurs sequences marqueuses 

s dominantes, liees de fagon operatoire a des sequences de commande d'expression. 

36. Procede salon la revendication 34 ou 35 de preparation d'un AON. recombinant qui est un vecteur 
hybride approprie a des hates mammiferes. 

10 37. Procede salon la revendication 34, 35 ou 36 de preparation d'un ADN recombinant qui' est un vecteur 
hybride dans lequel le vecteur est derive du plasmide pSV. 

15 

20 

25 

30 

35 

3a Procede selon la revendication 37 pour la preparation d'un ADN recombinant qui est un vecteur 
hybride dans lequel le vecteur est derive du plasmida pSV2gpt ou du plasmide pSV2neo. 

39. Cellule hote qui est transformee avec les ADN recombinants prepares par un procede selon l'une 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

quelconque des revendications 30-38. 

Cellule hote salon la revandication 39, qui est une cellule de mammifere d'origine lympho"11::le. 

Cellule hote salon la revendication 39, qui est une cellule derivee de la lignee cellulaire d'hybridome de 
souris non-secretante d'lg Sp2/0 (ATCC CRL 1581) 

Cellule hote selon la revendication 39 ou 41 qui est transformee avec un ou deux vecteurs prepares 
par l'un des procedes salon les revendications 35-38. 

Cellule hate salon la revendication 42 qui est une cellula de la lignee cellulaire EFVlll/-y4Na75-
75/CxGa5-6 (CE 75-5-6), ayant le numero d'acces au depot CNCM 1-719. 

Cellule hate salon la revendication 42 qui est une cellule de la lignee cellulaire EFIX-pCEA-lg-(-y4;Cx) 
(CE 4-8-13), ayant le numero d'acces au depot CNCM 1-818. 

Cellule hote salon la revendication 39, caracterisee en ce qu'elle secrete des anticorps monoclonaux 
chimeriques prepares par un procede salon la revendication 1. 

Procede de preparation d'une cellule hote salon la revendication 39 OU 45, caracterise en ce qu'on 
transforma une cellule appropriee avac un ou daux vacteurs par electroporation, traitemant au calcium, 
microinjection ou fusion de protoplaste. 

40 47. Procede de preparation d;une composition pharmaceutique contenant un anticorps monoclonal chimeri
que et ses derives prepare par un procede salon la revandication 1, caracterise en ce qu'on melange · 
l'anticorps monoclonal avec un support pharmaceutique. 

45 

50 

55 
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FIGURE lA 1 kb , 
PROBE 

G: 
· Bg X 

';f ____ ')/ 
··········-~·············· 

J1 J2 J3J4 

[pUC] 

L2: 

BX Bg E EgX 
L2.5: ·._11 __ 1._.__.,__1 __ .....;.;1( 

FIGURE lB 
1 kb 

PROBE 

G: 
· 99g8gH 8 H X . 

·········-~·-········ 
J1 J2 J3 J4 

H2: X X 

X B ~) 
I I I . [E) 

I 
EH 
I ' I 

H8: (pH8a1cpuc>] 

86 

BIOEPIS EX. 1002 
Page 2614



FIGURE 2 

EP O 323 806 81 

(a) 
CEA-L2 

NS CE25 

I~ gl ll(l g1 
~ w 

87 

( b) 
CEA-H8 

NS CE25 

I~ g1 I~ fisl 

•• 

BIOEPIS EX. 1002 
Page 2615



FIGURE 3 

1kb 

pDA14a 
. [pSR] 

X E 

~ 

EP O 323 806 81 

(X) E 

88 

BIOEPIS EX. 1002 
Page 2616



EP O 323 806 B1 

FIGURE 4 
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Figure 5 
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ANTl•LEU 3a AMINO ACID SEQUENCE 

Field of the Invention 

This invention relates to an amino acid se
quence for an anti-C04 antibody and more particu
larly relates to an amino acid sequence for the anti· 
C04 antibody, Anti-Leu 3a, and a chimeric variant 
thereof. 

Background of ~ Invention 

C04 is an antigen on certain T lymphocytes 
(i.e., the helper subset) that has a molecular weight 
ofapproximately 55 Kd. It is thought to consist of 
four domains (V1 - v~) that extend from the cell 
membrane outward in serial fashion. 

Recently, the C04 antigen or CD4 • cells have 
been implicated in certain immune system dis· 
eases ranging from autoimmune diseases, such as 
rheumatoid arthritis and multiple sclerosis, to AIDS. · 
Treatment of these diseases with anti-C04 agents 
Q.e., chemical or biological materials that bind to or 
block the function of the C04 antigen) has been 
suggested. See, e.g., U.S. Pat. No. 4,695,459 and 
Weber et al., Sci.Amer., 259:101 (1988). 

Notall antl-C04 agents, and in particular not all 
anti-CD4 monoclonal antibodies. however, have the 
same effect on the C04 antigen or CD4 • cells. 
That is, not all anti-C04 monoclonal antibodies bind 
to the same region or epltope on CD4. Where a 
particular monoclonal antibody binds to C04 Is 
important in a disease such as AIDS, for example. 
Sattentau et al., Science, 234:1120 (1986), showed 
that not all antl-CD4 antibodies would cross-block 
each other in competitive binding studies with 
C04 • cells or would block the binding of HIV to 
CD4 • cells. Recent work, summarized by Weber et 
al., supra, suggests that a specific amino acid . 
sequerice in the outermost or V1 domain of the 
C04 molecule is site where HIV binds to CD4, and 
suggests that this is the site (or very near to it) 
where the monoclonal antibody, anti-Leu 3a 
(Becton Dickinson lmmunocytometry Systems, 
BOIS), binds. Also near this site, but different from 
the site to which Anti-Leu 3a binds, is the site at 
which another monoclonal antibody, OKT4a (Ortho 
Diagnostics). binds. 

The ability of Anti-Leu 3a to block HIV binding 
has been attributed to Its structure being the same 
or nearly the same as a portion of the gp120 region 
of the HIV virus. The gp120 region of the virus has 
been shown to bind to C04. Thus, Anti-Leu 3a has 
a structure that looks like the HIV binding region on 
gp120 but lacks the disease carrying properties of 
the virus itself. As result, the use of Anti-Leu 3a as 

a vaccine is being attempted. See Matthews et al., 
· Sci. Amer., 259:120 (1988). - - -

Anti-Leu 3a is a mouse monoclonal antibody 
derived from clone SK3 which was originally de· 

s scribed by Evans et al .• PNAS, 78:544 (1981). SK3 
was derived from-hybridization of mouse NS-1 
myeloma cells with spleens from BALB/c mice . 
immunized with sheep red blood cell rosettes of 
human peripheral blood. It is a lgG1 type antibody 

10 having a kappa light chain. Because Anti-Leu 3a is 
a mouse monoclonal antibody, however, its use a 
therapeutic agent, such as an AIDS vaccine, raises 
certain problems. 

Mouse monoclonal antibodies or in fact any 
rs other non-human antibodies will be immunogenic 

when used as a human therapeutic agent. The 
mouse monoclonal antibody will be recognized as 
being "non-self" by the recipient's immune system. 
Thus, once a mouse monoclonal antibody has 

20 been used, anti-mouse antibodies will be formed in 
the host which then will limit the subsequent effec
tiveness of the agent in the course of further or 
subsequent treatment. Accordingly, It would be 
preferabfe to use human monoclonal antibody. The 

2s preparation of a human antibqdy, however, raises a 
number of serious practical and ethical questions. 

One alternative method to make the mouse 
monoclonal antibody less immunogenic while re
taining the binding specificity of antibody is to 

30 make the antibody "chimeric." In one embodiment 
of this format. the mouse variable region of the 
antibody is coupled to the constant region of the 
same type antibody but from another species or 
another strain of the same species. In the preferred 

ss human therapeutic embodiment. the other species 
is human. For veterinary purposes, the species to 
be treated will comprise the other species. 

Simply stated, the gene for the mouse variable 
region Is isolated and spliced by appropriate ge-

40 netlc engineering techniques, such as those de
scribed in chapters 5 and 6 of Recombinant DNA: 
A Short Course (Watson et al., eds., 1983), to the 
gene for the human consiantregion. The resulting 
gene then will code for an lmmunoglobulin having 

45 the mouse variable region and human constant 
region. A vector carrying this new gene then may 
be placed in a prokaryotic or eukaryotic organism 
for expression of the immunoglobulin. A specific 
embodiment for this type of chimeric antibody for 

so expression in eukaryotic organisms is set forth in 
USSN 644,473 filed August 27, 1984, and for ex
pression In prokaryotic organisms is set forth in 
USSN 483,457 filed April 8. 1983. 

2 

The application USSN 644,473 corresponds 
with published European Patent Specification 
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173494. The application USSN 483,457 corre
sponds with published US Patent 4816567. 

Another embodiment of a chimeric format Is 
set forth in UK Pat. Appl. GB 2 188 638 flied March 
27, 1986, and also is described in Jones et al .• 
Nature, 321:522 (1986). · In this approach7' the 
chimeric antibody is "humanized" by introducing 
more human sequences into the variable gene re
gion while retaining the specific mouse binding 
regions. 

This embodiment of an antibody takes advan
tage of the fact that the variable region of both 
mouse and human immunoglobulins is comprised 
of four framework residues (FRs) which are inter
spersed with three complementarity determining 
residues (CDRs). The CDRs mediate antigen bind
ing. Thus, in this approach, the mouse variable 
region genes coding for one or more of the CCRs 
are spliced into the human framework variable re
gion and the resulting "mosaic" variable region 
may be spliced onto the human constant region 
forming a different type of chimeric antibody. Vec
tors containing these constructs may be transferred 
IA to expressions systems as described above. A 
schematic for the traditional and mosaic forms of 
chimeric antibodies is shown in FIG. 1. 

The ability to manipulate the gene sequences 
for any particular monoclonal antibody provides 
one further opportunity to design the antibody to 
precise specifications. By using appropriate recom
binant DNA techniques. . it Is possible to create 
specific mutations in the nucleic acid sequence of 
the variable region gene. In some cases, this will 
lead to a change in the amino acid sequence of the 
immunoglobulin. This change, in turn, may lead to 
a conformational change in the structure of the 
immunoglobulin which may improve or diminish the 
binding capability or activities of the im
munoglobulln. Thus, it may be possible to design 
two different immunoglobullns that have the same 
conformation and binding specificity but have dif
ferent sequences. 

This abiiity will effect not only the therapeutic 
format of the antibody but also will enable one to 
improve the diagnostic characteristics of the anti· 
body. For example, one might use the chimeric or 
mosaic format to construct an antibody fragment 
(e.g:, Fab' ) with different secondary properties but 
having the same or improved binding capabilities. 

While the importance of the ability to change 
the conformation or structure of an lmmunoglobulin 
or to render it less lmmunogenic is unquestioned, 
the ability to make this changes requires identifica
tion of the specific sequence of the antibody in 
question. Thus. in order to make a chimeric or 
mosaic version of an antibody or to alter its con
formation\ the sequence must be known. Once it is 
known. Improvements in its therapeutic capabilities 
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then may be made. 

Summary of the Invention 

This invention comprises the amino acid se
quence for the monoclonal antibody Anti-Leu 3a 
variable region. It further comprises the amino acid 
sequence for each of the CCR portions of the Anti· 
Leu 3a variable region. A chimeric antibody having 
the amino acid sequence for the variable region 
and a mosaic antibody having one or more of the 
amino acid sequences for the CDR portion of the 
variable region also are claimed. 

Description of the Drawings 

FIG. 1 comprises a schematic comparison of 
the chimeric and mosaic lgG antibodies. Chimeric 
antibodies consist of mouse variable regions 

(1 • I WU 

and human constant regions 

The mouse variable region contains the CCR (•) 
and the FR (a). Mosaic antibodies consist of syn
thetic mouse human variable regions 

containing mouse CCRs (•)and human FRs (fill) 
and human constant regions. 

FIG. 2. comprises the nucleotide chain and 
deduced amino acid sequence of the cloned Anti
Leu 3a light chain variable region gene, 206 V x· 

AG. 3 comprises the nucleotide and de
duced amino acid sequence of the cloned Anti-Leu 
3a heavy chain variable region gene, 316-VH. 

FIG. 4 comprises the nucleotide and pre
dicted amino add sequence of the mosaic Anti-Leu 
3a light chain variable region gene, KOU20S-Vl, 

FIG. 5 comprises the nucleotide and pre
dicted amino acid sequence of the mosaic Anti-Leu 
3a heavy chain variable region gene, KOU316-VH. 

FIG. 6 comprises a schematic synthesis 
strategy for mosaic llght and heavy chain varl.able 
regions, wherein FRs are shown by thin boxes, 
CDRs as thick boxes, restriction sites by arrows 
and over-lapping, single- stranded oligonucleotides 
are represented by solid lines below each gene. 

FIG. 7 comprises partial DNA restriction 
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maps of human kappa and human gamma 1 ex• 
pression vectors containing Anti-Leu 3a variable 
region sequences wherein axons are indicated by 
open boxes, enhancer elements are shown as open 
circles, dominant selectable markers are represent
ed by shaded boxes, and antibiotic resistance 
genes are depicted with broken lines. 

For FIG.s 2-5, the deduced amino acid se
quence Is shown below the nucleotide sequence in 
three letter code. The sequence of the mature 
protein is capitalized while the leader peptide Is in 
lower case letters. CDRs are boxed. DNA regu_la
tory elements (e.g., Parslow box and TATA box) 
are highlighted irlboldface letters. Donor and ac
ceptor splice sites are underlined and splice junc
tions are indicated be an up arrow. 

Detailed Description of the Invention 

Organization of mouse immunoglobulin 
genome has been well described by Honjo, Ann. 
Rev. lmmunol., 1:499 (1983). Briefly, the im
munoglobulin gene system comprises three sepa
rate loci of Lx, L>. and H (light and heavy) chain 
genes, each chain containing the variable M and 
constant (C) genes. The Lx, Li.. and H chain genes 
are located on mouse chromosomes 6, 16 an 12 
respectively and on are located on human chro
mosomes 2, 22 and 14 respectively. Within each of 
the genes, a variety of introns and axons may 
exist. 

Referring to FIG. 2. the variable region 'se
quence for the kappa light chain of Anti-Leu 3a was 
determined as follows. DNA containing the mouse 
variable region light chain gene was isolated from 
clone SK3 by screening a genomic library using 
hybridization probes. Genomic DNA was partially 
digested with Mbol, ligated into the lambda re
placement vectors EMBL3 or EMBL4, packaged, 
and amplified on an appropriate E. coli host. The 
libraries were screened using a --O.S5 · Kb Sacl 
Hlndlll probe from the mouse Jx·Cx intron, or a 
-0.70 Kb Xbal EcoRI enhancer probe from the 
mouse heavy chain intron.. Positive clones were 
characterized by Southern blotting, then were sub
cloned into the cloning vector pUC13. 

Once the DNA for each of the light and heavy 
·chain variable regions was isolated, It was sequen
ced by the chain termination method of Sanger et 
al., PNAS, 74:5463 (1977). Appropriate restriction 
fragments were subcloned into the sequencing 
vectors M13mp18, M13mp19 and PTZ18R, and the 
cloning vector pUC13. 35S- labelled templates were 
sequenced with Kienow fragment or AMY-reverse 
transcriptase. 

The nucleotide sequence from positions 538 
through 882 comprises the coding region for the 

Anti--Leu 3a Vx chain. The amino acid sequence 
corresponding to the nucleotide sequence from po
sitions 549 through 881 further comprises the 
structure of the variable region of the Anti-Leu 3a 

5 kappa light chain. 
Referring to FIG. 3, the variable region se

quence for the heavy chain of Anti-Leu 3a was 
determined as described above for the light chain 
except that appropriate restriction fragments were 

10 subcloned into the sequencing vectors M13mp18 
and M13mp19 (Pharmacia), and the cloning vectors 
pUC12 and pUC13. 

The nucleotide sequence from positions 373 
through 738 comprises the coding region for the 

15 Anti-Leu 3a VH chain. The amino acid sequence 
corresponding to the nucleotide sequence from po
sitions 384 through 737 further comprises the 
structure of the variable region of the Anti-Leu 3a 
heavy chain. 

20 Once isolated, the nucleotide sequences for 
each or either of the variable region chains may be 
combined with nucleotide sequences for the human 

. constant region. Once combined, the vector Into 
which they are combined may be placed in an 

25 · expression system for production of the chimeric 
antibody. Preferably, the method of Morrison and 
Oi as set forth In USSN 644,473 is used to con
struct the chimeric antibody; however, the methods 
set forth in USSN 483,457 may be used to con-

30 struct the chimeric antibody in a prokaryotlc sys
tem, such as E.coli. 

Briefly, the 200-Vx and 316-VH variable region 
genes were spliced to human kappa and human 
gamma 1 constant region genes and were inserted 

35 Into the vectors pSV184neo and PSV2AHgpt re
spectively. The 206-V x gene was. spilced To the 
human x gene at a unique Hindlll site located in 
the large intron between the Jx and Cx axons. The 
316-VH gene was spliced to the human gamma 1 

40 gene at a unique EcoRI site located in the large 
intron between the JH and CH axons. 

Transfectlon of a eukaryotic cell line was ac
complished by the method described by Morrison 
et al., PNAS, 81 :6851 (1984). 

45 - -One Chimeric cell line that resulted from this 
transfection was named V23. This cell line pro
duces a a chimeric mouse:human · gamma 1 im
munogiobulin that binds to the CD4 antigen on 
CD4 • cells as confirmed by flow cytometric analy-

50 ses and as confirmed by SDS-polyacrylamide gel 
electrophoresis of antigen antibody complexes 
from labelled cells. 

Referring to FlG.s 4 and 5, the nucleotide se
quence of the V x and VH CDRs was determined 

55 next. The mosaic light chain variable region was 
synthesized from two 200 base-pair restriction frag
ments, each consisting of six oligonucleotides. The 
mosaic heavy chain variable region was synthe-

4 
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sized from two 100 base-pair restriction fragments 
consisting of four oligonucleotldes each and a 200 
base-pair restriction fragment consisting of eight 
oligonucieotides. See FIG. 6. 

Taking advantage of the degeneracy of the s 
genetic code, unique restriction sites then were 
designed into each gene to facilitate CDR replace
ment by cassette mutagenesis. Thus, an altered 
amino acid sequence could be introduced by re-
placing the existing DNA sequence with a synthetic 10 

double-stranded restriction fragment. The human 
myetoma cell line KOL was used as a source. of 
FRs for both the V x and VH chains even though it 
has a lambda light chain. KOL has been previously 
described by Bernstein et al., J. Mol. Biol., 112:535 1s 
(19n). The resulting mosaic genes then were sub
cloned into the bacterial cloning vectors PTZ18R 
and PTZ19A (Pharmacia) and were sequenced on . 
both strands by the chain termination method de-
scribed above. 20 

Referring to FIG. 4, the nucleotide sequence 
from positions 43 through 387 comprise the mosaic 
Vx chain. The sequences from positions 120-164, 
210-230 and 327-353 comprise the COR1. CDR2 
and CDRa regions respectively. The amino acid 2s 
sequence for each CDR then was deduced from 
the nucleotide sequence. 

Referring to FIG. 5, the nucleotide sequence 
from positions 20 through 385 comprise the mosaic 
VH chain. The sequences from positions 121-136, 30 

178-228 and 325-351 comprise the CDR1, co~ 
and CDRa regions respectively. The amino acid 
sequence for each COR then was deduced from 
the nucleotide sequence. 

As described above. expression vectors then 35 

were made to splice the mosaic constructs to the 
respective constant region genes. The vectors 
pSV184.::lHneo and PSV2Migpt were used with the 
Vx and VH mosaics respectively. Constant regions 
from KOL· also were used as previously described. 40 · 

Each vector was modified by site-directed 
mutagenesis to permit insertion of the variable re-
gion mosaics. See FIG. 7. 

Transfectionof a eukaryotic cell line was ac-
complished by the method described in Oi and 45 

Morrison, BioTechnlques, 4:214 (1986). 
One mosaic cell line that resulted from this 

transfectlon was named 181-21. This cell line pro
duces a. mosaic mouse:human gamma 1 im-
munoglobulin that binds to the CD4 antigen on so 
CD4 + cells as confirmed by flow cytometric analy-
ses and as confirmed by SOS-polyacrylamide gel 
electrophoresis of antigen-antibody complexes 
from labelled cells. 

The V~3 and 181-21 cell lines described above 55 

that produce the chimeric and mosaic Anti-Leu 3a 
antibodies have been deposited in. the laboratory of 
Dr. Vernon Oi at the Becton Dickinson Monoclonal 

5 

Center, Mountain View, California. It will be appar· 
ent to one skilled in the art that these are not the 
only possible combinations of Anti-Leu. 3a derived 
sequences. Other combinations of sequences 
could include 1) having less than all CDRs in the 
construct be of mouse origin (e.g., combining 
CDR1 In one or both chains from Anti-Leu 3a with 
CDR2 and CDRs from another species), 2) having 
only the heavy or light chain be chimeric or mosaic 
(and thus having the other chain be totally of 
mouse origin) and 3) having a construct comprised 
of a mosaic chain and a chimeric chain. Other 
constructs may be made of different nucleotide 
sequences that have the structure and . anti-C04 
binding function of Anti-Leu 3a but not do not 
necessarily have the entire Anti-Leu 3a sequence. 
Still other constructs may represent only a portion 
of the antibody (e.g., Fab'fragment ). Finally, other 
constructs couidbe made comprising anti-C04 
peptides that have both Anti-Leu 3a like binding 
functions (but lack an immunoglobulln structure) 
and the sequence of any of the variants described 
in FIG.s 2-5. 

All publications and patent appllcations men· 
tioned in this specification are indicative of the ll3vel 
of ordinary skill in the art to which this Invention 
pertains. All publications and patent applications 
are herein incorporated by reference to the same 
extent as if each individual publication or patent 
application was specifically and individually indi· 
cated to be incorporated by reference. 

It wlll be apparent to one of ordinary skill in the 
art that many changes and modifications can be 
made in the invention without departing, from the 
spirit or scope of the appended claims. 

Claims 

1. A chimeric antibody having a human con
stant region and having a mouse variable region 
comprising an amino acid sequence for a V x chain 
as described in FIG. 2. 

2. A chimeric antibody having a human con
stant region and having a mouse variable region 
comprising an amino acid sequence for a VH chain 
as described In FIG. 3. 

3. A chimeric antibody having a human con
stant region, and having a mouse variable region 
comprising an amino acid sequence for a V x chain 
as described in FIG. 2 and an amino acid se
quence for a VH chain as described in AG. 3. 

4. An antibody having a mouse:human mosaic 
variable region comprising an amino acid sequence 
for a V x chain as described in FIG. 4. 

5. An antibody having a mouse:human mosaic 
variable region comprising an amino acid sequence 
for a VH chain as described in FIG. 5. 
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6. An antibody having a mouse:human mosaic 
variable region comprising an amino acid sequence 
for a V" chain as described In FIG. 4 and an amino 
acid sequence for a VH chain as described in FIG. 
5. s 

7. A chimeric antibody having a human con
stant region, and having a mouse:human mosaic 
variable region comprising an amino acid sequence 
for a V" chain as described in FIG. 4 and having 
an amino acid sequence for a VH chain as de- 10 

scribed in FIG. 5. 
8. An antibody having a mouse:human mosaic 

variable region· comprising at least one of the CDR 
· amino acid sequences as described "in FIG. 5. 

9. An antibody having a mouse:human mosaic 15 

variable region comprising at least one of the CDR 
amino acid sequences as describe.d in FIG. 6. 

1 ~- A nucleotide sequence for an anti-CD4 
agent comprising any of the nucleotide sequences 
as described in any of FIG.s 2-5. 20 

25 

30 

35 

40 

45 

so 

66 

6 

10 
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Fii!ur,: 2 

10 20 JO 4 () 50 GO 
TTT ,\AATGATGCTTTGT ,\A(;cc·i-r A,\AT AAACACAAATAAACA'l'TGAGCC,\GAAAAGAAA 

70 l-10 90 100 110 120 

AA AAAAAAAGACACA 1·c;1·c A TGCTCT AGT AAA TTTTCTGCTGAC:ACCAACTCCCC A :rcGG 

130 140 150 160 170 180 

TGAAACAGGAGCAGGTGCCCTTGGAGCAAC~GCACATACTCTGCTGATTTGCATATGAAA 

190 200 210 220 
PARSLOW 

230 240 
TAATTTTATAACAGCCCAGGCTTCTTTAAGGGCAGCTGCCAGGAGCCTAACAAGCATCCT 

TATA 
250 260 -270 280. 290 300 

CTCATCTAGTTCTCAGAGATGGAGACAGACACAATCCTGCTATGGGTGCTCCTCCTCTCG 
metiluthraspthrileleuleutrpvalleuleuleutrp 

310 320 330 340 350 360 
GTTCCAGGTGAGAGTGCAGAGAAGTGTTGGGAGCAACCTCTGCGACCATCATGACTTTCC 
valprogJ 

370 380 390 400 410 420 
ATGCATATGGACTCCTGAATGTTATAATTAATCCATTTGTAATTGGTTTTAAGTTTCCTG 

430 440 450 . 460 470 480 
ATTCCCTTTCAGTTCCTGATGTCTCATATTGATGTCCACAACATTCTTTATATTTTTAAA 

490 500 510 520 530 540 
TGAAATGGGAAGTCCTTTATACATATATAACAATTGTCTGTGTGTTTATCATTCCAGGCT 

Jlys 
550 560 570 580 590 . 600 

CCACTGGTGACATTGTGCTGACCCAATCTCCAGCTTCTTTGGCTGTGTCTCTAGGGCAGA 
erthrglyAsplleVa1LeuThrGlnSerProA1aSerLeuAlaVa1SerLeuG1yGlnA 

610 620 630 640 650 660 
GGGCCACCATCTCCTG AGGCCACCCAAAGTGTTGATTATGATGGTGATAGTTATATGA 
rgAlaThrlleSerCy ysAlaSerGlnSerValAspTyrAs GlyAspSerTyrMetA 

670 680 690 700 . 710 720 
Aql'GGTACCAACAGAAACCAGGACACCCACCCAAACTCCTCATCTA CTCCATCCAATC 
~rpTyrGlnGlnLysProGlyGlnProProLysLeuLeuileTy laAlaSerAsnL 

730 740 750 760 770 780 
T __ A_G_A~A~~C--, GGATCCCAGCCACATTTACTGGCAGTGGGTCTGGCACAGACTTCACCCTCA 
euGluSer lyI1eProA1aArgPheThrG1ySerGlySerG1yThrAspPheThrLeuA 

790 800 810 820 830 840 
ACATCCATCCTGTC.VAGGAGGAGGATACTGCAACCTATTACTG AACAAAGTTATGAGG 
_snlleHisProValGluGluCluAspThrAlaThrTyrTyrCys lnGlnSerT rGluA 

850 860 870 880 890 900 
ATCCTCCGAC TCCCTCCACCCACCAACCTGGAAATCAAGCGTAAGTAGAATCCAAAGT 
~pPrgPFP-Th heAlaGlyGlyThrAsnLeuGluileLysAf 

f 
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:1 I Ii - \: 11 

111 l O :rn <IO 5 0 Ii O 

GAATTC,\CAAAAAGTTT ATGGGA 1' ACATTTCCTCACAGAGGAATACGA 1'TTTGACGTGAG 

·;o so 90 100 110 120 

CATCC'rGCT<;c;cTGAGCCATGTGATGACAGTTt;TTCAGGTGGACT AGGTCCTTA TCT AAG 

130 140 150 160 170 180 
AAA_1'ACACCGCTCATGAAT ATGTAAATCACCCGAGTCTATGGCAGGT AATACTGGGATG1' 

PARSLOW TATA 

190 200 210 220 230 240 
CCACACCATGAAAACAACCTATGATCAGTGTCATCTCCACAGTCCCTGAACACACTGACT 

250 260 270 280 290 300 
CTAACCATGGAATGGAGGATCTTTCTCTTCATCCTGTCAGGAACTGCAGGTAAGGGGCTC 

metglutrpargilephel~upheileieuserglythrala~ 

310 320 _330 340 350 360 
ACCAGTTCCAAATCTGAAGTt;;GAGACAGGACCTGAGGTGACAATGACTTCTACTCTGCCT 

370 380 390 400 410 420 
TTCTCTCCACAGGTGTCCACTCCCAGGTTCAGCTGCAGCAGTCTGGACCTGAGCTGGTGA 

~yvalhisserGlnValGlnLeuGlnGlnSerGlyProGluLeuValL 

430 440 450 460 470 480 
AGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGCCTTCTGGATACACATTCACt~TATG 
ysProGlyAlaSerValLysMetSerCysLysAlaSerGlyTyrThrPheTh s Tyr~. 

490 500 510 . 520 530 540 
TTATAAA CGGTGAAGCAGAGAACTGGACAGGGCCTTGAGTGGATTGG AGACTTATA 
alileAs rpValLysGlnArgThrGlyGlnGlyLeuGluTrplleGl luThrTyrT 

550 560 570. 580 590 600 
CTGGAAGTGGCAGTAGTTATTACAATGAGAAGTTCAAGGAC AGGCCACACTGACTGTAG 
hrGlY.SerGlySerSerTyrTyrAsnGluLysPheLysAsp ysAlaThrLeuThrValA 

610 620 630 640 650 660 
ACAAAGCCTCCAATATAGCCTACATGCAGCTCAGCAGCCTGACATCTGAGGACTCTGCGG 
spLysAla5erAsnI1eAlaTyrMetG1nLeuSerSerLeuThrSerGluAspSer~laV 

670 680 690 700 710 720 
TCTATTTCTGTGCAAGA GGGGTAAAGGAACCGGGTTTGCTTT 1GGGGCCAAGGGACTC 
alTyrPheCysAlaArg rgGlyLysGlyThrGlyPheAlaPhe rpGlyGlnGlyThrL 

· 730 740 750 760 
TGGTCACTGTCTCTGCAGGTGAGTCCTAACTTCTCCCATTCTAGA 
euVa1ThrVa1SerA1ac{ · 

. ._ r ··~ 
'. 
~ 
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1\1 )I,/ .!(Jli-VI. 

10 20 30 40 50 60 
GAA TTCTr.TGTf;TAAC:TA 1'GTATTTCTCTCTCA TTCTTTCAGCTTCCAGCAGTGAAAGCG 

poserserserGluSerV 

70 , 80 90 100 110 120 
TGTTAACCCAACCTCCATCTGCTTCTGGCACTCCTGGACAACGCGTCACCATCTCCTGC~ 
a1LeuThrGlnProProSerAlaSerGlyThrProGlyGlnArgVa1ThrI1eSerCys~ 

130 140 150 160 170 180 
AAGCTAGCCAAAGTGTTGATTATGATGGTGATAGTTATATGAAC GGTATCAACAACTTC 
ysAlaSe.rGlnSerVulAspTyrAspGlyAspSerTyrMetAsn rpTyrGlnGl.nLeuP 

190 200 210 220 230 240 .-------------, CCGGGATGGCACCCAAGCTTCTCATCTA CTGCATCCAATCTGGAATC GAGTCCCAA 
roGlyMetAlaProLysLeuLeuil~Tyr laAlaSerAsnLeuGl~Se lyVai~roT 

250 260 270 280 290 300 
CCAGATTT . .O.GTGGATCCAAGTCTGGGACATCTGCATCTCTCGCT ATCAGTGGTCTAGAGG 
hrArgPheSerGlySerLysSerGlyThrSerAlaSerLeuAlaileSerGlyLeuGluA 

310 320 330 340 350 360 
CAGAGGATCAGTCACATTATTACTG AACAATCATATGAAGATCCTCCGAC TCGGTA 
laGluAspGluSerAspTyrTyrCys lnGlnSerTyrGluAs ProProTh heGlyT 

370 380 390 
CCGGAACCAAAGTGACTGTACTAGGACGTAAGTAGAC 
hrGlyThrLysValThrValLeuGlyAf 

·-

BIOEPIS EX. 1002 
Page 2630



EP O 365 209 A2 

KOL/JI Ii- VII Fi 1,turc 5 

10 20 :10 40 50 GO 

GAATTC'fCTGTGTTTl;Gr\GGTGTCCAGAGTGAGGTCCAACTAGTGCAGTCTGGAGGAGGC 
~yvolglnscrGl~ValGlnLeuValGlnSerGlyGlyGly 

70 80 90 100 110 120 
GTGGTGCACCCTGGGAGATCTCTGAGACTGTCCTGTTCGAGCTCTGGATTCATCTTCAGT 
ValValGlnProGlyArgSerLeuArgLeuSerCysSerSerSerGlyPhellePheSer 

130 140 150 ]60 170 .180 
GACTACGTAATAAA 
AspTyrVallleAs 

GGGTGAGACAGGCTCCAGGCAAAGGCCTTGAGTGGGTCGC'I'pAG 
rpValArgGJnAlaProGlyLysGlyLeuGluTrpValAla~ 

190 200 210 220 230 ----------------"------------ 240 
ACTTATACTGGATCCGGTAGTAGTTATTACAATGAGAAGTTCAAGGA GGTTCACAATC 
ThrTyrThrGlySerGlySerSerTyrTyrAsnGluLysPheLysAs rgPheThrile 

250 . 260 270 280 290 300 
TCGAGAAACGACTCCAAGAACACACTCTTCCTGCAGATGGACTCTCTGAGACCTGAGGAC 
SerArgAsnAspSerLysAsnThrLeuPheLeuGlnMetAspSerLeuArgProGluAsp 

310 320 330 340 350 360 
ACTGGAGTCTACTTCTGTGCAAGA GAGGTAAAGGAACAGGGTTTGCTTT 
ThrGlyValTyrPheCysAlaArg rgGlyLysGlyThrGlyPheAlaPh rpGlyGln 

370 380 390 400 410 
GGTACCCCTGTCACTGTCTCTTCAGGTGAGTCCTAACTTCTCCCATTCTAGA 
GlyThrProVa1ThrVa1SerSercJ 

r 
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A NOVEL FAMILY OF HIGH AFANITY, MODIFIED ANTIBODIES FOR CANCER TREATMENT 

This invention relates to the field of immunoglobulin production and modifications to naturally occurring 
antibody amino acid sequences. Specifically, the invention relates to using recombinant.DNA techniques to 
produce chimeric genes and to take advantage of these gene modification techniques to construct chimeric 
antibodies. 

s Antibodies are specific immunoglobulin (lg) polypeptides produced by the vertebrate immune system in 
response to challenges by foreign proteins, glycoproteins, cells or other antigenic for~ign substances. The 
sequence of events which permits the organism to overcome invasion by foreign cells or to rid the system 
of foreign substances is at least partially understood. An Important part of this process is the manufacture of 
antibodies which bind specifically to a particular foreign substance. The binding specificity of such 

10 polypeptides to a particular antigen Is highly refined, and the multitude of specificities capable of being 
generated by the individual vertebrate is remarkable in its complexity and variability. Millions of antigens are 
capable of eliciting antibody respo·nses, each antibody almost exclusively directed to the particular antigen 
which elicited it 

Two major sources of vertebrate antibodies are Presently utilized-generation In situ by the mammalian 
15 B lymphocytes, and generation in cell culture by B-cell hybrids. Antibodies are generated In situ as a result 

of the differentiation of immature B lymphocytes into plasma cells, which occurs in response to stimulation 
by specific antigens. In the undifferentiated B cells, the portions of DNA coding for the various regions on 
the immunoglobulin chains are separated in the genomic DNA. The sequences are assembled sequentially 
prior to expression. A review oz this process has been given by Gough, Trends In Blochem. Sci. 6. 203 

20 (1981). -
The resulting rearranged gene is capable of expression in the mature B lymphocyte io produce the 

desired antibody. However, even when a particular mammal is exposed to only a single antigen a uniform 
population of antibodies does not result. The fn situ Immune response to any particular antigen is defined 
by the mosaic of responses to the various determinants which are present on the antigen. Each subset of . 

25 homologous antibodies is contributed by a single population of B cells-hence in situ generation of 
antibodies is npolyclonal". 

This limited but inherent heterogeneity has been overcome In numerous particular cases by use of 
hybridoma technology to create "monoclonal" antibodies in cell cultures by B cell hybridomas [See Kohler 
and Milstein, C., Nature 256, 495-497 (1975)]. 

30 In this process. the reia'tively short-lived, or mortal, splenocytes or lymphocytes from a mammal which 
has been injected with antigen are fused with an immortal tumor cell line, thus producing hybrid cells or 
"hybrldomas" which are both immortal and capable of producing the genetically coded antibody of the B 
cell. The hybrids thus formed are segregated into single genetic strains by selection, dilution. and regrowth, 
and each strain thus represents a single genetic line. They therefore produce antibodies which are assured 

35 to be homogeneous against a desired antigen. These antibodies, referencing their pure genetic parentage, 
are called "monoclonal". 

Monoclonal antibodies with mono-specificity have greatly Influenced Immunology. and their usefulness 
has already been demonstrated in such sciences as biology, pharmacology, chemistry and others. Such 
monoclonal antibodies have found widespread use not only as diagnostics reagents [see, for example, 

40 Immunology for the BO's, Eds. Voller, A., Bartlett, A., and Bidwell, D., MTP Press, Lancaster, (1981), but 
also therapy (see, for example, Ritz, J. and Schlossman, S.F., Blooc/59, 1-11, (1982)]. 

Monoclonal antibodies produced by hybridomas, while theoreticaiiy effective as discussed above and 
clearly preferable to polyclonal antibodies because of their specificity, suffer from an important disadvan
tage. In many applications, the use of monoclonal antibodies produced in non-human animals Is severely 

45 restricted where the monoclonal antibodies are to be used in humans. Repeated injections of a "foreign" 
antibody in humans. such as a mouse antibody, may lead to harmful hypersensitivity reactions. Such a non
human derived monoclonal antibody, when injected into humans. causes a anti-nonhuman antibody (ANHA) 
response. For a discussion of a specific ANHA response caused by using murine-derlved antibodies, 
human anti-mouse antibody (HAMA) response, see Shawler et al., Journal of Immunology 135, 1530-1535 

50 (1985). -
It is believed that animal immunoglobullns having human constant regions will generate less of a ANHA 

response when Injected into humans than animal immunogiobulins having nonhuman constant regions. As 
such, monoclonal antibodies having good binding affinities for selected antigens and having human constant 
regions are thought to possess great potential utility for immunological diagnosis and therapy of human 
patients with cancer. 

2 
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Various attempts have so far been made to manufacture human-derived monoclonal antibodies by using 
human hybridomas. For example, human-human hybridomas [Olsson, L. et al., Proc.Natl.Acad.Sci. (USA), 
n. 5429 (1980)1; human-murine hybridomas [(Schlom, J .• et al. (ibid/ n, 6841 (1980)] and several other 
xe'nogenic hybrid combinations have been prepared. Human monoclonal antibodies have also been 

5 produced by transformation of lymphocytes using Epstein-Barr virus. However, such hybridomas may 
potentially harbor pathog~nic human viruses. Alternatively, primary, antibody producing B cells have been· 
Immortalized In vitro by transformation with viral DNA. Unfortunately, yields of monoclonal antibodies from 
human hybridoma cell lines are relatively low (1 1.1,g/ml in human compared to 100 ug/ml in mouse 
hybridomas), and production costs are high. 

10 While human immunoglobulins are highly desirable in immunological diagnosis and therapy of human 
cancer paUents. human hybrldoma techniques have not yet reached the stage where human monoclonal 
antibodies with required antigenic specificities can be easily obtained. In addition, for obvious ethical 
reasons, researchers can not immunize human subjects with selected toxic or otherwise deleterious 
antigens to generate antibodies against the specific antigen. This imposes great restrictions on im· 

15 munological diagnosis and therapy of human patients. 
The production of. human-derived monoclonal antibodies is certainly possible, but is still inefficient in 

view of its low reproducibility and the other problems noted above. Additionally, see Nature 300, 316-317 
(1982)). Consequently, most monoclonal antibodies are derived from non-human animals: --

A monoclonal antibody which reacts with high binding affinity to human tumor antigens, but which is not 
20 recognized as a foreign substance by humans is highly desirable. A method to overcome this difficulty is to 

create artificially an antibody which is very similar to a human antibody and is not recognized as a foreign 
substance within the human body, i.e., a chimeric, or "humanized" antibody. 

Typically in chimeric antibodies, the variable region of both light and heavy chains mimics the variable 
regions of antibodies derived from one species of mammals, while the constant portions are homologous to 

25 the sequences in antibodies derived from humans. One clear advantage to such chimeric forms is that,. for 
example, the variable regions can conveniently be derived from presently known sources using readily 
available hybridomas of B cells from non-human host organisms in combination with constant regions 
derived from, for example, human cell preparations. While the specificity of the varible region is not affected 
by its source, the constant region being human, is less likely to elicit an immune response from a human 

30 subject when the antibodies are injected than would the constant region from a non-human source. 
One known human tumor antigen is tumor-associated glycoprotein (TAG72). TAG72 is associated with 

the surface of certain tumor cells of human origin, specifically the LS174T tumor cell line. LS174T 
[American Type Culture Collection (herein ATCC) No.CL 1881 is a variant of the LS180 (ATCC No. CT 187) 
colon adenocarcinoma line. 

35 The karyotype of LS174T is similar to that of LS180 with a missing X chromosome In a majority of the 
cells. Data has been presented as described in Johnson, V.G. et al.. Cancer Res. 46, 85Q-857 (1986), to 
characterize the TAG72 molecule as a mucin. This conclusion is based on the following observations: (a) 
TAG72 has a high molecular weight (>1 x 106) as shown by its exclusion from a SepharoseTM CL-48 
column; (b) the density of TAG72 determined by equilibrium centrifugation in CsCI was 1.45 gm/ml, 

40 indicating a heavily glycosylated glycoproteln; (c) TAG72 demonstrates a change in migration after 
neuraminidase digestion, indicating that It is a heavily sialytated molecule with an abundance of O· 
glycosidicatly linked oligosaccharides characteristic of mucins; (d) blood group antigens commonly found on 
mucins are found on affinity-purified TAG72; and (e) Chondroitinase ABC digestion had no effect on TAG72, 
thus demonstrating that the TAG72 epitope Is not expressed on a chondroitin sulfate proteogtycan. 

46 Numerous murine monoclonal antibodies have been developed which have binding specificity for 
TAG72. One of these monoclonal antibodies, designated 872.3, is a murine lgGI produced by hybridoma 
B72.3 (ATCC No. HB-8108). 872.3 Is a first generation monoclonal antibody developed using a human 
breast carcinoma extract as the lmmunogen (see Colcher, D. et al., Proc.Nstl. Acad.Scl. (USA) 78, 3199-
3203 (1981); and U.S. Patents 4,522,918 and 4,612,282). As used herein, the expression "first generation 

so monoclonal antibody" means a monoclonal antibody produced using, as the immunogen, a crude cell 
extract. 

Other monoclonal antibodies directed against TAG72 are designated "CC" (colon cancer). CC mon· 
oclonal antibodies are a family of second generation murine monoclonal antibodies. As used herein, the . 
expression "second generation monoclonal antibody" means a monoclonal antibody produced using, as the 

55 immunogen, an antigen purified with a first generation monoclonal antibody. CC monoclonal antibodies were 
prepared using TAG72 purified with B72.3. A discussion of the method for Producing the CC antibodies is 
set forth In United States Patent Application 7·073,685 (USPA 7·073,685), the application was filed by 
Schlom et al. on July 15, 1987 and is available to the public from the National Technical Information 

3 
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Service. Because of their relatively good binding affinities to TAG72, the following CC antibodies have been 
deposited at the ATCC, with restricted access having been requested: CC49 (ATCC No. HB 9459); CC83 
(ATCC No. HB 9453); CC46 (ATCC No. HB 9458); CC92 (ATCC. No. HB 9454); CC30 (ATCC NO. HB 9457); 
CC11 (ATCC No. 9455); and CC15 (ATCC No. HB 9460). 

5 In the known art, no human antibody has been isolated which relatively strongly binds to TAG72. 
Consequently, suitable antibodies must be engineered. 

It is known that the function of an lg molecule is dependent on its three dimensional structure, which in 
turn is dependent on its primary amino acid sequence. Thus, changing the amino acid sequence of an lg 
may adversely affect its activity. Moreover, a change in the DNA sequence coding for the lg may affect the 

10 ability of the cell containing the DNA sequence to express, secrete or assemble lg. 
USPA 7-073,685 teaches that the CC antibodies may be altered into their chimeric form by substituting, 

e.g., human constant regions (Fe) domains for mouse constant regions by recombinant DNA techniques 
known in the art. It is believed that the proposals set out in USPA 7-073,685 did not lead to an actual 
attempt to express any chimeric lg polypeptide chains. nor to produce lg activity, nor to secrete and 

15 assemble lg chains into the desired chimeric lgs. 
It is therefore not at all clear from the art that known recombinant ONA techniques will routinely produce 

a chimeric animal-human antibody from selected ONA sources that generate functional chimeric antibodies 
which bind specifically to selected human carcinomas and which reduce the initiation of ANHA side-effects 
when injected Into· humans. 

20 Suprislngly, the present invention is able to meet many of these above mentioned needs and provides a 
method for supplying the desired antibodies. For example, the present invention provides a method to fuse 
genes coding for at least a part of an animal lg which binds to human carcinomas expressing TAG72 and 
genes coding for at least part of a human lg. Also the present invention can provide a method to achieve 
expression of protein which can be secreted and assembled to give a functional chimeric antibody. 

25 Further the present invention provides an expression vector containing a ONA sequence which encodes 
antibodies and portions thereof which are directed against T AG72. 

The present invention · also provides cells transformed with expression vectors containing a DNA 
sequence which encodes antibodies and portions thereof which are directed against T AG72. 

Finally, the present invention provides novel antibodies for use in in vivo diagnostic assays; In vivo 
30 therapy; and radloimmunoguided surgery. 

Consequently, this invention concerns an antibody or antibody fragment comprising a variable region 
having a light chain (Vi.) and a heavy chain (VH), said VH being encoded by a ONA sequence effectively 
homologous to the VHCX TAG germline gene (VHC TAG), as shown in Figure 2, wherein the variable region 
binds to TAG72 at least 25% greater than the variable region of B72.3 binds to TAG72, with the binding 

35 affinities of the antibody and 872.3 being measured by the same technique. 
This invention also concerns a DNA sequence encoding at least a· portion of an antibody heavy chain, 

said sequence comprising a DNA sequence segment being effectively homologous to the VHaTAG germllne 
gene (VHaTAG), wherein the DNA sequence segment encodes at least a portion of a heavy chain variable 
region (V H). 

40 Further. the invention concerns a DNA sequence comprising: 
(A) a sequence segment encoding for a heavy chain, said sequence segment having 

(1) a sequence subsegment being effectively homologous to the Vt;aTAG germllne gene 
(VHa TAG), wherein the DNA sequence segment encodes at least a portion of a VH, and 

(2) a sequence subsegment encoding for at least a portion of a CH; and 
45 (B) a sequence segment encoding for a light chain, said sequence segment having 

(1) a sequence subsegment encoding for at least a portion of an animal light chain variable region 
(Vi.), and 

(2) a sequence subsegment encoding for at least a portion of a human light chain constant region 
(Ci.), wherein the antibody encoded by the DNA sequence binds to TAG72 at least 25% greater than the 

so variable region of 872.3 binds to TAGB72, with the binding affinities of the antibody and 872.3 being 
measured by -the same technique. 

The invention further includes the aforementioned antibody alone or conjugated to an imaging marker or 
therapeutic agent The invention also includes a composition comprising the aforementioned antibody in 
unconjugated or conjugated form in a pharmaceutically acceptable, non-toxic, sterile carrier. 

56 The invention is also directed to a method for In vivo diagnosis of cancer which comprises administer-
Ing to an animal a pharmaceutically effective amount of the aforementioned composition for the in situ 
detection of carcinoma lesions. · 

The invention is also directed to a method for intraoperative therapy which comprises (a) administering 
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. to an animal a pharmaceutically effective amount of the aforementioned compositon, whereby. the tumors 
are localized, and (b) excision of the localized tumors. 

Additionally, the invention also concerns process for preparing the various antibodies or antibody 
fragments, their conjugates. a suitable recombinant expression vehicle, and the insertion into a suitable 

s host. Some of these processes are expressed as follows. A process for preparing an antibody or antibody 
fragment comprising contacting a VH region with a VL region to form a variable region of the antibody or 
antibody fragment. A process for preparing an antibody or antibody fragment conjugate comprising 
contacting an antibody or antibody fragment with an imaging marker or therapeutic agent. A process for 
preparing a recombinant expression vehicle comprising inserting a DNA sequence into an expression 

10 vehicle. A process for preparing a transformed host comprising inserting the plasmid into a suitable host. 

15 

In other aspects. the invention is directed to DNA which encodes the aforementioned antibodies and 
fragments thereof, as well as expression vectors or plasmids capable of effecting the production of such 
lmmunoglobulins in suitable host cells. It includes the host cells and cell cultures which result from 
transformation with these vectors. 

Description of the Drawings 

Figure 1 illustrates a basic immunoglobulin structure, with the enzymatic cleavage sites being 
20 indicated. 

Figure 2 illustrates the nucleotide sequences of VHaTAG VH, CC46 VH, CC49 VH, CC83 VH and CC92 

Figure 3 illustrates the amino acid sequences of VHaTAG VH, CC46 VH, CC49 VH, CC83 VH and CC92 

25 Figure 4a illustrates the nucleotide sequence and Figure 4b illustrates the. corresponding amino acid 
sequence of the CC49 VL. 

Figure 5a illustrates the nucleotide sequence and Figure Sb Illustrates the corresponding amino acid 
sequence of the CC83 VL. 

Figure 6a illustrates the nucleotide sequence and Figure 6b Illustrates the corresponding amino acid 
so sequence of the CC92 VL, 

Figure 7 Illustrates the nucleotide sequence of the Hind 111-Pst I fragment isolated from the plasmid 
pGD1. 

Figure 8 illustrates the plasmid map of the pBLUESCRIPT SK(-). 
Figure 9 illustrates the plasmid map of the pRLt01. · 

35 Figure 10 illustrates a restriction enzyme map of the CC49 L chain genomic DNA Insert in pRL101. 
Figure 11 illustrates the plasmid map of the pRL200. · 
Figure 12 illustrates a restriction enzyme map of the CC83 L chain genomic DNA Insert in P.RL200. 
Figure 13 illustrates the nucleotide sequence of the Eco Rl-88111 HI fragment isolated from the 

plasmid pNP9, 
40 Figure 14 illustrates the plasmid map of the pHH49. 

Figure 15 Illustrates the plasmid map of the pHS83. 
Figure 16 shows the nucleotide sequence of CC49 VH, with the underlined segments showing the 

sequences derived using oligonucleotide primers on mRNA. . 
Figure 17 shows the nucleotide sequence of CC83 VH, with the underlined segments sho~ the 

45 sequences derived using oligonucleotide primers on mRNA. 
Figure 18 shows the amino acid sequence of CC49 VH, with the underlined segments show the 

sequences determined by protein sequencing. 
Figure 19 shows the amino acid sequence of CC83 VH, with the underlined segments show the 

sequences determined by protein sequencing. 
so Figure 20 shows the results of a SOS polyacrylamide gel, with the results of PNGase F treatment of 

CC83 antibody. 
Figure 21 Illustrates the restriction enzyme map of human gamma 1, gamma 2, gamma 3, and 

gamma 4. 
· Figure 22 illustrates the plasmid map of pSV2gpt/R/B. 

55 Figure 23 illustrates the plasmid map of pSV2gpt--y1-7.8. 
Figure 24 illustrates the plasmid map of pSV2gpt--y1-2.3. 
Figure 25 illustrates the plasmid map of pSV2gpt--y2. 
Figure 26 illustrates. the plasmid map of pSV2gpt--y3. 
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Figure 27 illustrates the plasmid map of pSV2gpt-'Y4. 
Figure 28 illustrates the plasmid map of p49-y1-7.8. 
Figure 29 illustrates the plasmid map of p49-y1 -2.3. 
Figure 30 illustrates the plasmid map of p49·-y2. 

s Figure 31 illustrates the plasmid map of p49·-y3. 
Figure 32 illustrates the plasmid map of p49--y4. 
Figure 33 illustrates the plasmid map of p83-y1·7.8. 
Figure 34 illustrates the plasmid map of p83-y1 ·2.3. 
Figure 35 illustrates the plasmid map of p83·-y2. 

10 Figure 36 illustrates the plasmid map of p83·-y3. 
Figure 37 illustrates the plasmid map of p83-,,4. 
Figure 38 illustrates the overall reaction for the engineering of hybrid genes based on the method of 

Horton et al., Gene 77, 61 (1989). 
Figures 39A, 398, and 39C show the biodistrlbution and whole body retention of CH44-1. 

1s Figures 40A and 408 show the biodistribution and whole body retention of CHB4-1. 

20 

The immunoglobulin of this invention have been developed to address the problems of murine 
monoclonal antibodies disclosed in the prior art. It is characterized by having a chimeric structure 
composed of a heavy chain variable region encoded by DNA derived from the VHaTAG. 

Definitions 

As used herein, "lmmunoglobulin" refers to a tetramer or aggregate thereof whether or not specific 
immunoreactive activity is a property. "Antibodies" refers to such assemblies which have significant known 

25 specific immunoreactlve activity to an antigen. comprising light and heavy chains, with or without covalent 
linkage between them: "Non-specific immunoglobulin" ("NSI") means those lmmunoglobulins which do not 
possess known specificity to an antigen. 

The basic immunoglobulin structural unit in vertebrate systems is relatively well understood [Edelman. 
G.M., Ann.N. Y.Acad.Sci., 190, 5 (1971 )]. As seen in Figure 1 , the units are composed of two identical light 

30 polypeptide chains of molecular weight approximately 23,000 daltons, and two identical heavy chains of 
molecular weight 53,000-70,000. The four chains are joined by disulfide bonds in a "Y" configuration 

· wherein the light chains bracket the heavy chains starting at the mouth of the Y and continuing through the 
diversity region. 

Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, with some subclasses among them. 
35 The nature of this chain, as it has a long constant region, determines the "class" of the antibody as lgA. 

lgD, lgE, lgG or lgM. 
Light chains are classified as either kappa (k) or lambda (>.). Each heavy chain class may be bound with 

either a kappa or lambda light chain. In general, the light and heavy chains are covalently bonded to each 
other, and the "tail" portions of the two heavy chains are bonded to each other by covalent disulfide 

40 linkages when the immunoglobulins are generated either by hybridomas or by 8 cells. However, If non
covalent association of-the chains can be effected in the correct geometry, the aggregate of non-~isulfide
linked chains will still be capable of reaction with antigen. 

The amino acid sequences run from an N-terminus at the forked edges of the Y to the C-terminus at 
the bottom of each chain. At the N-terminus is a variable region and at the C-terminus is a constant region. 

45 The terms "constant" and "variable" are used functionally. The variable regions of both light (VL) and 
heavy (VH) chains determine binding recognition and specificity to the antigen. The constant region domains 
of light (Ct) and heavy (CH) chains confer Important biological properties such as antibody chain associ· 
ation, secretion, transplacental mobility, and complement binding. 

The variable region is linked in each chain to the constant region by a linkage linking the V gene 
50 sequence and the C gene sequence. The linkage occurs at the genomic level, combining nucleotide 

sequences via- recombination sites. The linking sequence is known currently as a "J" sequence in the light 
chain gene, which encodes about 12 amino acids, and as a combination ofa "D" sequence and a "J" 
sequence in the heavy chain gene, which together encode approximately 25 amino acids. 

"Chimeric antibody" for purposes of this invention refers to an antibody having in the heavy chain a 
55 variable region amino acid sequence encoded by a nucleotide sequence derived from a murlne germUne 

gene and a constant region amino acid sequences encoded by a nucleotide sequence derived from a 
human gene. 

However, the present invention is not intended to be narrowly limited to merely substituting human C 
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genes sequences encoding immunoglobulin constant regions for murine C gene sequences encoding 
immunoglobulin constant regions'. Thus the present invention is not limited to whether or not the fusion point 
is at the variable/constant boundary. 

Through various techniques, it is now possible to produce altered chimeric antibodies, composite 
s chimeric antibodies, and fragmented chimeric antibodies encoded by nucleotide sequences disclosed 

herein. 
"Composite" immunoglobulins comprise polypeptide variable regions not hitherto found associated with 

each other in nature. It is not critical whether any of the above are covalently or noncovalently aggregated, 
so long as the aggregation is capable of selectively reacting with a particular antigen or antigen family. 

10 "Altered antibodies" means antibodies wherein the amino acid sequences, particularly in the variable 
region, has been varied. Because of the relevance of recombinant DNA techniques to this invention, one 
need not be confined to the amino acid sequences of antibodies seiected frorri natural sources; amino acid 
sequences of the antibodies can be redesigned to obtain desired characteristics. The poSslble variations are 
many and range from the changing of just one or a few amino acids to the complete redesign of an 

15 antibody variable and/or constant region. 
Changes in the variable region will be made in order to improve the antigen binding characteristics. 

Changes in the constant region will, in general, be made· in order to improve the cellular process 
characteristics, such as complement fixation, interaction with membranes, and other effector functions. 
Alterations, can be made by standard recombinant techniques and also by oligonucleotide-directed 

20 mutagenesis techniques [Dalbadie-McFarland, et al. Proc.Natl.Acad.Sci.(USA) 79, 6409 (1982)]. 
"Fragments" of immunoglobulins incl~de segments of proteolytically-cleaved or recombinantly-prepared 

portions of an antibody molecule that are capable of selectively reacting with a particular antigen or antigen 
· family. Nonllmiting examples of such proteolytic and/or recombinant fragments include "Fab", "F(ab

1

)2". 
and "Fab'", with their proteolytic cleavage sites being shown in Figure 1; as wall as "Fv". Recombinant 

2s techniques for producing Fv fragments are set forth in WO 88/01649, WO 88/06630, WO 88/07085, WO 
88/07086 and WO 88/09344. 

In this invention, "animals" is meant to include bovines, Porcine. rodents; and primates, including 
humans, and others. 

"Expression vector" is given a functional definition of any DNA sequence which is capable of effecting 
30 expression of a specified DNA code in a suitable host is included In this term. As at present, such vectors 

are frequently in the form of plasmids; thus "plasmid" and "expression vector" are often used interchange
ably. However, the invention is intended to include such other forms of expression vectors which serve 
equivalent functions and which .may, from time to time, become known in the art. 

By "transformation" is meant the introduction of DNA Into a recipient host cell that changes the 
35 genotype and consequently results in a change In the recipient cell. 

"Host cells" refers to cells which have been recombinantly transformed with vectors constructed using 
recombinant DNA techniques. As defined herein, the antibody or modification thereof produced by a host 
cell Is by virtue of this transformation. 

In descriptions of processes for isolation of antibodies from recombinant hosts, the terms "cell" and 
40 "cell culture" are used interchangeably to denote the source of antibody unless it is clearly specified 

otherwise. In other words, recovery of antibody from the "cells" may mean either from spun down whole 
cells. or from the cell culture containing both the medium and the suspended cells. 

45 Abbreviations 

Nucleic acids, amino acids, peptides, protective groups, active groups and similar moieties, when 
abbreviated. are abbreviated according to the IUPACIUB (Commission on Biological Nomenclature) or the 
practice in the fields concerned. The following are examples. 

50 

Reagents 

EDT A: Ethylenediaminetetraacetic acid 
55 SOS: Sodium dodecylsulfate 

Nucleic Acids 
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RNA: Ribonucleic acid 
DNA: Deoxyribonucleic acid 

EP O 365 997 A2 

Nitrogenous Bases 

Purines Pyrimidines 

A: Adenine T: Thymine 
G: Guanine C: Cytosine 

U: Uracil 

Both DNA and RNA contain long chains of phosphoric acid, a sugar, and nitrogenous bases. DNA is a 
double stranded helix,· wherein the sugar is 2-deoxyribose, whereas RNA Is single stranded, wherein the 

15 sugar is D-ribose. The four _nitrogenous bases which characterize DNA nucleotides are linked in com
plementary pairs by hydrogen bonds to form the double helix of DNA: adenine is linked to thymine; guanine 
is linked to cytosine. In RNA. uracil is substituted for thymine in the listed DNA pairs. 

Amino Acids ----
20 

Gly: glycine 
Ala: alanine 
Phe: phenylalanine 
Tyr:tyrosine 

25 Val: valine 
Leu: leucine 
lie: isoleucine 
Ser: serine 
Asp: aspartic acid 

30 Lys: lysine 
Arg: arginine 
His: histidine 
Thr: threonine 
Cys: cysteine 

35 Met: methionine 
Glu: glutamic acid 
Trp: tryptophan 
Pro: praline 
Asn: asparaglne 

40 Gin: glutamine 

Variable Region 

The DNA encoding the heavy chain qonsists of a VH gene sequence, a DH gene sequence, and a JH 
45 gene sequence. The DNA encoding the light ·chain consists of a VL gene sequence, and a JL. gene 

sequence. 

50 

VH Gene Sequence 

The present invention Is directed to selected chimeric antibodies having the VH region encoded by a 
DNA sequence derived from a germiine gene that is specifically reactive against TAG72 (VHaTAG), the 
sequence of which is set forth in Figure 2. The chimeric antibodies are selected on the basis of their ability 
to bind TAG72, namely wherein the variable region binds to TAG72 at least 25 percent greater than the 

55 variable region of B72.3 binds to T AG72. Generally, the binding affinities of the chimeric antibody and 
672.3 are measured by the same technique. Exemplary techniques for measuring antibody binding affinity 
are set forth in the following references: Scatchard G., Annals of the N. Y. Acad. of Sciences 51, 660 
(1949); Steward, M.W., and Petty, R.E., Immunology 23, 881 (1972); Muraro, R., at al., Cancer Research 
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48, 4588 (1988); and Heyman. B., J. of lmmunol. Methods 68, 193-204 (1984). 
- A skilled artsan will appreciate that, as a result oftlle present invention, namely the nucleotide 
sequence of (and amino acid sequences encoded by) the VHaTAG, the present invention is Intended to 
include effectively homologous nucleotide sequences and corresponding amino acid sequences. 

5 "Effectively homologous" refers to Identity or near identify of nucleotide or amino acid sequences. Thus, in 
this disclosure it will be understood that minor sequence variation can exist within homologous sequences 
and that any sequences exhibiting at least 80% homology are deemed equivalent. 

Homology is expressed at the fraction or percentage of matching bases (or amino acids) after two 
sequences (possibly of unequal length) have been aligned. The term alignment Is used In the sense defined 

10 by Sankoff and Kruskal in Chapter One of their book, The Time Warps, String Edits, and Macromolecules: 
The Theory and Practice of Sequence Comparison, Addison-Wesley, Reading, MA, (1983). Roughly, two 
sequences arealigned by -maximizing the number of matching bases (or amino acids) between the two 
sequences with the insertion of a minimal number of "blank" or "null" bases into either sequence to bring 
about the maximum overlap. 

1s As is understood in the art, nucleotide mismatches can occur at the third or wobble base in the codon 
without causing amino acid substitutions in the final polypeptide sequence. Also, minor nucleotide modifica
tions (e.g., substitutions, insertions or deletions) in certain regions of the gene sequence can be tolerated 
and considered insignificant whenever such modifications result in changes in amino acid sequence that do 
not alter functionality of the final product. It has been shown that chemically synthesized copies of whole, or 

20 parts of, gene sequences can replace th~ corresponding regions in the natural gene without loss of gene 
function. 

Homologs of specific DNA sequences may be identified by those skilled in the art using the test of 
cross-hybridization of nucleic acids under conditions of stringency as is well understood in the art [as 
described In Nucleic Acid Hybridization, Hames and Higgens (eds.), IRL Press, Oxford, UK (1985)]. Given 

25 two sequences, algorithms are available for computing their homology: e.g. Needleham and Wunsch, 
J.Mol.Biol., 48, 443·453 (1970); and Sankoff and Kruskal (cited above) pgs. 23-29. Also, commercial 
services are available for performing such comparisons, e.g. lntelligenetics, Inc. (Palo Alto, CA). 

30 DH ~ JH Gene Sequences 

The OH and JH gene segments exist In various types, although the type of D or J gene segment 
selected is not critical to the invention. That is the DH and JH may be derived from any animal. Preferred 
animals include mice and humans. Obviously, human oH and/or JH gene segments are particularly preferred, 

35 but the invention is not so limited H a D or J gene segment from another animal species provides an 
important property, i.e., increased binding to TAG72. · 

Exemplary murine DH and JH sequences are set forth in norganlzatlon, Structure, and Assembly of 
lmmunoglobulin Heavy Chain Diversity DNA Segments", Kurosawa and Tonegawa, J.Exp.Med. 155, 201 
(1982); and 0 Sequences of the Joining Region Genes for lmmunoglobulin Heavy Chains and Their Role in 

40 Generation of Antibody Diversity" Gough and Bernard, Proc.Natl.Acad. Scl.(USA), 78, 509 (1981). 
Exemplary human DH and JH sequences are set forth in an article tltled "Human lmmunoglobulln D 

Segments encoded in Tandem Multigenic Families" by Siebenllst et al. in Nature 294, 631 (1981); and 
exemplary human JH sequences are set forth In "Structure of the Human lmmunoglobulln /J. Locus: 
Characterization of Embryonic and Rearranged J and D Genes" by Ravetch et al., Cell, 27, 583 (1981). 

46 

VL ~:!.!:~Sequences 

Generally, any v. and JL gene sequences may be employed that encodes a portion of a VL which is 
so complementary to the VH encoded by a nucleotide sequence effectively homologous to VHaTAG. By 

"complementary" means a VL that binds to the Vtt and which yields an antibody variable region having a 
binding affinity of at least 25% more than B72.3, as measured by any standard technique for measuring 
binding affinity constants. 

The type of VL and JL gene segment selected Is not critical to the Invention. That is the VL and JL may 
55 be derived from any animal. Preferred animals include mice and humans. Obviously, human VL and/or JL 

gene segments are particularly preferred, but the invention is not so limited If a JL gene segment from 
another species provides an important property, i.e., Increased binding to TAG72. · 

Murlne JL sequences are set forth In an article titled "The nucleotide Sequence of a 5,S·kilobase DNA 
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Segment Containing the Mouse Kappa lmmunoglobulin J and C Region Genes" by Max. et al. in J.Biol. 
Chem. 256, 5116-5120 (1981 ). Human JL sequences are set forth in an article titled "Evolution of Human 
lmmunoglobulin K J Region Genes" by Heiter et al. In The Journal otB/o/ogical Chemistry 357(2), 1516-
1522 (1982). -

Derivation of Variable Regions 

Given the above teachings, it now becomes possible to derive numerous specific embodiments of 
10 antibody variable regions within the scope of the present invention, i.e., having effectively homologous VH 

sequences to VHaTAG and binding to TAG72 at least 25% greater than the variable region of 872.3 binds 
to TAG72, with the binding affinities of the antibody and 872.3 being measured by the same technique. 
Several possible techniques are set forth below. 

75 

Naturally-Produced· Variable Regions 

In response to an immunogen, TAG72, an immunized animal will expand selected antibody producing B 
cells. The variable region of antibodies produced by the B cells will be encoded by rearranged gerrnline 

20 heavy and light chain DNA. For example, the rearranged germline heavy chain will include the V, D, and J 
gene segments including the leader sequence, as well as any introns which may be subsequently removed. 
The light chain coding DNA will include the V and J gene segments including the leader sequence, as well 
as any lntrons which may be subsequently removed. 

Variability may result from somatic mutations occurring in a B cell during productive rearrangement of 
25 the VHaTAG. These somatic mutations are nucleotide changes that may or may not result in an amino acid 

change that alters the activity toward TAG72 of the productively rearranged VH, 

Screening Techniques 
30 

Monoclonal or polyclonal antibodies may be Screened to determine which of said antibodies Selectively 
bind to TAG72. Such screening may be accomplished by any of a number of well-known procedures, such 
as solid-phase radiolmmunoassay, enzyme-linked immunosorbent assays, rosetting assays and blocking 
assays. T_he above-described procedures are well-known In the art. 

35 The nucleotide sequences of encoding variable regions of antibodies produced from the productive 
rearrangement of the VH(ITAG have now been obtained. In addition to the nucleotide sequence of VHaTAG. 
Figure 2 also shows the nucleotide sequences encoding the heavy chain variable regions of CC46, CC49, 
CC83 and CC92 antibodies, respectively. Figure 3 shows the amino acid sequences of VHaTAG VH, CC46 
VH, CC49 VH, CC83 VH, and CC92 VH, corresponding to the nucleotide sequences set forth in Figure 2. A 

40 comparison of the nucleotide and amino acid sequences of VHa TAG VH, CC46 VH, CC49 VH, CC83 VH and 
CC92 VH shows a most striking feature, namely that the chains have extraordinary similarity. 

The relative similarity of the DNA encoding the CC46 VH, CC49 VH, CC83 VH, and CC92 VH regions, 
Particularly in the 5' flanking segment, proves that those DNA sequences are derived from VW2 TAG. 
Somatic mutations occuring during productive rearrangement of the VH region gene to be expressed in a B 

46 cell give rise to some nucleotide changes that may or may not result in a homologous amino acid change 
between two productively rearranged VHaTAG producing hybridomas. 

The nucleotide sequences and corresponding amino acid sequences of CC49 VL are shown in Figures 
4a and 4b, respectively. The nucleotide sequences and corresponding amino acid sequences of CC83 VL 
are shown in Figures 5a and 5b, respectively. The nucleotide sequences and corresponding amino acid 

50 sequences of CC92 VL are shown in Figures Sa and Sb, respectively. 

Probe Techniques 

55 Other antibodies encoded by DNA derived from VHaTAG may be derived by using VHaTAG as a 
hybridization probe. Generally, a probe made from the DNA or RNA of the VHaTAG or rearranged genes 
containing the recombined VHaTAG could be used by those skilled in the art to find homologous genes in 
unknown hybridomas. Such homologous antibodies will have a DNA sequence whose mRNA hybridizes 
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with the probe of all or a part of the VHaTAG germline gene and its flanking regions. By "flanking regions" 
is meant to include those DNA sequences from the 5' end of the VIPTAG to the 3' end of the upstream 
gene, and from 3' end _of the VHa TAG to the 5' end of the downstream gene. 

Rationally Synthesized Variable Regions 

A yet further approach is the rational synthesis of altered variable regions of the antibodies disclosed 
herein, as well as antibodies discovered via probing. Such an approach has several potential advantages. 

10 Namely, a researcher would not have to screen immunized host animals attempting first to cull those 
antibodies which bind to TAG and next to cull those antibodies which specifically have VH regions encoded 
by DNA derived from V~TAG. 

15 Mutagenic Techniques 

· The VH and/or VL gene segments may be "altered" by mutagenesis. Exemplary techniques include the 
addition, deletion, or nonconservative substitution of a limited number of various nucleotides or the 
conservative substitution of many nucleotides, provided that the proper reading frame Is maintained. 

20 Substitutions, deletions, insertions or any subcombination may be combined to arrive at a final 
construct. Since there are 64 possible codon sequences but only twenty known amino acids, the genetic 
code is degenerate in the sense that different codons may yield the same amino acid. However, the code is 
·precise for each amino acid; thus there is at least one codon for each amino acid, i.e., each codon yields a 
single amino acid and no other. It will be apparent that during translation, the proper reading frame must be 

25 maintained in order to obtain the proper amino acid sequence in the polypeptide ultimately produced. 
Techniques for additions at predetermined amino acid sites having a known sequence are well known. 

Exemplary techniques include ollgonulceotide-mediated, site-directed mutagenesis and polymerase chain 
reaction. . 

Techniques for deletions at predetermined amino acid sites having a known Sequence are well known. 
30 Exemplary techniques include ollglonulceotide-mediated site-directed mutagenesis and the polymerase 

chain reaction. 
Techniques for substitutions at predetermined amino acid sites having a known sequence are well 

known. Exemplary techniques include site-directed mutagenesis, and the polymerase chain reaction 
technique. 

36 Ollgonucleotide site-directed mutagenesis in essence involves hybridizing an oligonucleotide coding for 
a desired mutation with a single strand of DNA containing the region to be mutated and using the single 
strand as a template for extension of the oligonucleotide to produce a strand containing the mutation. This 
technique, In various forms, Is described by Zoller, M.J. and Smith, M., Nuc. Acids Res. 10, 6487-6500 
(1982); Norris, K., Norris, F., Christiansen, L. and Fiii, N., Nuc. Acids Res. 11, 5103-5112 {1983); Zoller, M.J. 

40 and Smith, M., DNA 3, 479-488 (1984); Kramer. W., Schughart, K and Fritz, W. J., Nuc. Acids Res. 10, 
6475-6485 {1982). - -

Polymerase chain reaction (PCR) in essence involves exponentially amplifying DNA In vitro using 
sequence specified oligonucleotides. The oligonucleotides can incorporate sequence alterations If desired. 
The polym·erase chain reaction technique is described in Mullis and Faloona, Meth.Enz. 155, 335-350 

45 (1987). Examples 9f mutagenesis using PCR are described in Higuchi et al., Nucl. Acids Res. 16, 7351-
7367 (1988), Ho et al., Gene n. 51-59 (1989), and "Engineering Hybrid Restriction Genes WithouTihe Use 
of Restriction Enzymes: Gene Splicing by Overlap Extension", Horton et al., Gene n, 61 (1989). 

Alteration of the antibody variable regions may be of particular use in the therapeutic use of monoclonal 
antibodies. At present, when a chimeric antibody comprising a complete mouse variable domain is injected 

50 Into a human, the human body's immune system recognizes the mouse variable domain, albeit less than. a 
complete murine antibody, as foreign and produces an Immune response thereto. Thus, on subsequent 
injections of the mouse antibody or chimeric antibody into the human, its effectiveness is considerably 
reduced by the action of the body's immune system against the foreign antibody. Consequently, alterations 
of the murine VH and VL regions may reduce the human immune response to the altered antibody. 

55 

Recombinant Techniques 
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The antibodies may be constructed by recombinant tec~niques. In other words, because the nucleotide 
·sequences of various VH" and VL·encoding regions are now provided, a skilled artisan could In vitro 
produce a complete gene coding for the heavy and light chain variable regions. 

The constructed gene may be engineered in which selected DH and JH gene segments are in functional 
5 combination with a selected VH gene segment, i.e., the VHaTAG segment. or the VH gene segment of CC49 

or CC83. 
For example, the constructed heavy chain coding DNA wifl include DH and JH gene sequences which 

are contiguous with the 3' end of the germline VHaTAG gene segment, thereby completing the CDR3 and 
framework (FR} 4 of the VH domain. A leader sequence may be present but may be subsequently removed. 

10 Depending upon the light chain employed, it may also be necessary to provide a constructed lighf 
chain coding DNA. Such a DNA gene will comprise a Vt gene segment in functional combination, e.g., 
contiguous with a JL gene segment. including the leader sequence which may be subsequently removed. 
The JL gene segment will vary depending upon whether the light chain is of the lambda or kappa system. 
The J region sequence is contiguous with the end of the VL axon to complete FR 4 of the VL domain. Such 

15 a construction may be carried out by the techniques used to construct the VH gene. 
The constructed gene may be engineered by conventional recombinant techniques for example, to 

provide a gene insert in a plasmid capable of expression. Thereafter, the plasmids may be expressed in 
host cells. Exemplary recombinant blological techniques are set forth below. 

In providing a fragment encoding either the light chain or heavy chain variable region, ft will usually be 
20 desirable to include all or a portion of the intron downstream from the J region, particularly where the 

variable region is derived from the host in which the fused gene is to be expressed. Where the intron is 
retained, It will be necessary that there be functional splice acceptor and donor sequences at the intron 
termini. The intron between the J and the constant region of the fused gene may be primarily the intron 
sequence associated with (1} the constant region, (2) the J domain, or (3) portions of each. The last may be 

25 a matter of convenience where there is a convenient restriction site in the introns from the two sources. It 
may be necessary to provide adapters to join the intron to the constant region. In some instances, all or a 
portion of the intron may be modified by deletion, nucleotide substitution(s) or insertion, to enhance ease of 
manipulation, expression, or the like. Preferably, a sufficient amount of the intron should be present to 
contain an enhancer that is functionally active with the naturally-occurrlng promoter. 

30 Alternatively, it may be desirable to have the fused gene free of the intron between the J gene and C 
gene. Thus, the 3' terminus of the J gene will be adjacent to the 5' terminus of the C gene. One can use an 
exonuclease and, by employing varying periods of digestion, one can provide for varying 3'-termini, which 
can then be used for linking to the constant region and selection made for a functional product in a variety 
of ways; or by splicing with overlap extension using polymerase chain reaction technology. see Horton et 

35 al., supra. In this case, an artificial promoter. which does not need to be functionally active with an 
enhancer. will generally be utilized 

In one preferred embodiment. the genes encoding the VH and Vt regions may be altered by replacing 
at least parts of the complementarity determining regions (CDRs) in the light or heavy chain variable 
domains of the antibody with analogous parts of CDRs from an antibody of different specificity. An 

40 exemplary technique replacing the CDRs is taught in European Published Patent Application O 239 400, by 
Gregory Winter; and in PCT application Wo 88/09344, by Huston et al. In an altered antibody of the present 
invention, only the CDRs of the antibody will be foreign to a human body, and this should minimize side 
effects if used for human therapy. However, human and mouse framework regions have characteristic 
features which distinguish huma11 from mouse framework regions. Thus, an antibody comprised of mouse 

46 CDRs in a human framework may well be no more foreign to the body than a genuine human antibody. 
The nucleotide sequences corresponding to the VH amino acid sequences of the VtP TAG, CC46, CC49, 

CC83 and CC92, as well as of the CC49, CC83 and CC92 VL gene segments are provided. Consequently, it 
is envisaged that the CDRs from the antibodies of the present invention could be grafted onto the 
framework regions of a human antibody. . 

50 Generally. the CDR regions from a human VH or VL domain may be replaced by CDRs from· the VH or 
VL regions of antibodies of the present invention. Exemplary human antibodies from which the framework 
portions may be used include human plasmacytoma NEWM, [Jones et al., "Replacing the complementarity
determining regions In a human antibody with those from a mouse", Nature 321, 522-525 (1986)], publicly 
available from Dr. Greg Winter; and various other human VH and Vt genesavailable from Dr. Terrence 

55 Rabbitts, both researchers being from the Medical Research Council, 20 Park Crescent, London, W1 N 4AL. 
The determination as to what constitutes a CDR and what constitutes a framework region may be made 

on the basis of the amino-acid sequences of a selected lg as indicated in Kabat et al., Sequences of 
Proteins of Immunological Interest. Fourth Edition (1987), U.S. Dept. of Health and Human Services, NIH. -
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The four framework regions largely adopt a ,8-sheet conformation and the CORs form loops connecting, 
and in some cases forming part of, the ,8-sheet structure. 

Moreover, not all of the amino-acid residues in the loop regions are solvent accessible and in one case, 
amino-acid residues in the framework regions are involved in antigen binding. [Amit, A.G., Mariuzza, A.A., 

s Phillips, S.E.V. and Poljak, R.J., Science 233, 747-753, (1986)]. 
It Is also known that the variable regions of the two parts of an antigen binding site are held in the 

correct orientation by inter-c~ain, non-covalent interactions. Tliese may involve amino-acid residues within 
the CORs. 

Thus, in order to transfer the antigen binding capacity of one variable domain to another, it may not be 
10 necessary to replace all of the CDRs with the complete CDRs from the donor variable region. It may be 

necessary only to transfer those residues which are necessary for the antigen binding site, and this may 
involve transferring framework region residues as well as COR residues. 

It is thus clear that merely replacing one or more CDRs with complementary CDRs may not always 
result in a functional altered antibody. However, given the explanations set forth in European Published 

15 Patent Application O 239 400, it will be well within the competence of those skilled in the art, either by 
carrying out routine experimentation or by trial and error testing, to obtain a functional altered antibody. 

Preferably, the variable domains in both the heavy and light chains are altered by at least partial CDR 
replacement and, if necessary, by partial framework region replacement and sequence changing. Although 
the CDRs may be derived from an antibody of the same class or even subclass as the antibody from which 

20 the framework regions are derived, it is envisaged that the CDRs wilt be derived from an antibody of 
different class and preferably from an antibody from a different species. 

25 

Composite Variable Regions 

Generally, the V gene encoding the VL is the same V gene which encodes the VL naturally combined 
with the VH of choice. For example, the V gene which encodes the Vt regions of CC49 and CC83 are 
beneficially used when employing the V gene which encodes the VH of CC49 and CC83, respectively. 

Surprisingly, because the VH regions of the antibodies of the present invention are encoded by VH 
30 genes derived from VHaTAG, composite antibodies may be beneficially formed. In other words, the VH 

region of one antibody of the present Invention may suitably be combined with the Vt region of another 
antibody of the present invention. Although the amino acid sequences of the CC49 and CC83 heavy chains 
are superficially close, It would be expected that a change of a few or even one amino acid would 
drastically affect the. binding function of the antibody, I.e., the resultant antibodies are generally presumed to 

35 be a non-specific immunoglobulin (NSI), i.e.-lacking· in antibody character, (see European Published Patent 
Application O 125 023). 

Quite surprisingly, it has now been found that an antibody having the requisite VH of this invention, need 
not be recombined onty with a VL from the same naturally occuring animal antibody. For Instance, as set 
forth in the examples, it is possible to produce a chimeric antibody having a heavy chain with a VH from 

40 CC83 and a light chain with a Vt from CC49, wherein the composite antibody thus formed has a binding 
specificity 25% greater than the binding affinity of B72.3 to TAG72. 

Constant Regions 
45 

Heavy~ (CH) Domain 

The CH domains may be of various human isotypes, te., lgG (e.g .• lgG1, lgG2, lgGa and lgG4), lgA, lgD, 
50 lgM, as well as the various subtypes of the individual groups. 

For a discussion of the human -y1, see Ellison· et at., "The nucleotide sequence of a human 
immunoglobulln Cogamma- 1 gene", Nucl. Acid Res 10, 4071-4079 (1982); Takahashi et al., "Structure of 
human lmmunglobulin gamma genes: Implications for evolution of a gene family". Cell 29, 671-679 (1982). 
For a discussion of the human gamma 2 ('Y2), see Krawinket et al., "Comparison ofthe hinge-coding 

55 segments in human immunoglobulin gamma heavy genes and the linkage of the gamma 2 and gamma 4 
subclass genes, EMBO J 1, 403-407 (1982); Ellison et al., "Linkage and sequence homology of two human 
immunoglobulin gamma heavy chain constant region genes, Proc. Nat. Acad. Sci. (USA) 79, 1984-1988 
(182); Takahashi et·al., infra. For a discussion of human gamma 3 ('Y3), see Krawlnkel etal. infra, and 

13 

BIOEPIS EX. 1002 
Page 2647



EP O 365 997 A2. 

Takahashi et al., Infra. For a discussion of human gamma 4 (,y4), see Ellison et al. "Nucleotide sequence of 
a human immunog!obulin C-gamma-4 gene, DNA 1, 11-18 (1981), Krawinkel et al. intra, and Takahashi et 
~~b -

For a discussion of the human mu, see Rabbitts et al., Human lmmunoglobu!in Heavy Chain Genes: 
5 Evolutionary Comparisons of C1,1., Cli, and C-y genes and Associated Switch Sequences", Nucl .. Acid Res. 9, 

4509-45024. -
For a discussion of the human alpha, see Flanagan et al., "Mechanisms of Divergence and Conver

gence of the Human lmmunoglobulin alpha 1 and alpha 2 Constant Region Gene SequencesD, Cel/36, 681· 
~09~ -

10 For a discussion of the human delta, see White et al., "Human lmmunoglobulin D: Genomic Sequences 

15 

of the Delta Heavy Chain", Science 228, 733-737 (1985). 
For a discussion of the humanepsilon, see Max et al., "Duplication and Deletion in the Human 

lmmunoglobulin E Genes", Cell 29, 691-699 (1982). 

Light Chain (Ci.) Domain 

The CL domai!l may be human kappa (x) or human lambda (>.). 
For a discussion of the human x, see "Cloned Human and Mouse Kappa lmmunoglobulin Constant and 

20 J Region Genes Conserve Homology in Functional Segments", Helter et al., Ce/122, 197-207, November 
(1980) -

For a discussion of the human >., see "Processed Genes: A Dispersed Human lmmunoglobulln Gene 
Bearing Evidence of RNA-Type Processing", Hollis et al., Nature 296, 321-325 (1982). 

The CH and/or CL gene segments may be "altered" by mutagenesis. Exemplary techniques Include the 
25 addition, deletion, or nonconservative substitution of a limited number of various nucleotides or the 

conservative substitution of many nucleotides, provided that the proper reading frame is maintained. In 
addition, entire domains of the protein can be altered, for example, by substituting CH2 for CH3, This 
substitution is made at the DNA level by inserting, deleting or substituting entire axons of sequence. 

30 

35 

Construction of Antibodies 

Immunizations 

The first technique tor producing antibodies. whether monoclonal or polyclonal, having VH regions 
encoded by ONA derived from VHaTAG Is to immunize a host animal with purified TAG72. Exemplary 
protocols for Immunizing a host animal with TAG72 are set forth in U.S. Patents 4,522,918 and 4,612.282, 
using a human breast carcinoma extract as the immunogen; and .United States Patent Application 7-073,685 

40 (which is available to the public), using TAG72 purified with 872.3 as the lmmunogen. 
Thereafter, monoclonal or polyclonal antibodies produced from the immunization protocol are screened 

to determine which of said antibodies selectively bind to T AG72. Such screening may be accomplished by 
any of a number of well-known procedures. such as solld-phase radioimmunoassay, enzyme-linked 
immunosorbent assays, rosetting assays and blocking assays. The above-described procedures are well-

45 known in the art. 

Synthesis of Amino Acid Sequences 

50 lmmunoglobulins of the present Invention can be synthesized from their constituent amino acids. 

55 

Suitable techniques are the Merrifield solid phase method, as .described in J. Amer. Chem. Soc. 85, 2149-
2154 (1963). This solid phase method for synthesizing sequences of amino acids is also described on 
pages 1-4 of of a book by Stewart and Young, Solid Phase Peptide Synthesis f'N. H. Freemen and Co., San 
Francisco, 1969). 

Construction of DNA 
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DNA Encoding the VH and VL 

The DNA encoding the antibody heavy and light chains may be obtained from a variety of sources 
known to those of ordinary skill in the art, for example, genomic DNA, cDNA, synthetic DNA, or a 

5 combination thereof. 
Cells coding for the desired sequence may be isolated, and genomic DNA fragmented by one or more 

restriction enzymes. The genomic DNA may or may not include naturally-occurring introns. The resulting 
fragments may then be cloned and screened using a heavy chain J region (JH) probe for the presence of 
the DNA sequence coding for the polypeptide sequence of interest. DNA fragments isolated by preparative 

1.0. agarose gel electrophoresis are ligated. Recombinant plaques of the libraries are screened with a mouse JH 
probe. 

The DNA may also be obtained from a cDNA library. Messenger RNA coding for heavy or light chain is 
isolated from a suitable source, either mature B cells or a hybridoma culture, employing standard 
techniques of RNA isolation, and the use of oligo-dT cellulose chromatography to segregate the poly-A 

15 mRNA The poly-A mRNA may, further, be fractionated to obtain sequences of sufficient size to code for 
the amino acid sequences in the light or heavy chain of the desired antibody as necessary. 

A cDNA library is then prepared from the mixture of mRNA using a suitable primer, preferably a nucleic 
acid sequence which is characteristic· of the desired cDNA. Such a primer may be synthesized based on 
the amino acid sequence of the antibody. In the alternative cDNA from untractionated poty-A mRNA from a 

20 cell line producing the desired antibody or poly-dT may also be used. The resulting cDNA is optionally size 
fractionated on polyacrylamide gel and then extended with, for example, dC residues for annealing with 
pBR322 or other suitable cloning vector which has been cleaved by a suitable restriction enzyme, such as 
Pst I, and extended with dG residues. Alternative means of forming cloning vectors containing the cDNA 
using other tails and other cloning vector remainder may. of course, also be used but the foregoing is a 

2s standard and preferable choice. A suitable host cell strain, typically Escherichia coll (E. coli), is 
transformed with the annealed cloning vectors, and the successful transformants identified by means of. for 
example, ampiclllin or tetracycllne resistance or other phenotypic characteristics residing on the cloning 
vector plasmid. 

Successful transformants are picked and transferred to microtiter dishes or other support for further 
30 growth and preservation. Nitrocellulose filter Imprints of these growing cultures are then probed with suitable 

nucleotide sequences containing bases known to be complementary to desired sequences in the cDNA 
Several types of probe may be used, preferably synthetic single stranded DNA sequences labeled by 
kinasing with -y-32P ATP. The cells fixed to the nitrocellulose filter are lysed, the DNA denatured. and then 
fixed befi?re reaction with kinased probe. Clones which successfully hybridize are detected by contact with 

35 a photoplate, then plasmids from the growing colonies isolated ~nd sequenced by means known in the art 
to verify that the desired portions of the gene are present. 

The desired gene fragments are excised and tailored to assure appropriate reading frame with the 
control segments when inserted into suitable expression vectors. Typically, nucleotides are added to the 5' 
end to include a start signal and a suitably positioned restriction endonuclease site. 

40 Because the inventors have provided the nucleotide sequences of the VHaTAG, the DNA also may be 
synthetically synthesized, for example, using an Applied BiosystemsTM Model 380A DNA Synthesizer, and 
constructed by standard techniques. 

Finally, an exemplary technique for utillzing combination of the above techniques is by splicing with 
overlap extension using polymerase chain reaction technology, see Horton et al., supra. Generally, a 

45 synthetically synthesized primer, having a so-called nwagging tail", may be Inserted with a selected 
sequence, for example genomic DNA. Thereafter, the sequences are amplified and spliced together. 

50 

~ Encoding the CH and Cl 

The ONA fragment encoding the amino acid sequence of the human constant region may be obtained 
by screening the chromosomal ONA of cells producing human lmmunoglobulin. 

55 Vectors 

The desired DNA fragment may be positioned in a biologically functional expression vehicle which may 
contain appropriate control sequences not present in _the selected DNA ~agment. By "biologically func-
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tional" is meant that the expression vehicle provides for replication and/or expression in an appropriate host, 
either by maintenance as an extrachromosomal element or by integration into the host genome. A large 
number of vectors are available or can be readily prepared, and are well-known to skilled artisans. 

A number of plasmids. such as those described in Eureopean Published Patent Applns. 0036776, 
s 0048970 and 0051873, have been described which already contain a promoter in reading frame with the 

gene and compatible with the proposed host cell. 
The vectors and methods disclosed herein are suitable tor use over a wide range of microorganisms. 

either prokaryotic or eukaryotic, which are susceptible to transformation. The plasmld will be capable of 
replicating in the microorganism, particularly a bacterium. 

10 In general, plasmid vectors containing the appropriate promoters, which can be used by the microbial 
organism for expression of its own protein, also contain control sequences, ribosome binding sites, and 
transcription termination sites. Generally, the replicon and control sequences which are derived from 
species compatible with the host cell are used in connection with these hosts. 

Smaller or larger SV40 fragments may also be used, provided there ls included the approximately 250 
75 base pair (bp) sequence extending from the Hind Ill site toward the Pvu II site located in the viral origin of 

replication. Further, it is also possible. and often desirable, to utilize promoter or control sequences normally 
associated with the desired gene sequence. provided such control sequences are compatible with the host 
cell systems. 

Finally, the plasmid should desirably have a gene, a marker gene, that is capable of providing a 
20 phenotypical property which allows for selection of host cells containing the expression vector. Particulariy 

useful is a gene that provides for survival selection. Survival selection can be achieved by providing 
resistance to a growth inhibiting substance or providing a growth factor capability to a bacterium deficient in 
such capability. 

In general, prokaryotes are preferred. For example, pBR322 a plasmid derived from an E. coli species 
25 [Bolivar, et al., Gene 2, 95 (1977)] is particularly useful. pBR322 contains genes for ampicillin and. 

tetracycline resistance and thus provides an easy means for identifying transformed cells. 
While these prokaryotes are the most commonly used, other microbial strains which may be used 

include E. coli strains such as E. coll B, E.coli K12 strain 294 (ATCC No. 31446) and E. coll X1776 (ATCC 
No. 31537), £. coll W3110 (F-, ..,-, prototrophic, ATTC No. 27325), bacilli such as Baell/us subtllus, and 

30 other enterobacteriaceae such as Salmonella typhimurium or Serratia macrcesans, and various 
Pseudomonas species may be used. These examples are intended to be illustrative only. 

In addition to prokaryates, eukaryotic microbes may also be used. Saccharomyces cerevisiae, or 
common baker's yeast, is the most commonly used among eukaryotic microorganisms although a number 
of other strains are commonly avallable. 

35 For expression in Saccharomyces. the plasmid YRp7, for example, [Stinchcomb, et al., Nature 282, 39 
(1979); Kingsman et al., Gene 7, 141 (1979); Tschemper, et al., Gene 10, 157 (1980)] is commonlyused. 
This plasmid already contains tiie trpl gene which provides a selection marker for a mutant strain of yeast 
lacking the ability to grow in tryptophan, for example ATCC No. 44076 or PEP4-1 [Jones, Genetics 85, 12 
(1977)]. The presence of the trpl lesion as a characteristic of the yeast host cell genome then provides an 

40 effective environment for detecting transformation by growth in the absence of tryptophan. 
Any plasmid vector containing a yeast-compatible promoter, origin of replication and termination 

sequence is suitable for use in yeast. Suitable promoting sequences in yeast vectors include the promoters 
for 3-phosphoglycerate kinase [Hitzeman, et al., J. Biol. Chem. 255, 2073 (1980)] or other glycolytic 
enzymes [Hess, et al., J. Adv. Enzyme Reg. 7, 149 1968); Holland et al., Biochemistry 17, 4900 1978)1. . 

45 For use In mammalian cells, the control functions on the expression vectors are often provided by viral 
material. For example, commonly used promoters are derived from polyoma. Adenovirus 2, and most 
frequently Simian Virus 40 (SV40). The early and late promoters of SV40 virus are particularly useful 
because both are obtained easily from the virus as a fragment which also contains the SV40 viral origin of 
replication [Fiers. et al., Nature 273, 113 (1978)]. 

so For example, pSV2neo contains a gene for ampiclllln resistance neomycin resistance, which is under 
the control of an SV40 promoter. Thus, pSV2neo provides easy means for identifying cells transformed with 
genes for both the animal variable region and human constant region. 

55 Preparation of Chimarlc DNA 

The genes coding for the heavy chain or the light chain will be constructed by joining the s' -end of a 
DNA fragment which encodes the constant region to the 3' end of a DNA fragment which encodes the 
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variable region. The DNA sequence coding for the antibody amino acid sequence may be obtained in 
association with the promoter. and replication site from genomic DNA. To the extent that the host cells 
recognize the transcriptional regulatory and translational initiation signals associated with the heterologous 
genes, then the region 5' and 3' of the variable region coding sequence may be retained with the variable 

5 region coding sequence and employed for transcriptional and translational initiation regulation. The non
coding region 3' to the constant region may be retained for its transcriptional termination regulatory 
sequences, such as termination and polyadenylation. In referring to s' or 3' for a double strand, it is 
intended to mean the direction of transcription, with 5' being upstream from 3

1

• 

The intron sequence between the variable region for each respective chain may be Joined to the 
10 corresponding human constant DNA fragment at any convenient restriction site. In providing a fragment 

encoding the variable region, It will usually be desirable to include a portion of the intron downstream from 
the J region. Where the intron is retained, it will be necessary that there be functional splice acceptor and 
donor sequences at the lntron termini. The contiguous non-coding region 5

1 

to the variable region will 
normally include those sequences involved with initiation of transcription and translation. such as the TATA 

15 box, capping sequence and CAAT sequence. Usually, the s'-non-coding sequence does not exceed about 
1-2 kilo bases (kb). 

An enhancer sequence should exist between the J region and the constant region. The enhancer 
employed may be the enhancer of either (1) the animal V region or the (2) the human constant region. 

By retaining the 3' -region naturally contiguous to the DNA sequence coding for the constant region, the 
20 transcriptional termination signals may be provided for the gene. Where the transcriptional termination 

signals are not satisfactorily functional in the expression host cell, then a 3' region functional in the host cell 
may be substituted. Conveniently, the non-coding 3' region may be obtained from a non-coding contiguous 
3' region of a constant region from the expression host. The 3'-non-coding region may be joined to the 
constant region by any of the means described previously for manipulation and ligation of DNA fragments. 

25 This region could then be used as a building block in preparing the gen_e. 

Preparation of Expression Vehicles 

30 Construction of suitable expression vehicles containing the desired coding and control sequences may 
be produced as follows. The termini of the vectors and DNA fragments may then be religated to form the 
desired expression vehicles. The methods employed are not dependent on the DNA source, or intended 
host. 

DNA fragments coding for the light chain and heavy chain may be inserted Into separate expression 
35 vehicle, or into the same vector .. Preferably, the fused genes encoding the light and heavy chimeric chains 

are assembled in two different expression vectors which can be used to cotransform a recipient cell. either 
concurrently or sequentially. 

The means for insertion of the DNA fragments containing the chimeric genes into expression vectors 
includes using restriction endonucleases. "Restriction endonucleases" (or "restriction enzymes") are 

40 hydrolytic enzymes capable of catalyzing site-specific cleavage of DNA molecules. The locus of restriction 
endonuclease action is determined by the existence of a specific nucleotide sequence. Such a sequence is 
termed the recognition site for the restriction endonuclease. Many restriction endonucleases from a variety 
of bacterial species have been isolated and characterized in terms of the nucleotide sequence of their 
recognition sites. Some restrictiop endonucleases hydrolyze the phosphodiester bonds on both strands at 

46 the same point. producing blunt ends. Others catalyze hydrolysis of bonds separated by a few nucleotides 
from each other, producing free single stranded regions at each end of the cleaved molecule. Such single 
stranded ends are self-complementary, hence cohesive. and may be used to rejoin the hydrolyzed DNA .. 
Exemplary restriction enzymes include Aat II, Bam HI, Eco RI, Hind Ill, Nde I, Spe I, Xba I, Sac I. Bgl II, 
Pst I, Sal I and Pvu II. 

50 Additionally, the expression vector may have a polylinker inserted therein which has a a plurality of 
unique restriction sites. By digestion of the expression vector with the appropriate restriction enzymes. the 
polylinker will be cleaved so that at least one DNA fragment containing the gene can be inserted. Where the 
polylinker allows for distinguishable termini, the DNA fragment can be inserted in a single orientation; were 
the termini are the same. insertion of the DNA fragment will result In plasmids having two different 

ss orientations. 
· Cleavage is performed by treating the plasmid with a restriction· enzyme(s). In general, about 10 /..Lg 

plasmid or DNA fragments is used with ~out 1Q units of enzyme in about 100 /..LI of buffer solution. 
Endonuclease digestion will normally be carried out at temperatures rangi_ng from 37• to 65 • C. at a pH of 
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from 7 to 9. (Appropriate buffers and substrate amounts for particular restriction enzymes are specified by 
the manufacturers.) Time for ttie reaction will be from 1 to 18 hours. 

It may be useful to prevent religation of the cleaved vector by pretreatment with alkaline phosphatase. 
Specific conditions are prescribed by the manufacturer. 

s After the restriction enzyme digest is complete, protein is removed by extraction with phenol and 
chloroform. The nucleic acid is recovered from the aqueous fraction (containing about 0.3M sodium acetate) 
by precipitation with about 2.5 volumes of ethanol. 

Descriptions of methods of cleavage with restriction enzymes may be found In the following articles: 
Greene et al., Methods in Molecular Biology, Vol. 9, ed. Wickner, R. B., Marcel Dekker, Inc., New York, 

10 "DNA Replication and Biosynthesls"; Mertz and Davis, Proc. Nat. Acad. Sci .• (USA), 69, 3370 (1972). 
Size separation of the cleaved fragments by agarose gel electrophoresis is readily performed to follow 

the course of the reaction. Once the digestion has gone to the desired degree, the endonuclease may be 
inactivated by heating above 65 • C for about 1 O minutes or organic extraction. 

The desired fragment is then purified from the digest. Suitable purification techniques include gel 
15 electrophoresis or sucrose gradient centrifugation. 

The plasmid vehicle and foreign DNA fragments are then ligated with DNA llgase to reclrcularize. This 
process is referred to as annealing and DNA ligation. 

An appropriately.buffered medium containing the DNA fragments, DNA ligase. and appropriate cofac· 
tors is employed. The temperature employed will be between 25 • to 4 • C. When DNA segments hydrogen 

20 bond, the ONA ligase will be able to introduce a covalent bond between the two segments. The time 
employed for the annealing will vary with the temperature employed, the nature of the salt solution, as well 
as the nature of the sticky ends or cohesive termini. Generally, the time for ligation may be from 5 to 18 
hours. See Maniatis T., Molecular Cloning, Cold Spring Harbor, supra. 

25 

Host Cells 

Thereafter, the expression vehicle constructs may be used to transform an appropriate host cell. 
Suitable host calls include cells derived from unicellular as well as multicellular organisms. 

so The chimeric immunoglobu!in genes can be expressed in nonlymphoid cells such as bacteria or yeast. 
Various unicellular microorganisms can be transformed, such as bacteria. That is, those unicellular 

organisms which are capable of being grown in cultures or fermentation. Since bacteria are generally the 
most convenient organisms to work with, bacteria will be hereinafter referred to as exemplary of the other 
unicellular organisms. Bacteria. which are susceptible to transformation, include members of the Enterobac-

35 teriaceae, such as strains of Escherichia coli; Salmonella; Bacillaceae, such as Baclllus subtllls; 
Pneumococcus; Streptococcus, and Haemophflus influenzae. 

When expressed in bacteria, the immunoglobulin heavy chains and light chains become part of 
inclusion bodies. The chains then must be isolated. purified and then assembled Into functional lm
munoglobulln molecules. 

4D In addition to prokaryates, eukaryotlc microbes, such as yeast cultures may also be used. Sac-
charomyces cerevlsae, or common baker's yeast is the most commonly used among eukaryotic microor
ganisms, although a number of other strains are commonly available. The presence of the trpl lesion as a 
characteristic of the yeast host cell genome provides an effective environment for detecting transformation 
by growth in the absence of tryptophan. 

45 In addition to microorganisms. cultures of cells derived from multicellular organisms may also be used 
as hosts. In principle, any such cell culture is workable, whether from vertebrate or Invertebrate culture, 
provided that the cell line is one that at least originally produced antibodies. Propagation of vertebrate cells 
in culture has become a routine procedure In recent years [ Tissue CUiture, Academic Press, Kruse and 
Patterson, editors (1973)]. Examples of such useful host cell lines are Sp2/0, VERO and Hela cells, Chinese 

so hamster ovary (CHO) cell lines, and W138, BHK, COS-7 and MOCK cell lines. 
The preferred recipient cell line is a plasmacytoma cell such as B lymphocytes or hybrldoma cells. 

Plasmacytoma cells can synthesize, assemble and secrete lmmunoglobulins encoded by transformed 
immunoglobulin genes .. Further, they possess the mechanism for glycosylation of the lmmunoglobulln. 
Sp2/0 is a preferred recipient cell because it is an immunoglobulin-nonproduclng plasmacytoma cell. The 

55 cell produces only immunoglobulin encoded by the transformed immunoglobulin genes. Plasmacytoma 
cells can be grown in culture or in the peritoneum of mice where secreted lmmunoglobulln can be obtained 
from ascites fluid. 
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Transformation of Host Cells 

Transformation of host cells Is accomplished as follows. The expression vehicle is linearized· and the 
DNA is inserted into host cells for production of the antibody. Exemplary methods for inserting the DNA into 

5 host cells Include electroportion, protoplast fusion, calcium phosphate-precipitation, or other conventional 
techniques, which use dextran sulfate, and PEG. 

If cells without formidable cell wall barriers are used as host cells, transformation may be carried out by 
the. calcium phosphate precipitation method as described by Graham and Van der Eb, Virology, 52, 546 
~~ -

10 If prokaryotic cells or cells which contain substantial cell wall constructions are used, the preferred 
method of transformation is calcium treatment using calcium chloride as described by Cohen, F.N. et al, 
Proc. Natl. Acad. Sci.(USA) 69, 2110 (1972). . 

The host cells may be transformed via either co-transformation or targeted transformation. 
For co-transformation, the genes coding for the light chain and heavy chain may be used to transform 

· 15 separate cell cultures, either of the same or of differing species; separate plasmids for light and heavy chain 
may be used to co-transform a single cell culture; or finally, a single expression plasmid containing both 
genes and capable of expressing the genes for both light and heavy chain may be transformed into a single 
cell culture. 

In the targeted transformation technique. the host cells are transformed with genes encoding for the 
20 light chain, and the cells containing the llght chain marker are selected. The light chain is found using 

cytostaining or possibly by detection of the light chain In the supernatant if it has been secreted. Cells 
selected to have the light chain are transformed with the heavy chain construct. and resultant cells 
additionally containing the heavy chain marker selected. 

It is.known that some immortalized lymphoid cell lines, such as plasmacytoma cell lines, In their normal 
25 state secrete isolated lg light-or heavy chains. Consequently, if such a cell llne is transformed with the 

vector containing the chimeric heavy or light chain of the present invention, it will not be necessary to 
transform the cell line or another cell line with the other-lg chain, provided that the normally secreted chain 
is complementary to the variable domain of the lg chain encoded by the vector initially used to transform 
the cell line. 

30 

Selection and Expression of Transformed Host Cells 

Generally, after transformation of the host cells, the cells may be grown for about 48 hours to allow for 
35 expression of marker genes. The cells are then placed in a selective medium, where untransformed cells 

are killed, leaving only cells transformed with the DNA constructions. 
Heavy and light chains or portions thereof, may be produced in isolation from each other and antibodies 

and fragments thereof may be obtained. Such preparations require the use of techniques to reassemble 
isolated chains. 

40 · The ability of the method of the invention to produce heavy and light chains or portions thereof, In 
isolation from each other offers the opportunity to obtain unique assemblies of immunoglobullns, . Fab 
regions, and univalent antibodies. It is possible to recombine the heavy and light chains In vitro, disrupted 
by cleavage of only the lnterchain disulfides. and to regain antibody activity even without restoration of the 
inter-chain disulfides [see Edelman,' G.M., et al .• Proc. Natl Acad. Scl (USA) 50, 753 {1963)). 

45 The transformed cells are grown under conditions appropriate to the production of the light chains 
and/or heavy chains, and assayed for heavy and/or light chain protein synthesis. Exemplary assay 
techniques include enzyme-linked lmmunosorbent assay {ELISA), radioimmunoassay (RIA), or flourescence
actlvated cell sorter analysis (FACS), immunohistochemistry and the like. 

The binding affinity of monoclonal antibodies for T AG72 is determined by means well known in the art 
so (see Heyman, B. et al. J. lmmunol. Methods 68, 193-204 (1984) and as described In detail In the Examples 

provided hereinafter). - · 
Selected positive cultures are subcloned in order to isolate pure transformed colonies. A suitable 

technique for obtaining subclones Is via the limited dilution method taught by McKeara in Monoclonal 
Antibodies, Plenum Press, N.Y. (1980). 

55 Hybridomas that produce such chimeric antibodies may be grown using known procedures. The 
transformed cells can secrete large quantities of the light chains and/or heavy chains by culture In vitro, 
such as by hollow fiber systems, spinner culture, static culture; or In vivo such as ascltes production. 

The chimeric antibodies may be produced in large quantities by injecting a hybrldoma into the 

19 

BIOEPIS EX. 1002 
Page 2653



EP O 365 997 A2 

peritoneal cavity of pristane-primed mice, and after an appropriate time (about 1-2 weeks), harvesting 
ascites fluid from the mice, which yields a very high titer of homogeneous monoclonal antibody, and 
isolating the monoclonal antibodies therefrom by methods well known in the art [see Stramignoni, P. et al., 
Intl. J. Ganeer 31, 543-552 (1983)]. The hybridomas are grown up in vivo, as tumors in animals, the serum 

5 or ascites fluidof which can provide up to about 50 mg/ml of monoclonal antibodies. Usually, injection 
(preferably intraperitoneal) of about 106 to 107 histocompatible hybridoma cells into mice or rats will result 
in tumor formation after a few weeks. The antibodies can then be collected and processed by well known 
methods. (See generally, Immunological Methods, vols. I & II, eds. Lefkovits, I. and Pernis, B., (1979 & 
1981) Academic Press, New York, N.Y.; and Handbook of Experimental Immunology, ed. Weir, D., (1978) 

10 Blackwell Scientific Publications, St. Louis, MO.) -
The antibodies can then be stored in various buffer solutions such as phosphate buffered saline (PBS), 

which gives a generally stable antibody solution for further use. 
The chimeric antibodies of the present invention may be fragmented using known protease enzymes, 

for example papain and pepsin, to obtain highly immunoreactive F(ab)2. F(ab
1

) and Fab fragments. In 
15 addition, active fragments of lg formed by proteolysis (approximately 50,000 MW) can be split into their 

fully reduced heavy chain and light chain components and fairly efficiently reconstructed to give an active 
antibody [Haber, E., Proc. Natl. Acad. Sci. (USA) 52, 1099 (1964); Whitney, P.L, et al., Proc. Natl. Acad. 
Sci. (USA) 53, 524 (1965)). The reactivity of the resulting F(ab')2, F(ab

1

) and Fab fragments are determined 
by methodsas described above tor the complete monoclonal antibody molecule. 

20 

Uses of the Antibodies 

The antibodies of the present Invention, as well as immunoreactive fragments or recombinants thereof, 
25 provide unique benefits for use in a variety of cancer treatments. In addition to the ability to bind specifically 

to malignant cells and to localize tumors, the antibodies have constant variable regions which do not bind 
detectably to normal cells such as fibroblasts, endothelial cells, or epithelial cells in the major organs. 

Specifically, the antibodies, immunoreactive fragments or recombinants thereof are useful for, but not 
limited to, the following types of cancer treatment: (1) in vivo diagnostic assays conjugated to an imaging 

30 marker, for the in situ detection of carcinoma lesions, as further described below; (2) In vivo therapy, using 
the antibodies of the present invention alone or conjugated to a therapeutic agent such as a radionuclide, 
toxin, effector cells, other antibodies or via a complement mechanism, as described below; and (3) 
radioimmunoguided surgery, as described below. 

Moreover, a pharmaceutical composition comprising the antibodies of the present invention In a 
35 pharmaceutically acceptable, non-toxic, sterile carrier such as physiologlcai saline, non-toxic buffers and the 

Hke, Is also now possible. · 
Injectable compositions of the present invention may be either in suspension or solution form. In 

solution form the complex (or when desired the separate components) is dissolved in a pharmaceutically 
acceptable carrier. Such carriers comprise a suitable solvent, preservatives such as benzyi alcohol, if 

40 needed, and buffers. Useful solvents include, for example, water, aqueous alcohols, glycols. and 
phosphonate or carbonate esters. Such aqueous solutions contain no more than 50% of the organic solvent 
by volume. 

Injectable suspensions as compositions of the present Invention require a liquid suspending medium, 
with or without adjuvants, as a carrier. The suspending medium can be, for example, aqueous polyvinylpyr-

45 rolidone, inert oils such as vegetable oils or highly refined mineral oils, or aqueous carboxymethlycellulose. 
Suitable physiologically acceptable adjuvants, H necessary to keep the complex in suspension, may be 
chosen from among thickeners such as carboxymethylcellulose. polyvinylpyrrolldone, gelatin, and the 
alginates. Many surfactants are also useful as suspending agents, for example, lecithin, alkylphenol, 
polyethylene oxide adducts, naphthalenesulfonates, alkylbenzenesulfonates, and the· polyoxyethylene sor-

so bitan esters. Many substances which effect the hydrophiblclty, density, and surface tension of the liquid 
suspension medium can assist in making injectable suspensions In individual cases. For example, silicone 
antlfoams, sorbitol, and sugars ar~ all useful suspending agents. 

Because cancer cells are heterogeneous and consaquently, a single monospecific chimeric antibody 
may not be able to recognize all cells expressing different epitopes of a tumor. 

55 Thus, it may be desirable to administer several different chimeric antibodies of the present invention. 
The sequential use of these various antibodies should substantially reduce the anti-idiotypic responses in 
human patients when compared to repeated use of a single antibody. For example, CH92, CHB8, and CH44 
could be sequentially administered to a patient. Since these antibodies have different light chains and, in 
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fact different CDR3 regions anti-idiotypic responses should be minimized. 

!!!. Vivo Diagnostic Assays 

In vivo diagnostic assays of human tumors or metastasis thereof using the antibodies, immunoreactive 
fragments or recombinants thereof are conjugated to a marker, administered to a patient. and then the 
presence of the imaging marker in the patient is detected by exposing the patient to an appropriate 
detection means. 

10 Administration and detection of the antibody-Imaging marker conjugate as well as methods of conjuga-
tion of the antibody to the imaging . marker are accomplished by methods readily known or readily 
determined, as described, for example, in Goldenberg, D.M. et al., New England J. Med., 298, 1384-1388 
(1978); Goldenberg, D.M. et al., J. Amer. Med. Assoc, 280, 630-635 (1983); Goldenberg,'°D.M. et al., 
Gastroenterol. 84, 524-532 (1983); Siccardi A.G. et al., cancer Res. 46, 4817-4822 (1986); Epenetos, A.A. 

15 et al .• Cancer 55, 984·987 (1985): Philben, V.J. et al., Cancer 57, 571-576 (1986); Chiou, R. et al., cancer 
Inst. 76, 849-855 (1986): Colcher, E: et al., cancer Res., 43,736-742 (1983): Colcher, E. et al., Laboratory 
Research Methods in Biology and Medicine lmmunodiagnostics, New York, Alan R. Liss. pp. 215-258 
(1983); Keenan, A.M:-et al.. J. Nucl. Med. 25, 1197-1203 (1984): Colcher D. et al., Cancer Res. 47, 1185-
1189 (1987); Estaban, J.M. et al., Intl. J. cancer 39, 50-59 (1987); Martin, O.T .• et al., CUrr. Surg. 41, 193· 

20 194 (1984); Martin, E:W. Jr. et al., Hybrldoma 5, S97-S108 (1986); Martin, D.T. et al., Am. J. Surg. 150, 672· 
675 (1985); Meares et al., Anal. Biochem. 142, 68·78 (1984);· and Krejcarek et al., Biochem. andBlophys. 
Res. Comm. 77, 581-585 (1977). - · 

The dosage wlll vary depending upon the age and weight of the patient. Generally, the dosage should 
be effective to visualize or detect tumor sites, distinct from normal tissues. Preferably, a one-time dosage 

25 will be between 0.1 to 200 mg of an antibody-marker conjugate per patient. 
Examples of Imaging markers which can be conjugated to the antibody are well known to those skilled 

in the art and include substances which can be detected by diagnostic imaging using a gamma scanner or 
hand held gamma probe or Positron Emission Tomography or the like, as described in the references cited 
above. and substances which can be detected by nuclear magnetic resonance Imaging using a nuclear 

so magnetic resonance spectrometer or the like, as described in the references cited above. 
Suitable examples of substances which can be detected using a gamma scanner or the like include, for 

example, radioisotopes such as 125 1, 131 1, 1231, 1111n, 105 Rh, 153Sm, 67Cu, 67Ga, 16'Ho, 1ntu, 1uRe, 1ssRe, 
and 99mTc. 12s1, 1231, is3Sm and 99mTc are preferred due to "their low energy and suitability for long range 
detection. 

35 An example of a substance which can be detected using a nuclear magnetic resonance spectrometer or 

40 

the like is gadolinium (Gd). 

In Vivo Cancer Treatment 

In this method; the antibody-therapeutic agent conjugate can be delivered to the carcinoma site thereby 
directly exposing the carcinoma tissue to the therapeutic agent. 

The antibodies of the present Invention, immunoreactive fragments or recombinants thereof may be 
administered in a pharmaceutically effective amount for the In vivo treatment of human carcinomas or 

45 metastasis thereof. A "pharmaceutically effective amountfl of the antibody, lmmunoreactive fragment or 
recombinant thereof, conjugated or unconjugated to a therapeutic agent, means the amount of said 
antibodies in the pharmaceutical composition should be sufficient to achieve effective binding with the 
antigens against which said antibodies have specific affinity. The pharmaceutical composition may be 
administered in a single or multiple dosage. 

so Methods of preparing and administering conjugates of. the antibody, immunoreactive fragments or 
recomblnants thereof and a therapeutic agent are well known or readily determined by those skilled in the 
art. Moreover, suitable dosages will depend on the age and weight of the patient and the therapeutic agent 
employed and are well known or readily determined by those skilled in the art. Representative protocols are 
described in the references cited below. 

55 Examples of the antibody-therapeutic agent conjugates which can be used in therapy Include the 
following: (1) antibodies coupled to radionuclides, such as 131 1, 90Y, 10sRh, 47 Sc, 67Cu, 212Bi, 211At, o7Ga, 
12s1, 1asRe, 1ssRe, 111Lu, esmTc, 1sssm. 1231 and 111 1n as described, for example, in Goldenberg, O.M. et al., 
Cancer Res. 41, 4354-4360 (1981); Carrasquillo, J.A. et al., cancer Treat. Rep. 68, 317·328 (1984); 
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Zalcberg, J.R. et al., J. Natl. Cancer Inst. 72, 697-704 (1984); Jones, D.H. et al., Int. J. Cancer 35, 715-720 
{1985); Lange, P.H. et al., Surgery 98, 143-150 (1985); Kaltovich, F.A. et al., J. Nucl. Med. 27, 897 (1986), 
Order, S.E. et al., Int. J. Radiother. Oncol. Bio/. Phys. 8, 259-261 (1982), Courtenay-Luck, N:et al., Lancet 
1. 1441-1443 (1984) and Ettinger, D.S. et.al., cancer Treat. Rep. 66, 289-297 (1982); (2) antibodies coupled 

5 to drugs or biological response modifiers such as methotrexate." adriamycin, and lymphokines such as 
interferon as described, for example, in Chabner, B. et al., Cancer, Principles and Practice of Oncology, 
Philadelphia, PA, J.B. Lippincott Co. Vol. 1, pp. 290-328 (1985); Oldham, R.K. et a[." Cancer, Principles and 
Practice of Oncology, Philadelphia, PA, J.B. Lippincott Co., Vol. 2, pp. 2223-2245 (1985); Deguchi, T. et al., 
Cancer fies. 46, 3751-3755 (1986); Deguchi, T. et al., Fed. Proc. 44, 1684 (1985); Embleton, M.J. et al., Br. 

10 J. Cancer 49,559-565 (1984) and Pimm, M.V. et al .• Cancer /mmunol. lmmunother. 12, 125-134 (1982); (3) 
antibodies coupled to toxins, as described, for example, in Uhr, J.W. et al., Monocional Antibodies and 
Cancer, Academic Press. Inc., pp. 85-98 (1983), Vrtetta, E.S. et al., Biotechnology and Bio. Frontiers, Ed. 
P.H.Abelson, pp. ·73-85 (1984) and Vitetta, E.S. et al., Sci., 219, 644-650 (1983);(4)heterofunctional 
antibodies, for example, antibodies coupled or combined with another antibody so that the complex binds 

75 both to the carcinoma and effector cells, e.g., killer cells such as T cells, as described, for example, in 
Perez, P. et al., J. Exper. Med. 163, 166-178 (1986); and Lau, M.A. et al. Proc. Natl. Acad. Sci. (USA) 82, 
8648-8652 (1985); and (5) native,i.e., non-conjugated or non-complexed, antibodies, as described in, for 
example, Herlyn, D. et al., Proc. Natl. Acad. Sci.,. (USA) 79, 4761-4765 (1982); Schulz, G. et al., Proc. Natl. 
Acad. Sci., (USA) 80, 5407-5411 (1983); Capone, P.M. etal., Proc. Natl. Acad. Sci., (USA) ao. 7328-7332 

20 (1983); Sears, H.F.et al., Cancer Res. 45, 5910-5913 (1985); Nepom. G.T. et al., Proc. Natl. Acad. Sci., 
(USA) 81, 2864·2567 (1984); Koprowski,H. et al., Proc., Natl. Acad. Sci., (USA) 81, 216-219 (1984); and 
Houghton, A.N. et al., Proc. Natl. Acad. Scl,(USA) 82, 1242-1246 (1985). -

The methods for combining the antibody or antibody fragment to a desired therapeutic agent as 
described above are conventional and well known in the art. For example, the methods given in the 

2s references above. 

Radiolmmunoguided Surgery 

so Antibodies, immunoreactive fragments or recombinants thereof. are important for radioimmunoguided 
· surgery (RIGS). In RIGS, an intraoperative therapy, tumors are localized and excised. An antibody labeled 

with an imaging marker is Injected into the patient, and bound antibody localized by a hand-held gamma 
detecting probe (GDP) and excised. An exemplary GDP is NeoprobeTM, commercially available from 
Neoprobe Corporation, Tampa, FL See Martin et al., "Radioimmunogulded surgery: a new approach to the 

35 intraoperatlve detection of tumor using antibody 672.3", Amer. J. Surg. 156, 386-392 (1988); Martin et al. 
"Aadioimmunogulded surgery: intraoperative use of antibody 17- 1A in colorectal cancer", Hybrfdoma 5, 
S97-S108 (1986). -

Administration and detection of the antibody-imaging marker conjugate as well as methods of conjuga
tion of the antibody to the imaging marker are accomplished by methods readily known or readily 

40 determined by one skilled in the art, as described, for example, above. 
The dosage will vary depending upon the age and weight of the patient. but generally a one time 

dosage of 0.1 to 200 mg of antibody-marker conjugate per patient is sufficient. 
The following nonlimiting examples are merely for illustration of the construction and expression of 

chimeric DNA sequences encodin.9 the antibodies of this invention. All temperatures not otherwise indicated 
45 are in Centigrade. All percents not otherwise indicated are by weight. 

50 

Examples 

Replacement of Mouse Constant Regions 

CC antibodies were derived from mice, and are significantly less capable of carrying out the effector 
functions possessed by the human constant regions. 

55 Consequently, in the following examples, selected antibodies are "humanized" by genetically removing 
the constant regions of the heavy and light chains and replacing them with their human equivalents. 

The mouse light chain constant region genes were replaced with the human kappa (k) gene, and the 
mouse heavy chain genes were replaced with each of the four human gamma isotypes ('y1, .,..2, .,..3 and ")'4}. 
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Each of these four gamma isotypes possess unique biological properties. For a general review, see "The 
Human lgG subclasses", Hamilton, R.G. (1989) Doc. No. CB0051-289, Calbiochem Corporation. 

s Preparation of Heavy and Light ~ Variable Region 

Isolation of CC49 light chain 

10 CC49 hybridoma cells secrete an antibody having an lgG1 isotype heavy chain and a kappa light chain. 
Total DNA from CC49 hybridoma cells, Balb/C mouse kidney cells and NSI plasmacytoma cells was 

Isolated according to the procedures set forth in Cell; 24, 353-356 (1981 ). 
· Generally, about 10-20 ug of the extracted DNA from each cell line was digested to completion with 80 
units of Bam Hl, Eco RI, Hind Ill, Spe I, Xba I, Sac I, Bgl II, and Pst I in 50-100 microliters of a reaction 

ts mixture containing the appropriate reaction buffer at 37° C overnight. 
Next, the total extracted DNA from each cell line was subjected to the Southern hybridization technique, 

developed by E. M. Southern, [J. Mo/. Biol. 98, 503-517 (1975)]. The DNA fragments were fractionated on 
the basis of their size by means of electrophoresis on a 0.8% agarose gel. The double-stranded DNA 
fragments were modified into single-stranded DNA fragments in an alkali solution; and then a nitrocellulose 

20 filter was placed into close contact with the gel to transfer the modified DNA segments onto the filter in the 
presence of a high salt concentration solution. 

Hybridization was carried out using, as the probe, a random primed <32P>-labelled L chain. 
More specifically, the probe was a 1.71 kilo base pair (kbP) Hind 111-Pst I fragment containing the 

coding exons for the murlne JL regions (J1-J5) and was isolated from the plasmid pGD1. A nucleotide 
25 · sequence of the probe fragment is provided in Figure 7. This plasmid is described in "Site Directed 

Cleavage of lmmunoglobulin Gene Segments by Lymphoid Cell Extracts", Agostaro et al., Can. J. Biochem. 
Cell Biol. 63, 969-976 (1985). The plasmid was provided by Nobumichi Hozumi and John Roder. Mt. Sinai 
Research Institute, Toronto, Ontario, Canada. 

To radiolabel the probe, alpha<32> dCTP was obtained from Arnersham, Arlington Heights, IL, USA, 
30 and the random priming kit was obtained from Pharmacia, Piscataway, NJ, USA. 

The signals in Southam transfers were visualized by autoradiography using Kodak X-OMATTM AR film. 
No obviously rearranged band was observed. Thus, relative to the standards, no unique band was detected 
on the autoradiogram for the CC49 DNA digested with Hind Ill. It could not be ruled out from the Southern 
data, however, that the rearranged band for the L chain was masked by a band migrating in the CC49 Hind 

35 Ill digested DNA parallel to the band resulting from a Hind Ill digest of mouse kidney cell DNA (representing 
the germllne DNA). This actually turned out to be the case. 

Preparation of~ Containing Mouse VL ~ 
40 

LAMBDA-ZAPTM, a lambda-based insertion cloning vector capable of self excision, was purchased from 
Stratagene Co., La Jolla, CA, USA. LAMBDA·ZAPTM is described on pages 20-21 of the 1987 Stratagene 
catalog. The cohesive (cos) ends of LAMBDA-ZAPTM were ligated overnight by following the manufacturer's 
protocol. 

45 Twenty micrograms of the ligated.LAMBDA-ZAP™ were digested with 5 microliters (15 units) of Spe I, 
purchased from New England Bioiabs, Inc. The total volume of the digest was 100 microliters. After 55 
minutes of digestion, another 6 units of Spe I were added. After 70 minutes, the reaction was stopped by 
phenol extraction and ethanol precipitation carried out as per Stratagene's protocol. 

Digestion with Spe I restriction enzyme results in production of "sticky ends" at both termini. These 
50 sticky ends were modified with T4 DNA polymerase to create half filled-in Spe I sticky ends, e.g., 

5'AcTdTCATG. To accomplish the half fill-in reaction, the DNA pellet obtained In the ethanol precipitation 
above was dissolved in a mlcroliters of water. To this was added 2 microllters of 10 millimolar dTTP, 2 
mlcroliters of 10 millimoJar dCTP, 2 microliters of Stratagene's 10X ligase buffer, 4 microliters of reionized, 
distilled water, and 2 microliters of a Kienow fragment from Bethesda Research Laboratories (BRL). The 

55 reaction was carried out at ambient temperatures for 30 minutes. The reaction was stopped by inactivating 
the DNA polymerase at 65 • C for 10 minutes. 

One hundred sixty micrograms of total CC49 hybrldoma DNA (containing the mouse light chain 
promoter and the L and VJ axons) were digested to completion with Hind Ill. Fragments between about_ 1 
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kb to about 20 kb were cut out of 0.8% agarose gels. The DNA was purified using GENECLEANTM, which 
is commercially available from BIO 101 (la Jolla, CA, USA). 

The total CC49 hybridoma DNA Hind Ill digested fragments were half-filled similarly to the LAMBDA· 
ZAPTM's Spe I fragments with the exception that dATP and dGTP were employed. The half-filled Hind Ill 

5 digested fragments produced 5' AGCTTd GAA sticky ends, which are compatible with the Spe I half-filled 
Ir. LAMBDA·ZAPTM fragment above. 

After phenol extraction and ethanol precipitation, according to ·the teachings of Maniatis, the total CC49 
hybridoma Hind Ill modified and LAMBDA-ZAPTM Spe I modified DNA fragments were ligated by means of 
T4 DNA ligase. The ligation reaction was set using a 6.1 microliter ligation mixture containing the following: 

10 about 0.2 micrograms of the total CC49 hybridoma Hind Ill modified DNA in a 3 microliter solution, about 1 
microgram of LAMBDA·ZAPTM Spe I modified DNA In a 1 microliter solution, 0.6 microliters of Stratagene's 
10X ligase buffer, 0.5 microliters 10 millimolar ATP, and 1 microliter of $tratagene ligase. This was 
incubated overnight In a water bath and the temperature lowered incrementally from about 18 • C to about 
4 • C. This ligation eliminated both the Hind Ill and the Spe I sites. 

15 A genomic library of ligated mix was made according to Stratagene's protocol. Briefly, 2 microliters of 
the ligation mix produced above was used in Stratagene's Gigapack Gold packaging system, following the 
directions of the manufacturer. Fifteen 150 mm plates having a density of 50,000 plaques per plate were 
screened, as per manufacturer's directions, for positive clones by hybridization to nitrocellulose filters. 
obtained from Schleicher-Schuell, Keene, NH, USA. The <32P> random-labelled probe derived from pGD1, 

20 which was described above, was used for hybridization. Two positive clones were obtained. 
Each clone was plaque purified and recombinant plasmids (phagemids) of LAMBDA-ZAPTM containing 

. the CC49 L chain variable region were obtained by using Stratagene's automatic excision protocol. The 
vector portion of the resulting recombined plasmid is called pBLUESCRIPT SK(·) and consists of 2964 bp 
as described in the 1987 Stratagene catalog. A plasmid map of pBLUESCRIPT SK(·) is shown in Fig. 8. 

25 The DNA from the two positive clones was partially sequenced and both were identical." One of the 

30 

35 

clones, which was named pRL101, was used for further studies. 

Restriction Mapping of CC49 Light Chain· 

pRL101 was 7.61 kb, and the size of the DNA insert was determined by restriction enzyme mapping to 
be 4.65 kb. A plasmid map of pRL 101 is shown in Figure 9. A restriction enzyme map of the CC49 L chain 
genomic DNA insert in pRL101 is shown in Fig. 10. 

The procedures used to isolate the CCS3 light chain were essentially those used to isolate the CC49 
light chain, with the following exception. 

40 A genomic library containing 7 X 1 OS plaques was screened using as the probe the <32P> random· 
labelled 1.71 Hind 111-Pst I fragment derived from pGD1, as described above. One positive clone was 
obtained. The positive clone was named pRL200. 

45 Restriction Mapping of CC83 light ~ 

50 

pRL200 was 7.44 kb, and the size of the DNA insert was determined by restriction enzyme mapping to 
be 4.48 kb. A plasmid map of pRL200 is shown in Figure 11. A restriction enzyme map of the CCS3 L chain 
genomic DNA insert in pRL200 is shown in Fig. 12. 

Isolation of CC49 Heavy Chain Variable Region 

The procedures used to isolate the CC49 heavy chain were essentially those used to isolate CC49 light 
55 chain, including the screening of the same CC49 Hind Ill modified DNA. · 

The hybridization probe used to screen the library was generated from pNP9, which contains a 1.98 
kbp Eco RI-Sam HI fragment containing the coding axons for J~ and JH4 of the CC49 immunoglobulin 
heavy chain. The nucleotide sequence of the probe fragment is provided in Figure 13. The plasmld was 
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provided by Dr. Nobumichi Hozumi and Dr. John Roder, Mt. Sinai Research Institute, Toronto, Ontario, 
Canada. 

A genomic library containing 9.5. X 105 plaques was screened, from which one positive clone was 
obtained. The positive clone was named pHH49. 

Restriction Mapping of CC49 Heavy Chain 

pHH49 was about 7.0 kb, and the size of the DNA insert was determined by restriction enzyme 
10 mapping to be about 4.0 kb. A plasmid map of pHH49 is shown in Figure 14. 

Isolation of CC83 Heavy Chain ~ Region 

1s The procedures used to isolate the CC83 heavy chain were essentially those used to isolated CC49 
heavy chain, with the following exceptions. 

About thirteen micrograms of ligated LAMBDA-ZAPTM vector DNA were digested with 12 units of Spe I, 
purchased from New England Blolabs, Inc., in a total of .100 microliters of an appropriate buffer. The 
LAMBDA-ZAPTM was digested at 37 • C for one hour. The reaction mixture was phenol extracted and · 

20 ethanol precipitated as per Stratagene's protocol. The Spe I digested LAMBDA-ZAPTM was dephosphorylat
ed. according to procedures set forth in Maniatis except that 40 fold excess of calf intestinal alkaline 
phosphatase (Boehringer Mannheim, Indianapolis, IN, USA) was used. 

DNA from CC83 was digested to completion with Spe I. Fragments between about 3 kb to about 40 kb 
were isolated from a 0.8 percent agarose gel slice by electroelution as described by Maniatis, and ligated 

25 with the dephosphorylated Spe I-cut LAMBDA-ZAPTM vector. 

30 

35 

A genomic library containing 5 X 105 plaques was screened using the probe generated from pNP9, the 
sequence of which is provided in Figure 13. One positive clone was obtained. The positive clone was 
named pHS83. 

Restriction Mapping of CC83 Heavy ~ 

pHS83 was 7.95 kb, and the size of the DNA insert was determined by restriction enzyme mapping to 
be about .5 kb. A plasmid map of pHS83 is shown in Figure 15. 

Sequencing of CC46, CC49, CC83 and CC92 mRNA 

Total RNA from about 1 X 107 CC49 cells frozen at -70 • C was extracted essentially as reported by 
40 · Maniatis. with the following exceptions. Four molar guanidlnlum lsothlocyanate and 2.5 molar sodium 

citrate, pH 7.0, and a SW40TI rotor centrifuged at 31,000 rpm were used. 
A total of 2.7 mg of CC49 RNA was Isolated. After centrifugation, poly A+ mRNA was purified from 

about 1.68 mg of RNA by oligo(dT)-cellulose chromatography using Type 3 oligo(dT)-cellulose obtained 
from Collaborative Research, Inc., Bedford, MA, USA. The procedure was as described by Aviv and Leder, 

45 Proc. Nat'/. Acad. Sci. (USA) 69, 1408 (1972). A.total of 50.24 ii.g of poly A+ mRNA was obtained from 
1.68 milligrams of mRNA. - . 

A total of 3.82 mg of CC83 RNA was isolated from approximately 1 X 107 cells. A total of 54.6 1Lg of 
poly A+ mRNA was isolated from 1.91 milligrams of total RNA. 

A total of 0.814 mg of CC92 RNA was isolated from approximately 2.6 x 108 cells. A total of 41.88 
50 micrograms of poly A+ RNA was isolated from 0.814 mg of total RNA. 

A total of 1.7 mg of CC46 RNA was isolated from approximately 2.89 x 108 cells. A total of 68.88 
micrograms of poly A+ RNA was isolated from 1.7 mg of total RNA. 

· Synthetic oligonucleotide primers were synthesized using an Applied Biosystems' (Applied Biosystems 
(ABI}, Foster City, CA, USA) Model 380A DNA synthesizer, by phosphoramadlte-based chemisb'y as 

55 specified by ABI. The oilgonucleotides were purffied, as specified by the manufacturer, after electrophoresis 
on a 20% polyacrylamlde gel containing 7M urea Oligonucleotlde concentrations were determined spec
trophotometrlcally at an optical density of 260 nm, where 1 QD. 260 nm unit is equal to 33 ii.g/ml of single
stranded DNA. 
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The following ollgonucleotlde primers were made for mRNA sequencing: (1) For the CC49, .CC83 and 
CC92 light chains, Ki.(-), a 22-mer: 
s' -GGMGATGGATACAGTTGGTGC-3' 
complimentary to the coding sequence of the s' end of the constant region for mouse immunoglobulin 

s kappa chains, is used to determine the 3' most mRNA sequence of the light chain variable region. 
Additionally, or CC49 light chain, 49FR1(-), a 17-mer: 

5
1

-GGMGATGGATACAGTTGGTGC-3' 
was used to determine the remaining sequence. 

, Additionally, for CC83 light chain, J4(·), a 24-mer: 
10 5 -CCAACTTTGTCCCCGAGCCGAACG-3 . 

and also 83L COR2(-), a 17-mer: 
5

1 

-CAGGGACTCCAGTGTGC-3' 
was used to determine the remaining sequence. 

Additionally, for CC92 light chain, JS(-): 
15 5

1

-CGTTTCAGCTCCAGCTTGGTCCG-3' 
was used to determine the remaining sequence. 

For the GC46, CC49, CC83, and CC92 -y1 heavy chains, CH1 (-), a 24-mer: 
5

1

-ATGGAGTIAGTTTGGGCAGCAGAT-3' 
complimentary to the coding sequence of the 5' end of the murlne ,y1 heavy chain constant region. The 

20 CH1 (·) 24-mer is used to determine the 3
1

-most mRNA sequence of heavy chain variable regions. 
Additionally, for the CC49 heavy chain, JH4(-)-20mer: 

5' -GGTGACTGAGGTTCCTTGAC-3' 
was used to determine the remaining sequence. ( 

Additionally, for the CC83 heavy chain, JH2(-)-16mer: 
25 5

1 

-CTGAGGAGACTGTGAG-3' 
was used to determine the remaining sequence. 

Additionally, for the CC92 heavy chain and the 872.3 heavy chain, B72.3/CC92 HC-20mer: 
5

1 

-CCTTGAACTTCTCA TTGTAC-3' 
was used to determine the remaining sequence. 

so The following procedures were carried out as outlined by Jan Geliiebter in BRL FOCUS 9, 1 (1987). 
The oligonucleotide primers were end-labelled as follows: 100 ng of ollgonucleotlde were combined in 

50mM Tris HCI (pH 8), 10mM MgCl2, 5mM dithiothreitol, and 1mM spermidine, 100 uCi (-y-32P) ATP 
(Amersham, 5000 Ci/mMole) and 7 units of T4 polynucleotide kinase in a volume of 13 ii.I. The reaction was 
allowed to proceed at 37 • C for 30 minutes, then heated for 5 minutes at 65 • C to inactivate the kinase, and 

35 then 7 I.LI of water was added to make the concentration 5 ng/ul. The labelled primers were stored at -20 • C 
until needed. . 

Separate samples, each containing about 13 micrograms of poly(A) • -mRNA of CC49, CC83, CC92, or 
CC46, respectively, were resuspended in 10 µ.I of annealing buffer [10mM Tris HCI (pH 8.3), and 250mM 

. KCI]. 
40 A 5 ng sample of end-labelled oligonucleotide primer was added to each mRNA sample, heated to 

80 • C for 3 minutes. and annealed for 45 minutes at 61 • C, for the Ki.(·) and 65 • C for the CH1(-) 
oligonucleotides. AMV reverse transcriptase (Boehringer Mannheim) was used at a level of 6 units for each 
mRNA sequencing reaction. The remainder of the sequencing was carried out as set forth in BRL FOCUS 9, 
1 (1987). -

45 Initial sequence data showed that the heavy and light chains were rearranged as follows: CC49 kappa 
light chain used a J5; CC49 ,y1 heavy chain used a JtA The CC83 light chain used a J4; the CC83 gamma 
1 used a JH2. The CC46 kappa light chain used a J2; the CC46 heavy chain used a J.i3 The CC92 light 
chain used a J5; the CC92 gamma 1 used a JH2. 

Figure 16 shows the nucleotide sequence of CC49 VH, with the underlined segments showing the 
50 sequences derived using ollgonucleotide primers on mRNA. 

Figure 17 shows the nucleotide sequence of CC83 VH, with the underlined segments show the 
sequences derived using oligonucieotide primers on mRNA. 

The entire nucleotide sequences of CC46 VH and CC92 VH, shown in Figure 2, were derived using 
oligonucleotide primers on mRNA. 

55 Figure 4a shows the nucleotide sequence of CC49 VL, with the underlined segments show the 
sequences derived using oligonucleotlde primers on mRNA. 

Figure Sa shows the nucleotide sequence of CC83 VL., with the underlined segments show the 
sequences derived using oligonucleotide primers on mRNA. 
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The entire nucleotide sequence of CC92 VL, shown in Figure 6, was derived using oligonucleotide 
primers on mRNA. 

5 ~Sequence 

Purified murine CC49 and CC83 immunoglobulin molecules were sent to Dr. George Tarr at the 
University of Michigan Protein Sequencing facility for NH2-terminal amino acid sequence analysis. Dr. Tarr 
used the Edman degradation method, as modified by Tarr, G.E., in "Manual Edman Sequencing System", 

10 Microcharacterizatlon of Polypeptides: A Practical Manual [John E. Shively, ed., Humana Press, Inc .• Clifton, 
N.J., pp 155-194 (1986)]. Briefly, Dr. Tarr reduced and alkylated the immunoglobulin molecules. The light 
and heavy chains of the immunoglobulin molecufes were separated by reverse phase HPLC. 

Figure 4b shows the amino acid sequence for CC49 VL, with the results of the amino acid sequence 
determination for the first 24 amino acids of the mature CC4~ VL being underlined. Figure Sb shows the 

15 amino acid sequence for CC83 VL, with the results of the amino acid sequence determination for the first 51 
amino acids of the mature CC83 Vt being underlined. ASN-20 could not be determined in the CC83 light 
chain, because of the presence of N-linked carbohydrate residues at this position, which is shown in the 
PNGase F experiment below. The sequence Asn-lle-Thr corresponds to the consensus sequence Asn-X
Thr/Ser for carbohydrate attachment to Asn. 

20 Since the heavy chains of immunoglobullns CC49 and CC83 are blocked at the N-terminus and 
unavailable for amino acid sequence determination, the native glycopeptide was treated with cyanogen 
bromide (CNBr) to cleave at the methionine residues. The cleavage resulted in fragments, which were 
purified by reverse phase HPLC. N-terminal amino acid sequencing was performed on the CNBr fragments. 

The results of the amino acid determination of one of the CC49 VH CNBr peptide fragments are 
25 indicated as underlined residues in Figure 18. The results of the amino acid determination of one of the 

CC83 VH CNBr peptide fragments are indicated as underlined residues in Figure 19. As with CC49, all other 
peptide sequences correspond to CNBr fragments derived from the constant region of mouse ,.1. 

30 Determination of N-Unked Carbohydrate on CC83 !: ~ 

This experiment was done to verify that there ls an N-linked carbohydrate attached to the CC83 light 
chain, presumably at ASN-20 (see Figure 5b). The enzyme gtycopeptidase F (PNGase· F), which is isolated 
from the culture filtrate of Flavobacterlum meningosepticum [Tarantino, A. L et al., Biochemistry 24, 

35 4665-4671 (1985)], will cleave high mannose and/or biantennary complex sugars N-linked to ASNto 
generate a tree carbohydrate structure and an ASP residue from the ASN to which it was attached. The 
difference in molecular weight between the glycosylated and unglycosylated form of the same peptide can 
be determined by SOS-PAGE. · 

Twelve microgram reactions with and without PNGase F -(Boehringer Mannheim, Indianapolis, IN, USA) 
40 for the purified murlne antibodies CC49, CC83 and CC11 F(ab

1

)2 (a positive control) were carried out in a 
final aqueous reaction volume of 40 microliters. Four microliters of 1 O x buffer (1 M potassium phosphate, 
0.1 M dlsodium EDTA pH 7.4) were added to each reaction mix. To those tubes designated "with PNGase 
F", 7.5 microliters of PNGase F were also added and all tubes were incubated at 37• C for 1 h. To the react 
on tubes was added 40 .microliters of Laemmli 2X sample dilution buffer containing p-mercaptoethanol. A 

45 10 percent SOS polyacrylamide get was electrophoresed, the gel stained with Coomassle Brilliant Blue R· 
250 and destained. Figure 20 shows the results. As shown in lane 2, a new band (i appears in the PNGase 
F treated CC83 sample but ·not in the untreated CC83 sample (lane 3). The new band is approximately 
2,000·3,000 molecular weight smaller than the native light chain band, which represents the removal of an 
N-linked carbohydrate moiety. The only consensus glycosylation site for the CC83 light chain is at ASN 20, 

so so by inference it is assumed that this Is the actual site of glycosylation and why it did not show up on the 
N-terminal sequence analysis of the CC83 light chains as ASN. The CC49 light chain does not change 
mobility when treated with PNGase F (lane 6), but a new band Is observed for the heavy chain fragment of 
CC11 F(ab

1

)2 (lane 4i which serves as a positive control. mRNA sequence data of CC11 heavy chain 
indicates a consensus glycosylation site In the V domain (data not shown). The standards (lane 1) are 

55 bovine serum albumin (BSA), MW 68,000 and soybean trypsin inhibitor (STI), MW 21,500. 

DNA Sequence 
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Plasmid DNA was sequenced directly using the Sequenase DNA sequencing kit, obtained from United 
States Biochemical (USB), Cleveland, OH, USA. USB's protocol was followed to sequence double stranded 
DNA. The DNA of each variable region was sequenced using the JH or JL oligo determined from the mRNA 
sequence information to be specific for each productively rearranged heavy chain or light chain gene, 

s respectively. 
After the initial sequences were determined, the sequence was extended further by using additional 

primers. The additional primers were synthesized using Information gathered from the sequences previously 
generated. 

Using the above technique, the DNA sequences of the entire heavy chain variable region axons and 
10 light chain variable region axons of CC49 and CC83 were obtained. The DNA sequence was compiled and 

analyzed using Hitachi's ONA sequence analysis software program ONASISTM. 
The following oligonucleotide primers were made for DNA sequencing: 

(1) For both light chains, CK intron(-): 
s\GAAAACCTGTGTCTTACAC 3

1

• 

15 (2) For the CC49 light chain, CC49 FRI(+): 
5

1

-GTACCTGTGGGGACATTG 3
1

, 

and JK5(-)-23mer 
5

1 

CGTTTCAGCTCCAGCTTGGTCCC-3'. 
(3) For the CC83 light chain, CC83 CDR2(-): 

20 5
1

-CAGGGACTCCAGTGTGC 3
1

, 

CC83 L intron (-): 
5

1 

GACTTCAAGATACAAATGTTAG-3', 
and JK4(-)-20mer: 
5

1

-CCAACTTTGTCCCCGAGCCGAACG. 
25 The complete nucleotide sequences for CC49 VL and CC83 VL are shown ln Figures 4a and 5a, 

respectively. 
For the CC49 heavy chain, JH4 (-)-20mer: 

5
1 

GGTGACTGAGGTTCCTTGAC-3' and JH4 lntron (-): 
5

1

-GCAATGCTCAGAAAACTCC. 
30 For the CC83 heavy chain. JH2(-)-16mer: 

5' CTGAGGAGACTGTGAG-3
1 

and JH2 lntronH: 
5' ·GCAGTAAAATCTATCTAAGCTG. 

Thereafter, the sequencing of each heavy chain was extended with the following sequences: CC49/83 
35 HC/5

1

(+) 
5

1 

-GCACTGCTCATGATATGCAAATC-3
1

; 

CC49/83 HC/5
1

(-) 

5
1

-GATTTGCATATCATGAGCAGTGC-a'; 
and CC49/83 H chain FRI(-) 

40 5
1

-CTCAGCGTCAGACTGCTG-3
1

• 

The complete nucleotide sequences for CC49 VH and CC83 VH are shown in Figure 2. 
Comparisons were made between the characterized mRNA sequence and the characterized DNA 

sequence, and between the characterized amino acid sequence with the amino acid sequence predicted 
from the ONA sequence. Based on these comparisons, the plasmid clones were identified to contain the 

45 correct DNA sequence to code for the CC49 and CC83 heavy and light chain variable regions. 
The predicted amino acid sequences from the nucleotlde sequences of the heavy chain variable 

regions of CC49 and CC83, as shown in Figure 2, show extensive sequence similarity throughout the 
framework regions and hypervariable regions 1 and 2. Hypervariable region 3 is quite different between the 
two due to the recombination of the VH region with different O and JH sequences, namely that the cc49 -y1 

so heavy chain used a JH4, and the CC83 gamma 1 used a JH2. 
The extensive DNA sequence homology 5

1 

to the coding regions in the CC49 and CC83 heavy chain 
variable region genes shows the two heavy chain variable region genes were derived from the same 
germline exons . 

. 65 

Isolation of Vt,a TAG, Germline Precursor Gene to the Heavy Chain of CC46, CC49, CC83, and CC92 

The procedures used to Isolate the germline precursor gene to the heavy chain variable regions of 
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CC46, CC49, CC83, and CC92 were essentially those used to isolate the CC49 heavy chain variable region 
except that the DNA used to generate the LAMBDA·ZAPTM library came from an irrelevant hybridoma cell 
line (i.e., a cell line which produces antibodies that do not appreciably bind to TAG72). A genomic library 
containing approximately 900,000 plaques was screened from which one positive clone was isolated. The 

s positive clone was named pVHaTAG. pVHaTA was about 5.2 kb, and the size of the DNA insert was 
determined by restriction enzyme mapping to be about 2.2 kb. 

DNA sequence of VHa TAG 
10 

The following oligonucleotide primers were used for determining the DNA sequence of VHa TAG: 
B72.3/CC92 HC-20mer: s'-CCTTGAACTICTCATIGTAC-a'; 
CC49/CC83 HC s'(+): s'-GCACTGCTCATGATATGCAAATC-3'; 

CC49/CC83 HC s'(-): 5
1

·GATTIGCATATCATGAGCAG1:GC-3
1

; 

15 VHaTAG IVS(+): 5 ·CTAAAGTGGAGTCAGGGCCTG-3; 
VHaTAG IVS(-): s'-CAGGCCCTGACTCCACTTIAG·3'; 
VHaTAG COR2 ( +): s'-GAATGGATIGGATATATTICTC-3

1

• 

20 

The complete.nucleotide sequence of VHaTAG is shown in Figure 2. 

Isolation of Human Heavy Constant Genes 

Plasmid constructs containing the various heavy chain human constant regions (p-y1, p-y2, p-y3, and 
p-y4) were provided by Dr. llan A. Kirsch of the National Cancer Institute, Bethesda, Maryland. 

25 Restriction enzyme mapping was performed on these genes to confirm their identity. Restriction maps 
for the human constant regions are enclosed In Figure 21. 

Chimeric Ught Chain 

30 

~~yRegion 

The Hind Ill site of the CC49 light chain genomic ONA located. in the murine intron region between JS 
35 and Ck (see Max. Edward E. et al .• J. Biol. Chem. 256, 5116 (1981) was lost in the cloning procedure where 

half-filled in Hind Ill sites were ligated to half-filled'Tri Spe I sites in the LAMBDA-ZAP vector. The plasmid 
pRL101 (Figure 9) carried this modification. The lntron Hind Ill site was regenerated as outlined in the steps 
below in order to enable a Hind 111-Bsm HI human germline kappa light chain DNA fragment (see Hieter, P. 
et al., J. Biol.Chem. 257, 1516 (1982) to be ligated to the murine variable region directly. All steps were· 

40 performed using standard molecular biology techniques familiar to artisans and can be found in a manual 
such as Manatls. 

45 

so 

55 

A 1.69 kb Bam HI-Pst I fragment Is isolated from pRL101, described supra. A 2.96 kb Sam HI-Pst I 
fragment is isolated from pBluescrlpt SK(·) (purchased from Stratagene), described supra. The two 
fragments are then ligated and pRL103, below. is isolated. 
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I~ 
\.' 

:aRL.103 
,.uim 

BamH1 1 

J! 

V 

Plasmid pGD1, (described supra), was digested with Pst I and Hind Ill restriction enzymes to yield the 

20 
necessary 1.03 kb intron-contalning fragment, and pRL 103 was also digested with Pst I and Hind Ill 
restriction enzymes to remove the small fragment of DNA In the polylinker. 

The resulting fragments were ligated with T4 DNA ligase to produce a 5.68 kb plasmid, called pRL104. 
A partial restriction map of pGD1 and pRL104 are shown below. 

25 

30 

35 

40 

45 

50 

55 
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~tt'IO ~--=-~ .. ::.,·· 
·,~ . .i2 

;,.,.a 

Ck 

Plasmid phum CK was obtained from Dr. John Roder, Mt Sinai Research Institute, Toronto, Ontario, 
Canada. The plasmid is derived from pBR322, with a 12 kb 8am HI fragment containing the human CK axon 
inserted therein. pBR322 is described on page 171 of the 1987 Stratagene catalog. The 12 kb 8am HI 

45 
fragment restriction map is shown below [from Heiter. P. et al., J. Biol. Chem 257, 1516 (1982)]. 

50 

BamHI 

I 
55 

phumCk 

Hindlll 

~ ~enhancer 

I 
Ck 
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The plasmid phum Ck was digested with Hind Ill and 8am HJ restriction enzymes to yield a 5.0 kb 
fragment, containing the human Ck exon. pRL104 was digested with Fsp I and Hind Ill restriction enzymes 
to yield a 4.2 kb fragment, containing the mouse light chain variable axons of CC49. 

The two resulting fragments were joined with T 4 DNA ligase to produce a 9.2 kb fragment among the 
5 mixture of resulting fragments. This mixture was digested with Bam HI to yield an 7.7 kb Bam HI CC49 L 

chain chimeric construct with 8am HI sticky ends; which contains both the mouse variable region axons and 
the human constant region (kappa) axon. These constructions utilize the human enhancer sequences and 
the murine promoter sequences. 

The chimeric 8am HI fragment containing both the murine light chain variable region axons (Land VJ) 
10 and the human constant region kappa (k) exon ws ligated into the BamHI site of with the plasmid pSV2neo 

(5.6 kb), a pBR322-derlved. plasmid containing the selectable marker gene neo (obtained from ATCC). The 
presence of the active neo gene renders a cell resistant to growth inhibition by Geneticin, a neomycin-like 
drug also called 6418. 

The chimeric 8am HI fragment was Inserted into pSV2neo in both orientations as shown below. Both 
15 transcriptional orientations of the chimeric light chain gene, relative to the neo gene, were constructed. 

20 

25 

30 

35 

40 

46 

50 

55 

Plasmid pSV2neo was linearized at the Barn HJ site, dephosphorylated (according to procedures set forth in 
Maniatis) using calf intestinal alkaline phosphatase {to prevent self-ligation) and ligated with chimeric CC49 

· L chain Bam HI fragments from above. 
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Amp 

5 

neo 
10 

15 

20 

25 EcoRI 

30 

neo 
Hind Ill 

35 

40 

The transcriptional orientations of the neo gene and the CC49 chimeric light chain are Indicated by 
arrows in pRL150 and pRL105. The portions are derived from pSV2neo are Indicated. These plasmids were 
purified on a large scale from preparative scale (1.0L) fermentation of E. coli clones replicating each of the 

45 plasmids. The purified plasmids were used to introduce the chimeric CC49 light chain into SP2/0 
plasmacytoma cells as discussed below. 

The Hind Ill site in pRL200 which was lost in the cloning process of the CCB3 light chain was 
regenerated for the same reason as for the CC49 light chain chimeric construction. The regeneration was 
accomplished as follows. The plasmid pRL200 was linearized at a unique Nhe I site, and both of its sticky 
ends were converted to blunt ends by filling in with dNTPs and DNA polymerase I. A Sam HI phosphorylat-

55 ed linker (purchased from New England Biolabs} was ligated to the filled-In site. The new plasmid is called 
pRL201 and is shown below. 
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Hind III/ Spe I NheI/BamHI 

The 2.5 kb Bam HI-Pst I fragment from pRL201 containing the CC83 light chain variable region 
genomic DNA was conveniently ligated to the 4kb Bam HI-Pst I vector fragment from pRL104 which was· 
described earlier in the CC49 light chain constructions and which already had the Hind Ill-bearing lntron 
fragment. The.new plasmid is called pRL202 and is shown below. 

PstI 

L V 

The approximately 5.05 kb Fspl-Hind Ill fragment from pRL202 was isolated and ligated with the human 
Ck-containing 5.0 kb Hind 111-Bam HI fragment already described for the CC49 light chain chimeric 
construction. The generation of the CC83 light chain vector was accomplished from this point in an Identical 
fashion as carried out for the CC49 fight chain. The resulting 8.5 kb 8am HI CC83 light chain chimeric 

50 
construct was also ligated to pSV2neo-Bam HI (phosphatased) and plasmids with both possible orientations 
of the insert w~re obtained as diagramed below. 

65 
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pRL203 
143kb 

pRL230 
14Jkb 

Pstl 

The transcriptional orientations of the neo gene and the CCS3 chimeric light chain are indicated by 
arrows in pRL203 and pRL230. These plasmids were purified on a large scale from preparative scale (1.0L) 
fermentation in a commercial incubator of E. coll clones replicating each of the plasmlds. The purified 

40 
plasmids were used to introduce the chimeric CC83 light chain into Sp2/0 plasmacytoma cells, as 

45 

discussed later. 
All four of the chimeric light chain plasmid constructs (pRL105, pRL150, pRL203 and pRL230) can be 

linearized by digesting with the restriction enzyme Aat II. The Aat II site in the plasmids Is In a region that 
is not essential for the expression of the chimeric light chain gene or the selectable marker gene, neo. 

Chimeric Heavy Chains 

50 
Human Gamma Constant Gene Exons 

The plasmid vector used to carry the chimeric heavy chain constructs is designated pSV2gpt, set forth 
in Mulligan and Berg, "Selection of animal cells that express the £. coll gene coding for xanthine-guanine 
phosphoribosyltransferase", Proc. Natl. Acad. Sci (USA) 78(4), 2072-2076 (1982). pSV2gpt is a pBR322 

65 
derived plasmid containing the selectable marker gene, guanine phosphoribosyl transferase (gpt), which can 
be used for selective growth in media containing mycophenolic add. To prepare pSVgpt as a recipient for 
the human Cy1, C-y2; C-y3, C-y4 axons, it was digested with Eco RI and Bam HI. The digested DNA was 
fractionated on a 4 percent polyacrylamlde gel and the 4.5 kb vector fragment was recovered from the gel 
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by electroelution as described in Maniatis. This linearized plasmid was designated pSV2gpt/R/B, a plasmid 
map is shown in Figure 22. It is able to accept Eco RI-Bam HI ended fragments. 

The 5' Hind Ill sites, present on the human lgG1 constant region fragments. were converted to Eco RI 
sites for directed cloning into the Eco RI site of pSV2-gpt. For -y1, -y2, -y3, and -y4, the Eco RI site in vector, 

5 pBR322 was employed. 

C-y1 

10 The fragment containing the human C-y1 exons was obtained by digesting and linearizing p-y1 with Hind 
Ill followed by filling in the Hind Ill sticky ends using all four dNTP's and the Kienow fragment of ONA 
Polymerase to make the Hind Ill ends blunt. An Eco RI linker was ligated to the blunt ends to replace the 
Hind Ill site with an Eco RI site. This construct was then digested with Eco RI and Bam HI to release a 7.8 
kb fragment containing the C-y1 axons. This fragment was called C-y1·7.8 kb. 

15 The fragment were each ligated into the Eco RI-Bam HI sites of pSV2-gpt/R/B. This vector (pSV2-gpt-
-y1 • 7.2) design allows us to insert any murine heavy chain variable region gene (with Eco RI ends) into the 
Eco RI site of the human lgG heavy chain vectors. More specifically, 125 ng of the human C-y1·7.8 kb 
fragment was ligated to 100 ng of the linearized pSV2gpt/R/B vector in a volume of 10 1.1.I using 400 units of 
T4 DNA ligase (obtained from New England Biolabs). Frozen competent E. coll DH1 cells from lnvitrogen 

20 (San Diego, CA) were transformed with a ligation reaction according to the lnvitrogen's protocol. The 
resulting plasmid was designated pSV2gpt-y1-7.8. A plasmid map of pSV2gpt-y1-7.8 is shown in Figure 23. 

In addition, another shorter fragment containing the C-y1 axons was generated. Concerns about the total 
size of the chimeric heavy chain vector, with a 7.8kb C-y1 fragment, a 4.5kb pSV2·gpt1R/B vector, and a 
CC49 variable region of 1.9kb (total= 14.2kb) prompted the need to reduce the large size of the 7.8kb C-y1 

25 Eco Rt-Sam HI fragment. The coding region of 7.8kb C-y1 occupies only the first 1/3 of the 5' end of the 
fragment 

Size reduction was accomplished by converting a downstream Pvu II site to a Sam HI site by blunt-end 
addition of a Bam HI linker. The Hind Ill site of p-y-1 was converted to an Eco RI site by digestion of p-y-1 
with Hind Ill, filllng in the 3' end to create a blunt end, and addition of Eco RI linkers as above. The Pvu II 

so site 2.3 kb downstream was converted to a 8am HI site by subsequent digestion with Pvu II and ligation of 
Sam HI linkers directly to the blunt Pvu II ends. This construct was then digested with Eco RI and 8am HI 
to release a 2.3 kb fragment containing the C-y1 axons. The shortened EcoRI-BamHI fragment (2.3 kb) still 
contains the -y1 axons and the 3' polyadenylation sequence. This reduces the total vector size by 5.5kb, 
making the overall construct more manageable (total-8.7 kb). 

35 Approximately 200 ng of the human C-y1 2.3 kb fragment was ligated to 100 ng of the linearized 
plasmid pSV2gpt/R/B vector in a volume of 10 I.LI using 400 units of T4 DNA ligase (New Er.1gland Biolabs). 
Frozen competent E. coli cells, obtained from lnvitrogen, were transformed with the ligation reaction 
according to lnvitrogen's protocol. The resulting plasmid was designated pSV2gpt-y1-2.3. A plasmid map of 
pSV2gpt-y 1-2.3 is shown In Figure 24. 

40 DNA fragments containing the other three human lgG constant region axons were also isolated. The 
C-y2 exons were recovered from the plasmid p-y2 as a 4.0 kb Eco Al-Sam HI fragment. The C-y3 axons were 
recovered from the plasmid P'Y3 as an 8.0 kb Eco RI-Sam HI fragment. The C-y4 axons were recovered 
from the plasmid p-y4 as a 7.6 kb Eco RI-Bam HI fragment. The fragments were separately ligated into a 
pSV2gpt/R/B as described for C-y1-7.8 and C-y1·2.3. Plasmid maps of the resultant plasmids are shown in 

45 Figure 25, pSV2gpt--y2; Figure 26, pSV2gpt--y3; and Figure 27, pSV2gpt--y4. 

Heavy Chain Chimeric Constructs: 

50 The complete heavy chain variable region human -y1 constant region chimeric constructs were 
generated by inserting a fragment containing the murine heavy chain variable region axons into the 
plasmids containing the human -y1 constant region axons described as follows. 

Eco RI fragments containing the murine heavy chain variable region genes from CC49 and CC83 
hybridoma cells were then ligated into each of the -y1,4-containing pSV2-gpt vectors (pSV2gpt,1; 

55 pSV2gpt·-y2; pSV2gpt,3; pSV2gpt·-y4;) as follows. . 

CC49 
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A fragment containing the heavy chain variable r~gion axons coding for the CC49 heavy chain variable 
region was prepared by digesting 14 1,.1.g of pHH49 with 50 units of Eco RI (obtained from BAL) at 37 • C for 
2 hours. The digest was fractionated on a 4 percent polyacrylamide gel and the 1.9 kb Eco RI fragment 
containing the heavy chain variable region axons of CC49 was recovered by electroelution as described by 

5 Maniatis. This fragment was designated f49R. 
A fragment containing the 7.8 kb sequence encoding for -y1 was prepared as .follows. 
Approximately 50 1.1,g of the vector pSV2gpt 'Y1-7.8 was digested with Eco RI. The resultant fragment 

was dephosphorylated (to prevent self ligation) using calf intestinal alkaline phosphatase as described by 
. Maniatis. The fragment was purified from the 0.8 percent agarose gel by electroelution. This vector was 

10 designated pSV2gpt'Y1-7.8/R. 
The EcoRI site is located 245 bp upstream of the transcription initiation sites, and contains the promoter 

and the necessary tissue-specific sequences for efficient expression. The intron regions 3' of the variable 
region genes contain the murine heavy chain enhancer sequences which are absent ·on the human lgG 
heavy chain vectors. Therefore, the heavy chain chimeric vectors use both murine promoter and enhancer 

15 sequences. 
Approximately 325 ng of linearized pSV2gpt'Y1-7.8/R was ligated with 188 ng of f49R In a volume of 10 

uL with 1 unit of T4 DNA ligase (BRL). Frozen competent E. coli AG-1 cells from Stratagene were 
. transformed with the Hgation reaction according to their protocol. The resulting plasmid was designated 
p49'Y1-7.8. Figure 28 illustrates a plasmid map for p49'Y1-7.8. 

20 Approximately 50 ii.g of the vector P,SV2gpt'Y1-2.3 was digested as for SV2gpt'Y1-7.8 with Eco RI. The 
resultant fragment was dephosphorylated using calf intestinal alkaline phosphatase as described by 
Maniatis. The fragment was purified from an 0.8 percent agarose gel by electroelution. This linearized 
plasmid was designated pSV2gpt'Y1-2.3/R. 

Approximately 300 ng of the linearized plasmid pSV2gpt 'Y1-2.3/R was ligated with 188 ng of f49R in a 
25. volume of 10 1,.1.I with 1 unit of T4 DNA llgase (BAL). Frozen competent E. coll AG-1 cells from Stratagene 

(La Jolla, CA) were transformed with the ligation reaction according to their protocol. The resulting plasmid . 
was designated p49'Y1-2.3. Figure 29 illustrates a plasmid map for p49'Y1·2.3. 

Plasmids pSV2gpt--y2, pSV2gpt--y3 and pSV2gpt--y4 were separately digested with Eco RI to produce 
the linear plasmid vectors pSV2gpt--y2/R, pSV2gpt--y3/R and pSV2gpt--y4/R respectively. Each of these 3 

30 linear plasmid vectors were separately ligated with f49R. Plasmid maps of the resulting plasmids are shown 
in Figure 30, p49--y2; Figure 31, p49-'Y3; and Figure 32, p49--y4. 

CC83 

Chimeric constructs containing the heavy chain variable region of CC83 were generated in a similar 
manner as the chimeric constructs of CC49. A fragment containing the heavy chain variable region axons 
coding for the CC83 heavy chain region was prepared by digesting 19 ug of pHS83 with 50 units of Eco RI 
(obtained from BAL) at 37° C for 2 hours. The digest was fractionated on a 4 percent polyacrylamide gel 

40 and the 2.9 kb Eco RI fragment containing the heavy chain variable region axons of CC83 were recovered 
by electroelutlon as described in Maniatis. This fragment was designated f83R. 

Approximately 300 ng of the linearized plasmid pSV2gpt'Y1-7.8/R, obtained as above, was ligated with 
270 ng of f83R in a volume of 10 ul with 1 unit of T4 DNA llgase (obtained from BAL). Frozen competent E. 
coll AG-1 cells, obtained from. Stratagene, were transformed with the ligation reaction according to 

45 Stratagene's protocol. The resulting plasmid was designated p83-y1-7.8. Figure 33 illustrates the plasmid 
map of p83-y1-7.8. 

Approximately 90 ng of linearized plasmid pSV2gpt 'Y1-2.3/R, obtained as above, was !!gated with 270 
ng of f83R in a volume of 10 ul with 1 unit of T4 DNA llgase (BRL). Frozen competent E. coll AG-1 cells 
from Stratagene were transformed with the ligation reaction according to their protocol. The resulting 

50 plasmid was designated p83-y1·2.3. Figure 34 illustrates the plasmid map of p83-y1·2.3. 
Plasmids pSV2gpt--y2, pSV2gpt--y3 and pSV2gpt--y4 were separately digested as above for pSV2gpt

'Y2/R, pSV2gpt--y3/R and pSV2gpt--y4/R, respectively, with Eco RI to produce the linear plasmid vectors 
pSV2gpt--y2/R, pSV2gpt--y3/R and pSV2gpt--y4/R respectively. Each of these 3 linear plasmid vectors were 
separately ligated with f83R. Plasmid· maps for the resulting plasmids are shown in Figure 35, p83-y2; 

55 Figure 36, p83--y3; and Figure 37, p83-'Y4. 
All ten of the circular plasmid constructs (p49-y1-7.8; p49'Y1-2.3; p83-y1-7.8; p83'Y1·2.3, p49--y2; p83--y2; 

p49,3; p83--y3; p49•-y4; and p83--y4) were then linearized for transformation by digesting with the restriction 
enzyme Nde I. The Nde I site in the plasmids Is In a region that is npt essential for the expression of the 
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chimeric immunoglobulin gene or the selectable marker gene, gpt. The plasmids need to be in a linear form 
prior to transformation into a recipient cell to enhance selected integration of the DNA into the host cell 
genomic DNA. 

Verification of Construction 

Since the EcoRI fragments can be ligated in either orientation, the correct orientation was determined 
by digestion with Nco I. In the constructions set forth above, correct ligations for plasmid construction are 

10 confirmed by performing restriction enzyme site mapping on the plasmid. The restriction enzyme map 
generated from restriction enzyme digestion and gel electrophoresis is compared to that which can be 
theoretically generated from the individual starting fragments. Because of the experience with the transcrip
tional orientation in the light chain vectors, the heavy chain vectors were constructed only in the opposite 
transcriptional orientation to the gpt gene. 

15 

Transformation of Plasmids into Mouse Plasmacytoma Cells 

When both light chain and heavy chain chimeric genes were transformed into the same cell, tetrameric 
20 (H2L2) immunoglobulins are obtained. Synthesis and secretion of these "chimeric" antibody proteins was 

accomprtshed by Introducing the chimeric (mouse V:human C region) genes into mouse plasmacytoma 
cells(Sp2/). Transformation was achieved by electroporation [Sahagan, B.C. et al., J. Immunology 137, 1066 
(1986)1. 

Expression of chimeric (mouse V:human C region) genes in transformed mouse plasmacytoma cells 
25 (Sp2/0) is achieved using two different techniques. In one mode, different ratios of light chain genes to 

heavy chain genes can be Introduced together. This Is referred to as cotransformation. Alternatively, stable 
clones carrying the chimeric light chain gene can be obtained and subsequently used. in a second mode 
referred to as targeted transformation. In each method, the goal is . to obtain clones containing genes for 
both the H chain and L chain which produce intact H2~ immunoglobulin mentioned above. 

30 

A. Cotransformations 

Co-transformation involves the transformation of cells with both drug resistance markers at the same. 
35 tlme and subsequent selection with one or both drugs. Co-transformation of heavy chain and light chain 

vectors (at ratios of 1:1 and 1:10, respectively) was originally performed using only nee selection. Nao
resistant cell lines were obtained which expressed the first chimeric lgG1 antibodies with demonstrable 
T AG72 binding activity. Cotransformation was conducted pursuant to the protocols set forth in Cornelia 
Gorman, "High Efficiency Gene Transfer into Mammalian Cells0

, DNA Cloning, Vol II, D. M. Glover ed, IAL 
40 Press. Oxford, England (1985). - --

B. Targeted Transformations 

45 Constructs containing light and heavy chimeric immunoglobulin genes were sequentially transformed 

50 

using into Sp2/0 mouse plasmacytoma cells. Targeted transformation involves transformation and selection 
with a vector containing a first drug-resistance gene {i.e., Geneticin for the chimeric light chain gene vector), 
followed by transformation and selection with a vector containing a second drug resistance gene (i.e., 
mycophenolic acid for the chimeric heavy chain gene vector). 

Neo Selection 

Prior to transformation with pSV2-neo vectors which contain chimeric light chain constructions, drug 
55 selection conditions for inhibition of growth of untransformed Sp2/0 plasmacytoma cells [obtained from the 

American Type Culture Collection (ATCC)] were established by titration of the neomycin-like drug, 
Geneticin (GIBCO). Published values for concentrations of Geneticin used for drug selection ranged from 
100-1000 u.g/ml. Concentrations above 400 IJ.g/mL were found to prevent growth of Sp2/0 cells in our 
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tissue culture environment. 

Construction of Light Chain Containing Cells 

Sp2/0 mouse piasmacytoma cells were initially transformed with light chain-containing pSV2-neo 
vectors as follows. Cells were grown In RPMI 1640 medium with 5 percent fetal calf serum. Cells were 
washed in PBS and suspended to a concentration of 1 x 107 viable cells/ml PBS. 0.8 ml of cells were 
transferred to an electroporation curvette (on ice) containing 20 ug of light chain-containing pSV2-neo 

10 vector (pRL105 and pRL 150 for the CC49 chimeric L chain and pRL203 and pRL230 for the CC83 chimeric 
l chain) linearized with Aat II restriction endonuclease. Aat II was Inactivated by heating the samples to 
65 • C for 10 minutes. The linearized DNA was ethanol precipitated and subsequently dissolved in 10-20 
microliters of PBS. After 15 minutes on ice, electroporation was performed using a Gene Pulser elec
troporation apparatus with added capacitance extender (BioRad) at 0.2 kvolts and 960 uF. The time 

15 constant (T)was generally about 26 nisec. 
After transformation. cells were allowed to recover on ice for 15 minutes to allow relaxation of perturbed 

membranes. Afterwards, the cells were suspended in 24 ml of RPMI 1640 medium containing 5% fetal calf 
serum {RPMI +) and transferred to a 96 or 24 well plate. To decrease the probability of more than one drug 
resistant cell per well, the cells were also diluted 10-fold in medium (RPMI +) and plated into another 96-

20 well (or 24 well) plate. The cell suspension was incubated. at 37• C and 5 percent CO:! atmosphere. 

25 

After 48 hours (to allow for expression of drug resistance), the medium was removed and replaced with 
medium containing 1 mg/ml Geneticin. 

After 7-10 days, Geneticin-resistant clones were subcultured and the cells screened for chimeric light 
chains by cytostaining. 

Cytostaining 

Aliquots of cells were pelleted onto a glass slide using a cytospin-2 centrifuge (Shandon, Inc.). After air 
30 drying, the cells were fixed In acetic acid/ethanol (5 parts acetic acid/95 parts ethanol). After rinsing 3 times 

with PBS (without CA •2 and Mg ~2). the slides were placed in a humid chamber (100% RH), and stained for 
20 minutes with 20 ILi of goat anti-human Kappa-FITC, a fluorescent dye-conjugated antibody which Is 
specific for human kappa light chains. The conjugated antibody was diluted 1 :3 with 1 % BSA in PBS. After 
washing overnight with PBS, the slides were mounted with fluoromount-G, histologic mounting medium 

35 (obtained from Southern Biotech) under a coverslip. The slides were observed with an Olympus model BH-
2 microscope equipped with an epi-illumination U.V. attachment. 

Based on the intensity of fluorescence, the constructions with the orientation of the light chain in 
opposite transcriptional orientation relative to the direction of transcription of the neo' gene in the vector, 
was found to give the highest L chain expression. Therefore, pRL105 was the preferred CC49 L chain 

40 construction and pRL230 was the favored CC83 l chain construction. As a result of these experiments the 
following chimeric light chain-containing cell lines (derived from Sp2/0) were used for the targeted 
transformations: 

For the CC49 chimeric L chain one cell line {49K-13·13) was obtained which expressed the chimeric 
light chain derived from CC49. This cell line was used for all subsequent targeted transformations with 

46 chimeric heavy chain vectors for constructs using the chimeric CC49 light chain. 
For the CC83 chimeric L chain three cell lines (83K-26-5, 33K-34-10, and 83K-42-2) were obtained 

which expressed the chimeric light chain derived from CC83. One cell line (83K-26-5) stained more 
Intensely than the others and had localized regions of cytoplasmic lmmunofluorescence. All three cell lines 
were compared for their relative ability to produce high levels of chimeric antibody after transformation with 

so the chimeric CC83 g1 heavy chain vector. More clones expressing chimeric antibodies were derived from 
electroporation of the 83K-34-10 target than either of the other two chimeric light chain target cell lines. 
Therefore, the 83K-34-10 light chain cell line was used as a target for subsequent electroporations with 
chimeric heavy chain vectors for constructs containing the CC83 light chain variable region. · 

55 

Generation of gpt Resistant clones carrying CC49 and CC83 chimeric !:! chain constructions 

Prior to transformation with PSV2-gpt vectors, which contain chimeric heavy chain constructions, drug 
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selection for inhibition of growth of untransformed Sp2/0 plasmacytoma cells [obtained from the American 
Type Culture Collection (ATCC)] were established. Conditions for drug selection of cells transformed with 
pSV2·gpt vectors were more difficult to establish. The E. coll gpt gene, which codes for the enzyme 
guanosine phosphoribosyf transferase, confers the ability to utilize xanthine and hypoxanthine as substrates 

6 for · the biosynthesis of guanine when the mammalian guanine metabolic pathway is inhibited by 
mycophenolic acid (MPA). 

Published values for the concentrations of MPA which allow for the growth of other lymphoid cell lines 
transformed with pSV2-gpt vectors were found to be almost two orders of magnitude too high to allow for 
the growth of Sp2/0 cells transformed with pSV2-gpt vectors In our tissue culture environment. Subse-

10 quently. a concentration of 0.1 ug/mL of MPA was found to be optimal for selection of gpt resistance. In 
addition, the use of aminopterin and thymidine (to further shut down the guanine pathway) was found to be 
unnecessary. 

1s Generation of Clones Producing of Chimeric 44 Antibody 

CH44-I 

20 49K-13-13 cells were used as a target for chimeric heavy chain constructs. The cells were transformed 
with 20 u.g chimeric heavy chain DNA vector (p49-y1·7.8 or p49-y1·2.3) linearized by Nde I digestion. 
Transformation by electroporation was performed as above for chimeric light chains. 

Selection after 48 hours, however, was performed by ,replacing the geneticin-containlng medium with 
medium containing geneticin and 0.3 ug/mL mycophenolic acid, 250 IJ.g/ml xanthlne, and. 10 I.Lg/ml 

25 hypoxanthine. 
Transformed cells grew to macroscopically visible colonies in 14 days. At that time, soul of supernatant 

was removed and assayed by ELISA methods for binding to TAG and expression of human lgG constant 
region. Wells containing cells with positive TAG binding were expanded to 24-well plates with fresh drug 
selection medium and allowed to grow for 3-7 days. 

so Subcloning was performed as follows. Viable cell counts were determined and the cells were replated 
into two 96-well plates. One plate received 50 viable cells and the other received 250 viable cells. The 
unsubcloned cells were expanded to 6-well plates until the cell density was sufficient to allow for storage in 
liquid nitrogen in the event that re-subcloning would be necessary. 

After .subcloning, those clones exhibiting the highest chimeric antibody production were selected for 
35 chimeric antibody production in bioreactors. 

CH44-2 

40 The Procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the exception that 20 IJ.Q of p49-y2,was used as the chimeric heavy chain 
vector. 

45 CH44-3 

50 

55 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the exception that 20 1.1.g of p49·-y3, was used as the heavy chain vector. 

CH44-4 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the exception that 20 ug of p49--y4, was used as the heavy chain vector. 

Generation of Clones Producing of Chimeric 88 Antibody 
l 
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CHB8-1 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the following exceptions: 

5 83K-26-5, 83K-34-10, and 83K-42-2 cells demonstrating production of chimeric CC83 light chain were 

10 

15 

transformed as described in the transformation of CH44-1, with the exception that 20 ug of p83-y1·7.8 or 
p83-y1-2.3, the pSV2gpt vector which contains the chimeric CC83 heavy chain gene was used as the heavy 
chain vector. 

CH88-2 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells In the construction of 
CH88-1 were repeated with the exception that 20 u.g of p83--y2, was used as the heavy chain vector. 

CH88-3 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
20 CH88-1 were repeated with the exception that 20 pg of p83--y3, was used as the heavy chain vector. 

CH8&4 

25 The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 

30 

CH88-1 were repeated with the exception that 20 ug of p83--y4, was used as the heavy chain vector. 

Generation of Clones Producing of Chimeric 84 Antibody 

Because of the high degree of sequence similarity between the heavy chain variable regions of CC49 
and CC83, chimeric antibodies were generated whose light and heavy chains were derived from different 
parents by mixed targeted transformations. To generate both "mixed" combinations, the· chimeric heavy 
chain -y1 isotype vectors of CC49 and CC83 were electroporated into the chimeric light chain targets 

35 83K34-10 and 49K-13-13 respectively. The resulting cell lines were designated CH48-1 and CH84·1, where 
the first numerical designation represents the heavy chain and llght chain parents, respectively. For 
example, CH48-1 represents the -y1 isotype with the heavy chain derived from CC49 and the light chain 
derived from CC83. ' 

The CH48·1 composite antibody did not bind to TAG72. This was not due to the inability to make bona 
40 fide chimeric antibody, Since most drug-resistant cell Jines produced chimeric lgG (as determined by ELISA 

analysis using Goat Anti-Human lg trap with Goat Anti-Human lgG-Alkaline Phosphatase as a probe). rt any 
binding affinity were present, It was significantly less than that observed for the first generation antibody 
B72.3, which was approximately an order of magnitude less affinity for TAG72 than either CC49 or CC83. 

Surprisingly, CH84-1 bound to TAG72 with affinity similar to both parents. This new antibody was 
45 generated de nova in our laboratory and has not yet been detected in nature. 

Competition studies were undertaken to determine the specificity of this new mixed-antibody, CH84-1. It 
should be noted that both CC49 and CC83 exhibit some competitive recognition for the T AG72 antigen. It 
was found that CH84-1 competed more with CC49 for binding to TAG72 than it did with CC83. This would 
Indicate that the specificity for binding to TAG72 Iles in the light chain. 

so Human -y2, -3, and -4 isotypes were also generated with this mixed-antibody, producing CH84-2, CH84-

55 

3, CH84-4 clones. 

CH84-1 

The procedure used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH44-1 were repeated with the following exception: 

49K-13-13 cells demonstrating production of CH44 llght chain by cytostaining were then transformed as 
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described in the transformed of CH44-1, with the exception that 20 ug of p83-y1-2.3, the pSV2gpt vector 
which contains the CH83 heavy chain gene was substituted for p49-y1 ·2.3, the pSV2gpt vector which 
contains the CH44 heavy chain gene. 

CH84-2 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
CH84-1 were repeated with the exception that 20 ug of p83--y2, was substituted for p83-y1 ·2.3. 

CH84·3 

The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 
15 CH84·1 were repeated with the exception that 20 ug of p83--y3, was substituted for p83-y1 ·2.3. 

CH84-4 

20 The procedures used to sequentially transform the Sp2/0 plasmacytoma cells in the construction of 

25 

CH84-1 were repeated with the exception that 20 ug of p83--y4, was substituted for p83'Y1-2.3. 

Purification of Recombinant Antibodies 

Cells expressing the chimeric antibodies were removed by centrifugation from the culture medium and 
the medium was filtered through a 0.21.Lm filter. Chimeric antibodies were purified in two steps from culture· 
supernatants. In the first step of the purification, a protein A affinity cartridge (Nygene Corporation Yonkers, 
·NY) was utilized according to the manufacturer's specifications. Up to 1.0 L of culture supernatant was 

so passed through a 1 mg capacity cartridge, at 5 mUmin. The cartridge was washed with phosphate buffered 
saline (PBS) to remove traces of albumin. The chimeric antibody was recovered by elution with 0.1 M 
sodium nitrate buffer, pH 3.0. The pH of the fractions containing the chimeric antibody were immediately 
adjusted to neutrality with a 1 M solution of Trizma base. Final purification was achieved from this solution, 
after concentration on an Amlcon centricon 30 unit, by gel filtration using a Pharmacia Superose 12 HR 

35 16/50 column as specified by the manufacturer (Pharmacia, Piscataway, NJ). 

EXAMPLE: Generation of an lmmunoglobulin Containing the Murine VHaTAG germllna Variable Region 

40 The following examples are set forth to provide a skilled artisan with a reproducible technique for 

45 

preparing an antibody having a VH region encoded by a DNA sequence derived from VHaTAG. 

Components for an Expressible V1:1a TAG Heavy Chain Gene 

A mouse-human chimeric antibody molecule can be generated which contains the murine VHaTAG 
germline heavy chain variable region, a light chain variable region that is complementary to the VttaTAG VH, 
such as either the CC49 or CC83 murine light chain variable region, and human constant regions. 

The 2.2 kb Hindlll germllne DNA fragment containing the VHa TAG VH axon sequence is used as a 
so template to obtain a functionally rearranged VtPTAG variable region. The murlne genomic J·C/..1. lntron 

region is used as a source for the murine heavy chain enhancer sequences. This latter region is obtained 
from the plasmid pNP9 (see example above on "Isolation of CC49 Heavy Chain Variable Region"). Figure 
38 shows the overall reaction for the engineering of hybrid genes based on the method of Horton et al., 
(1989), supra. Four oligonucleotides (ol!gos) are desiqned to be used In enzymatic amplification and 

66 modification of the target DNA. Oligo 1 anneals to the 5 end of VHaTAG spanning the EcoRI site which Is 
249 bp 5' to the ATG initiation codon. Oligo 2 anneals to sequences complementary to the 3' end of the 
VHa TAG axon and also contains sequences coding tor a O segment The D segment sequences in oligo 2 
do not anneal with any VHaTAG sequences. Oligo 3 contains sequences complementary to the s' end of 
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the murine genomic J-Cu region and incorporates sequences encoding the D segment (same as in oligo 2) 
and the J segment. Oligo 4 anneals to the 3' end of the J-Cu. region and contains sequences complemen
tary to the EcoRI site located 1219 bp 3' to JH4. The sequence of these oligos follow: 
Oligo 1 5

1

GTCTAGAATTCATAAAAACTTTATG (25 mer) 
5 Oligo 2 CAGTGTATTTCTGTAAAAGATCTACTATGGTTACG (35 mer) 

Oligo 3 5' TCTACT-A TGGTT ACGTGGGGTCAAGGAA-
CCTCAGTCACCGTCTCCTCAGGT AAGAA TGGCCTCTCCAGGTCT 3' (72 mer) 
Oligo 4 5 ACTTCTAAAATGTATTTAGAATTCATTTTC 3

1 

In this example, the D sequence Is SP2.3 taken from the published sequence of Kurosawa and 
10 Tonegawa J. Exp.Med., 155:201 (1982). The D sequence is shown in bold face type.in oligos 2 and 3. Any 

other characterized murine · or human D segment can be used by substituting their sequence in these 
positions of oligo 2 and 3. 

The J segment in oligo 3 is underlined. It is the murine JH4 taken from the published sequence of 
Gough and Bernard Proc. Natl. Acad. Sci. (USA), 78:509 (1981). The inclusion of any other murine of 

15 human J segment can be made by substituting their sequences for the sequence of JH4 in oligo 3. 

20 

In oligo 1 and 4 the EcoRI sites (GAA TTC) are shown In italics. · 

Assembly of Intact Vt;a TAG Genes 

Two separate DNA amplification reactions are performed using the components described above. DNA 
amplification reaction #1 copies the VHaTAG sequence and adds a D segment to its 3

1 

end. DNA 
amplification reaction #2 copies the murine intron sequences containing the heavy chain enhancer 
sequences and adds the D and J segments encoded within oligo 3. The amplified products from reaction 1 

26 and 2 are gel purified, combined and ollgos 1 and 4 are added to initiate reaction #3. In reaction 3, the 
products of reactions 1 and 2 anneal across their common D sequences. Subsequent DNA amplification 
from oligos 1 and 4 yields the product shown at the bottom of Figure 38. This fragment Is digested with 
EcoRI and gel purified. The modified VHcrTAG fragment is ligated Into the EcoRI site of pSV2gpt-y1(2.3) as 
described in the above example "Heavy Chain Chimeric Constructs". The entire VHa TAG-0-J.enhancer 

so containing fragment is sequenced completely to ensure that no mutations have been introduced during the 
DNA amplification reactions. The other three heavy chain .., isotypes can be generated by ligating the same 
modified VHaTAG fragment into the other three .., containing pSV2gpt vectors (pSV2gpt·-y2; pSV2gpt-y3; 
pSV2gpt-y4). 

35 

Expression of the Modified VHa TAG Gene 

The modified VHa TAG gene containing plasmids can be linearized with Ndel and introduced via 
electroporation into the chimeric CC49 or CC83 light chain expressing cell lines (see example above, "C. 

40 Targeted Transformations". The transformed cells are selected for growth in the presence of Geneticin and 
mycophenolic acid as outlined above in •c. Targeted Transformations". The presence of expressed 
antibody is monitored by TAG72 ELISA (see section in RESULTS, Enzyme-Linked lmmunoassays (ELISA). 
The expressed antibody from these cells will contain human lg -y1 ,x constant regions with the CC49 or 
CC83 light chain variable region and a heavy chain variable region from the modified VHaTAG germline VH 

46 axons. 

60 

56 

Four examples of modified VHaTAG.heavy chain variable region constructs having a variety of D and J 
segments are shown below; 

VH Segment D Segment J 
Segment 

VHCXTAG #I mouse D (SP2.3) mouseJ 
VHaTAG#ii human D (D1) mouseJ 
V1PTAG#iii mouse D (SP2.3) human J. 
Vt;aTAG #Iv human D (D1) human J 

The sequence of the human D sequence D1 is obtained from Slebenlist et al., Nature, 294:631 (1981). The 
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sequence of the human JH1 obtained from Ravetch et al., Ce// 27, 583 (1981 ). 
The generation of VHaTAG #i Is described with the abovediagramed oligos 1 through 4. To generate 

VHO TAG #ii through -iv the corresponding D and J segments need to be changed in oligos 2 and 3. The 
following oligos delineate these changes. Substitution of these oligos in reaction #1 and reaction #2 will 

5 result in the generation of the VHaTAG #ii through -iv. 

10 Oligo 2 5' CAGTGTATTTCTGTAAAAGAGTACTGGTGGTGTAT (34 mer) 
Oligo 3 5' GTACTGGTGGTGTATIGGGGTCAAGGAACC· 
TCAGTCACCGTCTCCTCAGGTAAGAATGGCCTCTCCAGGTCT 3' (72 mer) 

VHOTAG#iii 
15 

Oligo 2 5' CAGTGTATTTCTGTAAAAGATCTACTATGGTTACG (35 mer) 
Oligo 3 5' TCTACTATGGTIACGTGGGGCCAGGGCACC-
CTGGTCACCGTCTCCTCAGGTAAGAATGGCCTCTCCAGGTCT 3' (72 mer) 

Oligo 2 5' CAGTGTATTTCTGTAAAAGAGTACTGGTGGTGTAT (35 mer) 
Oligo 3 5' GTACTGGTGGTGTATIGGGGCCAGGGCACC-
CTGGTCACCGTCTCCTCAGGTAAGAATGGCCTCTCCAGGTCT 3' (72 mer) 

25 

Results 

30 A. Chimeric Antibody Producing Cell Lines 

Simultaneous detection of heavy and light chains was accomplished using two probe antibodies: 
1) Goat anti-human kappa labeled with the fluorescing dye FITC and; 
2) Goat anti-human tgG labeled with the fluorescing dye TRITC. 

35 Cell lines having positive responses for both heavy and light chains were tested further for associated 

40 

chimeric immunoglobulin production and biological activity viz. binding to TAG72. 

Enzyme-Linked lmmunoassays (ELISA) 

In order to select a transformed cell producing a chimeric monoclonal antibody, the ELISA technique 
was employed. Clones containing the heavy chain and light chain drug selection constructs were selected 
by their growth in selective culture medium. The following cell lines were tested (1) CH44-1: a cell line 
having CC49 VH, CC49 Vt, and constant region of lgG,: (2) CH44-2: a cell llne having CC49 VH, CC49 VL, 

45 and constant region of lgG2; (3) CH44-4: a cell line having CC49 VH, CC49 Vt, and constant region of lgG .. ; 
(4) CHBS-1: a cell line having VH, CC83 VL> and constant region of lgG,; (5) CHSB-2: a cell line having CC83 
VH, CC83 Vt, and constant region of lgG2; (6) CHSB-3: a cell llne having CC83 VH, CC83 Vt, and constant 
region of lgG3; (7) CHBB-4: a cell line having CC83 VH, CC83 Vt, and constant region of lgG4; (8) CHB4-1: a 
cell line having CC83 VH, CC49 Vt, and constant region of lgG1; (9) CH84-2: a cell line having CC83 VH, · 

50 CC49 Vt, and constant region of lgG2; (10) CH84-3: a cell line having CC83 VH, CC49 VL, and constant 
region of lgG3; and (II) CH84-4: a call line having CC83 VH, CC49 Vt, and constant region of lgG4. 

Supematants of these cultures ware subjected to ELISA. The presence of chimeric anti-T AG72 antibody 
was measured directly by reaction of an excess of goat anti-human lgG antibody labeled with an enzyme 
such as alkaline phosphatase, after allowing the chimeric anti-T AG72 antibody to bind to mlcrotiter wells 

55 coated with antigen (TAG72). Antl-TAG72 activity was determined as a criterion for successful recom
bination. 

After growth for 14 days, 50 ul of supernatant was removed from the wells of the subcloned cells and 
re-assayed for TAG binding by ELISA. Samples of supematants (50 1.1.I) from drug resistant cell lines were 

44 

BIOEPIS EX. 1002 
Page 2678



EP O 365 997 A2 

applied to wells of Nunc lmmulon 96-well plates which had previously been coated with TAG antigen (1/50 
dilution}. After washing to remove unbound material, the wells were Incubated with Goat Anti-Human lgG 
antibodies conjugated with Alkaline Phosphatase (GAHlgG-AP) as a probe to detect the human constant 
regions of the chimeric antibodies which had bound to the TAG antigen. immobilized on the plate. Another 

5 washing to remove unbound probe (GAHlgG-AP), followed by addition of a chromogenic alkaline 
phosphatase substrate, allowed color to develop in those wells which possessed TAG binding associated 
with human constant regions (I.e., chimeric anti-T AG72 antibodies). Absorbance readings at 405 nm indicate 
the relative amount of chimeric antibody produced by the drug-resistant cell lines. 

10 

CH44-1 

Anti-T AG72 activity was used as a criterion for successful recombination. Wells of mlcrotiter plates were 
coated with TAG by incubating 50 IJ.I of a 1:75 dilution of purified TAG72 [Muraro, R., et al., Cancer 

15 Research 48, 4588-4596 (1988)] for 18 hours at room temperature. The wells were then washed 4 times 
with phosphate buffered saline (PBS), and then blocked with BSA, by incubating 50 1,11 of 0.5 percent BSA 
in PBS for 2 hours at 37• C, followed by washing 4 times with PBS. These plates are stable if kept moist at 
4 • C. 50 microliters of sample are then applied to each well. A blank containing fresh medium Is used as a 
control. All of the samples were incubated either in the plate for 90 minutes at 37• C or overnight at 4' C in 

20 a closed container. 
The plates were then washed 4 times with PBS, and goat anti-human lgG-alkaline phosphate (Southern 

Biotech Assoc.) was applied to each well by adding 50 I.LI of a 1 :250 dilution. The solution was incubated at 
37• C for 90 minutes. Color development was monitored after washing the plates 4 times with PBS to 
remove the probe. 

25 The substrate was incubated In 200 u.l solution of substrate p-nitrophenyl phosphate (Kirkegaard & 
Perry) in ethanolamine buffered saline for 6 minutes at room temperature for color development. The optical 
density at 450 nm of each well was read by a Oynatech mlcroplate reader (Dynatech Inc.). 

The Sp2/0 colonies In wells with supernatants having T AG72-binding chimeric antibody activity were 
subcloned by llmited dilution. Individual subclones were chosen on the basis of relatively high production of 

30 chimeric antibody. 

CH44-2 

35 The TAG-ELISA procedure used with CH44-1 was repeated with the exception that the antibody was 

40 

CH44-2. 

CH44-3 

The TAG-ELISA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH44-3. 

45 CH44-4 

50 

55 

The TAG-ELISA procedure used with CH44-1 was repeated with the e~ception that the antibody was 
CH44-4. 

CH86-1 

The TAG-ELISA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH86-1. 

CH88-2 

45 
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The TAG-ELISA procedure used with CH44-1 was repeated with.the exception that the antibody was 
CHBB-2. 

6 CHBB-3 

10 

16 

The TAG~ELISAProcedure used with CH44-1 was repeated with the exception that the antibody was 
CHBB-3. 

CHBB-4 

The TAG-ELISA Procedure used with CH44-1 was repeated with the exception that the antibody was 
CHBB-4. 

CH84-1 

The TAG-ELISA procedure used with CH44-1 was repeated with the exception that the antibody was 
20 CH84-1. 

CH84-2 

2s The TAG-ELISA procedure used with CH44-1 was repeated with the exception that the antibody was. 

30 

CH84-2. 

CH84-3 

The TAG-ELISA procedure used with CH44·1 was repeated with the exception that the antibody was 
CH84-3. 

36 CHS4-4 

40 

45 

The TAG-ELISA procedure used with CH44-1 was repeated with the exception that the antibody was 
CHS4-4. 

CH48-1 

The TAG·ELISA procedure used with CH44-1 was repeated with the exception that the antibody was 
CH84-4. 

~ !!!_ vivo Carcinoma Targeting 

The chimeric monoclonal antibodies used .In animal- studies and shown in Tables 1- 4 below were 
60 labeled with Na1251 using lodogen (Pierce Chemical, Rockford, IL). More specifically, from about 0.5-2 mg of 

purified chimeric monoclonal antibodies were adjusted to about 0.5 ml 0.1 M sodium phosphate buffer (pH 
7 2) and then added to a 12 cm x 75 cm glass tube coated with 50 1.1,9 of lodogen followed by addition of 
from 0.1 -0.5 mci of Na1251 (New England Nuclear, Boston, MA). After a 2 min incubation at room 
temperature, the protein was removed from the insoluble lodogen, and the unincorporated 1251 was 

55 separated from the antibody by gel filtration through a 10 ml column SephadexTM G-25 using PBS as the 
buffer. The iodination protocol yielded labeled lgG chimeric antibody with a specific aetivity of 0.05 to 0.2 
uCl/ug. 

Female athymic mice (nu/nu) on a CD1 background were obtained from Charles River at approximately 
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4 weeks of age. Nine days later, mice were inoculated subcutaneously (0.1 mUmouse) with LS174T cells (1 
x 106 cells/animal). 

Athymic mice bearing carcinomas 70 to 400 mg in weight, approximately 12 to 13 days after inoculation 
of the cells were given injections Intravenously of from 0.5 to 2.0 J.LCi (10-50 J.LQ protein) in PBS of the 

5 chimeric monoclonal antibodies, which had been Iodinated as .described above. Groups of five mice were 
sacrificed at varying times by exsanguination, the carcinoma and normal tissues were excised and weighed, 
and the cpm were measured in a gamma counter. The cpm/mg of each tissue was then determined and 
compared to that found in the carcinoma. 

The results for CH44-1 are shown in Tables 1-2, and Figures 39A, 398, and 39C. The results for CH84-
10 1 are shown in Tables 3-4, and Figures 40A and 408. 

~ Injected Dose Per Gram of 1251-Labeled Antibody 

15 

Table 1 

Tissue CH44-1 

20 0.75 23.5 49.5 122 
Hour Hours Hours Hours 

blood, total 29;70 15.84 8.09 7.31 

liver 8.13 4.13 2.19 1.96 
25 

Spleen 6.19 3.39 2.12 1.36 

Kidney 4.35 2.80 1.52 1.33 

tumor 3.31 25.95 28.83 44.16 

30 lung 7.34 5.39 2.90 2.36 

tumor.wt 0.18 0.12 0.09 0.11 

35 As shown in Table 1, at approximately 122 hours post-injection, the percent injected dose to tumor for 

40 

45 

60 

55 

CH44-1 was 44.16 percent. CH44-1 was, therefore, efficient in targeting the human tumor in-situ. This 
demonstrates that the chimeric monoclonal antibodies of the present invention were efficient for in vivo 
carcinoma targeting and thus are useful for in vivo treatment of cancer. 

~ Injected Dose Per Organ of 125 I-Labeled Antibody 
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Table 2 

Tissue CH44-1 

5 0.75 23.5 49.5 122 
Hour Hours Hours Hours 

blood, total 47.72 23.03 13.29 12.01 

Liver 10.97 5.20 3.20 2.69 
10 

Spleen 1.09 0.48 0.25 0.22 

Kidney 1.25 0.72 0.42 0.40 

tumor 0.57 3.08 2.82 . 4.55 

15 lung 1.20 0.87 0.57 0.37 

GI tract 6.64 4.78 3.96 2.83 

carcass 43.17 49.68 35.35 29.95 

20 
whole body retention 91.30 76.34 53.28 46.20 

As shown in Table 2, at 122 hours post-injection, the percent of injected dose tumor for CH44-1 was 
4.55 percent. CH84-1 was, therefore efficient in targeting the human tumor in-situ. This demonstrates that 

2s the chimeric monoclonal antibodies of the present Invention were efficient for In vivo carcinoma targeting 
and thus were useful in In vivo treatment of cancer. 

30 

36 

40 

45 

60 

66 

Percent Injected Dose Per Gram of 125 I-Labeled Antibody 

Table3 

Tissue CH84-1 

1 Hour 23 47 118-119 
Hours Hours Hours 

blood 30.68 15.65 6.74 6.49 

Liver 12.55 4.26 2.35 1.57 

Spleen 10.93 3.35 2.56 1.70 

Kidney 5.59 2.51 1.53 1.55 

tumor 4.06 20.52 17.58 30.27 

lung 10.77 4.80 2.58 2.24 

tumor.wt. 0.15 0.22 0.20 0.24 

As shown in Table 3, at approximately 118 hours post-Injection, the percent of injected dose to tumor 
for CH84-1 was 30.27 percent. CH84-1 was, therefore, efficient in targeting the human tumor in-situ. This 
demonstrates that the chimeric monoclonal monoclonal antibodies of the present invention were efficient for 
In vivo carcinoma targeting and thus were useful In In vivo treatment of cancer. 

~Injected~~ Organ of 12s1.Labeled Antibody· 
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Table 4 

Tissue CH84-1 

5 1 Hour 23 47 118-119 
Hours Hours Hours 

blood, total 45.98 22.11 10.08 9.37 

Liver 13.64 5.34 3.13 1.94 
10 

Spleen 1.35 0.49 0.32 0.16 

Kidney 1.39 0.62 0.38 0.38 

tumor 0.59 4.33 3.63 7.02 

15 lung 1.n 0.69 0.42 0.31 

GI tract 7.38 4.92 3.41 2.32 

carcass 44.83 52.19 . 30.32 24.06 

20 
whole body retention 93.58 81.00 47.14 45.48 

As shown in Table 4, at approximately 118 post-injection, the percent of injected dose to tumor for 
CH84-1 was 7.02 percent. CH84-1 was, therefore, efficient in targeting the human tumor in-situ. This 

25 demonstrates that the chimeric monoclonal antibodies of the present invention were efficient for in vivo 
carcinoma targeting and thus were useful in in vivo treatment of cancer. 

30 

Deposit ~ Cell lines Producing Chimeric Antibodies 

Seven illustrative cell lines secreting chimeric antibodies, all having a kappa light chains, made by the 
above examples were deposited at the American Type Culture Collection (ATCC) on October 19, 1988. 
Specifically, the following cell lines have been deposited: (1) CH44-1: a cell line having CC49 VH, CC49 VL, 
and constant region of lgG1 (ATCC No. HB 9884); (2) CH44-2: a cell line having CC49 VH, CC49 VL, and 

35 constant region of lgG2 (ATCC No. HB 9880); (3) CH44-4: a cell line having CC49 VH, CC49 Vt, and 
constant region of lgG4 (ATCC No. 98n); (4) CHBB-1: a cell line having VH, CC83 VL, and.constant region 
of lgG1 (ATCC No. 9882); (5) CHBB-2: a cell line having CC83 VH, CC83 Vi.. and constant region of lgG2 -
(ATCC No. 9881); (6) CH88-3: a cell line having CC83 VH, CC83 VL, and constant region of lgG3 (ATCC No. 

· 9876); (7) CHBB-4: a cell line having CC83 VH, CC83 VL, and constant region of lgGo1- (ATCC No. 9874); (8) 
40 CH84-1: a cell tine having CC83 VH CC49 VL, and constant region of lgG, (ATCC No. 9883); (9) CH84-2: a 

cell line having CC83 VH, CC49 VL, and constant region of lgG2 (ATCC No. 9879); (10) CH84-3: a cell line 
having CC83 VH, CC49 VL, and constant region of lgG3 (ATCC No. 9878); and (11) CHB4-4: a cell line 
havjng CC83 VH, CC49 VL, and constant region of lgG4 (ATCC No. 9875). 

The present invention is not to be limited in scope by the cell lines deposited since the deposited 
45 embodiments are intended as a single illustration of one aspect of the Invention and all cell lines which are 

functionally equivalent are within the scope of the invention. Indeed, while this invention has been described 
in detail and with reference to specific embodiments thereof, It will be apparent to one skilled in the art that 
various changes and modifications could be made therein without departing from the spirit and scope of the 
appended claims: 

50 

Claims 

1. An antibody or antibody fragment comprising: 
55 a variable region having a light chain (Vu and a heavy chain (VH), said VH being encoded by a DNA 

sequence effectively homologous to the VtPTAG germline gene (VHaTAG), 
wherein the variable region binds to TAG72 at least 25% greater than the variable region of B72.3 binds to 
TAG72, with the binding affinities of the antibody and 872.3 being measured by the same technique. 
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2. The antibody or antibody fragment of Claim 1, wherein: 
(A) the VL is encoded by an animal V gene segment and an animal J gene segment; and 
(B) the VH is further encoded by an animal D gene segment and an animal J gene segment. 

3. The antibody or antibody fragment according to Claim 2, wherein the light chain J segment is 
5 encoded by a gene selected from murine and human J gene segments. 

4. The antibody or antibody fragment according to Claim 2, wherein the heavy chain D gene segment is 
encoded by a gene selected from murine and human D gene . segments, and the J gene segment is 
encoded by a gene selected from murine and human j gene segments. 

5. The antibody or antibody fragment of Claim 1, wherein the variable region is derived from the 
10 variable regions of CC46, CC49, CC83 or CC92. 

6. The antibody or antibody fragment of Claim 1, wherein the variable region comprises (1) complemen
tarity diversity regions (CDR) being encoded by. a gene derived from the VHaTAG, and (2) framework 
regions, adjacent to the CDR regions, derived from human genes. 

7. The antibody or antibody fragment of Claim 1, further comprising a constant region having at least a 
75 portion of a human light chain (CJ and a human heavy chain (CH)-

8. The antibody or antibody fragment of Claim 7, wherein the CH is lgG1 -4, lgM, lgA, lgD or lgE. 
9. The antibody or antibody fragment of Claim 7, wherein CL is kappa or lambda. 
10. The antibody or antibody fragment of Claim 1, wherein it is produced by a cell line from CH44-1, 

CH44-2, CH44-4, CH88-1, CH88-2, CHSS-3, CH88-4, CHS4-1, CHS4-2, CHB4-3 or CH84-4. 
20 11. An antibody or antibody fragment conjugate comprising antibody or antibody fragment of any one of 

• Claims 1 through 10 conjugated to an Imaging marker. 
12. The antibody or antibody fragment conjugate of Claim 11, wherein the imaging marker is 1251, 1a11, 

1231, 1111n, 1osRh, 1sasm, s1cu, 67Ga, 1ssHo, 111Lu, 1B6Re, 1aaRe or ssmrc. 

13. A antibody or antibody fragment conjugate comprising the antibody or antibody fragment of any one 
25 of Claims 1 through 1 O conjugated to a therapeutic agent. 

14. The antibody or antibody fragment conjugate of Claim 13, wherein the therapeutic agent is a 
radionuclide, drug or biological response modifier, toxin or another antibody. 

15. The antibody or antibody fragment conjugate of Claim 14, wherein the radionuclide is 131 1, 90Y, 
1osRh, 47Sc, 67Cu, 212ei, 211At, 67Ga, 1251, 1s6Re, ,saRe, ,nLu, 91hnTc, 1s3sm, 1231 or 1111n. 

30 16. The antibody or antibody fragment conjugate of Claim 14, wherein the drug or biological response 
modifier is methotrexate, adriamycin or lymphokine. 

17. A DNA sequence encoding at least a portion of an antibody heavy chain, 
said sequence comprising a DNA sequence segment being effectively homologous to the VHaTAG gerrnline 
gene (VHa TAG), 

35 therein the DNA sequence segment encodes at least a portion of a heavy chain variable region (VH)-
18. The DNA sequence of Claim 17, wherein the sequence further comprises a DNA sequence segment 

animal D genes and a DNA sequence segment of animal J genes. 
19. The DNA sequence of Claim 18, wherein the DNA sequence encoding the VH Is derived from 

sequences encoding the VH regions of CC46, CC49, CC83, and CC92. 
40 20. The DNA sequence of Claim 18, wherein the sequence encodes for a VH having (1) at least one 

complementarity diversity region (CDR) encoded by a gene effectively homologous to the VHa TAG, and (2) 
framework regions, adjacent to the CCR regions, encoded by a human gene. 

21. The DNA.sequence of Claim 17, further comprising sequence segment encoding for at least a 
portion of a human heavy chain c~>nstant region (CH). 

45 22. The DNA Sequence of Claim 21, wherein the sequence segment encodes for at least a portion of a 
CH gene encoding lgG,-4, lgM, lgA, lgD or lgE. 

23. A DNA sequence comprising: 
(A) a sequence segment encoding for an antibody or antibody fragment heavy chain, said sequence 
segment having 

so (1) a sequence subsegment being effectively homologous to the VHa TAG germline gene (VH<I TAG), wherein 
the DNA sequence segment encodes at least a portion of a VH, and 
(2) a sequence subsegment encoding for at least a portion of a CH; and 
(B) a sequence segment encoding for an antibody or antibody fragment light chain, said sequence segment 
having 

55 (1) a sequence subsegment encoding for at least a portion of an animal light chain variable region <VL), and 
(2) a sequence subsegment encoding for at least a portion of a human light chain constant region (Ct.), 
wherein the antibody or antibody fragment encoded by the DNA sequence binds to T AG72 at least 25% 
greater than the variable region of B72.3 binds to TAG72, with the binding affinities of the antibody and 
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872.3 being measured by the same technique. 
24. The DNA sequence of Claim 23, wherein the sequence segment encoding for at least a portion of a 

CH gene encoding lgG1-4, lgM, lgA, fgD or lgE. 
25. The DNA sequence of Claim 23, wherein the sequence segment encoding for at least a portion of a 

5 CL gene encoding kappa or lambda . 
26. A biologically functional expression vehicle containing the DNA sequence of any one of Claims 17 

through 25. · 

27. A cell transformed with the biologically functional expression vehicle of Claim 26. 
28. A cell which comprises the characteristics of a cell of CH44-1, CH44-2, CH44-4, CH88-1, CHSS-2, 

10 CHSS-3, CHSB-4, CH84-1, CH84-2, CH84-3 or CH84-4. 
29. A composition comprising the antibody or antibody fragment of any one of Claims t through 10, in 

a pharmaceutically acceptable, non-toxic, sterile carrier. 
30. A composition comprising the antibody or antibody fragment conjugate of any one of Claims 11 

through 12. in a P.harmaceutically acceptable, non-toxic, sterile carrier. 
t5 31. A composition comprising the antibody or antibody fragment conjugate of any one of Claims 13 

through 16, in a pharmaceutically acceptable, non-toxic, sterile carrier. 
32. A process for preparing an antibody or antibody fragment which comprises contacting a VH region, 

as defined In Claim 1, with a VL region, as defined in Claim 2, to form a variable region of the antibody or 
antibody fragment. 

20 33. A process for preparing an antibody or antibody fragment conjugate which comprises contacting an 
antibody or antibody fragment, as defined in any one of Claims 1 through 10, with an imaging marker or 
therapeutic agent. 

34. A process tor preparing a recombinant expression vehicle which comprises inserting a DNA 
sequence, as defined in any one of Claims 17 through 25, into an expression vehicle. 

25 35. A process for preparing a transformed host which comprises inserting the expression vehicle, as 
defined ln Claim 26, into a suitable host. 

30 
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(intron) un 
1'C'l'1\J\J\GTGGAG'l'CAGGGCCTGAGG'l'GACAAAGATATCCACTTTGGC'l"l"l'CCACAG GT GTC CAC TCC CAG G'f'l' CAG . . . . . . .. . .. •• A T •• . .. 
.••. ,, •••••••••••••••••••••• .•••..•• G •••••••••••• G •..•.•• . . ... ... . .. . . . . .. . .. ........................................................ . . . .. . .. . .. . . . . .. . .. ... . .. . .. . • A 

260 
C'l'G CAG CAG 'fCT GAC Gc·r GAG 'l"l'G G'!'G AAA CC1' GGG GCT 1'CA G'l'G Al\G ATA 'l'CC 'l'GC AAG GCT 
.• A •.• . . . . . . . . . . . . . .. ... .G. . .. . .. . .. . .. . .. . . T . .. . . . . . ... 
'I' •• . . . . . . . . . . . . . .. ... . .. . .. . .. . .. . .. . .. T 
'I' •• . . . . .. . . . . . . . . . ... . .. . . . . . . . .. . .. . .. . .. . .. . .. •. T . . . . . . . .. . . . . . . . . . . . . . . . . .. . .. ... . .. 

CDR 1 I 323 
'l'C'l' GGC 'l'AC ACC TTC ACT I GAC CAT GCT ATT CAC 'l'GG G'l'G AAG CAG MG CCT GM CAG GGC CTG 

. . . . . . . .. . . . . . . ... I ... ... • .A • • • • •• I ••• . .. • • A • • • •• C 

. . . . . . . . . . .. . . . ••• I ••• . .. . . . ... • •• I •.•• . .. . .. . .. • • A 

CDR 2 1386 
GAA TGG ATT GGAITAT ATT TCT CCC GGA AAT GGT GAT ATT AAG TAC AAT GAG AAG TTC AAG GGC 

T • • 
T •• .A •••• T.. • .A 

• A. 
.A. 

1\AG GCC ACA CTG AC'l' GCA Gl\C MA TCC TCC AGC ACT GCC 'l'AC Al'G CAG 

. . . .. . . • '! • G • • 
• • T . . . . .. ... . .. •• A 

C •• . . . .A. . . . • T. . .. . .. . .. 
Fl G.2 continued 

.G • 

.. ·r 

409 
CTC MC AGC CTG ACA 
T, • . ~ . 
. .. . .. . .. . .. • • C 

·-r.-·-;i 
PJ} 
,: •. 
Iii. 

":r !l 

- n· I.:) .... 
t• ;,! 
...:: f.J 
?::: ~ 
~ 0 ii 

I 
ro :r :., .. ~ 
i+ --

n.?; 
(.; .. \ 

'\i t! 

m .,, 
0 

ffl 
co co ..... 
t 

. 
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V11U'l'AG 
CC46 
CC49 
CCB3 
CC92 

VuaTl\G 
CC46 
CC49 
CC83 
CC92 

V11U.TJ\G 

·1 

..-:•'· ..,.._,. ... 

·rc·r G/\G GAT 1'CT GCA G'l'G 1'1\'1' 'J"l'C 1'G'r 
•• G • • • • • C . . . . . .. -

\ 

' \ 
\ 
I 

48)' 
AAA AGA CJ\CJ\G'l'G'f'l'GTAJ\CCACATCCTGAG'l'G'l'G'l'CAGAAATCCTG 1 

.CG G.C~GC TAC-GGG G1'T G T T'fC TGG GGC CAA GGG \ 

.C •••• TCC CTG l\AT J\TG GCC TAC TGG GGT CAA GGA 

.G. • •• TCC TTC 'fAC GGC AAC --- TGG GGC CAA GGC 

.C •••• TCT CTA TCC GGG GAC TCC TGG GGC CAG GGC 
~~~~cDR 3~~~~ 

568 
GGGGJ\GCAGAAAGA'f ACAC1'GGGAC'l'GAGAAGACAGAAAAA TTAA1'CG1"f AGAC'fTGC1'CAGAAA TCGTAATTTTGAA TGCCTAT 
AC'f C'l'G GTC ACT GTC TCT GCA 
ACC 'fCA GTC ACC GTC 'l'CC TCA 
J\CC 1\CC CTC ACA GTC TCC 'l'CA 
1\CC ACT CTC J\CA G'l'C TCC TCA 

611 
1'TJ\'l"J"l'CATC1'TGCTCACACACCTA'l'ATTGCT1'TTGTAAGCTT 

FI G.2· continued 

ti u 
2 ... 
0 ~·· t.: -
<! m 
~~ ()l 

ii a 
3 tt' 
gl 
..... -
() 1: 

. i) 

m 
"U 
0 
t,) 

m 
! 
t 
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Lr leader peptide_ -10 J Vn«x'l'J\G 

t ? T S~r 1·:p T P'.1e ~u T P~e L~u S~r V~l 1'hr T T T 'T T T :~~ 7-
CC46 ~ 

CC49 ... u 
CC83 ·;s 'l 

i: ':) 
CC92 ·~ !l r., (ll 

- •1 

10 20 '6' g, 
''.\ " v11c1T/\G Gln Leu Gln Gln Ser Asp /\la Glu Leu Val Lys Pro Gly Ala Ser Val Lys Ile Ser Cys Lys \ ~, l CC.:46 . . . . . . . Arg . . . . . . . . 

CC49 't rl" ·:" 

CC83 
CC92 

30 DR 1 40 
Vuc1TAG Ala Ser Gly Tyr Thr Phe 'l'hr Asp His Ala Ile Ills Trp Val Lys Gln Lys Pro Glu Gin Gly 
CC46 . . . . . . . . . . . . . . . m 
CC49 Asn "Q . . . . . . . . . . . . . . . . . 

0 CC83 . . . . . . . . . . . . . . . . c., 
CC92 . m . . . . . . . . . . . . . . UI 

CD 

50 CDR 2 60 ~ 
VnttTAG Leu Glu Trp Ile Gly Tyr Ile Ser Pro Gly Asn Gly Asp Ile Lys Tyr Asn Glu Lys Phe Lys t 
CC46 . . . . Phe . . . . . . . . . . . 
CC49 . . . . . . Phe . . . . Asp . Phe . . . . Arg 
CC83 . . . . . . . . . . Asp 
CC92" . . . . . . . Asp . . . . . . . . ------- --· 

_ 70 80 • 
VuaTAG ] L~s A~a Tl

0

ir Leu T~r ll~a A~p L~s S~r S~r S~r T'.ir A~a T~r M~t G~n ~~ Asn Ser Leu 
CC46 
CC49 . . . . . . . . . . . . . Val 
CC83 . 
CC92 ~ • • • • • Pro • Asn • Val . 

FIG.3 • 

• 
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90 
v11u'l'l\G 'l'hr Ser Glu Asp Ser Ala Val •ryr Phe Cys Lys Arg 
CC46 . . . . . Thr Gly 

~UK J 
Gly Tyr Gly Val Ala Phe 

CC49 . . . . . . . . . Thr Ser Leu Asn.Het Ala Tyr 
CC83 . . . . . . Arg Ser Phe Tyr Gly Asn -
CC92 . . . Thr Ser Leu Ser Gly Asp Ser 

110 
C<.;46 Gly 'l'hr Leu Val Thr Val Ser Ala 
CC49 Gly Thr Ser Val Thr Val Ser Ser 
CC83 Gly 1'hr Thr Leu Thr Val Ser Ser 
CC92 Gly Thr Thr Leu Thr Val Ser Ser 

FI G . 3 continued 

105 

Trp Gly Gln 
Trp Gly Gln 
Trp Gly Gln 
Trp Gly Gln 

\ 
I 

.,-~-
"? •. 

,s-
.... u. 
··i O 
~ 1 
< r:l 

'" l1 ~:: ... 
~ t ;~. 
~ !,!.. 

m .,, 
0 

ffi 
! 
t 
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FIG.'4a 
... •. 

I 

\ i! 

I I 
(NUCLEOTIDE SEQUENCE Of CC-49 V,) '2 ~· 

\ ti ~-
I:! 6 

I ~ {:) . \ := "" 0 t' 
1 cc ATC CAC TCT CAC ACA CAC TGC CCA GGC AIT TGC TIT TGT ATI TGC 47 1 :! (i' 

m -::r 
TGG CTG CTI TGC ATA GAC CCC TCC AGC CTA 95 ! 

:, .. > 
118 ACC CAG CTG CTC AGA AlT ,t -.... 

143 \ 
"· r; 

96 TAT AAA CCA GTA TGA ACT GAG CAG CAT CAG ACA GGC AGG · GGA AGC AAG 
I., 
'\! t 

144 · ATG GAT TCA CAG GCC CAG GTT en ATG TTA CTG CTG CTA TGG GTA TCT 191 t i 
192 §GT GAG AAA TTT AAA AGT ATT ATC ATT TCA GAG TTA CAC en TTT ATA 2)9 L 2,10 TAA GAA ATT TAT ACT TTG TGC AAG TGT GTA ATA TTA err CCA TAA TAA 287 

200 CTC TGA CAA TAT GAC AIT ACA AAG ACC TIT GAC AAA TIT CAA CTG TTA 335 m .,, 
336 TAA TAA TCT ATT TGT GTA TGT ATT CAT Gn CAC TIT CTA err ATI TCA 383 

0 
w m 

384 GGT ACC TGT GGG GAC AIT GTG ATG TCA CAG TCT CCA :rec TCC CTA CCT 431 
c.n 
CD. 
CD 

432 GTG TCA GTT GGC GAG AAG GIT ACT TTG AGC TGC AAG TCC AGT CAG AGC 479 
..... 
t 

400 err TIA TAT AGT GGT AAT CAA AAG AAC TAC TIG GCC TGG TAC CAG CAG 527 

528 AAA CCA GGG CAG TCT CCT AAA CTG CTG ATI TAC TGG GCA TCC .GCT AGG 575 

576 GAA TCT GGG GTC CCT GAT CGC ITC ACA GGC AGT GGA TCT GGG ACA GAT 623 • . 
624 TIC ACT CTC TCC ATC AGC AGT GTG AAG ACT GAA GAC CTG GCA GIT TAT 671 .. -- - . 
672 TAC TGT CAG ~ !8! TAT AGC TAT. CCC CTC ACG nc GGT GCT GGG /\CC 71 !l 

720 AAG CTG GTG CTG AAA !;_GT AAG TAC ACT TIT CTC ATC TIT m TAT GTG 767 

768 TAA GAC ACA GGT ·TTT CAT GIT AGG AGT T 

Ttic 1111Llc.-lincd segments show the portions verHied by mRNA sequencing. : 

: 
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," \~ ... fJ, • 

FIG.4b 
,., ~. 
fl,.'•.> 
\• <'\ ... -~ 

(AMINO ACID SEQUENCE OF CC-49 VL) 
~~ 1, ' ('\" \ \I) -$.:-\ ·} ... 

~~ ~ 
(• 

' ,,..., ... 

\ 
MET ASP SER GLN ALA . GLN VAL LEU MET LEU . I.EU LEU LEU TRr 

VAL SE!t GLV Tl·llt CVS GLV //ASP ILE VAL MET SER GI.N ~ER PRO SER SER I.EU m - - - - "'O 

rno VAL SER VAL GLV GLU LVS VAi. TI-IR LEU SER CVS LVS SER SER GLN SER 0 - - - - - - - - w 

LEU I.EU TVR SER GLY ASN GLN LYS ASN TVR LEU ALA TRP TYR 
m 

GI.N GLN LVS en 
co co 

PRO GLV GLN SER PRO LVS LEU LEU ILE TVR TRP ALA SER ALA ARG GLU SEH .... 

Gl.Y VAL PRO ASP ARG PHE TIIR GLY SER GLV SER GLV TIIR ASP PIIE TIIR I.EU 
t 

SElt ILE SER SER VAL LVS THR GLU ASP LEU ALA VAi. TYR TYR CVS GLN Gl.N 

TYR TYR SER TYR PRO/ LEU nm PHE GLV ALA GLY THR LVS · LEU VAL LEU LVS 
• 

"r indicates the end of the V se3ment and the beginning of the JS segment. ; 

. "II" Indicates the end of the lea er sequence.and the beginning of the mature protein. 
The amino acid sequence determination for the first 24 amino acids of the mature CC49 VL arc underlined. 
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Fl G.5o ~·~ 
\: -z 

~-
U,. 

1! . 
(NUCLEOTIDE SEQUENCE OF CC-83 V,) \ 6 (! .. •) 

~~ 
(I) fl - ..... ...... •Ii 

ro '-. •,a i.\ I . 

CCT AGA GGC CAG CAC AGC TGC CCA TGA TIT ATA AAC CAG GTC TIT GCA 48 \ !!, ~-~ .. -
49 GTG AGA TCT CAA ATA CAT CAG ACC AGC ATG GGC ATC AAG ATG GAG ACA 96 fl, ·.~ 'I .... ., 
97 CAT TCT CAG GTC TIT GTA TAC ATG TIG CTG TGG TIG TCT · GGT GAG A 142 

143 CAT TIA AAA GTA TIA TAA AAT CTT AAA AGT AAT CTA TIT AAA TAG err 190 

191 TIT CCT ATA GGA AGC CAA TAT TAG GCA GAC AAT GCC ATT AGA TAA GAC 238 

239 A.IT TIG GAT TCT AAC ATI TGT ATC TIG AAG TCT TIA TAT GTG TGA GTT 206 m 
"D 

287 TAT ACA CAT TAT CTG TIT CTG TIT GCA GG! GIT GAA GGA GAC A TT GTG 3311 Q 
w en 

335 ATG ACC CAG TCT ill AP!A ITC ATG TCC GCA ~ GTG §.§8 GAC AGG GTC 382 (JI 

co co 
383 AAC ATC ACC TGC AAG GCC AGT CAG TAT GTG GCT ACT GCT GTA GCC TGG 430 

...... 
ii;; 

431 TIT CAG CAT AAA CCA GGT CAG TCT CCT AAA CTA CTG ATI TAC GGG GCA 478 

'179 lCC ACC CGG CAC ACT GGA GTC CCT GAT CGC ITC ACA GGC /\GT GGA TCT 526 -.--
527 GGG !J.CA GAT ITC ACT ill 8TI; ATI AGC AAT GTG CAG TCT GAG GAC TTG 574 

575 GCA GAT TAT TTG TGT CAG CAT TAT ~ GGC TAT CCA ITC ACG ITC GGC 622 

623 TCG GGG ACA AAG TTG GAA ATA AAA CGT AAG TAG ACT TIT GCT CAT TIA 670 

GTG ACG lTT TGG • 671 err .. 
. .. 

The underlined segments show the portions verified by mRNA seq1.:1encing. 
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FI G.5b 
(AMINO ACID SEQUENCE OF CC·83 V1) 

MET GLY ILE LYS MET GLU nm 1-115 · SER GLN VAL PHE VAL. TYR MET 

TllP I.EU SER GLY VAL GLU GLY //ASP ll! VAL MET THR . GI.N SER ~ 
MET SER ALA SER lli ill ASP ARG m ASN ILE . THR CVS LYS Al.A 

!Y!l VAL ALA THR ALA VAL ALA TRP Pl-IE GLN HIS LYS PRO GLY GLN 

LYS !!!! I.EU ILE TYR GLY Af:A SER Tl-fR ARG HIS nm GLY VAL PRO 

PIIE THR GLY SER GLY SER GLY THR ASP Pl-IE THR LEU ILE ILE SER 

GLN SER GLU ASP LEU ALA ASP TYR LEU CYS. GLN HIS TYR SER GLY 

PIIE TIIR PHE GLY SER GLY TI-IR LYS LEU GLU ILE LYS 

"I" indicates the end of the V segment and the beginning of the J4 segment. 
"II" Indicates the end of the leader sequence.and the beginning of the mature protein. 
"ASN20 is not determined. It occurs in the consensus sequence ASN-X-SER/Thr where N-glycosylalion is likely. 
1 he amino acid sequence determination for the first 51 amino acids of the mature CC03 V Lare underlined. 

LEU 

LYS PHE 
SER GLN m .,, 

0 
SER PRO Co) 

ffl 
ASP ARG c:o 

~ 
ASN VAL j!;; 
TYR PRO/ 
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EP O 365 997 A2 

CC-92 Licht Chain Var:able ~s=:cr. Set.uence 
GAG7CACAGATCCAGGTCCi"i'fG7AiTCGTGiTTCTCTGGi'TGTCTGGTG'iTGACGG~GA 
CATTGTGATGACCCAGTCTCACAAATTCATGTCCACATCAGTAGG~GACAGGGTCAG~ 
i 
CACCTGCAAGGCCAGTCAGGATG7GAG7AGTGCTG7AGGGTGGiTiCAACAGAAACCA 
GG . 
ACAATCTCCTA~ATiACTGATTiATTCGGCATCCTACCGG7ATACTGGAG7CCCTGATCG 
CTTCACTGGCAGiGGATCTCGGACGGATiTCACTTTCACCATCACC.-\G,GTGCAGGCTG~ 
AGACCTGGCAGTTiATiACiGTCAGCAACATTATAGTAGiCCGCTCACG'iTCGGTGCTGG 
GACCAAGCTGGAGCTGAAAC~ 

Fl G.6a 

) 
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ser His Arg .Ser Arg Ser Phe Val Phe Val Phe Leu Trp Leu Se~ Gly Val Asp Gl 
Aso Ile Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val Gly Asp Arg Va 
Ser :le Thr Cys Lys Ala Ser Gln Asp Val Ser Ser Ala Val Gly Trp Phe Gln Gl 
~ys Pro Gly Gln Ser Pro Lys Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gl 
~tal ?=o Asp Arg Phe Thr Gly Ser Gly Ser Arg Thr Asp Phe Thr Phe Thr Ile Th m 
Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln His Tyr Ser Ser Pr 

.,, 
0 

~eu Thr Phe Gly Ala Gly Thr Lys Leu Gly Leu Lys (.) 
0, 
en 
CD 

F I G. 6 b Amino Acid Sequence of CC92 light chain variable region 
~ 
t 

.. 

.. 
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. . . 
EP O 365 997 A2 

Mouse !g kaopa germline J·C regicn, Jt to JS 

AAGCTTTCGCCTACCCACfGCTCTGTTCCTCTTCAG,GAGGAGGGiTTTTGTACAGCCAG 
ACAGiGGAGTACTACCACTGTGGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAA 
AC 
GTAAGTAGAATCCAAAGiCTCTTTCTTCCG-11GTCTATGTCTGTGGC"i'TCTATG7CTAAA 
AATGATGTATAAAATCTTACTCTGAAACCAGATTCTGGCACTCTCCAAGGCAAAGATAC 
A 
GAGTAACTCCGTAAGCAAAGCTGGGAATAGGCTAGACATGTTCTCTGGAGAATGAATG 
cc 
AGTGTAATAATTAACACAAGTGATAGTTTCAGAAATGCTCAAAGAAGCAGGGTAGCCT 
GC 
CCTAGACAAACCTTTACTCGGiGCTCAGACCATGCTCAGTTTTTGTATGGGGG'i'TGAG7G 
AAGGGACACC).GTGTGTGTACACGTTCGGAGGGGGGACCAAGCTGGAAATAAAACGT 
AAG 
TAGTCTTC7CAACTCTTGTTCACTAAGTCTAACCTTGTTAAGTTGTTCTTTGTTGTGTGT 
TiiTCTTAAGGAGATTICAGGGATiTAGCAAATTCCATTCTCAGATCAGGTGT'iAAGGAG 
GGAAAAC:G,CCCACAAGAGG-, 1 GGAATGA TTTTCAGGCT AAA TTTiAGGCTiTCT AAA 
C 
CAAAGTAACTAAACTAGGGGAAGAGGGATAATTGTCTACCTAGGGAGGG7Ti'TGTGGA 
GG 
TAAAGTTAAAATAAATCACTGTAAATCACATTCAGTGATGGGACCAGACTGGAAATAA 
AA 
CCTAAGTACATTTTTGCTCAACTGCTTGTGAAGTTTTGGTCCCATTGTGTCCTTTGTATG 
AGTTTGTGGTGTACATTAGATAAATGAACTATTCCTTGTAACCCAAAACTTAAATAGAA 
G 
AGAACCAAAAATCTAGCTACTGTACAAGCTGAGCAAACAGACTGACCTCATGiCAGATT. 
T . 

GTGGGAGAAATGAGAAAGGAACAGTTTTTCTCTGAACTTAGCCTATCTAACTGGATCGC 
C 
TCAGGCAGGTTTTTGTAAAGGGGGGCGCAGTGATATGAATCACTGTGATTCACGTTCGG 
C 
TCGGGGACAAAGTTGGAAATAAAACGTAAGTAGACTTTTGCTCATTTAC:iG7GACG'i"i 
T . . 
TGGTTCTGTTTGGGTAACTTGTG,GAATTTGTGACATTTTGGCTAAATGAGCCA'i"iCC7G 
GCAACCTGTGCATCAATAGAAGATCCCCCAGAAAAGAGTCAGTGTGAAAGC:GAGCGA 
AA 
AACTCGTCTTAGGCTTCTGAGACCAGTTTTGTAAGGGGAATGTAGAAGAAAGAGCiGG 
GC 
TTiTCCTCTGAATTTGGCCCATCTAGTTGGACTGGCTTCACAGGCAGGi"Tii"TG,AGAGA 
GGGGCATGTCATAGTCCTCACiGTGGCTCACGTTCGGTGCTGGGACCAAGCTGGAGCTG 
A 
AACGTAAGIACACTTTTCTCATC: 11 I I I iATGTGTAAGACACAGGTiTTCATGli'AGGA 
GiTAAAGTCAGTTCAGAAAATCTTGAGAAAATGGAGAGGGCTCAiTATCAGiTGACGi 
GG 
CATACAGTGTCAGATTTiC:GTiTATCAAGCTAGTGAGATTAGGGGCAAAAAGAGGc:77 
T 
AGTTGAGAGGAAAGTAATTAATACTATGGTCACCATCCAAGAGATiGGATCGGAGAAT 
AA 
G~TGAGTAGTTATTGAGATCTGGGTCTGAC7GCAG• 

FIG.7 
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EP O 365 997 A2 

pBluescript SK(-) 
2964 bp 

FIG.8 

Hindlll 

Pstl 
BamHI 
Spel 

. . . 
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Hlndlll/Spel 

EP O 365 997 A2 

pRL101 
7.61 kb 

FIG.9 

.. .. 

Pstl 
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FIG. 10 
1kb 

CC49 (In pRLIOI) 

Sp/Hmod S)X B Pv~j XS Sc H/Spmod 
I I I I I I I I I I 

p p 

KEY TO 
RESTRICTION ENZYMES: 

B -Bam HI 
Bg-Bgl R 
C- Clo I 
E-Eco RI 
H- Hind m 
N- Nhe I 
P -Pst I 
Pv-Pvu II 
S - Sac I 
Sc-Sac II 
Sp-Spe I 
St- Stu I 
X-Xba 1 

mod= ha If- filled In 

4.65Kb 

AREA SEQUENCED 

----"i 
- U! .,-_. e,\ 
0 -C. ':) 
,!, (l 

g; u. 
G t, ';'.I. •.• 
. ~ 0 
(l> ~ :, ,.. 
.... -.... n ,, 

'<'-'· () '\) t o· 
Ill .' 
CD• 

qi 
0 

ffl 
co 
~ 
t 

• • 

• • 
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Hlndlll 'Spel 

EP O 365 997 A2 

pRL.200 
7.45 kb 

JS J4 V 

FI G.11 

Nhel 
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FIG. 12 
CC83 (In pRL200) 

Sp/H mod E P N St Pv)~ o~X S H/Sp mod 
I I I I I I I I I I I 

. Bg Bg p · 4. 48 Kb 

KEY TO 
RESTRICTION ENZYMES: 

B -Bam HI 
Bg-Bgl lI 
C -Cla I 
E -Eco RI 
H -Hlndm 
N -Nhe I 
P -Pst I 
Pv-Pvu lI 
S -Sacl 
Sc-Saeli 
Sf-Spe I 
S -Stu I 

. X -Xbal 
mod =: half-filled In 

AREA SEQUENCED 

m 
"Cl 
0 

~ 
en 
co 
~ 
t 
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.. 
EP O 365 997 A2 

Mouse !g germline J-H genes from pNP9 

GGATCCTGGCCAGCATTGCCGCTAGGTCCCTCTCTTCTATGCTTTCTTTGTCCCTCACTG 
GCCTCCATCTGAGATAATCCTGGAGCCCTAGCCAAGGATCATTTATTGTCAGGGGTCTAA 
TCATTGiTGTCACAATGTGCCTGGTITGCTTACTGGGGCCAAGGGACTCTGGTCACTGTC 
TCTGCAGGTGAGTCCTAACiTCTCCCATTCTAAATGCATGiTGGGGGGATTCTGAGCCiT 
CAGGACCAAGA TTCTCTGCAAACGGGAATCAAGA TTCAACCCC"iTTGTCCC;lAAGTTGA 
G 
ACATGGGTCTGGGTCAGGGACTCTCTGCCTGCTGGTCTGTGGTGACATTAGAACTGAAG T . 

ATGATGAAGGATCTGCCAGAACTGAAGCTTGAAGTCTGAGGCAGAATCTiGTCCAGGG 
TC 
TATCGGACTCTTGTGAGAAiTAGGGGCTGACAGTTGATGGTGACAATTiCAGGGTCAGT 
G 
ACTGTCAGGTiTCTCTGAGGTGAGGCTGGAATATAGGTCACCTTGAAGAC:AAAGAGG 
GG · 
TCCAGGGGCTTTTCTGCACAGGCAGGGAACAGAATGTGGAACAATGAC'iTGAATGGTi 
GA 
TTCTTGTG7GACACCAAGAATTGGCATAATGiCTGAGiTGCCCAAGGG7GATC7TAGCTA 
GACTCTGGGG1TTTTGTCGGGTACAGAGGAAAAACCCACTATTGTGATTACTATGCTATG 
GACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCAGGTAAGAATGGCCTCTCCAG G . 
rem A rrm AAcc-, .-, G-. I ATGGAGTmCTGAGCA TTGCAGACT AATCTi"GGATA TT 
TGCCCTGAGGGAGCCGGCTGAGAGAAGTTGGGAAATAAATCTGTCTAGGGATCTCAGA 
GC 
CTTTAGGACAGATTATCTCCACATCTlTGAAAAACTAAGAATCTGTGTGATGGTGTTGGT 
GGAGTCCCTGGATGATGGGATAGGGACTTTGGAGGCTCATTTGAGGGAGATGCTAAAA 
CA 
ATCCTATGGCTGGAGGGATAGTTGGGGCTGTAGTTGGAGATTTTCAG-,-11-,-,AGAATGA 
A 
GTATTAGCTGCAATACTTCAAGGACCACCTCTGTGACAACCATiTTATACAGTATCCAGG 
CATAGGGACAAAAAGTGGAGTGGGGCACTTTCTiTAGATTTGTGAGGAATGTTCCACAC 
T 
AGATTGTTTAAAACTTCATTTGTTGGAAGGAGCTGTCTiAGTGATTGAGTCAAGGGAGA 
A 
AGGCATCTAGCCTCGGTCTCAAAAGGGTAGTTGCTGTCTAGAGAGGTCTGGTGGAGCCT 
G 
CAAAAGTCCAGc-11-1CAAAGGAACACAGAAGTATGTGTATGGAATATTAGAAGATGTT 
GC . 
TiTTACTCTTAAGTTGGTTCCTAGGAAAAATAGiTAAATACTGTGACiTTAAAATGTGAG 
AGGG-, -, 1-1CAAGTACTCAI I 111 I IAAATGTCCAAAATnTTGTCAATCAATTTGAGGTC 
TTGiTTG7GTAGAACTGACATTACTTAAAGTrTAACCGAGGAATGGGAGiGAGGCTCTC 
T 
CATACCCTA-1 1 CAGAACTGACTTiTAACAATAATAAATTAAG-1 ,-, AAAATAT:iTTAAAT 
GAATTGAGCAATGTTGAGTiGAGTCAAGATGGCCGATCAGAACCGGAACACCTGCAGC 
AG 
CTGGCAGGAAGCAGGTCATGTGGCAAGGCTATTTGGGGAAGGGAAAATAAAACCACT 
AGG 
TAAACTTGTAGCTGiGGiTTGAAGAAGTGGi'iTiGAAACACTCTGTCCAGCCCCACCAAA 
CCGAAAGTCCAGGCTGAGCAAAACACCACCTGGGTAATTTGCATiTCTAAAATAAGTiG 
A-
GGA TTCAGCCGAAACTGGAGAGGTCCTCTITi AACTT A TTGAGTiCAACCTTTT AA TTTT 
AGCTTGAGTAGTTCTAGTiTCCCCAAACTTAAGTTTATCGACTTCTAAAATGTATTTAGA 
ATTC" 
? 

FI G.13 
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Hindlll 

EP O 365 997 A2 

pHH49 
7.0 kb 

Fl G. 14 

.. .. . . 

EcoRI 
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Spel 

EP O 365 997 A2 

pHS83 
7.95 kb 

L 

Fl G. 15 

EcoAI 

J4 
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Fl G.16 {'"N· . . 
4'.t!!t ct:,g<::rQ?-i:flt -. . 

(NUCLEOTIDE SEQUENCE OF CC-49 V11) 

Nc-r.,venorr, I N'7Wl,:v filecil l ent ck·pi;,se 

..J 
239 TrA ACA TAT CAC AGA GTG GAG CAA CAG AAT CAG GGC AAA AAT ATG CTG 206 

207 AGA GAT rrr TCC CTG TCG TTA CAA CCA AAG CAT CTG TCT AGA ATT CAT 334 

335 AAA AAC TTT ATG GGA TAC Arr TCC TCA GAG AGG AAT AGG ATT TGG ACC 382 
383 TGA GCA TCC TGC TGC CCG AGC CAT GTG ATG ACA GlT err CTC CAG TTG 430. 

431 AAC TAG GTC err ATC TAA GAA ATG CAC TGC TCA TGA TAT GCA AAT CAC 478 
479 CCG AGT CTA · TGG CAG TAA ATA CAG AGA TGT TCA TAC CAT AAA AAC AAT 526 

527 ATG TGA TCA GTG· TCT TCT CCG CTA TCC CTG GAC ACA CTG ACT CTA ACC 574 m ,, 
575 ATG GAA TGG AGC TGG GTC TTT CTC TTC TIC CTG TCA GTA ACT· ACA GGTA 623 

0 

~ 
CCA TTT CT A AAG TGG AGT CAG GGC 

en 
624 AGG GGC TCA CCA AAT CTG AGG TGA 671 CD 

672 CAA AGA TGT CCA err TGG CTG TCC ACA . GGT GTC CAC . TCC CAG GTT 719 
~ 

CAG t 
720 TTG CAG CAG TCT GAC GCT GAG TTG GTG AAA CCT GGG GCT TCA GTG AAG 767 
768 ATT TCC TGC AAG GCT TCT GGC TAC ACC TTC ACT GAC CAT GCA · ATT CAC 815 

816 TGG GTG AAA CAG AAC CCT GAA CAG GGC CTG GAA TGG AlT GGA TAT TTT 863 - - - • . 
864 TCT CCC GGA AAT GAT GAT. TTT AAA TAC AAT GAG AGG TIC AAG GGC AAG 911 

912 GCC ACA CTG ACT GCA GAC MA_ TCC TCC ~ ACT GCC TAC GTG CAG CTC 959 

960 AAC 8§~ CTG ACA TCT GAG GAT TCT GCA GT§. TAT TTC TGT ACA B_GA TCC 1007 

1008 CTG AAT ATG GCC TAC TGG GGT CAA GGA ACC TCA GTC ACC GTC TCC TCAG 1056 -------------- --
The u11dcrli11cd segments show the portions verHied by mRNA sequencing. 
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F I G 17 Nee atno . 
• N e,.,-:.:.c:ht /· t..: , . 

(NUCI EOTIDE SEQUENCE OF CC-83 V
11

) ot1ve1tenient d:v.,t;v flied 
'-'iJOse. 

418 ·1 r A ACA TAT CAC AGA GTG GAG CAA CAG AA T CAG GGC AAA AAT ATG Cl G 52 5 

526 AGA GAT lTA TCC CTG TCG TrA CAA CCA AAG CAT CTG TCT AGA ATT CAT 573 

574 AAA AAC 'llT ATG GGA TAC An TCC TCA GAG AGG AAT AGG ATI TGG ACC 621 

622 TGA GCA TCC TGC TGC CCG AGC CAT GTG ATG ACA GIT err ere (AG lTG 669 

670 AAC TAG GTC en ATC TAA GAA ATG CAC TGC TCA TGA TAT GCA AAT CAC 717 

718 CCG AGT CTA TGG CAG TAA ATA CAG AGA TGT TCA TAC CAT . AAA AAC · AAT 765 

766 AT A TGA TCA GTG TCT TCT CCG CTA TCC CTG GAC ACA CTG ACT . CTA ACC 813 
m 

01'1 ATG GAA TGG AGC TGG GTC TIT CTC TIC TTC CTG TCA GTA /\CT ACA GGTA 062 ~ 

863 AGG GGC TCA CCA TTI CCA AAT CTA AAG TGG AGT CAG GGC CTG AGG TGA 910 ffl 
911 CAA AGA TAT CCA en TGG en TCC ACA GGT GTC CAC TCC CAG GIT CAG 958 ! 
·959 lTG CAG CAG TCT GAC GCT GAG ITG GTG AAA CCT GGG GCT TCA GTG AAG 1006 l';. 

1007 ATI TCC TGC AAG GCT TCT GGC TAC ACC TIC ACT GAC CAT GCT ATT CAC 1054 

1055 TGG GTG AAG CAG AAG CCT GAA CAG GGC CTG GAA TGG A TT GGA TAT A lT 1102 

. 1103 TCT CCC GGA AAT GAT GAT ATT AAG TAC AAT GAG AAG ITC AAG GGC AAG 1150 : · 

1151 GCC ACA CTG ACT GCA GAC AAA TCC TCC AGT ACT GCC TAC ATG CAA CTC 1198 -------------------- .-----. 
1199 AAC AGC CTG ACA TCT GAG GAT TCT GCA GTG TAT TIC TGT AGA AGA TCC 1246 

12,17 TTC TAC GGC AAC TGG GGC CAA GGC ACC ACC CTC ACA .§!~ TCC TCA G 

. . . 
,e 1111dctlinc<l segments show the portions veriricd by mRNA sequencing. 
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FIG.IS 
· (AMINO ACID SEQUENCE OF CC-.11!.J V11 ) 

MEI GUJ TltP SEil TllP VAL Pl-IE LEU PME 1'1 IE I EU SEH VAL llln llln 

(j I. y VAL IIIS SER //GLN VAL GLN I.EU GLN GLN SEH ASP Al.A GLV LEU 
VAi. l.YS PRO GLY ALA SER VAL LYS II E SER CYS I.VS Al.A SEil GI.Y 
·,vn Tlllt PIIE nm ASP HIS ALA ILE IIIS rnr VAi. LYS GLN ASN PHO m 

-a 
0 

Gl.lJ GLN GLY I.EU Gl.U TflP ILE GLY TYll PIIE SEil PHO GLY ASN ASP c.:, 

ffl 
ASP PIIE LYS TYR ASN GLU Al1G PHE LYS GLY LYS ALA TIU\ I.EU .,,m co 

~ 
AIA ASP I.VS .SER SER SER TMR ALA TVR VAL Gl.N I.EU ASN SER I.EU t 
TIIR SER GLU ASP SER ALA VAL TYR PHE CVS Tllfl ARG. SER l.ElJ ASN 

I 

MET ALA TYfl TRP GLY GLN GLY THl1 SEil VAL nm VAL SER SEil 

• 
"' indicates where the mature protein betns. . ' 

· ,e underlined residues were determined y protein sequence. TRP can not be determined by the method used. 

• 

• 
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FIG.19 
(AMINO ACID SEQUENCE OF CC-83 V11) 

MEI' Gl.U rnr SER TRP VAL PUE LEU PIIE PIIE I.EU SER VAL ,·,m Tltn 

GI.Y VAL HIS SER //GLN VAL GLN LEU GLN GLN SER ASP Al.A GLV l[lJ 

.VAL LYS PRO GLY ALA SER VAL LYS ILE SElt CVS LYS ALA SER GLY . 
lYR TMR Pl-IE TIIR ASP HIS ALA ILE HIS TRP VAL LYS . GLN LYS PRO m ,, 
GI.IJ GI.N GLY. LEU GLU TRJ> ILE GLY TYR ILE SER PRO GLY ASN ASP 0 

Co) 

ASP ILE LYS TYR ASN GLU LYS PHE LYS GLY I.VS ALA nm I.EU TIIH m 
co 

ALA ASP LYS SER SER SER Tl-In ALA TYR MET GI.N LEU ASN ~g!! l~U 
(0 
...... - t TIIR SER GLU ASP SER ALA VAL TYR PHE CVS ARG ARG SER PflE 

TYR GLY ASN TRP GLY GLN GLY THR nm LEU nm VAL SER SEU 

"II" indicates where the mature protein betns. : 
The uuderlined residues were determined y protein sequence. 

. 
• 

___..... 
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EP O 365 997 A2. 

Suman Heavy Chain Constant Regions 

H B 
gamma-1 I r::, I C1 r:, I 7.8 kb 
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H B 
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Description 

This invention relates to monoclonal antibodies 
specific for an epitope on the leukocyte adhesion recep
tor P-chain which can be used to suppress intercellular 
leukocyte adhesion. 

Human immunodeficiency virus (HIV) is the etiolog-

5 

LeuMS (a-chain 150,000 Kd; CD11c). a molecule pos
sibly associated with type-four complement receptor ac
tivity. Although the three a-subunits differ in size, there 
is evidence suggesting that all three subunits are en
coded by a single gene or duplicated genes. cDNA en
coding the human p-chain has been cloned and found 
to be 50% identical in primary structure to the P-chain 
of integrin, a chick fibroblast fibronectin receptor. These 
studies and others have shown that molecules of the 

ic agent of acquired immunodeficiency syndrome 
(AIDS), a fatal disease characterized by profound im
munosuppression, opportunistic infections. and neu
ropathies. Although only a small fraction of circulating 
lymphocytes are infected with the virus, there is a 
marked loss of T cells bearing the virus receptor CD4. 

10 LFA-1 glycoprotein family are members of the larger ar
ginine-glycine-aspartate (AGO) adhesion family known 
as integrins. 

At present, methods of limited effectiveness exist 
for the treatment of Al DS or other disorders in which the The depletion of CD4+-Tcells appears to contribute sig

nificantly to the immunosuppression associated with 
AIDS. Syncytium formation resulting from HIV-induced 
cell fusion has been shown to be the primary cytopathic 
effect of the virus in vitro and has been postulated to 
account for the loss of CD4+-T cells in vivo. CD4 through 

15 intercellular interaction of lymphocytes helps to mediate 
the pathologic state. Those drugs which are adminis
tered generally have severe contraindications associat
ed with their use. Consequently, a considerable need 

its interaction with the HIV envelope glycoprotein gp120 20 

plays an important role in syncytium formation. 
Although the CD4 receptor appears to play a signif

icant role in the etiology of AIDS, several observations 
suggest that molecules on the surface of uninfected 
cells other than CD4 are also involved in HIV-induced 25 

cell fusion. First, fusion of HIV-infected cells to uninfect-

exists for a therapeutic agent which can inhibit lym
phocytic intercellular interaction in AIDS and other im
mune response mediated disorders. 

SUMMARY OF THE INVENTION 

One way to ameliorate immune response mediated 
disorders would be to suppress intercellular leukocyte 
adhesion using a monoclonal antibody which binds to a 
leukocyte adhesion receptor. In so doing, interceflular 
leukocyte binding is suppressed thereby decreasing the 

ed cells does not correlate with CD4-density on the sur
face of the uninfected cells. In addition, whereas trans
faction of non-lymphoid human cells with CD4 receptors 
renders such cells capable of fusion to HIV-infected 
cells, this is not true for CD4-transfected mouse cells. 
Finally, there is a disparity in the capacity of sera from 
AIDS patients to block binding of HIV particles to CD4+
cells and the capacity of the same sera to block fusion 
of HIV-infected cells to CD4+-uninfected cells. 

30 likelihood of cell-to-cell transmition of infectious agents 
and immune response activation. 

In order to provide a means to ameliorate immune 
· response mediated disorders, the inventor has devel

oped monoclonal antibodies which bind to an epitope 
35 on the leukocyte adhesion receptor and suppresses the 

ability of leukocytes to adhere to each other. These mon
oclonal antibodies, if desired, can be therapeutically or 
diagnostically labelled. 

CD4 interacts directly with class II major histocom
patibility complex (MHC) molecules in class II MHC-re
stricted T helper cell responses. The involvement of the 
leukocyte adhesion receptor (LAA) LFA-1, in such re
sponses has been demonstrated using anti-LFA-1 mon- 40 

oclonal antibodies (mAb). Structural similarities be
tween gp120 and class II MHC suggested that the bind-

BRIEF DESCRIPTION OF THE AGURES 

Figure 1. 
Figure 2. 

Inhibition of syncytium formation by mAb. 
Dose dependent inhibition of syncytium 
formation by H52 lgG. 

ing of gp120 to CD4 may mimic the interaction between 
class II MHC molecules and CD4. By analogy, the role 
of LAA in HIV-mediated cell fusion was examined. In the 
present invention, a mAb against LFA-1 completely in
hibits HIV-mediated fusion of uninfected T cell blasts to 

45 Figure 3. H52 blocks syncytia formation at the level 
of PHA-blasts not BES cells. 

Figure 4. Inhibition of gp120 binding to GEM cells 
by mAb. HIV infected cells. This result indicates that LFA-1 is in

volved in HIV-induced syncytium formation, a major cy
topathic mechanism of the virus. 50 DETAILED DESCRIPTION OF THE INVENTION 

The LFA-1 molecule, which is expressed on T and 
8 lymphocytes as well as on macrophages, thymocytes, 
granulocytes, and a subpopulation of bone marrow 
cells, is composed of two non-covalently associated 
polypeptides of 175,000 Kd (a; CD11a) and 95,000 Kd 55 

(P; CD18). The P-chain of LFA-1 is also common to two 
other leukocyte antigens: Mac-1 (a-chain 165,000 Kd; 
CD11 b); the type-three complement receptor; and 

3 

The present invention relates to monoclonal anti
bodies with specificity for leukocyte adhesion receptor 
P-chain secreted by hybridoma cell line ATCC HB 
10160. These monoclonal antibodies are highly useful 
for both the in vitro and in vivo immunological detection 
of antigens having these ~hains and for immunothera
py of cells bearing these receptors having these P· 
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chains. 
In the invention a monoclonal antibody (H52) 

(ATCC HB 10160) is disclosed which binds to an epitope 

monoclonal antibody being tested is inhibited in its abil
ity to bind the antigen. If the monoclonal antibody being 
tested is inhibited then, in all likelihood, it has the same 

on the leukocyte adhesion receptor p-chain. This spe
cificity enables H52, and like monoclonal antibodies with · 5 

the specificity of H52, to be used to suppress intercellu-

epitopic specificity as the monoclonal antibody of the in
vention. 

While the in vivo use of a monoclonal antibody from 
a foreign donor species in a different host recipient spe
cies is usually uncomplicated, a potential problem which 
may arise is the appearance of an adverse immunolog-

lar adhesion. As a consequence, H52 is useful in amel
iorating immune response mediated disorders such as 

' AIDS, autoimmune disease, and graft, including graft 
versus host, rejection. H52 is obtained from, or has the 
identifying characteristics of, an antibody obtained from 
the cell line having ATCC accession number HB X. This 
cell line was placed on deposit for 30 years at the Amer
ican Type Culture Collection (ATCC) in Rockville, Mar
yland prior to June 1, 1989. 

Methods of Producing and Characterizing Monoclonal 
Antibodies 

10 ical response by the host to antigenic determinants 
present on the donor antibody. In some instances, this 
adverse response can be so severe as to curtail the in 
vivo use of the donor antibody in the host. Further, the 
adverse host response may serve to hinder the intercel-

75 lular adhesion-suppressing efficacy of the donor anti
body. One way in which it is possible to circumvent the 
likelihood of an adverse immune response occurring in 
the host is by using chimeric antibodies (Sun, et al., Hy-
bridoma, 5 (Supplement 1}:S17, 1986; Oi, et al., Bio 
Techniques, i{fil: 214, 1986). Chimeric antibodies are 
antibodies in which the various domains of the antibod-
ies' heavy and light chains are coded for by DNA from 
more than one species. Typically, a chimeric antibody 
will comprise the variable domains of the heavy (VH) and 

The general method used for production of hybrid- 20 

omas secreting monoclonal antibodies is well known 
(Kohler, et al., EuropeanJ. lmm.,§:292, 1976). Briefly, 
BALB/c mice were immunized with human splenic ad
herent cells and later boosted with the same type of 
cells. After 4 days, the animals were sacrificed and the 
spleen cells fused with mouse myeloma P3X65 Ag8. 
Hybridomas were screened for antibody production and 
positive clones were tested for reactivity towards human 
spleen tissue sections. 

25 light (VJ chains derived from the donor species produc
ing the antibody of desired antigenic specificity, and the 
variable domains of the heavy (CH) and light (CJ chains 
derived from the host recipient species. It is believed 
that by reducing the exposure of the host immune sys-

The present invention is directed to monoclonal an
tibodies, and hybridomas which produce them, which 
are reactive with the leukocyte adhesion receptor P
chain. 

The isolation of hybridomas secreting monoclonal 
antibodies with the reactivity of the monoclonal antibod
ies of the invention can be accomplished using routine 
screening techniques to determine the elementary re
action pattern of the monoclonal antibody of interest. 
Thus, if a monoclonal antibody being tested reacts with 
the leukocyte adhesion receptor P-chain such that inter
cellular adhesion is suppressed, then the antibody being 
tested and the antibody produced by the hybridomas of 
the invention are equivalent. 

Alternatively, it Is possible to evaluate, without un
due experimentation, a monoclonal antibody to deter
mine whether it has the same specificity as monoclonal 
antibody H52 of the invention by determining whether 
the monoclonal antibody being tested prevents H52 
from binding to a particular antigen, for example the 
.LFA-1 receptor with which H52 is normally reactive. If 
the monoclonal antibody being tested competes with 
H52, as shown by a decrease in binding by H52, then it 
is likely that the two monoclonal antibodies bind to the 
same epitope. 

Still another way to determine whether a mono
clonal antibody has the specificity of H52 is to pre-incu
bate H52 with an antigen with which it is normally reac-
tive (for example, LFA-1 receptor), and determine if the 

30 tern to the antigenic determinants of the donor antibody 

domains, especially those in the CH region, the possi
bility of an adverse immunological response occurring 
in the recipient species will be reduced. Thus, for exam
ple, it is possible to produce a chimeric antibody for in 

35 vivo clinical use in humans which comprises mouse VH 
and VL domains coded for by DNA·isolated from ATCC 
HB X, and CH and CL domains coded for with DNA iso
lated from a human leukocyte. 

Under certain circumstances, monoclonal antibod-
40 ies of one isotype might be more preferable than those 

of another in terms of their diagnostic or therapeutic ef
ficacy. For example, from studies on antibody-mediated 
cytolysis, it is known that unmodified mouse monoclonal 
antibodies of isotype gamma-2a and gamma-3 are gen-

45 erally more effective in lysing target cells than are anti
bodies of the gamma-1 isotype. This differential efficacy 
is thought to be due to the ability of the gamma-2a and 
gamma-3 isotypes to more actively participate in the cy

tolytic destruction of target cells. Particular isotypes of 
50 a monoclonal antibody can.be prepared either directly, 

by selecting from the initial fusion, or prepared second
arily, from a parental hybridoma secreting a monoclonal 
antibody of different isotype by using the sib selection 
technique to isolate class-switch variants (Steplewski, 

55 et al., Proceedings of the National academy of Science, 
U.S.A., 82:8653, 1985; Spira, et al., Journal of Immuno
logical Methods, 74:307, 1984). Thus, the monoclonal 
antibodies of the invention would include class-switch 
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variants having the specificity of monoclonal antibody 
l;i52 which is produced by ATCC HB X. 

When the monoclonal antibodies of the invention 
are used in the form of fragments, such as, for example, 
Fab and F(ab'h, and especially when these fragments 
are therapeutically labeled, any isotype can be used 
since amelioration of the immune response disorders in 
these situations is not dependent upon complement
mediated cytolytic destruction of those cells bearing the 
leukocyte adhesion receptor. 

The term "immune response mediated disorder• de
notes disorders in which the hosts' immune system con
tributes to the disease condition either directly or indi
rectly. Examples of disorders which are mediated by the 
immune response includes AIDS, autoimmune disease, 
and graft rejection. As used herein, graft rejection en
compasses both host versus graft and graft versus host 
rejection. 

The monoclonal antibodies of the invention can be 
used in any animal in which it is desirable to administer 
in vitro or in vivo immunodiagnosis or immunotherapy. 
The term "animal" as used herein is meant to include 
both humans as well as non-humans. 

The term •antibody" as used in this invention is 
meant to include intact molecules as well as fragments 
thereof, such as, for example, Fab and F(ab')2, which 
are capable of binding the epitopic determinant. 

DIAGNOSTIC USES 

The monoclonal antibodies of the invention are suit-
ed for use in immunoassays in which they can be utilized 

5 

pies of the types of labels which can be used in the 
present invention include enzymes, radioisotopes, fluo
rescent compounds, chemiluminescent compounds, 
and bioluminescent compounds. Those of ordinary skill 
in the art will know of other suitable labels for binding to 
the monoclonal antibody, or will be able to ascertain 
such, using routine experimentation. Furthermore, the 
binding of these labels to the monoclonal antibody of the 
invention can be done using standard techniques com-

10 mon to those of ordinary skill in the art. 
For purposes of the invention, the leukocyte adhe

sion factor j3-chain which is detected by the monoclonal 
antibodies of the invention may be present in biological 
fluids and tissues. Any sample containing a detectable 

15 amount of leukocyte adhesion factor j3-chain can be 
used. Normally, a sample is a liquid such as urine, sali
va, cerebrospinal fluid, blood, serum and the like, or a 
solid or semi-solid such as tissues, feces, and the like. 

Another technique which may also result in greater 
20 sensrtivity consists of coupling the antibodies to low mo

lecular weight haptens. These haptens can then be spe
cifically detected by means of a second reaction. For 
example, it is common to use such haptens as biotin, 
which reacts with avidin, or dinitrophenyl, pyridoxal, and 

25 fluorescein, which can react with specific anti-hapten 
antibodies. 

As used in this invention, the term •epitope" is 
meant to include any determinant capable of specific in
teraction with the monoclonal antibodies of the inven-

30 tion. Eprtopic determinants usually consist of chemically 
active surface groupings of molecules such as amino 
acids or sugar side chains and usually have specific 
three dimensional structural characteristics, as well as in liquid phase or bound to a solid phase carrier. In ad

dition, the monoclonal antibodies in these immu
noassays can be detectably labeled in various ways. Ex- 35 

amples of types of immunoassays which can utilize 
monoclonal antibodies of the invention are competitive 

specific charge characteristics. 
In using the monoclonal antibodies of the invention 

for the in vivo detection of antigen, the detectably la
beled monoclonal antibody is given in a dose which is 
diagnostically effective. The term 'diagnostically effec
tive' means that the amount of detectably labeled mon-

and non-competitive immunoassays in either a direct or 
indirect format. Examples of such immunoassays are 
the radioimmunoassay (RIA) and the sandwich (immu
nometric) assay. Detection of the antigens using the 
monoclonal antibodies of the invention can be done uti
lizing immunoassays which are run in either the forward, 
reverse, or simultaneous mo9es, including immunohis- . 
tochemical assays on physiological samples. 

The monoclonal antibodies of the invention can be 
bound to many different carriers and used to detect the 
presence of leukocyte adhesion factor. Examples of 
well-known carriers include glass, polystyrE!ne, polypro
pylene, polyethylene, dextran, nylon, amylases, natural 
and modified celluloses, polyacrylamides, agaroses 
and magnetite. The nature of the carrier can be either 
soluble or insoluble for purposes of the invention. Those 
skilled in the art will know of other suitable carriers for 
binding monoclonal antibodies, or will be able to ascer
tain such, using routine experimentation. 

There are many different labels and methods of la
beling known to those of ordinary skill in the art. Exam-

40 oclonal antibody is administered in sufficient quantity to 
enable detection of the site having the leukocyte adhe
sion receptor j3-chain for which the monoclonal antibod
ies are specific. 

The concentration of detectably labeled mono-
45 clonal antibody which is administered should be suffi

cient such that the binding to those cells having leuko
cyte adhesion receptor is detectable compared to the 
background signal. Further, it is desirable that the de
tectably labeled monoclonal antibody be rapidly cleared 

50 from the circulatory system in order to give the best tar
get-to-background signal ratio. 

As a rule, the dosage of detectably labeled mono
clonal antibody for in vivo diagnosis will vary depending 
on such factors as age, sex and extent of disease of the 

55 individual. The dosage of monoclonal antibody can vary 
from about 0.01 mglm2 to about 20 mglm2, preferably 
about 0.1 mglm2 to about 10mg/m2. 

For in vivo diagnostic imaging, the type of detection 
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instrument available is a major factor in selecting a given 
radioisotope. The radioisotope chosen must have a type 
of decay which is detectable for a given type of instru
ment. Still another important factor in selecting a radio-

. isotope for in vivo diagnosis is that the half-life of the 
radioisotope be long enough so that it is still detectable 
at the time of maximum uptake by the target, but short 
enough so that deleterious radiation with respect to the 
host is minimized. Ideally, a radioisotope used for in vivo 
imaging will lack a particle emission, but produce a large 
number of photons in the 140-250 keV range, which may 
be readily detected by conventional gamma cameras. 

For in vivo diagnosis radioisotopes may be bound 
to immunoglobin either directly or indirectly by using an 
intermediate functional group. Intermediate functional 
groups which often are used to bind radioisotopes which 
exist as metallic ions to immunoglobins are the bifunc
tional chelating agents such as diethylenetri
aminepentacetic acid (DTPA) and ethylenediamine
tetraacetic acid (EDTA) and similar molecules. 

The monoclonal antibodies of the invention can also 
be labeled with a paramagnetic isotope for purposes of 

5 

10 

of the invention. One example of indirect coupling is by 
use of a spacer moiety. These spacer moieties, in turn, 
can be either insoluble or soluble (Diener, et al., Sci-
ence, 231: 148, 1986) and can be selected to enable 
drug release from the monoclonal antibody molecule at 
the target site. Examples of therapeutic agents which 
can be coupled to the monoclonal antibodies of the in
vention for immunotherapy are drugs, radioisotopes, 
lectins, and toxins. 

The drugs with which can be conjugated to the mon
oclonal antibodies of the invention include compounds 
which are classically referred to as drugs such as for 
example, mitomycin C, daunorubicin, and vinblastine. 

In using radioisotopically conjugated monoclonal 
15 antibodies of the invention for immunotherapy certain 

isotypes may be more preferable than others depending 
on such factors as leukocyte distribution as well as iso
type stability and emission. If desired, the leukocyte dis
tribution can be evaluated by the in vivo diagnostic tech-

20 niques described above. Depending on the immune re
sponse mediated disorder some emitters may be pref
erable to other. In general, alpha and beta particle-emit
ting radioisotopes are preferred in immunotherapy. Pre-in vivo diagnosis, as in magnetic resonance imaging 

(MRI) or electron spin resonance (ESR). In general, any 
conventional method for visualizing diagnostic imaging 25 

ferred are short range, high energy alpha emitters such 
as 212si. Examples of radioisotopes which can be 
bound to the monoclonal antibodies of the invention for . can be utilized. Usually gamma and positron emitting 

radioisotopes are used for camera imaging and para
magnetic isotopes for MRI. 

The monoclonal antibodies of the invention can be 

therapeutic purposes are 12s1, 1a11, 90y, 67Cu, 212si, 
211At, 212Pb, 47Sc, 109Pd and 1BBRe. 

Lectins are proteins, usually isolated from plant ma-
used to monitor the course of amelioration of an immune 30 terial, which bind to specific sugar moieties. Many 

lectins are also able to agglutinate cells and stimulate 
lymphocytes. However, ricin is a toxic lectin which has 
been used immunotherapeutically. This is accom
plished by binding the alpha-peptide chain of ricin, which 

response mediated disorder in an individual. Thus, by 
measuring the increase or decrease in the number of 
leukocytes or changes in the concentration of antigen 
shed into various body fluids, it would be possible to de
termine whether a particular therapeutic regimen aimed 
at ameliorating the immune response mediated disorder 
is effective. 

THERAPEUTIC USES 

The term •ameliorate• denotes a lessening of the 
detrimental affect of the immune response mediated 
disorder in the animal receiving therapy. The term "ther
apeutically effective• means that the amount of mono
clonal antibody used is of sufficient quantity to amelio
rate the cause of disease due to the immune response. 

The monoclonal antibodies of the invention can also 
be used for immunotherapy in an animal having an im
mune response mediated disorder caused by leuko
cytes which express leukocyte adhesion receptor 13-
chain with epitopes reactive with the monoclonal anti
bodies of the invention. When used in this manner, the 
dosage of monoclonal antibody can vary from about 10 
mg/m2 to about 2000 mgtm2. 

When-used for immunotherapy, the monoclonal an-
tibodies of the invention may be unlabeled or labeled 
with a therapeutic agent. These agents can be coupled 
either directly or indirectly to the monoclonal antibodies 

35 is responsible for toxicity, to the antibody molecule to 
enable site specific delivery of the toxic effect. 

Toxins are poisonous substances produced by 
plants, animals, or microorganisms that, in sufficient 
dose, are often lethal. Diphtheria toxin is a substance 

40 produced by Corynebacterium diphtheria which can be 
used therapeutically. This toxin consists of an alpha and 
beta subunit which under proper conditions can be sep
arated. The toxic A component can be bound to an an
tibody and used for site specific delivery to a leukocyte 

45 expressing leukocyte adhesion factor J3-chain for which 
the monoclonal antibodies of the invention are specific. 

Other therapeutic agents which can be coupled to 
the monoclonal antibodies of the invention are known, 
or can be easily ascertained, by those of ordinary skill 

so in the art. 
The dosage ranges for the administration of the 

monoclonal antibodies of the invention are those large 
enough to produce the desired effect in which the symp
toms of the immune response mediated disorder are 

55 ameliorated. The dosage should not be so large as to 
cause adverse side effects, such as unwanted cross
reactions, anaphylactic reactions, and the like. Gener
ally, the dosage will vary with the age, condition, sex and 
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extent of the disease in the patient and can be deter

mined by one of skill in the art. The dosage can be ad
justed by the individual physician in the event of any 
counterindications. Dosage can vary from about 0.1 mg/ 
m2 to about 2000 mg/m2, preferably about 0.1 mg/m2 to 5 

about 500 mgtm2/dose, in one or more dose adminis
trations daily, for one or several days. 

pared. The splenic cells were fused to Balb/c derived 
P3 X 653.AgS myeloma cells with 50% polyethylene gly
col after the method of Kohler and Milstein (Nature:256: 
495, 1976). After establishing growing hybridoma colo
nies, supernatants from these cells were tested for an
tibodies against human antigens by immunohistochem
istry on cryostat sections (4 µ) of frozen human spleens 
(Naiem, et al., J. lmmun. Meth., 50:145, 1992). H52 
(H52.Gl.2) was selected for cloning and re-cloning by 
immunohistochemistry, radioimmunoassays on human 
cells, and .by radioimmunoprecipitation from human 
cells. 

Generally, when the monoclonal antibodies of the 
invention are administered conjugated with therapeutic 
agents lower dosages, as compared those used for in 10 

vivo immunodiagnostic imaging, can be used. 
The monoclonal antibodies of the invention can be 

administered parenterally by injection or by gradual per
fusion over time. The monoclonal antibodies of the in
vention can be administered intravenously, intraperito
neally, intramuscularly, subcutaneously, intracavity, or 
transdermally. 

Preparations for parenteral administration include 
sterile aqueous or non-aqueous solutions, suspensions, 

15 
EXAMPLE2 

INHIBITION OF SYNCYTIUM FORMATION BY 
MONOCLONAL ANTIBODY 

and emulsions. Examples of non-aqueous solvents are 20 

propylene glycol, polyethylene glycol, vegetable oils 
such as olive oil, and injectable organic esters such as 
ethyl oleate. Aqueous carriers include water, alcoholic/ 
aqueous solutions, emulsions or suspensions, including 
saline and buffered media. Parenteral vehicles include 25 

The effect of mAb on the fusion of BES cells to PHA
blasts was determined in a syncytium formation assay. 
The.BES and A3.01 cell lines were maintained in com
plete medium (RPMl-1640 supplemented with 10% FBS 
(HyClone) and 10 mM HEPES). The SES cell line is a 
surviving clone of A.301 cells infected with LAV. SES 
cells carry a single copy of the entire LAV genome but 
produce non-infectious virus particles due to a point mu
tation in the reverse transcriptase gene. BES cells ex
press HIV envelope glycoproteins and when mixed with 
CD4-positive PHA-blasts and T cell lines produce cyto-

sodium chloride solution, Ringer's dextrose, dextrose 
and sodium chloride, lactated Ringer's, or fixed oils. In
travenous vehicles include fluid and nutrient replenish-
ers, electrolyte replenishers (such as those based on 
Ringer's dextrose), and the like. Preservatives and other 
additives may also be present such as, for example, an
timicrobials, anti-oxidants, chelating agents, and inert 
gases and the like. 

The invention also relates to a method for preparing 
a medicament or pharmaceutical composition compris
ing the monoclonal antibodies of the invention, the med
icament being used for therapy of immune response 
mediated disorders due to leukocytes expressing leu
kocyte adhesion receptor ~-chain reactive with the mon
oclonal antibodies of the invention. 

The above disclosure generally describes the 
present invention. A more complete understanding can 
be obtained by reference to the following specific exam
ples which are provided herein for purposes of illustra-

30 pathic effects identical to those observed in cultures of 

T cells infected with wild-type virus. 
PHA-blasts were generated by incubating peripher

al blood mononuclear cells for 3 days in the presence 
of PHA (Wellcome Diagnostics) at a concentration of 

35 0.25 µg/ml in complete medium. Cells were washed 3 
times with PBS and resuspended in complete medium 
at a density of 5 X 10S/ml. MAb were used in the form 
of purified lgG at a concentration of 25 µg/ml. PHA
blasts were mixed with an equal volume (30 µI) of mon-

40 oclonal antibody or medium in the wells of half-area 
96-well plates (Costar) and incubated for 30 minutes at 
25°C. Thirty µI of SES cells were then added followed 
by incubation for 10 hr at 37°C in a humidified CO2 in
cubator. Control wells consisted of PHA-blasts incubat-

tion only, and are not intended to limit the scope of the 45 

invention. 
ed with an equal number of uninfected A.301 cells. In 
the assay, syncytia or balloon cells consisting of 10 to 
50 or more fused cells form within 4 and 10 hours after 
mixing BES cells with PHA blasts and CD4+ T cell lines, 
respectively. Continued incubation results in rapid syn-

EXAMPLE 1 

PREPARATION OF ANTIADHESION MONOCLONAL 
FACTOR ANTIBODIES 

Female Balb/c mice (6 to B weeks old) were injected 
intraperitoneally with 107 human splenic adherent cells 

in- phosphate buffered saline: This treatment was re
peated after 14 days and again after 21 days. Four days 
after the final injection the spleen was removed from one 
of the immunized mice and a single cell suspension pre-

50 cytia death as determined by vital dye exclusion. 
To determine their effect on HIV-mediated cell fu

sion mAb against human leukocyte antigens were add
ed to co-cultures of PHA-blasts and BES cells. The mAb 
tested were: H52, anti-CD1 S (LFA-1 P); MHM.24, anti-

ss COiia (LFA-1 a); H5A4, anti-CD11b (Mac-1 a); HSAS, 
anti-CD45 (leukocyte common antigen); MHM. 5, anti
HLA-A,B,C; Leu3a, anti-CD4. All antibodies are lgG1 ,k 
isotype. 

7 

BIOEPIS EX. 1002 
Page 2742



11 EP O 432 249 81 12 

As shown in Fig. 1, H52, against an epitope on the 
P-submit of LFA-1 (CD 18), completely inhibited syncy
tium formation. Fusion was also blocked by a mAb 
(MHM.24) against the a-subunit of LFA-1 (CD11a). 
However, the mAb MHM.24 was less effective than mAb 
H52 since very small syncytia were rarely observed. 
H5A4, a mAb against a different member of the LAA 
family, Mac-1 (complement receptor type-3; CD11 b), 
had no effect on the fusion of BES cells to the PHA 
blasts. Also, fusion was not affected by two mAb recog
nizing unrelated cell surface proteins: MHM.5, anti-HLA
A,B,C, and HSAS, anti-leukocyte common antigen 
(CD45). Since these two antigens are expressed at 
equal or higher densities than LAA on PHA blasts, the 
failure of the latter two antibodies to block fusion sug
gests that inhibition by anti-LAA antibodies was not due 
to a non-specific steric effect. Leu3a, a mAb against 
CD4, which has been previously shown to block binding 
of gp120 to CD4, completely inhibited fusion of BES to 
PHA-blasts (Fig. 1 ). Inhibition of fusion by Leu3a and 
the absence of fusion between the PHA-blasts and un
infected A.301 cells (Fig. 1, control) confirmed that the 
fusion was mediated by HIV. A number of commercially 
available mAb against gp120 failed to inhibit fusion in 

of complete medium alone or complete medium contain
ing purified H52 or PLM-2 lgG at 25 µg/ml. After pelleting 
the cells, unbound mAb was removed by washing 2 
times with 10 ml of PBS. The antibody-coated PHA 

5 blasts, and SES cells were then resuspended in com
plete medium and mixed with uncoated SES cells and 
PHA blasts, respectively, followed by incubation at 37°C 
for 10 hr as described in Example 1. Syncytia formation 
was scored as described above. 

10 Previous studies have shown that inhibition of lym
phocyte interactions by anti-LFA-1 antibodies is a uni
directional effect even when both cell types express 
LFAc 1. To determine if the effect of anti-LFA-1 mAb on 
syncytium formation was also uni-directional, LFA-1 ex-

15 pression was analyzed by flow cytometry. Both BES cells 
and PHA-blasts expressed LFA-1, although the expres
sion on BES was substantially less than on the blasts. 

Each cell type was pre-coated with mAb H52 or the 
control mAb PLM-2 and washed to remove unbound 

20 mAb before assaying syncytium formation. Pre-coating 
PHA-blasts with H52 resulted in near complete inhibition 
of fusion while similar treatment of the BES cells had no 
effect (Fig. 3). Fusion was not affected by pre-coating 
either the PHA-blasts or the SES cells with the control 

the assay system. PHA-blasts and the BES cells formed 25 

very large aggregates within 1 hr of mixing in the syn
cytium assay. These aggregates were completely inhib-

mAb. This result showed that the anti-LFA-1 antibody 
blocked fusion at the level of the PHA-blast and not the 
HIV-infected BES cells. This suggests that LAA on the 
CD4+ cells interacted with a ligand expressed on BES 
cells. 

ited by H52, MHM.24, and Leu3a, but not by the other 
mAb. The inhibition of syncytium formation by mAb H52 
was observed whether the PHA blasts were mixed with 30 

BES cells infected with the mutant virus or the CEM T EXAMPLE 4 
cell line infected with wild type HIV (HTLV-1116). 

EXAMPLE3 

INHIBITION OF SYNCYTIUM FORMATION BY H52 

PHA-blasts, generated as described in Example 1, 
were incubated with various concentrations of purified 

35 

INHIBITION OF HIV gp120 BINDING BY H52 

Non-specific agents such as dextran sulfate that 
block the interaction of HIV envelope glycoprotein 
gp120 with CD4 by steric effects are known to inhibit 
HIV-mediated cell-cell fusion. Consequently, the binding 
of mAb H52 to LFA-1 on the surface of CD4+-cells was 

H52 or PLM-2 lgG before adding BES cells. PLM-2 is an 40 

lgG1 ,k mAb against CD1B which does not inhibit LFA-
1-mediated functions. The assay was carried out exactly 

tested to determine whether H52 interfered with the 
binding of gp120 to CD4. 

To purify gpl 20, HIV was pelleted (110,000 x g, 1.5 
hr) from culture supernatants of infected PHA-blasts 
cells and washed once with PBS. The virus was resus
pended in PBS and vortexed vigorously to shear off 
gp120, followed by centrifugation at 110,000 x g. The 
resulting supernatant was concentrated using a 30,000 

as described in Example 1. Syncytia were counted on 
an inverted microscope using a low power objective 
(40X) after adding trypan blue (0.1%). Data shown in 45 

Fig. 2 are the mean syncytia count/106 BES cells of du
plicate wells. 

The H52 mAb blocked BES-PHA-blast fusion in a 
dose-dependent manner with complete inhibition ob
served at concentrations above 3 µg/ml (Fig. 2). The in
hibition of LFA-1-mediated lymphocyte adhesion func
tions by mAb H52 shows a very similar dose-depend
ency. PLM-2, a mAb against a CD1S epitope not asso
ciated with LFA-1 adhesion functions, did not affect fu
sion at any concentration (Fig. 2). 

Studies were also done to determine the level at 
which fusion was blocked by H52. PHA-blasts and SES 
cells (2.5 x 1 QS) were incubated for 1 hr on ice in 0.5 ml 

dalton cut-off Centricon filter. The retained proteins, 
which consisted primarily of gp 120 and bovine serum 

50 albumin (BSA; 10 to 30%), were radioiodinated using 
the standard chloramine-T method. The labeled pro
teins (2 to 5 µCi/g) were diluted in PBS containing a high 
concentration of BSA (2%) to eliminate binding of 1251-
BSA. CD4+-CEM cells (5 x 1 as) were preincubated with 

55 Leu3a, H52, and PLM-2 mAb at 25 g/ml in complete me
dium (see Example 1) before adding 50 ng of radioiod
inated gp120. Following a 1 hr incubation at 0°C the 
cells were washed twice and bound radiolabel meas-
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ured. Background binding was determined by preincu
bating cells with a 200-fold excess of unlabeled gp120. 
Consistent with previous findings, cells pre-coated with 
the Leu3a mAb (anti-CD4) did not bind gpl 20 (Fig. 4) .. 
In contrast, pre-coating cells with either mAb H52 or the 5 

control mAb PLM-2 had no inhibitory effect on the bind-
ing of gpl 20. This result demonstrated that inhibition of 
syncytium formation by mAb H52 was not due to inter
ference with HIV receptor function since binding of 
gpl 20 to CD4 was not blocked by this mAb. 10 

The invention now being fully described, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made without depart
ing from the spirit or scope of the invention. 

Claims 

15 

1. A continuous hybridoma cell line which secretes 
monoclonal antibodies with the binding specificity 20 

of the H52 monoclonal antibody which is secreted 
by hybridoma cell line ATCC HB 10160. 

ment of autoimmune disease. 

12. Monoclonal antibody of claim 9 for use in the treat
ment of graft rejection. 

13. Monoclonal antibody of claim 9 which is parenter
ally administered. 

14. Monoclonal antibody of claim 13 which is adminis
tered by subcutaneous, intramuscular, intraperito
neal, intracavity, transdermal, or intravenous injec
tion. 

15. Monoclonal antibody of claim 9 which is adminis
tered at a dosage of about 0.01 mg/kg/dose to about 
2000 mg/kg/dose. 

16. Monoclonal antibody of claim 9 which is therapeu
tically labeled. 

17. Monoclonal antibody of claim 16 wherein the ther
apeutic label is selected from the group consisting 
of a radioisotope, a drug, a lectin, and a toxin. 

2. The hybridoma of claim 1 which is ATCC HB 10160 
and its isotype switch variants. 

3. A monoclonal antibody which binds to leukocyte ad
hesion receptor ]3-chain, wherein the monoclonal 
antibody inhibits intercellular leukocyte adhesion 

25 18. A method of detecting leukocyte adhesion receptor 
which comprises contacting a source suspected of 
containing the receptor with a diagnostically effec
tive amount of detectably labeled H52 (ATCC HB 

and binds to the epitope on .the leukocyte adhesion 30 

receptor j3-chain to which monoclonal antibody H52 
(secreted by hybridoma cell line ATCC HB 10160) 
binds. 

4. The monoclonal antibody of claim 3 which is man- 35 

oclonal antibody H52. 

5. The monoclonal antibody of claim 3 or claim 4 which 
is chimeric. 

10160) monoclonal antibody, or fragment thereof, 
and determining whether the antibody binds to the 
source. 

19. The method of claim 18 wherein the detectable la
bel is selected from the group consisting of a radi
oisotope, a fluorescent compound, a colloidal met
al, a chemiluminescent compound, a biolumines
cent compound and an enzyme. 

20. Detectably labeled H52 {ATCC HB 101601 mono-

6. The monoclonal antibody of any one of claims 3 to 
5 which is in the form of an antibody fragment. 

40 clonal antibody, or fragment thereof, for use in the 
detection of leukocyte adhesion receptor. 

21. Monoclonal antibody of claim 20 wherein the de
tectable label is selected from the group consisting 7. The monoclonal antibody of claim 6 wherein the an

tibody fragment is a Fab or F(ab'h fragment. 45 of a radioisotope and a paramagnetic label. 

8. The monoclonal antibody of claim 3 wherein the leu
kocyte adhesion receptor is selected from the group 
consisting of LFA-1, Mac-1 and Leu MS. 

22. Pharmaceutical composition comprising a mono
clonal antibody according to any one of claims 3 to 
B, optionally in combination with a pharmaceutically 

so acceptable carrier. 
9. Monoclonal antibody of any of claims 3 to 8 for use 

in ameliorating an immune response mediated dis
order in an animal. 

· 10. Monoclonal antibody·of claim 9 for use in the treat•· 55 

ment of AIDS. 

11. Monoclonal antibody of claim 9 for use in the treat-

9 

23. A method for the preparation of the monoclonal an
tibody according to any one of claims 3 to 17 and 
20 to 21 which comprises culturing a hybridoma cell 
line according to claim 1 or a corresponding cell line 
and isolating the desired monoclonal antibody, op
tionally followed by the fragmenting and/or labeling 
of the antibody. 
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Patentanspruche 

1. Kontinuierliche Hybridomzellinie, die monoclonale 
Antikorper mit der Bindungsspezifitat des monoclo
nalen Antikorpers H52 sezerniert, der von der Hy
bridomzellinie ATCC HB 10160 sezerniert wird. 

2. Hybridom nach Anspruch 1, das ATCC HB 10160 
ist und seine lsotyp-Klassensprungvarianten. 

3. Monoclonaler Antikorper, der an die P-Kette des 
Leukocyten-Adhasionsrezeptors bindet, wobei der 
monoclonale Antikorper die interzellulare Leuko
cyten-Adhasion inhibiert und an das Epitop auf der 
P-Kette des Leukocyten-Adhasionsrezeptors bin
det, an welches der monoclonale Antikorper H52 
(sezerniert von der Hybridomzellinie ATCC HB 
10160) bindet. 

intrakavitare, perkutane oder intravenose lnjektion 
verabreicht wird. 

1 S. Monoclonaler Antikorper nach Anspruch 9, der in 
s einer Dosierung von etwa 0,01 mg/kg/Dosis bis et

wa 2000 mg/kg/Dosis verabreicht wird. 

10 

16. Mon~lonaler Antikorper nach Anspruch 9, der the
rapeutisch markiert ist. 

17. Monoclonaler Antikorper nach Anspruch 16, wobei 
der therapeutische Marker ausgewahlt ist aus der 
Gruppe Radioisotop, Arzneistoff, Lectin und Toxin. 

15 18. Verfahren zum Nachweis von Leukocyten-Adhasi
onsrezeptoren, umfassend das lnkontaktbringen 
einer Qualle, von der man annimmt, daf3 sie den 
Rezeptor enthalt, mit einer diagnostisch wirksamen 

4. Monoclonaler Antikorper nach Anspruch 3, der der 20 

monoclonale Antikorper H52 ist. 

Menge des nachweisbar markierten monoclonalen 
Antikorpers H52 (ATCC HB 10160), oder eines 
Fragments davon und die Bestimmung, ob der An-

5. Monoclonaler Antikorper nach Anspruch 3 oder An
spruch 4, der eine Chimare ist. 

6. Monoclonaler Antikorper nach einem der AnsprO
che 3 bis 5, der in der Form eines Antikorperfrag

. mantes vorliegt. 

25 

7. Monoclonaler Antikorper nach Anspruch 6, wobei 30 

das Antikorperfragment ein Fab- oder F(ab')2-Frag
ment isl. 

8. Monoclonaler Antikorper nach Anspruch 3, wobei 
der Leukocyten-Adhasionsrezeptor ausgewahlt isl 35 

aus LFA-1, Mac-1 und Leu MS. 

tikorper ~n die Qualle bindet. 

19. Verfahren nach Anspruch 18, wobei dernachweis
bare Marker ausgewahlt isl aus einem Radioisotop, 
einer fluoreszierenden Verbindung, einem kolloida
len Metall, einer chemilumineszierenden Verbin
dung, einer biolumineszierenden Verbindung und 
einem Enzym. 

20. Nachweisbar markierter monoclonaler Antikorper 
H52 (ATCC HB 10160), oder ein Fragment davon 
zur Verwendung beim Nachweis eines Leu kocyten
Adhasionsrezeptors. 

21. Monoclonaler Antikorper nach Anspruch 20, wobei 
der nachweisbare Marker ausgewahlt ist aus einem 
Radioisotop und einem paramagnetischen Marker. 9. Monoclonaler Antikorper nach einem der AnsprO

che 3 bis 8 zur Verwendung in der Verbesserung 
einer lmmunantwortvermittelten Storung in einem 
Tier. 

10. Monoclonaler Antikorper nach Anspruch 9 zur Ver
wendung in der Behandung von AIDS. 

40 22. Arzneimittel, umfassend einen monoclonalen Anti
korper nach einem der AnsprOche 3 bis 8, gegebe
nenfalls in Kombination mit einem pharmazeutisch 
vertraglichen Trager. 

11. Monoclonaler Antikorper nach Anspruch 9 zur Ver
wendung in der Behandlung einer Autoimmun
krankheit. 

45 23. Verfahren zur Herstellung des monoclonalen Anti
korpers nach einem der AnsprOche 3 bis 17 und 20 
bis 21 , umfassend das ZOchten einer Hybridomzel
linie nach Anspruch t oder einer entsprechenden 

12. Monoclonaler Antikorper nach Anspruch 9 zur Ver- 50 

wendung in der Behandlung einer Transplantatab
stoBung. 

Zellinie und das lsolieren des gewunschten mono
clonalen Antikorpers, gegebenenfalls gefolgt von 
der Fragmentierung und/oder Markierung des Anti-
korpers. 

13. Monoclonaler Antikorper nach Anspruch 9, der par-
. · - enteral verabreicht wird. · · 55· · Revendlcations 

14. Monoclonaler Antikorper nach Anspruch 13, der 
durch subkutane, intramuskulare, intraperitoneale, 

10 

1. Lignee cellulaire d'hybridome continue qui secrete 
des anticorps monoclonaux avec la specificite de 

BIOEPIS EX. 1002 
Page 2745



17 EP O 432 249 81 18 

liaison de l'anticorps monoclonal H52 qui est secre
te par la lignee cellulaire d'hybridome ATCC HB 
10160. 

15. Anticorps monoclonal suivant la revendication 9, 
qui est administre a raison d'environ 0,01 mg/kg/ 
dose a environ 2000 mg/kg/dose. 

2. Hybridome suivant la revendication 1, qui est ATCC s 
HB 10160 et ses variants par commutation d'isoty-

16. Anticorps monoclonal suivant la revendication 9, 
qui est marque de fa~on therapeutique. 

pe. 

3. Anticorps monoclonal qui se lie a la chaine beta de 
recepteurs d'adherence de leucocytes, dans Jequel 10 

l'anticorps monoclonal inhibe !'adherence interce!
lulaire des leucocytes et se lie a l'epitope sur la chai-

17. Anticorps monoclonal suivant la revendication 16, 
dans lequel le marqueur therapeutique est choisi 
dans le groupe consistant en un radioisotope, un 
medicament, une lectine et une toxine. 

ne Mta de recepteurs d'adherence de leucocytes 
auquel se lie l'anticorps monoclonal H52 (secrete 
par la lignee cellulaire d'hybridome ATCC HB 1s 
10160). 

18. Methode pour la detection d'un recepteur d'adhe
rence de leucocytes, qui comprend la mise en con
tact d'une source suspectee de contenir le recep
teur avec une quantile efficace du point de vue dia
gnostique d'anticorps monoclonal H52 (ATCC 
HB10160) ou d'un fragment de celui-ci, marque de 
fa~on a pouvoir Aire detecte, et la determination de 
!'existence ou non d'une liaison de l'anticorps a la 
source. 

4. Anticorps monoclonal suivant la revendication 3, 
qui est l'anticorps monoclonal H52. 

5. Anticorps monoclonal suivant les revendications 3 
ou 4, qui est chimerique. · 

20 

6. Anticorps monoclonal suivant l'une quelconque des 
revendications 3 a 5, qui est sous la forme d'un frag- 25 

ment d'anticorps. 

19. Methode su ivant la revendication 18, dans laquelle 
le marqueur detectable est choisi dans le groupe 
consistant en un radioisotope, un compose fluores
cent, un metal collo'idal, un compose chimiolumi
nescent, un compose bioluminescent et une enzy
me. 7. Anticorps monoclonal suivant la revendication 6, 

dans lequel le fragment d'anticorps est un fragment 
Fab ou F(ab')2. 

8. Anticorps monoclonal suivant la revendication 3, 
dans lequel le recepteur d'adherence de leucocytes 
est choisi dans le groupe consistant en LFA-1, Mac-
1 et Leu MS. 

9. Anticorps monoclonal suivant l'une quelconque des 
revendications 3 a 8, utile dans !'amelioration d'un 
trouble media par une reponse immune chez !'ani
mal. 

10. Anticorps monoclonal suivant la revendication 9, 
utile dans le traitement du SIDA 

11. Anticorps monoclonal suivant la revendication 9, 
utile dans le traitement de maladie auto-immune. 

12. Anticorps monoclonal suivant la revendication 9, 
utile dans le traitement de rejet de greffe. 

13. Anticorps monoclonal suivant la revendication 9, 
qui est administre par voie parenterale. 

14. Anticorps monoclonal suivant la revendication 13, 

30 20. Anticorps monoclonal H52 (ATCC HB 10160) ou 
fragment de celui-ci, marque de fa~n a pouvoir 
etre detecte, utile dans la detection de recepteur 
d'adherence de leucocytes. 

35 21. Anticorps monoclonal suivant la revendication 20, 
dans lequel le marqueur detectable est choisi dans 
le groupe consistant en un radioisotope et un mar
queur paramagnetique. 

40 22. Composition pharmaceutique comprenant un anti
corps monoclonal suivant l'une quelconque des re
vendications 3 a 8, eventuellement en combinaison 
avec un support acceptable du point de vue phar
maceutique. 

45 

23. Procede pour la preparation d'un anticorps mono
clonal suivant rune quelconque des revendications 
3 a 17 et 20 a 21, qui comprend la culture d'une 
lignee cellulaire d'hybridome suivant la revendica-

50 tion 1, ou d'une lignee cellulaire correspondante et 
l'isolement de l'anticorps monoclonal desire, suivis 
eventuellement de la fragmentation et/ou du mar
quage de l'anticorps. 

qui est administre par injection sous-cutanee, intra- 55 

musculaire, intraperitoneale, intracavite, transder
mique ou intraveineuse. 
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Field of the Invention 

The present invention relates generally to the combination of recombinant DNA and monoclonal 
antibody technologies for developing novel therapeutic agents and, more particularly, to the production of 

s non-immunogenic antibodies and their uses. 

Background of the Invention 

In mammals, the immune response is mediated by two types of cells that interact specifically with 
10 foreign material, i.e., antigens. One of these cell types, B-cells, are responsible for the production of 

antibodies. The second cell class, T-cells, include a wide variety of cellular subsets controlling the !!! vivo 
function of both B-cells and a wide variety of other hematopoietic cells, including T-cells. 

One way in which T -cells exert this control is through the production of a lymphokine known as 
interleukiri-2 (IL-2), originally named T-cell growth factor. IL-2's prime function appears to be the stimulation 

15 and maintenance of T-cells. Indeed, some immunologists believe that IL-2 may be at the center of the entire 
immune response (see, Farrar, J., et al., lmmunol. Rev. 63:129-166 (1982), which is incorporated herein by 
reference). 

To exert its biological effects, IL-2 interacts with a specific high-affinity membrane receptor (Greene, W., 
et al., Progress in Hematology XIV, E. Brown, Ed., Grune and Statton, New York (1986), at pgs. 283 ff). The 

20 human IL-2 receptor is a complex multichain glycoprotein, with one chain, known as the Tac peptide, being 
about 55k0 in size (see, Leonard, W., et al., J. Biol. Chem. 260:1872 (1985), which is incorporated herein by 
reference). A gene encoding this protein has been isolated, and predicts a 272 amino acid peptide, 
including a 21 amino acid signal peptide (see, Leonard, W., et al., Nature~: 626 (1984)). The 219 N~
terminal amino acids of the p55 Tac protein apparently comprise an extracellular domain (see, Leonard, W., 

25 et al., Science, 230:633-639 (1985), which is incorporated herein by reference). 
Much of the elucidation of the human IL-2 receptor's structure and function is due to the development 

of specifically reactive monoclonal antibodies. In particular, one mouse monoclonal antibody, known as anti
Tac (Uchiyama, et al., J. lmmunol. 126:1393 (1981)) has shown that IL-2 receptors can be detected on T
cells, but also on cells of the monocyte-macrophage family, Kupffer cells of the liver, Langerhans' cells of 

30 the skin and, of course, activated T-cells. Importantly, resting T-cells, B-cells or circulating machrophages 
typically do not display the IL-2 receptor (Herrmann, et al.,·J. Exp. Med. 162:1111 (1985)). 

The anti-Tac monoclonal antibody has also been used to define lymphocyte functions that require IL-2 
interaction, and has been shown to inhibit various T-cell functions, including the generation of cytotoxic and 
suppressor T lymphocytes in cell culture. Also, based on studies with anti-Tac and other antibodies, a 

35 variety of disorders are now associated with improper IL-2 receptor expression by T-cells, in particular adult 
T-cell leukemia. 

More recently, the IL-2 receptor has been shown to be an ideal target for novel therapeutic approaches 
to T-cell mediated diseases. It has been proposed that IL-2 receptor specific antibodies, such as the anti
Tac monoclonal antibody, can be used either alone or as an immunoconjugate (e.g., with Ricin A, isotopes 

40 and the like) to effectively remove cells bearing the IL-2 receptor. These agents can, for example, 
theoretically eliminate IL-2 receptor-expressing leukemic cells, certain B-cells, or activated T-cells involved 
in a disease state, yet allow the retention of mature normal T-cells and their precursors to ensure the 
capability of mounting a normal T-cell immune response as needed. In general, most other T-cell specific 
agents can destroy essentially all peripheral T-cells, which limits the agents' therapeutic efficacy. Overall, 

45 the use of appropriate monoclonal antibodies specific for the IL-2 receptor may have therapeutic utility in 
autoimmune diseases, organ transplantation and any unwanted response by activated T-cells. Indeed, 
clinical trials have been initiated using, e.g., anti-Tac antibodies (see, generally, Waldman, T., et al., Cancer 
Res. 45:625 (1985) and Waldman, T., Science 232:727-732 (1986).both of which are incorporated herein by 
reference). . 

50 Unfortunately, the use of the anti-Tac and other non-human monoclonal antibodies have certain 
drawbacks, particularly in repeated therapeutic regimens as explained below. Mouse monoclonal antibodies, 
for example, do not fix human complement well, and lack other important immunoglobulin functional 
characteristics when used in humans. 

Perhaps more importantly, anti-Tac and other non-human monoclonal antibodies contain substantial 
55 stretches of amino acid sequences that will be immunogenic when injected into a human patient. Numerous 

studies have shown that, after injection of a foreign antibody, the immune response elicited by a patient 
against an antibody can be quite strong, essentially eliminating the antibody's therapeutic utility after an 
initial treatment. Moreover, as increasing numbers of different mouse or other antigenic (to humans) 
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monoclonal antibodies can be expected to be developed to treat various diseases, after the first and second 
treatments with any different non-human antibodies, subsequent treatments even for unrelated therapies can 
be ineffective or even dangerous in themselves. 

While the production of so-called "chimeric antibodies" (e.g., mouse variable regions joined to human 
5 constant regions) (see, for example, W089/09622) has· proven somewhat successful, a significant im

munogenicity problem remains. In gen~ral, the production of human immunoglobulins reactive with the 
human IL-2 receptor, as with many human antigens, has been extremely difficult using typical human 
monoclonal antibody production techniques. Similarly, past attempts utilizing recombinant DNA technology 
to produce so-called "humanized" antibodies (see~. EPO Publication No. 0239400), provides uncertain 

10 results, in part due to unpredictable binding affinities. 
Thus, there is a need for improved forms of human-like immunoglobulins, such as those specific for the 

human IL-2 receptor, that are substantially non-immunogenic in humans, yet easily and economically 
produced in a manner suitable for therapeutic formulation and other uses. The present invention fulfills 
these and other needs. 

15 The hypervariable regions (also called Complementarity Determining Regions, abbreviated to "CDRs") 
of immunoglobulins were originally defined by Kabat et al., ("Sequences of Proteins of Immunological 
Interest" Kabat, E., et al., U.S. Department of Health and Human Services, (1983)) based on extent of 
sequence variability, to consist of residues 24-34 (L1 ), 50-56 (L2) and 89-97 (L3) in the light chain variable 
domain (VL) and 31-35 (H1), 50-65 (H2) and 95-102 (H3) in the heavy chain variable domain (VH), using 

20 Kabat's standard numbering system for antibody amino acids. The CDRs are believed to contact the target 
antigen of an antibody and to be primarily responsible for binding. More recently Chothia et al (Chothia and 
Lask, J. Mol. Biol., 196:901-917 (1987)) have given an alternate definition of the hypervariable regions or 
CDRs as consisting of residues 26-32 (L1), 5Q-52 (L2), 91-96 (L3) in VL and residues 26-32 (H1), 53-55 
(H2), 96-101 (H3) in VH. The Chothia definition is based on the residues that constitute the loops in the 3-

25 dimensional structures of antibodies. It is particularly important to note that for each of the six CDRs the 
Chothia CDR is actually a subset of (i.e. smaller than) the Kabat CDR, with the single exception of H1 (the 
first heavy chain CDR), where the Chothia CDR contains amino acids 26-30 that are not in the Kabat CDR. 

Riechmann et al ("Reshaping human antibodies for therapy", Nature, Vol 332, pp 323-326, (March 
1988)) describe work in which precisely the Kabat CDRs were transferred to. a pre-determined human 

30 framework (NEW again for the heavy chain and REI for the light chain) . However, they found that antibody 
containing the humanized heavy chain lost most of its binding affinity and ability to lyse target cells. They 
therefore made a new humanized antibody containing the Kabat CDRs from the mouse antibody and two 
amino acid changes in Chothia CDR H1, but no other mouse amino acids. 

35 Summary of the Invention 

The invention provides a method of producing a humanized immunoglobulin (lg) chain having one or 
more complementarity determining regions (CDR's) from a donor lg and a framework region from a human 
lg, said method comprising: comparing the framework or variable region amino acid sequence of the donor 

40 lg light or heavy chain with corresponding sequences in a collection of human lg chains; and selecting to 
provide the human lg light or heavy chain framework, a sequence from the collection which has at least 
about 65% homology with the donor framework. 

In another aspect, the invention provides a method of producing a humanized immunoglobulin (lg) 
heavy chain comprising the step of combining complementarity determining regions from a donor lg heavy 

45 chain with the framework of a human acceptor lg heavy chain selected so that the sequence of the 
humanized lg heavy chain framework is 65% or more identical to the sequence of the donor lg heavy chain 
framework. 

A further aspect of the invention is a method of producing a humanized immunoglobulin (lg) comprising 
the step of combining complementarity determining regions from a donor lg with a framework that is a 

50 consensus sequence of frameworks of many human antibodies. 
The present invention provides novel compositions useful, for example, in the treatment of T-cell 

mediated human disorders, the compositions containing human-like immunoglobulins specifically capable of 
blocking the binding of human IL-2 to its receptor and/or capable of binding to the p55 Tac protein on 
human IL-2 receptors. The immunoglobulins can have two pairs of light chain/heavy chain complexes, 

55 typically at least one pair having chains comprising mouse complementarity determining regions function
ally joined to human framework region segments. For example, mouse complementarity determining 
regions, with or without additional naturally-associated mouse amino acid residues, can be used to produce 
human-like antibodies capable of binding to the human IL-2 receptor at affinity levels stronger than about 
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108 M-1• 

The immunoglobulins, including binding fragments and other derivatives thereof, of the present 
invention may be produced readily by a variety of recombinant DNA techniques. with ultimate expression in 
transfected cells, preferably immortalized eukaryotic cells, such as myeloma or hybridoma cells. Poly-

5 nucleotides comprising a first sequence coding for human-like immunoglobulin framework regions and a 
second sequence set coding for the desired immunoglobulin complementarity determining regions can be 
produced synthetically or by combining appropriate cDNA and genomic DNA segments. 

The human-like immunoglobulins may be utilized alone in substantially pure form, or complexed with a 
cytotoxic agent, such as a radionuclide, a ribosomal inhibiting protein or a cytotoxic agent active at cell 

10 surfaces. All of these compounds will be particularly useful in treating T-cell mediated ·disorders. The 
hum·an-like immunoglobulins or their complexes can be prepared in a pharmaceutically accepted dosage 
form, which will vary depending on the mode of administration. 

The present invention also provides novel methods for designing human-like immunoglobulin chains 
having one or more complementarity determining regions (CDR's) from a donor immunoglobulin and a 

15 framework region from a human immunoglobulin, the preferred methods may involve first comparing the 
framework or variable region amino acid sequence of the donor immunoglobulin to corresponding se
quences in a collection of human immunoglobulin chains, and selecting as the human immunoglobulin one 
of the more homologous sequences from the collection. The human immunoglobulin, or acceptor im
munoglobulin, sequence is typically selected from a collection of at least 10 to 20 immunoglobulin chain 

20 sequences, and usually will have the highest homology to the donor immunoglobulin sequence of any 
sequence in the collection. The human immunoglobulin framework sequence will typically have about 65 to 
70% homology or more to the donor immunoglobulin framework sequences. The donor immunoglobulin 
may be either a heavy chain or light chain (or both), and the human collection will contain the same kind of 
chain. A humanized light and heavy chain can be used to form a complete humanized immunoglobulin or 

25 antibody, having two light/heavy chain pairs, with or without partial or full-length human constant regions 
and other proteins. 

Whether or not in conjunction with the above comparison step, additional amino acids in an acceptor 
immunoglobulin chain may be replaced with amino acids from the CDR-donor immunoglobulin chain. More 
specifically, further optional substitutions of a human framework amino acid of the acceptor immunoglobulin 

30 with a corresponding amino acid from a donor immunoglobulin will be made at· positions in the im-
munoglobulins where: 

(a) the amino acid in the human· framework region of an acceptor immunoglobulin is rare for that position 
and the corresponding amino acid in the donor immunoglobulin is common for that position in human 
immunoglobulin sequences; or 

35 (b) the amino acid is immediately adjacent to one of the CDR's; or 
(c) the amino acid is predicted to have a side chain atom capable of interacting with the antigen or with 
the CDR's of the humanized immunoglobulin, optionally within about 3A of the CDR's in a three
dimensional immunoglobulin model. 
The humanized immunoglobulin chain will typically comprise at least about 3 amino acids from the 

40 donor immunoglobulin in addition to the CDR's, usually at least one of which is immediately adjacent to a 
CDR in the donor immunoglobulin. The heavy and light chains may each be designed by using any one or 
all three of the position criteria. 

When combined into an intact antibody, the humanized light and heavy chains of the present invention 
will be substantially non-immunogenic in humans and retain substantially the same affinity as the donor 

45 immunoglobulin to the antigen (such as a protein or other compound containing an epitope). These affinity 
levels can vary from about 108 M-1 or higher, and may be within about 4 fold of the donor im
munoglobulin's original affinity to the antigen. 

BRIEF DESCRIPTION OF THE FIGURES 
50 

Figure 1. Comparison of sequences of anti-Tac heavy chain (upper lines) and Eu heavy chain (lower 
lines). The Hatter code for amino acids is used. The first amino acid on each line is numbered at the left. 
Identical amino acids in the two sequences are connected by lines. The 3 CDRs are underlined. Other 
amino acid positions for which the anti-Tac amino acid rather than the Eu amino acid was used in the 

55 humanized anti-Tac heavy chain are denoted by an *. 
Figure 2. Comparison of sequences of anti-Tac light chain (upper lines) and Eu light chain (lower lines). 

The single-letter code for amino acids is used. The first amino acid on each line is numbered at the left. 
Identical amino acids in the two sequences are connected by lines. The 3 CDRs are underlined. Other 
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amino acid positions for which the anti· Tac amino acid rather than the 'Eu amino acid was used in the 
humanized anti-Tac heavy chain are denoted by an•. 

Figure 3. Nucleotide sequence of the gene for the humanized anti-Tac heavy chain variable region 
gene. The translated amino acid sequence for the part of the gene encoding protein is shown underneath 

s the nucleotide sequence. The nucleotides TCT AGA at the beginning and end of the gene are Xba I sites. 
The mature heavy chain sequence begins with amino acid #20 Q. 

Figure 4. Nucleotide sequence of the gene for the humanized anti-Tac light chain variable region gene. 
The translated amino acid sequence for the part of the gene encoding protein is shown underneath the 
nucleotide sequence. The nucleotides TCTAGA at the beginning and end of the gene are Xba I sites. The 

10 mature light chain sequence begins with amino acid #21 D. 
Figure 5. A. Sequences of the four oligonucleotides used to synthesize the humanized anti-Tac heavy 

chain gene, printed 5' to 3'. B. Relative positions of the oligonucleotides. The arrows point in the 3' direction 
for each o!igonucleotide. 

Figure 6. (A) Sequences of the four oligonucleotides used to synthesize the humanized anti-Tac light 
15 chain gene, printed 5' to 3'. (B) Relative positions of the oligonucleotides. Tfie arrows point in the 3' 

direction for each oligonucleotide. The position of a Hind fll .site in the overlap of JFD2 and JFD3 is shown. 
Figure 7. Schematic diagram of the plasmid pHuGTAC1 used to express the humanized anti-Tac heavy 

chain. Relevant restriction sites are shown, and coding regions of the heavy chain are displayed as boxes. 
The direction of transcription from the immunoglobulin (lg) promoter is shown by an arrow. EH = heavy 

20 chain enhancer, Hyg = hygromycin resistance gene. 
Figure 8. Schematic diagram of the plasmid pHuLTAC used to express the humanized anti-Tac light 

chain. Relevant restriction sites are shown, and coding regions of the light chain are displayed as boxes. 
The direction of transcription from the lg promoter is shown by an arrow. 

Figure 9. Fluorocytometry of HUT-102 and Jurkat cells stained with anti-Tac antibody or humanized 
25 anti-Tac antibody followed respectively by fluorescein-conjugated goat anti-mouse lg antibody or goat anti

human lg antibody, as labeled. In each panel, the dotted curve shows the results when the first antibody 
was omitted, and the solid curve the results when first and second (conjugated) antibodies were included as 
described. 

Figure .10. (A) Fluorocytometry of HUT-102 cells stained with 0-40 ng of anti-Tac as indicated, then with 
30 biotlnylated anti-Tac, and then with phycoerythrin-conjugated avidin. (B) Fluorocytometry of HUT-102 cells 

stained with the indicated antibody, then with biotinylated anti-Tac, and then with phycoerythrin-conjugated 
avidin. 

DETAILED DESCRIPTION OF THE INVENTION 
35 

In accordance with one embodiment of the present invention, human-like immunoglobulins specifically 
reactive with desired epitopes, such as those on the IL-2 receptor on human T-cells, are provided. These 
immunoglobulins, which have binding affinities of at least about 108 M-1 , and preferably 109 M-1 to 1010 

M-1 or stronger, are capable of, e.g., blocking the binding of IL-2 to human IL-2 receptors. The human-like 
4D immunoglobulins will have a human-like framework and can have complementarity determining regions 

(CDR's) from an immunoglobulin, typically a mouse immunoglobulin, specifically reactive with an epitope on 
p55 Tac protein. The immunoglobulins of the present invention, which can be produced economically in 
large quantities, find use, for example, in the treatment of T-cell mediated disorders in human patients by a 
variety of techniques. 

45 The basic antibody structural unit is known to comprise a tetramer. Each tetramer is composed of two 
identical pairs of polypeptide chains, each pair having one "light" (abciut 25kD) and one "heavy" chain 
(about 50-70kD). The NH2-terminus of each chain begins a variable region of about 100 to 110 or more 
amino acids primarily responsible for antigen recognition. The COOH terminus of each chain defines a 
constant region primarily responsible for effector function. 

50 Light chains are classified as either kappa or lambda. Heavy chains are classified (and subclassified) as 
gamma, mu, alpha, delta, or epsilon, and define the antibody's isotype as lgG, lgM, lgA, lgD and lgE, 
respectively. Within light and heavy chains, the variable and constant regions are joined by a "J" region of 
about 12 or more amino acids, with the heavy chain also including a "D" region of about 12 more amino 
acids. (See, generally, Fundamental Immunology, Paul, W., Ed., Chapter 7, pgs. 131-166, Raven Press, N.Y. 

ss (1984), which is incorporated herein by reference.) 
The variable regions of each light/heavy chain pair form the antibody binding site. The chains all exhibit 

the same general structure of relatively conserved framework regions joined by three hypervariable regions, 
also called CDR's (see, "Sequences of Proteins of Immunological Interest," Kabat, E., et al., U.S. 
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Department of Health and Human Services, (1983); and Cholthia and Lesk, J. Mol. Biol., 196:901-917 
(1987), which are incorporated herein by reference). The CDR's from the two chains of each pair are 
aligned by the framework regions, enabling binding to a specific epitope. 

As used herein, the term "immunoglobulin" refers to a protein consisting of one or more polypeptides 
5 substantially encoded by immunoglobulin genes. The recognized immunoglobulin genes include the kappa, 

lambda, alpha, gamma, delta, epsilon and mt,1 constant region genes, as well as the myriad immunoglobulin 
variable region genes. The immunoglobulins may exist in a variety of forms besides antibodies; including, 
for example, Fv, Fab; and F(ab)2, as well as in single chains (e.g., Huston, et al., Proc. Nat. Acad. Sci. 
U.S.A., 85:5879-5883 (1988) and Bird, et al., Science, 242:423-426 (1988), which are incorporated herein by 

10 reference). (See, generally, Hood, et al., "Immunology", Benjamin, N.Y., 2nd ed. (1984), and Hunkapiller 
and Hood, Nature, 323:15-16 (1986), which are incorporated herein by reference). 

Chimeric antibodies are antibodies whose light and heavy chain genes have been constructed, typically 
by genetic engineering, from immunoglobulin gene segments belonging to different species. For example, 
the variable (V) segments of the genes from a mouse monoclonal antibody may be joined to human 

15 constant (C) segments, such as.,., and -y3. A typical therapeutic chimeric antibody is thus a hybrid protein 
consisting of the V or antigen-binding domain from a mouse antibody and the C or effector domain from a 
human antibody (e.g., A.T.C.C. Accession No. CRL 9688 secretes an anti-Tac chimeric antibody), although 
other mammalian species may be used. 

As used herein, the term "framework region" refers to those portions of immunoglobulin light and heavy 
20 chain variable regions that are relatively conserved (i.e., other than the CDR's) among different im

munoglobulins in a single species, as defined by Kabat, et al., op. cit. As used herein, a "human-like 
framework region" is a framework region that in each existing chain comprises at least about 70 or more 
amino acid residues, typically 75 to 85 or more residues, identical to those in a human immunoglobulin. 

As used herein, the term "human-like immunoglobulin" refers to an immunoglobulin comprising a 
25 human-like framework and in which any constant region present is substantially homologous to a human 

immunoglobulin constant region, i.e., at least about 85-90%, preferably about 95% identical. Hence, all parts 
of a human-like immunoglobulin, except possibly the CDR's, are substantially homologous to corresponding 
parts of one or more native human immunoglobulin sequences. For example, a human-like immunoglobulin 
would not encompass a chimeric mouse variable region/human constant region antibody. 

30 In accordal)ce with another general aspect of the present invention, also included are criteria by which a 
limited number of amino acids in the framework of a human-like or humanized immunoglobulin chain are 
chosen to be the same as the amino acids at those positions in the donor lg rather than in the acceptor lg, 
in order to increase the affinity of an antibody comprising the humanized immunoglobulin chain. 

This aspect of the present invention is based in part on the model that two contributing causes of the 
35 loss of affinity in prior means of producing humanized antibodies (using as examples mouse antibodies as 

the source of CDR's) are: 
(1) When the mouse CDR's are combined with the human framework, the amino acids in the framework 
close to the CDR's become human instead of mouse. Without intending to be bound by theory, we 
believe that these changed amino acids may slightly distort the CDR's, because they create different 

40 electrostatic or hydrophobic forces than in the donor mouse antibody, and the distorted CDR's may not 
make as effective contacts with the antigen as the CDR's did in the donor antibody; 
(2) Also, amino acids in the original mouse antibody that are close to, but not part of, the CQR's (i.e., still 
part of the framework), may make contacts with the antigen that contribute to affinity. These amino acids 
are lost when the antibody is humanized, because all framework amino acids are made human. 

45 To avoid these problems, and to produce humanized antibodies that have a very strong affinity for a 
desired antigen, the present invention uses the following four criteria for designing humanized im
munoglobulins. These criteria may be used singly, or when necessary in combination, to achieve the 
desired affinity or other characteristics. 

Criterion I: As acceptor, use a framework from a particular human immunoglobulin that is unusually 
50 homologous to the donor immunoglobulin to be humanized, or use a consensus framework from many 

human antibodies. For example, comparison of the sequence of a mouse heavy (or light) chain variable 
region against human heavy (or light) variable regions in a data bank (for example, the National 
Biomedical Research Foundation Protein Identification Resource) shows that the extent of homology to 
different human regions varies greatly, typically from about 40% to about 60-70%. By choosing as the 

55 acceptor immunoglobulin one of the human heavy (respectively light) chain variable regions that is most 
homologous to the heavy (respectively light) chain variable region of the donor immunoglobulin, fewer 
amino acids will be changed in going from the donor immunoglobulin to the humanized immunoglobulin. 
Hence, and again without intending to be bound by theory, it is believed that there is a smaller chance of 
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changing an amino acid near the CDR's that distorts their conformation. Moreover, the precise overall 
shape of a· humanized antibody comprising the humanized immunoglobulin chain may more closely 
resemble the shape of the donor antibody, also reducing the chance of distorting the CDR's. · 

Typically, one of the 3-5 most homologous heavy chain variable region sequences in a representa-
5 tive collection of at least about 10 to 20 distinct human heavy chains will be chosen as acceptor to 

provide the heavy chain framework, and similarly for the light chain. Preferably, one of the 1-3 most 
homologous variable regions will be used. The selected acceptor immunoglobulin chain will most 
preferably have at least about 65% homology in the framework region to the donor immunoglobulin. 

Regardless of how the acceptor immunoglobulin is chosen, higher affinity may be achieved by 
10 selecting a small number of amino acids in the framework of the humanized immunoglobulin chain to be 

the same as the amino acids at those positions in the donor rather than in the acceptor. The following 
criteria define what amino acids may be so selected. Preferably, at most or all amino acid positions 
satisfying one of these criteria, the donor amino acid will in fact be selected. 
Criterion II: If an amino acid in the framework of the human acceptor immunoglobulin is unusual (i.e., 

15 "rare", which as used herein indicates an amino acid occurring at that position in no more than about 
10% of human heavy (respectively light) chain V region sequences in a representative data bank), and if 
the donor amino acid at that position is typical for human sequences (i.e., "common", which as used 
herein indicates an amino acid occurring in at least about 25% of sequences in a representative data 
bank), then the ·donor amino acid rather than the acceptor may be selected. This criterion helps ensure 

20 that an atypical amino acid in the human framework does not disrupt the antibody structure. Moreover, 
by replacing an unusual amino acid with an amino acid from the donor antibody that happens to be 
typical for human antibodies, the humanized antibody may be made less immunogenic. 
Criterion Ill: In the positions immediately adjacent to the 3 · CDR's in the humanized immunoglobulin 
chain, the donor amino acid rather than acceptor amino acid may be selected. These amino acids are 

25 particularly likely to interact with the amino acids in the CDR's and, if chosen from the acceptor, distort 
the donor CDR's and reduce affinity. Moreover, the adjacent amino acids may interact directly with the 
antigen (Amit et al., Science, 233, 747-753 (1986), which is incorporated herein by reference) and 
selecting· these-amino acids from the donor may be desirable to keep all the antigen contacts that 
provide affinity in the original antibody. 

30 Criterion IV: A 3-dimensional model, typically of the original donor antibody, shows that certain amino 
acids outside of the CDR's are close to the CDR's and have a good probability of interacting with amino 
acids in the CDR's by hydrogen bonding, Van der Waals forces, hydrophobic interactions, etc. At those 
amino acid positions, the donor amino acid rather than the acceptor immunoglobulin amino acid may be 
selected. Amino acids according to this criterion will generally have a side chain atom within about 3 

35 angstrom units of some site in the CDR's and must contain atoms that could interact with the CDR atoms 
according to established chemical forces, such as those listed above. Computer programs to create 
models of proteins such as antibodies are generally available and well known to those skilled in the art 
(see, Loew~ al., Int. J. Quant. Chem., Quant. Biol. Symp., 15:55-66 (1988); Bruccoleri~ al., Nature, 335, 
564-568 (1988); Chothia ~ al., Science, 233:755-758 (1986), all of which are incorporated herein by 

40 reference). These do not form part of the invention. Indeed, because all antibodies have similar 
structures, the known antibody structures, which are available from the Brookhaven Protein Data Bank, 
can be used if necessary as rough models of other antibodies. Commercially available computer 
programs can be used to display these models on a computer monitor, to calculate the distance between 
atoms, and to estimate the likelihood of different amino acids interacting (see, Ferrin ~ al., J. Mol. 

45 Graphics, ~:13-27 (1988)). 
Humanized or human-like antibodies generally have at least three potential advantages over mouse or 

in some cases chimeric antibodies for use in human therapy: 
1) Because the effector portion is human, it may interact better with the other parts of the human 
immune system @JI:, destroy the target cells more efficiently by complement- dependent cytotoxicity 

5o (CDC) or antibody-dependent cellular cytotoxicity (ADCC)). 
2) The human immune system should not recognize the framework or constant region of the humanized 
antibody as foreign, and therefore the antibody response against such an injected antibody should be 
less than against a totally foreign mouse antibody or a partially foreign chimeric antibody. 
3) Injected mouse antibodies have been reported to have a half-life in the human circulation much 

55 shorter than the half-life of normal antibodies (D. Shaw et al., J. lmmunol., 138:4534-4538 (1987)). 
Injected humanized antibodies will presumably have a half-life more similar to naturally occurring human 
antibodies, allowing smaller and less frequent doses to be given. 
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The present invention is specifically directed to improved humanized immmunoglobulins (e.g., capable 
of binding the human IL-2 receptor) with respect to those described in EPA publication no. 0239400. That 
application, the disclosure of which is excluded from coverage herein, describes, for certain im
munoglobulins, substituting CDR's regions in the light or heavy chain variable domains of an acceptor 

5 antibody with analogous parts of CDR's (typically solvent accessible) from an antibody of different 
specificity. Also, that application discusses, for certain immunoglobulins, the possibility of only transferring 
residues that are (solvent) accessible from the antigen binding site, which residues apparently may include 
certain framework regions (specifically, residues known to be involved in antigen binding as described in 
Amit et al., Science 233: 747-753 (1986) or perhaps residues essential for inter-chain interactions - but for 

10 the selection of which insufficient guidance is provided in that application). Thus, for example, a preferred 
embodiment of the present invention entails substituting entire CDR's and framework amino acids imme
diately adjacent one (or preferably each) of the CDR's. In general, any framework residue that also makes 
contact with the CDR's to, e.g., maintain their conformation (and usually their antigen binding specificity) are 
specifically included within preferred embodiments of the present invention as described in detail, supra. 

15 In one aspect, the present invention is directed to recombinant DNA segments encoding the heavy 
and/or light chain CDR's (typically with other amino acid residues as described above) from an im
munoglobulin capable of binding to a desired epitope, such as on the human IL-2 receptor (e.g., the anti
Tac monoclonal antibody). The DNA segments encoding these regions will typically be joined to DNA 
segments encoding appropriate human-like framework regions. For example, the preferred DNA sequences, 

20 which on .expression code for the polypeptide chains comprising the anti-Tac heavy and light chain 
hypervariable regions (with human-like framework regions), are shown in Figures 3 and 4, respectively. Due 
to codon degeneracy and non-critical amino-acid substitutions, other DNA sequences can be readily 
substituted for those sequences, as detailed below. 

The DNA segments will typically further include an expression control DNA sequence operably linked to 
25 the human-like antibody coding sequences, including naturally-associated or heterologous promoter regions. 

Preferably, the expression control sequences will be eukaryotic promoter systems in vectors capable of 
transforming or transfecting eukaryotic host cells. but control sequences for prokaryotic hosts may also be 
used. Once the vector has been incorporated into the appropriate host, the host is maintained under 
conditions suitable for high level expression of the nucleotide sequences, and, as desired. the collection and 

30 purification of the light chains, heavy chains, light/heavy chain dimers or intact antibodies, binding 
fragments or other immunoglobulin forms may follow. 

Human constant region DNA sequences can be isolated in accordance with well known procedures 
from a variety of human cells, but preferably immortalized B-cells (see, Kabat op. cit. and WP87/02671). For 
example, the human kappa immunoglobulin constant and J region genes and sequences are described in 

35 Heiter et al., Cell 22:197-207 (1980) and the nucleotide sequence of a human immunoglobulin c .. , gene is 
described in Ellison et al., Nucl. Acid. Res. 10:4071 (1982), both of which are incorporated herein by 
reference. The CDR's for producing the immunoglobulins of the present invention will be similarly derived 
from monoclonal antibodies capable of binding to the desired antigen (e.g., the human IL-2 receptor) and 
produced in any convenient mammalian source. including, mice, rats, rabbits, or other veterbrate capable of 

40 producing antibodies by well known methods. Suitable source cells for the DNA sequences and host cells 
for immunoglobulin expression and secretion can be obtained from a number of sources. such as the 
American Type Culture Collection ("Catalogue of Cell Lines and Hybridomas," Fifth edition (1985) Rockville, 
Maryland, U.S.A., which is incorporated herein by reference). 

In addition to the human-like immunoglobulins specifically described herein, other "substantially 
45 homologous" modified immunoglobulins can be readily designed and manufactured utilizing various 

recombinant DNA techniques well known to those skilled in the art. For example, for the IL-2 receptor 
immunoglobulins the framework regions can vary from the sequences in Figures 3 and 4 at the primary 
structure level by several amino acid substitutions, terminal and intermediate additions and deletions, and 
the like. Moreover, a variety of different human framework regions may be used singly or in combination as 

5o a basis for the human-like immunoglobulins of the present invention. In general, modifications of the genes 
may be readily accomplished by a variety of well-known techniques, such as site-directed mutagenesis 
(see, Gillman and Smith. Gene 8:81-97 (1979) and Roberts, S. et al, Nature 328:731-734 (1987), both of 
which are incorporated herein by-reference). Alternatively, polypeptide fragments comprising only a portion 
of the primary antibody structure may be produced, which fragments possess one or more immunoglobulin 

55 activities (~. complement fixation activity). Also because like many genes, the immunoglobulin-related 
genes contain separate functional regions, each having one or more distinct biological activities, the genes 
may be fused to functional regions from other genes (e.g., enzymes, see, commonly assigned U.S.S.N. 
132,387, filed Dec. 15, 1987, which is incorporated herein by reference)to produce fusion proteins (~. 
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immunotoxins) having novel properties. 
The nucleic acid sequences of the present invention capable of ultimately expressing the desired 

human-like antibodies can be formed from a variety of different polynucleotides (genomic or cDNA, RNA, 
synthetic oligonucleotides, etc.) and components (~. V, J, D, and C regions), as well as by a variety of 

5 different techniques. Joining appropriate genomic sequences is presently the most common method of 
production, but cDNA sequences may also be utilized (see, European Patent Publication No. 0239400 and 
Reichmann, l., et al., Nature 332:323-327 (1988), both of which are incorporated herein by reference). 

As stated previously, the DNA sequences will be expressed in hosts after the sequences have been 
operably linked to (i.e., positioned to ensure the functioning of) an expression control sequence. These 

10 expression vectors are typically replicable in the host organisms either as episomes or as an integral part of 
the host chromosomal DNA. Commonly, expression vectors will contain selection markers,~. tetracycline 
or neomycin, to permit detection of those cells transformed with the desired DNA sequences (see, e.g., U.S. 
Patent 4,704,362, which is incorporated herein by reference). 

~. coli is one prokaryotic host useful particularly for cloning the DNA sequences of the present 
15 invention. Other microbial hosts suitable for use include bacilli, such as Bacillus subtilus, · and other 

enterobacteriaceae, such as Salmonella, Serratia, and various Pseudomonas species. In these prokaryotic 
hosts, one can also make expression vectors, which will typically contain expression control sequences 
compatible with the host cell (e.g., an origin of replication). In addition, any number of a variety of well
known promoters will be present, such as the lactose promoter system, a tryptophan (trp) promoter system, 

20 a beta-lactamase promoter system, or a promoter system from phage lambqa. The promoters will typically 
control expression, optionally with an operator sequence, and have ribosome binding site sequences and 
the like, for initiating and completing transcription and translation. 

Other microbes, such as yeast, may also be used for expression. Saccharomyces is a preferred host, 
with suitable vectors having expression control sequences, such as promoters, including 3-

25 phosphoglycerate kinase or other glycolytic enzymes, and an origin of replication, termination sequences 
and the like as desired. 

In addition to microorganisms, mammalian tissue cell culture may also be used to express and produce 
the polypeptides of the present invention (see, Winnacker, "From Genes to Clones," VCH Publishers, N.Y., 
N.Y. (1987), which is incorporated herein by reference). Eukaryotic cells are actually preferred, because a 

30 number of suitable host cell lines capable of secreting intact immunoglobulins have been developed in the 
art, and include the CHO cell lines, various COS cell lines, HeLa cells, myeloma cell lines, etc, but 
preferably transformed B-cells or hybridomas. Expression vectors for these cells can include expression 
control sequences, such as an origin of replication, a promoter, an enhancer (Queen, C., et al., lmmunol. 
Rev. 89:49-68 (1986), which is incorporated herein by reference), and necessary processing information 

35 sites, such as ribosome binding sites, RNA splice sites, polyadenylation sites, and transcriptional terminator 
sequences. Preferred expression control sequences are promoters derived from SV40 with enhancer (see, 
Mulligan and Berg, Science 209:1422-1427 (1980), an immunglobulin gene, Adenovirus, Bovine Papilloma 
Virus, and the like. 

The vectors containing the DNA segments of interest (e.g., the heavy and light chain encoding 
40 sequences and expression control sequences) can be transferred into the host cell by well-known methods, 

which vary depending on the type of cellular host. For example, calcium chloride transfection is commonly 
utilized for prokaryotic cells, whereas calcium phosphate treatment or electroporation may be used for other 
cellular hosts. (See, generally, Maniatis, et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 
Press, {1982), which is incorporated herein by reference.) 

45 Once expressed, the whole antibodies, their dimers, individual light and heavy chains, or other 
immunoglobulin forms of the present ·invention can be purified according to standard procedures of the art, 
including ammonium sulfate precipitation, affinity columns, column chromatography, gel electrophoresis and 
the like (see, generally, Scopes, R., Protein Purification, Springer-Verlag, N.Y. (1982)). Substantially pure 
immunoglobulins of at least about 90 to 95% homogeneity are preferred, and 98 to 99% or more 

50 homogeneity most preferred, for pharmaceutical uses. Once purified, partially or to homogeneity as desired, 
the polypeptides may then be used therapeutically (including extracorporeally) or in developing and 
performing assay procedures, immunofluorescent stainings, and the like. (See, generally, Immunological 
Methods, Vols. I and II, Lefkovits and Pernis, eds., Academic Press, New York, N.Y. (1979 and 1981)). 

The IL-2 receptor specific antibodies exemplified in the present invention will typically find use 
55 individually in treating a T-cell mediated disease state .. Generally, where the cell linked to a disease has 

been identified as IL-2 receptor bearing, then the human-like antibodies capable of blocking the binding of 
IL-2 to the human IL-2 receptor are suitable (see, U.S.S.N. 085,707, entitled "Treating Human Malignancies 
and Disorders," which is incorporated herein by reference). For example, typical disease states suitable for 
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treatment include graft versus host disease and transplant rejection in patients undergoing an organ 
transplant, such as heart, lungs, kidneys, liver, etc. Other diseases include autoimmune diseases, such as 
Type I diabetes, multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus, and myasthenia 
gravis. 

5 The human-like antibodies of the present invention may also be used in combination with . other 
antibodies, particularly human monoclonal antibodies reactive with other markers on cells responsible for 
the disease. For example, suitable T-cell markers can include those grouped into the so-called "Clusters of 
Differentiation," as named by the First International Leukocyte Differentiation Workshop, Leukocyte Typing, 
Bernard, et al., Eds., Springer-Verlag, N.Y. (1984), which is incorporated herein by reference. 

10 The antibodies can also be used as separately administered compositions given in conjunction with 
chemotherapeutic or immunosuppressive agents. Typically, the agents will include cyclosporin A or a purine 
analog (e.g., methotrexate, 6-mercaptopurine, or the like), but numerous additional agents (e.g., 
cyclophosphamide, prednisone, etc.) well-known to those skilled in the art may also be uti)ized. 

A preferred pharmaceutical composition of the present invention comprises. the use of the subject 
15 antibodies in immunotoxins. lmmunotoxins are characterized by two components and are particularly useful 

for killing selected cells in vitro or in vivo. One component is a cytotoxic agent which is usually fatal to a 
cell when attached or absorbed. The-;;cond component, known as the "delivery vehicle," provides a 
means for delivering the toxic agent to a particular cell type, such as cells comprising a carcinoma. The two 
components are commonly chemically bonded together by any of a variety of well-known chemical 

20 procedures. For example, when the cytotoxic agent is a protein and the second component is an intact 
immunoglobulin, the linkage may be by way of heterobifunctional cross-linkers, ~. SPDP, carbodiimide, 
glutaraldehyde, or the like. Production of various immunotoxins is well-known with the art, and can be found, 
for example in "Monoclonal Antibody-Toxiri Conjugates: Aiming the Magic Bullet," Thorpe et al, Monoclonal 
Antibodies in Clinical Medicine, Academic Press, pp. 168-190 (1982), which is incorporated herein by 

25 reference. 
A variety of cytotoxic agents are suitable for use in immunotoxins. Cytotoxic agents can include 

radionuclides, such as lodine-131, Yttrium-90, Rhenium· 188, and Bismuth-212; a number of 
chemotherapeutic drugs, such as vindesine, methotrexate, adriamycin, and cisplatinm; and cytotoxic 
proteins such as ribosomal inhibiting proteins like pokeweed antiviral protein, Pseudomonas exotoxin A, 

30 ricin, diphtheria toxin, ricin A chain, etc., or an agent active at the cell surface, such as the phospholipase 
enzymes(~. phospholipase C). (See, generally, commonly assigned U.S.S.N. 07/290,968 filed December 
28, 1988), "Chimeric Toxins," Olsnes and Phil, Pharmac. Ther., 25:355-381 (1982), and "Monoclonal 
Antibodies for Cancer Detection and Therapy," eds. Baldwin and Byers, pp. 159-179, 224-266, Academic 
Press (1985), all of which are incorporated herein by reference.) 

35 The delivery component of the immunotoxin will include the human-like immunoglobu!ins of the present 
invention. Intact immunoglobu!ins or their binding fragments, such as Fab, are preferably used. Typically, 
the antibodies in the immunotoxins will be of the human lgM or lgG isotype, but other mammalian constant 
regions may be utilized as desired. 

The human-like antibodies and pharmaceutical compositions thereof of this invention are particularly 
40 useful for parenteral administration, i.e., subcutaneously, intramuscularly or intravenously. The compositions 

for parenteral administration will commonly comprise a solution of the antibody or a cocktail thereof 
dissolved in an acceptable carrier, preferably an aqueous carrier. A variety of aqueous carriers can be used, 
e.g., water, buffered water, 0.4% saline, 0.3% glycine and the like. These solutions are sterile and generally 
free of particulate matter. These compositions may be sterilized by conventional, well known sterilization 

45 techniques. The compositions may contain pharmaceutically acceptable auxiliary substances as required to 
approximate physiological conditions such as pH adjusting and buffering agents, toxicity adjusting agents 
and the like, for example sodium acetate, sodium chloride, potassium chloride, calcium chloride, sodium 
lactate, etc. The concentration of antibody in these formulations can vary widely, i.e., from less than about 
0.5%, usually at or.at least about 1% to as much as 15 or 20% by weight and will be selected primarily 

50 based on fluid volumes, viscosities, etc., in accordance with the particular mode of administration selected. 
Thus, a typical pharmaceutical composition for intramuscular injection could be made up to contain 1 

ml sterile buffered water, and 50 mg of antibody. A typical composition for intravenous infusion could be 
made up to contain 250 ml of sterile Ringer's solution, and 150 mg of antibody. Actual methods for 
preparing parenterally administrable compositions will be known or apparent to those skilled in the art and 

· 55 are described in more detail in, for example, Remington's Pharmaceutical Science, 15th ed., Mack 
Publishing Company, Easton, Pennsylvania (1980), which is incorporated herein by reference. 

The antibodies of this invention can be lyophilized for storage and reconstituted in a suitable carrier 
prior to use. This technique has been shown to be effective with conventional immune globulins and art-
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known lyophilization and reconstitution techniques can be employed. It will be appreciated by those skilled 
in the art that lyophilization and reconstitution can lead to varying degrees of antibody activity loss (~. 
with conventional immune globulins, lgM antibodies tend to have greater activity loss than lgG antibodies) 
and that use levels may have to be adjusted to compensate. 

s The compositions containing the present human-like antibodies or a cocktail thereof can be admin-
istered for prophylactic and/or therapeutic treatments. In therapeutic application, compositions are admin
istered to a patient already suffering from a disease, in an amount sufficient to cure or at least partially 
arrest the disease and its complications. An amount adequate to accomplish this is defined as a 
"therapeutically effective dose." Amounts effective for this use will depend upon the severity of the infection 

10 and the general state of the patient's own immune system, but generally range from about 1 to about 200 
mg of antibody per dose, with dosages of from 5 to 25 mg per patient being more commonly used. It must 
be kept in mind that the materials of this invention may generally be employed in serious disease states, 
that is life-threatening or potentially life-threatening situations. In such cases, in view of the minimization of 
extraneous substances and the lower probability of "foreign substance" rejections which are achieved by 

15 the present human-like antibodies of this invention, it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these antibodies. 

In prophylactic applications, compositions containing the present antibodies or a cocktail thereof are 
administered to a patient not already in a disease state to enhance the patient's resistance. Such an amount 
is defined to be a "prophylactically effective dose." In this use, the precise amounts again depend upon the 

20 patient's state of health and general level of immunity, but generally range from 0.1 to 25 mg per dose, 
especially 0.5 to 2.5 mg per patient. A preferred prophylactic use is for the prevention of kidney transplant 
rejection. 

Single or multiple administrations of the compositions can be carried out with dose levels and pattern 
being selected by the treating physician. In any event, the pharmaceutical formulations should provide a 

2s quantity of the antibody(ies) of this invention sufficient to effectively treat the patient. 
Human-like antibodies of the present invention can further find a wide variety of utilities !!! vitro. By way 

of example, the exemplary antibodies can be utilized for T-cell typing, for isolating specific IL-2 receptor 
bearing cells or fragments of the receptor, for vaccine preparation, or the like. 

For diagnostic purposes, the antibodies may either be labeled or unlabeled. Unlabeled antibodies can 
30 be used in combination with other labeled antibodies (second antibodies) that are reactive with the human

like antibody, such as antibodies specific for human immunoglobulin constant regions. Alternatively, the 
antibodies can be directly labeled. A wide variety of labels may be employed, such as radionuclides, fluors, 
enzymes, enzyme substrates. enzyme cofactors, enzyme inhibitors, ligands (particularly haptens). etc. 
Numerous types of immunoassays are available and are well known to those skilled in the art. 

35 Kits can also be supplied for use with the subject antibodies in the protection against or detection of a 
cellular activity or for the presence of a selected antigen. Thus, the subject antibody composition of the 
present invention may be provided, usually in a lyophilized form in a container, either alone or in 
conjunction with additional antibodies specific for the desired cell type. The antibodies, which may be 
conjugated to a label or toxin, or unconjugated, are included in the kits with buffers, such as Tris, 

40 phosphate, carbonate, etc., stabilizers, biocides, inert proteins,~. serum albumin, or the like, and a set of 
instructions for use. Generally, these materials will be present in less than about 5% wt. based on the 
amount of active antibody, and usually present in total amount of at least about 0.001% wt. based again on 
the antibody concentration. Frequently, it will be desirable to include an inert extender or excipient to dilute 
the active ingredients, where the excipient may be present in from about 1 to 99% wt. of the total 

45 composition. Where a second antibody capable of binding to the chimeric antibody is employed in an 
assay, this will usually be present in a separate vial. The second antibody is typically conjugated to a label 
and formulated in an analogous manner with the antibody formulations described above. 

The following examples are offered by way of illustration, not by limitation. 

50 EXPERIMENTAL 

Design of genes for human-like light and heavy chains 

The sequence of the human antibody Eu (Sequences of Proteins of Immunological Interest, Kabat, E., 
55 et al., U.S. Dept. of Health and Human Services, 1983) was used to provide the framework of the 

humanized antibody, because the amino acid sequence of the heavy chain of anti-Tac is more homologous 
to the heavy chain of this antibody than to any other heavy chain sequence in the National Biomedical 
Foundation Protein Identification Resource. 
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To select the sequence of the humanized heavy chain, the anti-Tac heavy chain sequence (see, 
commonly assigned U.S.S.N.'s 186,862 and 223,037, which are incorporated herein by reference) was 
aligned with the sequence of the Eu heavy chain (Figure 1 ). At each position, the Eu amino acid was 
selected for the humanized sequence, unless that position fell in any one of the following categories, in 

5 which case the anti-Tac amino acid was selected. 
(1) The position fell within a complementarity determining region (CDR). as defined by Kabat, et al., op. 
cit. (amino acids 31-35, 50-66, 99-106); 
(2) The Eu amino acid was unusual for human heavy chains at that position, whereas the anti-Tac amino 
acid was typical for human heavy chains at that position (amino acids 27, 93, 95, 98, 107-109, 111); 

10 (3) The position was immediately adjacent to a CDR in the amino acid sequence of the anti-Tac heavy 
chain (amino acids 30 and 67). 
(4) 3-dimensional modeling of the anti-Tac antibody suggested that the amino acid was physically close 
to the antigen binding region (amino acids 48 and 68). 

Some amino acids fell in more than one of these categories but are only listed in one. 
15 To select the sequence of the humanized light chain, the anti-Tac light chain sequence was aligned with 

the sequence of the Eu light chain (Figure 2). The Eu amino acid was selected at each position, unless the 
position again fell into one of the categories (1) - (4), (with light chain replacing heavy chain in the category 
definitions): 

(1) CDRs (amino acids 24-34, 50-56, 89-97). 
20 (2) Anti-Tac amino acid more typical than Eu (amino acids 48 and 63). 

(3) Adjacent to CDRs (no amino acids; Eu and anti-Tac were already the same at all these positions). 
(4) Possible 3-dimensionar proximity to binding region (amino acid 60). 
The actual nucleotide sequence of the heavy (Figure 3) and light chain (Figure 4) genes were selected 

as follows: 
25 (1) the nucleotide sequences code for the amino acid sequences chosen as described above. 

(2) 5' of these coding sequences, the nucleotide sequences code for a leader (signal) sequence, namely 
the leader of the light chain of the antibody MOPC 63 and the leader of the heavy chain of the antibody 
PCH 108A (Kabat et al., op. cit.). These leader sequences were chosen as typical of antibodies. 
(3) 3' of the coding sequences, the nucleotide sequences are the sequences that follow the mouse light 

30 chain JS segment and the mouse heavy chain J2 segment, which are part of the anti-Tac sequences. 
These sequences are included because they contain splice donor signals. 

· (4) At each end of the sequence is an Xba I site to allow cutting at the Xba I sites and cloning into the 
Xba I site of a vector. 

35 Construction of humanized light and heavy chain genes 

To synthesize the heavy chain, four oligonucleotides HES12, HES13, HES14, HES15 (Figure SA) were 
synthesized using an Applied Biosystems 3808 DNA synthesizer. Two of the oligonucleotides are part of 
each strand of the heavy chain, and each oligonucleotide overlaps the next one by about 20 nucleotides to 

4-0 allow annealing (Figure 58). Together, the oligonucleotides cover the entire humanized heavy chain (Figure 
3) with a few extra nucleotides at each end to allow cutting at the Xba I sites. The oligonucleotides were 
purified from polyacrylamide gels. 

Each oligonucleotide was phosphorylated using ATP and T4 polynucleotide kinase by standard 
procedures (see, Maniatis, op. cit.). To anneal the phosphorylated oligonucleotides, they were suspended 

45 together in 40 ul of TA (33 mM Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM magnesium acetate) 
at a concentration of about 3.75 uM each, heated to 95 deg for 4 min. and cooled slowly to 4 ·deg. To 
synthesize the complete gene from the oligonucleotides by synthesizing the opposite strand of each 
oligonucleotide (Figure 58), the following components were added in a final volume of 100ul: 

10 ul annealed oligonucleotides 0.16 mM each deoxyribonucleotide 
50 0.5 mM ATP 

0.5 mM DTT 
100 ug/ml BSA 
3.5 ug/ml T4 g43 protein (DNA polymerase) 
25 ug/ml T4 g44/62 protein (polymerase accessory protein) 

55 25 ug/ml 45 protein (polymerase accessory protein) 
The mixture was incubated at 37 deg for 30 min. Then 1 O u of T 4 DNA ligase was added and 

incubation at 37 deg resumed for 30 min. The polymerase and ligase were inactivated by incubation of the 
reaction at 70 deg for 15 min. To digest the gene with Xba I, to the reaction was added 50 ul of 2x TA 
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containing BSA at 200 ug/ml and on at 1 mM, 43 ul of water, and 50 u of Xba I in 5 ul. The reaction was 
incubated for 3 hr at 37 deg,. and run on a gel. The 431 bp Xba I fragment was purified from a gel and 
cloned into the Xba I site of the plasmid pUC19 by standard methods. Four plasmid isolates were purified 
and sequenced using the dideoxy method. One of these had the correct sequence (Figure 3). 

5 To synthesize the light chain, four oligonucleotides JFD1. JFD2, JFD3, JFD4 (Figure 6A) were 
synthesized. Two of the oligonucleotides are part of each strand of the light chain, and each oligonucleotide 
overlaps the next one by about 20 nucleotides to allow annealing (Figure 68). Together, the 
oligonucleotides cover the entire humanized light chain (Figure 4) with a few extra nucleotides at each end 
to allow cutting at the Xba I sites. The_ oligonuc!eotides were purified from polyacrylamide gels. 

10 The light chain gene was synthesized from these olignucleotides in two parts. 0.5 ug each of JFD1 and 
JFD2 were combined in 20 ul sequenase buffer (40 mM Tris-HCI, pH 7.5, 20 mM magnesium chloride; 50 
mM sodium chloride), heated at 70 deg for.3 min and allowed to cool slowly to 23 deg in order for the 
oligonucleotides to anneal. JFD3 and JFD4 were treated in the same way. Each reaction was made 10 mM 
in Dn and 0.5 mM in each deoxyribonucleotide and 6.5 u of sequenase (US Biochemicals) was added, in a 

15 final volume of 24 ul, and incubated for 1 hr at 37 deg to synthesize the opposite strands of the 
oligonucleotides. Xba I and Hind Ill were added to each reaction to digest the DNA (there is a Hind Ill site in 
the region where JFD2 and JFD3 overlap and therefore in each of the ·synthesized DNAs; Figure 68). The 
reactions were run on polyacrylamide gels, and the Xba I - Hind Ill fragments were purified and cloned into 
pUC18 by standard methods. Several plasmid isolates for each fragment were sequenced by the dideoxy 

20 method, and correct ones chosen. 

Construction of plasmids to express humanized light and heavy chains 

The heavy chain Xba I fragment was isolated from the pUC19 plasmid in which it had been inserted 
25 and then inserted into the Xba I site of the vector pV-y1 (see, commonly assigned U.S.S.N. 223,037) in the 

correct orientation by standard methods, to produce the plasmid pHuGTAC1 (Figure 7). This plasmid will 
express high levels of a complete heavy chain when transfected into an appropriate host cell. 

The two light chain Xba I - Hind Ill fragments were isolated from the pUC18 plasmids in which they had 
been inserted. The vector plasmid pVx1 (see, commonly assigned U.S.S.N. 223,037) was cut with Xba I, 

30 dephosphorylated and ligated with the two fragments by standard methods. The desired reaction product 
has the circular form: vector - Xba I - fragment 1 - Hind Ill - fragment 2 - Xba I - vector. Several plasmid 
isolates were analyzed by restriction mapping and sequencing, and one with this form chosen. This 
plasmid, pHuLTAC (Figure 8), therefore contains the complete humanized tight chain (Figure 4) and will 
express high levels of the light chain when transfected into an appropriate ~ost cell. 

35 

Synthesis and affinity of humanized antibody 

The plasmids pHuGTAC1 and pHuLTAC were transfected into mouse Sp2/0 cells, and cells that 
integrated the plasmids were selected on the basis of resistance to mycophenolic acid and/or hygromycin B 

40 conferred by the gpt and hyg genes on the plasmids (Figures 7,8) by standard methods. To verify that 
these' cells secreted antibody that binds to the IL-2 receptor, supernatant from the cells was incubated with 
HUT-102 cells that are known to express the IL-2 receptor. After washing, the cells were incubated with 
fluorescein-conjugated goat anti-human antibody, washed. and analyzed for fluorescence on a FACSCAN 
cytofluorometer. The results (Figure 9A), clearly show that the humanized antibody binds to these cells, but 

45 not to Jurkat T-cells that do not express the IL-2 receptor (Figure 9D). As controls, the original mouse anti
Tac antibody was also used to stain these cells (Figure 9B,C), giving similar results. 

For further experiments, cells producing the humanized antibody were injected into mice, and the 
resultant ascites collected. Humanized antibody was purified to substantial homogeneity from the ascites by 
passage through an affinity column of goat anti-human immunoglobulin antibody, prepared on an Affigel-10 

50 support (Bio-Rad Laboratories. Inc., Richmond, CA) according to standard techniques. To determine the 
affinity of the humanized antibody relative to the original anti-Tac antibody, a competitive binding experi
ment was performed. About 5 x 105 HUT-102 cells were incubated with known quantities (10 - 40 ng) of the 
anti-Tac antibody and the humanized anti-Tac antibody for 10 min at 4 deg. Then 100 ng of biotinylated 
anti-Tac was added to the cells and incubated for 30 min at 4 deg. This quantity of anti-Tac had previously 

55 been determined to be sufficient to saturate the binding sites on the cells, but not to be in large excess. 
Then the cells were washed twice with 2 ml of phosphate buffered saline· (PBS) containing 0.1% sodium 
azide. The cells were then incubated for 30 min at 4 deg with 250 ng of phycoerythrin-conjugated avidin, 
which bound to the biotinylated anti-Tac already bound to the cells. The cells were washed again as above, 
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fixed in PBS containing 1 % paraformaldehyde, and analyzed for fluorescence on a FACSCAN cytofluoro
meter. 

Use of increasing amounts (10 - 40 ng) of the anti-Tac antibody as competitor in the first step 
decreased the amount of biotinylated anti-Tac that could bind to the cells in the second step, and therefore 

5 the amount of phycoerythrin-conjugated avidin that bound in the last step, thus decreasing fluorescence 
(Figure 10A). Equivalent amounts (20 ng) of anti-Tac, and humanized anti-Tac used as competitor 
decreased the fluorescence to approximately the same degree (Figure 1 OB). This shows that these 
antibodies have approximately the same affinity (within 3 to 4 fold), because if one had much greater 
affinity, it would have more effectively competed with the biotinylated anti-Tac, thus decreasing fluores-

10 cence more. 

Biological properties of the humanized antibody 

For optimal use in treatment of human disease, the humanized antibody should be able to destroy T-
15 cells in the body that e~press the ll-2 receptor. One mechanism by which antibodies may destroy target 

cells is antibody-dependent cell-mediated cytotoxicity, abbreviated ADCC (Fundamental Immunology, Paul, 
W., Ed., Raven Press, New York (1984), at pg. 681) in which the antibody forms a bridge between the target 
cell and an effector cell such as a macrophage that can lyse the target. To determine whether the 
humanized antibody and the original mouse anti-Tac antibody can mediate ADCC, a chromium release 

20 assay was performed by standard methods. Specifically, human leukemia HUT-102 cells, which express the 
IL-2 receptor, were incubated with 51Cr to allow them to absorb this radionuclide. The HUT-102 cells were 
then incubated with an excess of either anti-Tac or humanized anti-Tac antibody. The HUT-102 cells were 
next incubated for 4 hrs with either a 30:1 or 100:1 ratio of effector cells, which were normal purified human 
peripheral blood mononuclear cells that had been activated by incubation for about 20 hrs with human 

25 recombinant IL-2. Release of 51 Cr, which indicated lysis of the target HUT-102 cells, was measured and the, 
background subtracted (Table 1). The results show that at either ratio of effector cells, anti-Tac did not !yse 
a significant number of the target cells (less than 5%), while the humanized antibody did (more than 20%). 
Hence, the humanized antibody is likely to be more efficacious than the original mouse antibody in treating 
T-cell leukemia or other T-cell mediated diseases. 

30 

35 

40 

45 

50 

55 

TABLE 1 

Percent 5 1 Cr release after ADCC 

Antibody Effector: Target ratio 

30:1 100:1 

Anti-Tac 4% < 1% 
Humanized anti-Tac 24% 23% 

From the foregoing, it will be appreciated that the human-like immunoglobulins of the present invention 
offer numerous advantages of other antibodies. For example, in comparison to anti-Tac mouse monoclonal 
antibodies, the present human-like IL-2 receptor immunoglobulins can be more economically produced and 
contain substantially less foreign amino acid sequences. This reduced likelihood of antigenicity after 
injection into a human patient represents a significant therapeutic improvement for immunoglobulins 
designed in accordance with the above criteria. 

Although the present invention has been described in some detail by way of illustration and example for 
purposes of clarity and understanding, it will be apparent that certain changes and modifications may be 
practiced within the scope of the appended claims. 

Clalms 

1. A method of producing a humanized immunoglobulin (lg) chain having one or more complementarity 
determining regions (CDR's) from a donor lg and a framework region from a human lg, said method 
comprising: comparing the framework or variable region amino acid sequence of the donor lg light or 
heavy chain with corresponding sequences in a collection of human lg chains; and selecting, to provide 
the human lg light or heavy chain framework, a sequence from the collection which has at least about 
65% homology with the donor framework. 
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2. A method of producing a humanized immunoglobulin (lg) heavy chain comprising the step of combining 
complementarity determining regions from a donor lg heavy chain with the framework of a human 
acceptor lg heavy chain selected so that the sequence of the humanized lg heavy chain framework is 
65% or more identical to the sequence of the donor lg heavy chain framework. 

3. A method of producing a humanized immunoglobulin (lg) comprising the step of combining com
plementarity determining regions from a donor lg with a framework that is a consensus sequence of 
frameworks of many human antibodies. 

10 4. A humanized immunoglobuiin chain obtainable by a method according to any one of claims 1 to 3. 

5. A humanized immunoglobulin comprising a chain according to claim 4. 

6. A polynucleotide comprising a first sequence coding for a human-like immunoglobulin framework region 
15 and a second sequence coding for one or more CDR's, wherein upon expression said polynucleotide 

encodes an immunoglobulin chain of claim 4. 

7. A cell line transfected with a polynucleotide of claim 6. 

20 8. The use of an immunoglobulin of claim 5 in the manufacture of a medicament. 

25 
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IO 2 0 . 3 0 4 0 5 0 60 
TCTAGATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGTACCGCGGGCGTGCACT 

M GW SW IF L FL LS GT AG V H 
70 80 90 100 110 120 

CTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTCGAGCGTGAAGG 
SO VOLVO S GAE V K KP GS S V K 

130 140 150 160 170 180 
TCTCCTGCAAGGCTTCTGGCTACACCTTTACTAGCTACAGGATGCACTGGGTAAGGCAGG 
VS CK AS G YT FT SY RM H WV R Q 

190 200 210 220 230 240 
CCCCTGGACAGGGTCTGGAATGGATTGGATATATTAATCCGTCGACTGGGTATACTGAAT 
APGOG LEW I G YIN PST G YTE 

250 260 270 280 290 300 
ACAATCAGAAGTTCAAGGACAAGGCAACAATTACTGCAGACGAATCCACCAATACAGCCT 
Y NO K F K DK AT I TADES TN TA 

310 320 330 340 350 360 
ACATGGAACTGAGCAGCCTGAGATCTGAGGACACCGCAGTCTATTACTGTGCAAGAGGGG 
Y ME l S S l RS EDT AV Y Y CAR G 

370 380 390 400 410 420 
GGGGGGTCTTTGACTACTGGGGCCAAGGAACCCTGGTCACAGTCTCCTCAGGTGAGTCCT 
G G V F Q. Y W G O G T L V T V S S 

430 
. TAAAACCTCTAGA 

FIG.-3. 
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10 20 30 40 50 60 
TCTAGATGGAGACCGATACCCTCCTGCTATGGGTCCTCCTGCTATGGGTCCCAGGATCAA 

M E T D T L L L W V L L l W V P G S 
70 80 90 100 110 120 

CCGGAGATATTCAGATGACCCAGTCTCCATCTACCCTCTCTGCTAGCGTCGGGGATAGGG 
T GD IQ MT OS PST LS AS VG DR 

130 . 140 150 160 170 180 
TCACCATAACCTGCTCTGCCAGCTCAAGTATAAGTTACATGCACTGGTACCAGCAGAAGC 
V. T I T C S A S S S I S Y M H W Y O O K 

190 200 210 220 230 240 
CAGGCAAAGCTCCCAAGCTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTCCCTG 
PG KAP KL LI YT TS NL AS G VP 

250 mO 270 280 290 300 
CTCGCTTCAGTGGCAGTGGATCTGGGACCGAGTTCACCCTCACAATCAGCTCTCTGCAGC 
AR F SGS GS GTE FT LT IS SL 0 

310 320 330 340 350 360 
CAGATGATTTCGCCACTTA TT A CTGCCATCAAAGGAGTA CTTACCCACT CACGTTCGGTC 
P O D F A T Y Y C H O R S T Y P l T F G 

370 380 390 400 
AGGGGACCAAGGTGGAGGTCAAACGTAAGTACACTTTTCTAGA 
Q GT KV E VK 

FIG.-4. 
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HES 12 AG CT TC TAGATG GGA TGG AG CT GGA TCT TT GTG nee rec TG TCAG GT ACCG CGGGCG TG 
CACTCTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTCGAGCGTG 
AAGGTC 

HES13 CC CAG T CGACGGA TT AA TAT AT CCAA T CCA TTCCAGAC CCTGT CCAG G GG CC JG CC T TAC 
CCAGTGCATCCTGTAGCTAGTAAAGGTGTAGCCAGAAGCCTTGCAGGAGACCTTCACGCT 
CGAGCCAGG 

HES 14 TA TA TT AA TCCG T CGA CTGG G TAT AC TGAA TAC AA TCAGA AG TTCAAGGA CAAGGCAA CA 
ATTACTGCAGACGAATCCACCAATACAGCCTACATGGAACTGAGCAGCCTGAGATCTGAG 
GAGA 

HES15 ATATCGTCTAGAGGTTTTAAGGACTCACtTGAGGAGACTGTGACCAGGGTTCCTTGGCCC 
CAGTAGTCAAAGACCCCCCCCCCTCTTGCACAGTAATAGACTGCGGTGTCCTCAGATCTC 
AGGCTGCT 

HES12 ·HES14 

HES13 HES15 

FIG._5. 
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JFOI CAAATCTAGATGGAGACCGATACCCTCCTGCTATGGGTCCTCCTGCTATGGGTGCCAGGA 
TCAACCGGAGATATTCAGATGACCCAGTCTCCATCTACCCTCTCTGCTAGCGTCGGGGAT 

JFD2 ATAAATTAGAAGCTTGGGAGCTTTGCCTGGCTTCTGCTGGTACCAGTGCATGTAACTTAT 
ACTTGAGCTGGCAGAGCAGGTTATGGTGACCCTATCCCCGACGCTAGCAGAGAG 

JFD3 GCTCCCAAGCTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTCGCTGCTCGCTTC 
AGTGGCAGTGGATCTGGGACCGAGTTCACCCTCACAATCAGCTCTCTGCAGCCAGATGAT 
TTC 

JFD4 TATATCTAGAAAAGTGTACTTACGTTTGACCTCCACCTTGGTCCCCTGACCGAACGTGAG 
TGGGTAAGTACTCCTTTGATGGCAGTAATAAGTGGCGAAATCATCTGGCTGCAGAGAGCT 
GA 

JFDI 

.,...__---~------------
JF02 I 

HIND m 

FIG._6. 
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TITLE OF. THE INVENTION 

MODULAR ASSEMBLY OP AR'l'IBODY GBRBS, 
AlffDODIBS PRBPARBD 'l'BBRBBY ARD USB 

BACKGROUND OF THE INVENTION 

PCT /t:S86/02269 

This application is a continuation in part of 
Application Serial No. 793,980, filed November 1, 
1985, the contents of which are herein fully incor
porated by reference. 

Field of the Invention 

This invention relates to recombinant DNA methods 
of preparing immunoglobulins, genetic sequences coding 

therefor, as well as methods of obtaining such se
quences. 

Background Art 

The application of cell-to-cell fusion for the 
production of monoclonal antibodies by Kohler and Mil
stein (Nature (London>, 256: 495, 1975) has spawned a 
revolution in biology equal in impact to the inven
tion of recombinant DNA cloning. Hybridoma-produced 

monoclonal antibodies are already widely used in clin-
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ical diagnoses and basic scientific studies. Applica
tions of human B cell hybridoma-produced monoclonal 
antibodies hold great promise for the clinical treat
ment of cancer, viral and microbial infections, B cell 
immunodeficiencies with diminished antibody produc
tion, and o.ther diseases and disorders of the immune 
system. 

Onfor.:bmately, yields of monoclonal antibodies 
from humcar.h¥"bridoma cell lines are relatively.low Cl 
ug/ml in human x human compared to 100 ug/ml in mouse 
hybridomas >, · and production costs are high for anti
bodies made in large scale human tissue culture., 
Mouse x mouse hybridomas., on the other hand, are use
ful because .they produce abundant amounts of protein, 
and these cell lines are more stable than the human 

• 
lines. However, repeated injections of "foreign" anti-
bodies, such as a mouse antibody, in humans, can lead 
to harmful hypersensitivity reactions. 

There has therefore been recent exploration of the 
possibility of producing antibodies having the advan
tages of monoclonals from mouse-mouse hybridomas, yet 
the species specific properties of human monoclonal 
antibodies. 

Another problem faced by immunologists is that 
most human monoclonal antibodies (i.e., antibodies 
having human recognition. properties) obtained in cell 
culture are of the IgM type. When it is desirable to 
obtain human monoclonals of the IgG type, however, it 
has Qeen necessary to use such techniques as cell 
sorting, to separate the few cells which have switched 
to producing antibodies of the IgG ·or other type from 
the majority producing antibodies of the IgM type. A 

" 

L 

.. 

' 
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-need therefore exists for a more ready method of 
switching antibody classes, for any given antibody of 
a predetermined or desired antigenic specificity. 

The present invention bridges both the hybridoma 
and monoclonal antibody technologies and provides a 
quick: and·. efficient method, as well as products de
rived:; the-r..efrom, for the improved production of chi

meric~ human/non-human antibodies, or of "class switch
ed• antibodies. 

INFORMATION DISCLOSURE STATEMENT* 

Approaches to the problem of producing chimeric 
antibodies have been published by various authors. 

Morrison, s. L. et al., Proc. Natl. Acad. Sci., 
USA, 81: 6851-6855 (November 1984), describe the pro
duction of a mouse-human antibody molecule of defined 
antigen binding specificity, produced by joining the 
variable region genes of a mouse antibody-producing 
myeloma cell line with known antigen binding speci
ficity to human immunoglobulin constant region genes 
using recombinant DNA techniques. Chimeric genes were 
constructed, wherein the heavy chain variable region 
exon from the myeloma cell line S107 well joined to 
human IgGl or IgG2 heavy chain constant region exons, 
and the light chain variable region exon from the same 
myeloma to the human kappa light chain exon. These 
genes were transfected into mouse myeloma cell lines 

* Note: The pre·sent :rnformation Disclosure Statement 
is subject to the provisions of 37 c.F.R. l.97(b). In 
addition, Applicants reserve the right to demonstrate 
that their invention was made prior to any one or more 
of the mentioned publications. 
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and. Transformed cells producing chimeric mouse-human 

antiphosphocholine antibodies were thus developed. 
Morrison, s. L. et al., European Patent Publica

tion No. 173494 (published March ·s, 1986), disclose 

chimeric ."receptors" Ce.g.·antibodies) having variable 
regions·. derived from one species and constant regions 
derived from another. Mention is made of utilizing 
cDNA cloning to construct the genes, although no de-
tails of cDNA cloning or priming are shown. 

5, 7 and 8). 

(see pp 

Boulianne, G. L. et al., Nature, 312: 643 (Decem
ber 13, 1984), also produced antibodies consisting of 
mouse variable regions joined to human constant re
gions. They constructed immunoglobulin genes in which 
the DNA segments encoding mouse variable regions spe
cific for the hapten trinitrophenyl CTNP) were joined 
to segments encoding human!!!!!. and kappa constant re
gions. These chimeric g·enes were expressed as func
tional TNP binding chimeric IgM. 

For a commentary on the work of Boulianne et al. 
and Morrison et al., see Munro, Nature, 312: 597 
(December 13, 1984), Dickson, Genetic Engineering 

News, 1.L No. 3 (March 1985), o.r Marx, Science, 229: 
455 (August 1985). 

Neuberger, M. s. et al., Nature, 314: 268 (March 
25, 1985 >, also constructed a chimeric heavy chain 
immunoglobulin gene in which a DNA segment encoding a 
mouse variable region specific for the hapten 4-hy

droxy-J-nitrophenacetyl CNP> was joined t~.- a segment 
encoding the human epsilon region. When this chime1·.1c 
gene was transfected into the J558L cell line, an 
antibody was produced which bound to the NP hapten and 
had human IgE properties. 

• 
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Neuberger, M.S. ~ al., have also published work 

showing the preparation of cell lines that secrete 
hapten-specific antibodies in which the Fe portion has 

been replaced either with an active enzyme moiety 
(Williams., G. and Neuberger, M.S. Gene 43:319, 1986) 
or wi.th·, a~ polypeptide displaying c-myc antigenic 
determinants. (Nature, fil:604, 1984). 

Neuberger.-,. M. et al., PCT Publication WO 86/01533, 

(published Ma~ch 13, 1986) also disclose production of 
chimeric antibodies (seep. 5) and suggests, among the 

technique's many uses the concept of 0 class switching" 
(see p. 6). 

Taniguchi, M., in European Patent Publication No. 
171 496 (published February 19, 1985) discloses the 
production of chimeric antibodies having variable re
gions with tumor specificty derived from experimen
tal animals, and constant regions derived from human. 
The corresponding heavy and light chain genes are pro
duced in the genomic form, and expressed in mammalian 
cells. 

Takeda, s. ~ al., Nature, 314: 452 (April 4, 
1985) have described a potential method for the con
struction of chimeric immunoglobulin genes which have 
intron sequences removed by the use of a retrovirus 
vector. However, an unexpected splice donor site 
caused the deletion of the V region leader sequence. 
Thus, this approach did not yield complete chimeric 
antibody molecules. 

Cabilly, S. et al., Proc. Natl. Acad. Sci., USA, 
81: 3273-3277 (June 1984), describe plasmids that di
rect the synthesis in!.:.. coli of heavy chains and/or 
light chains of anti-carcinoembryonic antigen (CEA) 
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antibody. Another plasmid was constructed for expres-

.sion of a truncated form of heavy chain (Fd') fragment 

in§.:_ coli. Functional CEA-binding activity was ob

tained by in vitro reconstitution, in ~ coli 

extracts:,, a£ a portion of the heavy chain with light 

chai:rr •. 
Ckb±I.r.y·,, s., et al., European ?atent Publication 

I25D233 (published November 14, 1984) describes chimer
ic immuno:giobulin genes and their presumptive products 
as well as other modified forms. On pages 21, 28 and 

33 it discusses cDNA cloning and priming. 
Boss, M. A., European Patent Application 120694 

{published October 3, 1984) shows expression in §.:._ 

coli of non-chimeric immunoglobulin chains with 4-
nitrophenyl specificity. There is a broad descrip
tion of chimeric antibodies but no details (seep. 9). 

Wood, c. R. et al., Nature, 314: 446 (April, 1985) 

describe plasmids that direct· the synthesis of mouse 

anti-NP antibody proteins in yeast. Heavy chain ~ 
antibody proteins · appeared to be glycosylated in the 

yeast cells. When both heavy and light chains were 
synthesized in the same cell, some of the protein was 
assembled into functional antibody molecules, as de
tected by anti-NP binding activity in soluble protein 

prepared from yeast cells. 

Alexander, A. et al., Proc. Nat. Acad. Sci. USA, 
79: · 3260-3264 (1982), describe the preparation of a 
cDNA sequence coding for an abnormally short human Ig 
gamma heavy chain COMM gamma3 BCD serum protein) con

taining a 19- amino acid leader followed by the first 

15 residues of the V · region. An extensive internal 
deletion removes the remainder of the V and the entire 

CHl domain. This is cDNA coding for an inte·rnally 
deleted molecule. 

• 

•· 
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Dolby, T. w. et al., Proc. Natl. Acad. Sci., USA, 
77: 6027-6031 (1980 >, describe the preparation of a 

cDNA sequence and recombinant plasmids containing the 

same coding for !£ and . kappa human immunoglobul in 
polypeptides. One of the recombinant DNA molecules 
contained codons for part of the ca3 constant region 
domain-and-the entire 3' noncoding sequence. 

Seno:, M~. et al., Nucleic Acids Research·, 11: 719-

726 (1983 >, describe the preparation of a cDNA se
quence and recombinant plasmids containing the same 
coding for part of the variable region and all of the 
constant region of the human IgE heavy chain (epsilon 
chain). 

Kurokawa, T. et al., ibid, 11: 3077~3085 (1983), 

show the construction, using cDNA, of three expression 

plasmids coding for the constant portion of the human 
IgE heavy chain. 

Liu, F. T. et al., Proc. Nat. Acad. Sci., USA, 81: 

5 369-5373 ( September 1984), describe the preparation 

of a cONA sequence and recombinant plasmids containing 

the same encod_ing about two-thirds of the. CH2, and all 

of the CH3 and CH4 domains of human IgE heavy chain. 
Tsujimoto, Y. et al., Nucleic Acids Res., 12: 

8407-8414 (November 1984), describe the preparation of 
a human V lambda cDNA sequence from an Ig lambda-pro
ducing human Burkitt lymphoma cell line, by taking 
advantage of a cloned constant region gene as a primer 
for cDNA synthesis. 

Murphy, J., PCT Publication WO 83/03971 (published 
November 24, 1983) discloses hybrid proteins made of 
fragments comprising a toxin and a cell-specific li

gand (which is suggested as possibly being an anti
body)~ 
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Tan, et al., J. Immunol. 135:8564 {November, 

1985), obtained expression of a chimeric human-mouse 

immunoglobulin genomic gene after transfection into 

mouse myeloma cells. 

Jones, P. T., et al., Nature 321:552 (May 1986) 

cons0tructed and expressed a genomic construct where 

CDR' domains of variable regions from a mouse mono

clona antibody were used to substitute for the cor

responding domains in a human antibody. 

Sun, L.K., et al., Hybridoma ~ suppl. 1 Sl 7 

(1986), describes a chimeric human/mouse antibody with 

potential tumor specificty. The chimeric heavy and 

light chain genes are genomic constructs and expressed 

in mammalian cells. 

Sahagan et al., J. Immun. 137:1066-1074 {August 

1986) describe a chimeric antibody with specificity to 

a human tumor associated antigen, the genes for which 

are assembled from genomic sequences. 

For a recent review of the field see also Morri

son, S.L., Science 229: 1202-1207 (September 20, 1985) 

and Oi, V. T., et al., BioTechnigues !:214 (1986). 
The Oi, et al., paper is relevant as it argues 

that the production of chimeric antibodies from cDNA 

constructs in ·yeast and/or bacteria is not necessarily 

advantageous. 

See also Commentary on page 835 in Biotechnology 4 

(1986 >. 

SUMMARY OF THE INVENTION 

The invention provides a novel approach for pro

ducing genetically engineered antibodies of desired 

variable region specificity and constant region pro

perties through gene cloning and expression of light 

and heavy chains. The cloned immunoglobulin gene pro
ducts can be produced by expression in genetically 

engineered organisms •. 

• 
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The application of chemical gene synthesis, recom
binant DNA cloning, and production of specific immuno
globulin chains in various organisms provides an ef

fective solution for the efficient large scale pro
duction of human monoclonal antibodies with the anti
gen specif lei.ties of either human or non-human, espe

cially rodentr monoclonal antibodies. The invention 

also provides, a solution to the problem of class 
switching antibody molecules, so as to readily prepare 
immunoglobulins of a certain binding specificity of 

any given class. 

The invention provides cDNA sequences coding for 
immunoglobulin chains comprising a constant human 
region and a variable, either human or non-human, 
region. The immunoglobulin chains can either be heavy 

or ·light. 
The invention also provides gene sequences coding 

for immunoglobulin chains comprising a cDNA variable 
region of either human or non-human origin and a geno

mic constant region of human origin. 
The invention also provides sequences as above, 

present in recombinant DNA molecules, especially in 
vehicles such as plasmid vectors, capable of expres
sion in desired prokaryotic or eukaryotic hosts. 

The invention also provides consensus sequences 
and specific oligonucleotide sequences useful as 
probes for hybridization and priming cDNA synthesis of 
any hybridoma mRNA coding for variable regions of any 
desired specificity. 

The invention provides hosts capable of producing, 
by culture, chimeric antibodies and methods of using 
these hosts. 
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The invention also provides chimeric immunoglobu
lin individual chains and whol~ assembled molecules 

· having human constant regions and non-human variable 
regions, wherein both variable regions have the same 
binding specificity. 

Among 9th.er immunoglobulin chains and/or molecules 
p_ra,;ided: b¥ the invention are: 

Cm>> ce complete functional, immunoglobulin mole
a.ui.e- comprising: 

Ci> two identical chimeric heavy chains com~ 
prising a non-human variable region and 
human constant region and 

Cii) two identical all (i.e. non-chimeric) 
human light chains. 

Cb) a complete, functional, immunoglobulin mole
cule comprising: 

Ci> two identical chimeric heavy chains com
prising a non-human variable region and 

-a human constant region, and 
Cii> two identical all (i.e. non-chimeric) 

non-human light chains. 
Cc) a monovalent antibody, i.e., a complete, 

functional immunoglobulin molecule compris
ing: 

Ci> two identical chimeric heavy chains com
prising a non~human variable region and 
a human constant region, and 

(ii) two different light chains, only one of 
which has the same specificity as the 
variable region of the ·-i.eavy chains. 
The resulting antibody . molecule . binds 
only to one end thereof -and is therefore 
incapable of divalent binding; 

... 

.. 
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Cd) an antibody with two different specificities, 

i.e. , a complete, functional immunoglobulin 
molecule comprising: 

(i) two different chimeric heavy chains, the 

first one of which comprises a non-human 
variable region and a human constant 
region and the second comprises a dif
ferent non-human variable region, and a 
human constant region, and 

(ii) two different chimeric light chains, the 
first one of which comprises a non-human 
variable region having the same specifi

city as the first heavy chain variable 
region, and a human constant region, and 
the second comprises a non-human varia-

• 
ble region having the same specificity 
as the second heavy chain variable· 
region, and a human constant region. 

The resulting antibody molecule binds to two 
different antigens. 

Genetic sequences, especially cDNA sequences, cod
ing for the aforementioned combinations of chimeric 
chains or of non-chimeric chains are also provided 
herein. 

The invention also provides for a genetic se
quence, especially a cDNA sequence, coding for the 

variable region of an antibody molecule heavy and/or 
light chain, operably linked to a sequence coding for 
a polypeptide different than an immunoglobulin chain 
(e.g., an enzyme). These sequences can be assembled 

by the methods of the inventio_n, and expressed to 
yield mixed-function molecules. 
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The use of cDNA sequences is particularly advan

tageous over genomic sequences (which contain 

introns), in that cDNA sequences can be expressed in 

bacteria or other hosts which lack RNA splicing sys

teme •. 

Among preferred specific antibodies are those 

mnr±n'gl specificities to cancer-related antigens. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGURE 1 shows the DNA rearrangements and the ex

pression of immunoglobulin ~ and gamma heavy chain 

genes. This is a schematic representation of the 

human heavy chain gene complex, not shown to scale. 

Heavy chain variable V region formation occurs through 

the joining of VB, D and JH gene segments. This gen

erates an active ~ gene. A different kind of DNA 

rearrangement called "class switching" relocates the 

joined VH, D and JH region from the mu constant c 
region to another heavy chain C region (switching to 

gamma is diagrammed here). The scheme emphasizes that 

the J region is a common feature of all expressed 

heavy chain genes. The J region is also a common 

feature of expressed light chain genes. 

FIGURE 2 shows the known nucleotide sequences o·f 

human and mouse J regions. Consensus· sequences for 

the J regions are shown below the actual sequences. 

The oligonucleotide sequence below the mouse kappa J 

region consensus sequence is a Universal Immunoglobu

lin Gene CUIG) oligonucleotide which is used in the 

present invention. 
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FIGURE 3 shows a scheme noting the use of the UIG 

oligonucleotide primer for the synthesis of cDNA com
plementary to the variable region of immunoglobulin 

messenger RNA, or the use of oligo-dT as a primer for 

cDNA synthesis., followed by in vitro mutagenesis. 

FIGURE 4 shows the synthesis and analysis of human 
IgGl·genes, including three isolated clones (A.b), one 
of~which: (pGMH-6) is utilized as a cloning vector (B). 
A 1.5 kb dele.tion of pBR322 sequence between Bam HI 

and PvuII is marked. Not to scale. 
FIGURE 5 shows the cloning vector pQ23, a modified 

pBR322, useful for cDNA cloning at the KpnI site. This 
vector also contains the useful restriction enzyme 
sites BglII plus Sal!. Not to scale. 

FIGURE 6 shows in A. the synthesis and analysis of 
human light chain kappa genes. The Figure also shows 

in B. Cnot to scale) construction of a human CK region 
cloning vector pING2001. 

FIGURE 7 shows primers designed for immunoglobulin 
V region synthesis. CA> shows the heavy chain J-C 
regions and primers. A DNA version of each mouse J 

heavy region is shown directly above primers designed 
from that sequence. Mouse J regions are 5' to 3', 
left to right, while primers are 3' to 5', left to 
right. Primer names are included in brackets, and 
numbers of nucleotides CN) and number of mismatches 
with each J 8 region are listed to the right. Primers 
which introduce a BstEII site are underlined. CB) 
shows the light chain J regions and P.r~mers. The same 
as for CA) except for light chains. Primers designed 
to introduce a BglII site are underlined, as is the 
BclI site present in pING2016E. CC> shows mouse vari-
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able region consensus UIG pri~ers. Th~ actual primer 

sequence is sh~wn below that consensus sequence. The 
human CK HindIII vector pGML60 is shown below. CD) 
shows a mouse gamma 2a J/C junction primer. 

F.IGURE 8 shows the synthesis of heavy chain V 

re~J.on· module genes using oligonucleotide primed cDNA 
syp.thes±.s:.. Not to scale. 

F:IG~ 9 shows the construction of hybrid mouse
human immwroglobulin genes. Panel A shows construc
tion of~ heavy chain gene. Stippled regions show C 
region modules, while·hatched or black regions show v 
region modules. Not to scale. 

FIGURE 10 shows the construction of cDNA cloning

expression shuttle vectors for mammalian cells. The 
vectors pING2003 and pING2003E are derived from pLl, 
pUC12, pSV2-neo and M8-alphaRX12. Stippled regions 
indicate· mouse heavy chain enhancer DNA, hatched 

regions indicate SV-40 DNA from pLl, and cross-hatched 
regions indicate SV-40 DNA from pSV2-neo. In the vec
tors pING2003 and pING2003E, thick lines represent 
pBR322 DNA from pSV2-neo, while thin lines represent 

pUC12 DNA. Arrows indicate the locations and direc
tions of SV-40 early region promoters,,and indicates 
a complete SV-40 intron sequence. Not to scale. 

FIGURE 11 shows the construction of the heavy 

chain expression plasmid pING2006E. Arrows show SV-40 
promoter locations and directions of transcription. 
Hatched and black areas show mouse V region modules, 
while stippled areas show human C region modu,les. Not 
to scale. 

.. 
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FIGURE 12 shows the structure of the chimeric 
anti-hepatitis heavy chain genes in the expression 
plasmids pING2006E and pING2012E. Panel A shows the 

structure of mouse-human chimeric anti-hepatitis heavy 
chain genes. The structure of human IgGl mRNA and 
cDNA. is~ shown- in A.a. The human heavy chain constant 

region:~ cDNA clone pGMH-6 and the mouse heavy chain 

variable.· region cDNA clones pBS13-l and pJ3-ll were 
used to make the hybrid gene used in pING2006E. Hatch
ed gene blocks indicate mouse variable region 
sequences, while open gene blocks show human IgGl con

stant region sequences. Panel B shows the nucleotide 
sequence of the anti-hepatitis B heavy chain variable 
region.in pING2006E and pING2012E. pING2012E was con
structed by first inserting a BqlII site at the Sall 
site of pING1202 (See Figure 16) to form 

pING1202BglII. The chimeric heavy chain gene from 
this plasmid was inserted into the expression vector 

pING2003E, resulting in pING2012E. pING2012E differs 
from pING 2006E in the region immediately upstream of 
the initiator ATG. Underlined nucleotides denote human 
J region sequences from the cDNA clone pGMH-6. Aste
risked amino acid 117 indicates a single change at 
this site from mouse to human sequence (Ala to Ser> 
introduce~ in the chimeric gene J region. Sequencing 
was by the Sanger method on plasmid Copen circle) and 
Ml3 (closed circle) templates. 

FIGURE 13 shows in panel A the J-C junction region 
nucleotide sequence in light chain clones derived from 
pING2001 CpMACK~3, pING2013E, pING2007E, pING2010E-gpt 

and pING2014E-gpt). The J region sequence originat

ing from pK2-3 is marked human JK4. The G nucleotide 
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·not predicted by genomic sequencing is marked with an 

asterisk. The oligonucleotide primer CK2-4BCLI) used 

to modify this sequence ,is shown below the human JK4 

sequence. Panel B diagrams the method of site-direct

ed:. mutagenesis used to make .pING2016E-gpt. Not to 

E!Ili:URE 14 Gene copy number of the transfected se-

. quenc:es: in two transformants. nDNA from _2AE9, 2BH10 

wered:i.gested with the enzymes indicated. The concen

tration of DNA is titrated down across the lanes with 

the amount indicated above them. The probe contains 

human C gamma 1 sequences {pmvHc24 ApaI-BamHI) ~ The 

reference is germ-line or GM2146 nDNA digested with 

Apa!. The 3' ApaI site is 2 bp beyond the site of 

polyCA) addition (3). 

FIGURE 15 shows the nucleotide sequence of the V 

region of the L6 v8 cDNA clone pH3-6a. .The sequence 

was determined by the dideoxytermination method using 

M13 subclones of gene fragments (shown below). ·open 

circles denote amino acid residues confirmed by pep

tide sequence. A sequence homologous to DsP. 2 in the 

CDR3 region is underlined. 

FIGURE 16 shows the nucleotide sequence of the V 

region of the L6 VK cDNA clone pL3-12a. The oligonu

cleotide primer used for site-directed mutagenesis is 

shown below the JKS segment. Open · circles denote· 

amino acid residues confirmed.by peptide sequence. 

FIGURE 17 shows ~he construction of chimeric L6-VH 

plus human C gamma 1 express ion plasmids. Panel Ca> 

shows the sequences of the BAL-31 deletion clones 

Ml3mpl9-Cl-delta 4 (Cl-delta 4) and Ml3mpl9-Cl-delta. 

2lCCl- delta 21). The 5' end of the cDNA clone, 
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pH3-6~, is denoted with an arrow. Ml3 sequences are 

underlined. The oligonucleotide primer used for this 

experiment is H3-6a (5 '- GACTGCACCAACTGG-3'), which 
primes in FRl near the mature N terminus. Panel Cb) 
shows the. strategy for site-directed mutagenesis of 1 
ug of·clones Cl-delta 4 and Cl-delta 21, each annealed 
to 20 ng· of the 31-mer oligonucleotide MJH2-APaI. 
Complementary· strand synthesis with the Klenow f rag-· 
ment of DNA polymerase was at room temperature for 30 
min, then 1s0 c for 72 hours. Transfected phage 

plaques were adsorbed to ni trocel 1 ulose, fixed with 

NaOH, and hybridized to 32P-labelled MJH2-ApaI oligo
nucleotide at 6s0 c, 18 hours, in 4xTBS C0.6 M ~aCl, 
0.04 M Tris-Bel {pH 7.4), 0.004 M _EDTA) plus 10% dex
tran sulfate. Final wash of the filters was at 65°c, 
4xSSPE, 0.1% sos for 15 min. (Maniatis, T., et al., 
Molecular Cloning: A Laborator~ Manual, 1982). Posi
tive plaques were detected by overnight exposure to 
Kodak XAR film, and were directly picked for growth 
and restriction enzyme anaysis of RF DNA. Mismatches 

of the MJH2-ApaI oligonucleotide to the mouse CHl are 
denoted, resulting in the coding change·s shown below 

the oligonucleotide. Panel Cc) shows the strategy of 
the substitution of each of the mutagenized L6-v8 
modules for the resident VH of the chimeric expression 
plasmid pING2012 to generate pING2111 and pING2112. 

FIGURE 18 shows the construction of the chimeric 
L6 expression plasmid pING2119. The Sal! to BamBI 
fragment from pING2100 is identical to the Sal! to 
BamBI A fragment from pING2012E. 

FIGURE 19 shows the modification of the VK gene 
and its use in constructing light chain and heavy plus 
light chain expression plasmids. 
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(a) Deletion of the oligo d[GC] segment 5' of VK 

of L6. The oligonucleotide is a 22-mer and contains a 
SalI site. The 3 mismatches are shown. The VK gene, 
after mutagenesis, is joined as a SalI-HindIII frag

ment to the human CK module. The expression plasmid 
thus formed is pING2119. 

(b> pING2114, a heavy plus light chain expression 

plasmid. The expression plasmid pING2114 contains the 

L6 heavy chain chimeric gene from pING2111 and· the 
chimeric light chain from pING2119 (bold line). 

FIGURE 20 shows a summary of the sequence altera
tions made in the construction of the L6 chimeric 
antibody expression plasmids. Residues underlined in 
the 5' untranslated region are derived from the cloned 
mouse kappa and heavy- chain genes. Residues circled 
in the V/C boundary result from mutagenesis operations 
to engineer restriction enzyme sites in this region. 
Residues denoted by small circles above them in the L6 

heavy-chain chimera also result from mutagenesis. 
They are silent changes. 

FIGURE 21 shows the 2H7 VH sequence. The VH gene 
contains JHl sequences and DSP. 2 sequence elements •. 
Small circles above the amino acid residues are those 
that matched to peptide sequences. 

FIGURE 22 shows the 2H7 VL sequence. The VK gene 
contains JKS sequences. A 22-mer oligonucleotide was 
used to place a Sall site 5' of the ATG initiator 
codon. Small circles above the amino acid residues 
are those that matched to peptide sequences. 

·~ 
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FIGURE 23 shows the chimeric immunoglobulin gene 
expression plasmids of the 2H7 specificity. One gene 

plasmids are pING2101 (VH,neo), pING2106 (VK,neo) and 
pING2107 (VK,gpt). The others are two-gene plasmids • 

Their construction involved the ligation of the larger 
NdeI fragments of pING2lOl and pING2107 to linearized 

pING2l06 partially digested with NdeI. pHL2-ll and 
pHL2-26 were obtained from pING2101 and pING2106; 
pLL2-2s· was obtained from pING2107 and pING2106. 

FIGURE 24 shows a swnmary of the nucleotide 

changes introduced in the VH and VK in the construc
tion of the chimeric plasmids. The _cognate v8 and VK 
nucleotide residues in the 5' end are underlined. 
Circles residues in the J-C junctions are derived from 
the human C modules. 

D~SCRIPTION OF THE PREFERRED EMBODIMENTS 

INTRODUCTION 

Generally, antibodies are composed of two light 
and two heavy chain molecules. Light and heavy chains 
are divided into domains of structural and functional 

homology. The variable regions of both light CVL) and 
heavy CVH) chains determine recognition and specifici
ty. The constant region domains of light CCL) and 
heavy <Ca> chains confer important biological proper
ties such as antibody chain association, secretion, 
transplacental mobility, complement binding, and the 
like. 

A complex series of events leads to immunoglobulin 
gene expression in B cells. The V region gene se
quences conferring antigen specificity and binding are 

located in separate germ line gene segments called v8 , 

D and JH; or VL and JL. These gene segments are join
ed by DNA rearrangements to form the complete v 
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regions expressed in heavy and light chains respec

tively (Figure 1) •. The rearranged, joined CVL-JL and 
VB-o-J8 } V segments then encode the complete variable 
regions or antigen binding domains of light and heavy 
cha:i:ns, respectively. 

DEFINITIONS 

Certain terms and phrases are used throughout the 
s:p:ec:i:fication and claims. The following definitions 
are provided for purposes of clarity and consistency. 

1. Expression vector~ a ·plasmid DNA. containing 

necessary regulatory signals for the synthesis of mRNA 
derived from gene sequences, which can be inserted 
into the vector. 

2. Module vector - a plasmid DNA containing a 
constant or variable region gene module. 

3. Expression plasmid - an expression vector that 
contains an inserted gene, such as a chimeric immuno
globulin gene. 

4. Gene cloning - synthesis of a gene, insertion 
into DNA vectors, and identification by hybridization 

and the like. 
5. Transfection - the transfer of DNA into mam

malian cells. 

GENETIC PROCESSES AND PRODUCTS 

The invention provides a novel approach for the 
cloning and production of human antibodies with de-
sired specificity. 

five elements: 

Generally, the method combines 

(1) Isolation of messenger RNA (mRNA) from B cell 
hybridoma lines producing monoclonal anti-

.. 
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bodies against specific antigens, cloning and 
cDNA production therefrom; 

(2) Preparation of Universal Immunoglobulin Gene 

(UIG) oligonucleotides, useful as primers 

and/or probes for cloning of the variable 
region gene segments in the light and heavy 
chain mRNA from specific human or non-human 
hybridoma cell lines, and cDNA production 
therefrom; 

C 3) Preparation of constant region gene segment 
modules by cDNA preparation and cloning, or 

genomic gene preparation and cloning; 
(4) Construction of complete heavy or light chain 

coding sequences by linkage of the cloned 
specific immunoglobulin variable region gene 
segments of part ( 2) above to cloned human · 

constant region gene segment modules; 
CS) Expression and production of light and heavy 

chains in selected hosts, including prokary

otic and eukaryotic hosts, either in separate 
fermentations followed by assembly of anti
body molecules in vitro, or through produc
tion of both chains in the same cell. 

The invention employs cloned hybridoma B cell 
lines producing monoclonal antibodies of defined spec
ificity for the isolation of mRNA for cDNA cloning. 
Because many lymphoid cell lines contain highly active 
nucleases which degrade mRNA during isolation, the 

invention uses mRNA preparation methods specifically 
developed for thE;; isolation of intact mRNA from cells 

and tissues containing active nucleases. One such 
method yields total RNA preparations by cell or tissue 
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disruption in an ethanol-perchlorate dry ice mixture 

which reduces nuclease action (Lizardi, P. M. ~ ~' 
Anal. Biocbem., 98: 116 {1979)). · This method gives 
intact translatable m.RNA. 

Other methods that have been used for this inven
tian: include extraction of cells with lithium chloride 
Ql.u.s; urea {Auffray, c., and Rougeon, F., Eur. J. Bio
chetr •. ,. 107: 303 (1980) > or guanidine thiocyanate 
(Chirgwin, J. M. et !!:_, Biochemistry, 18: 5294 
(1979)) to prepare total RNA. 

One universal feature of all expressed immunoglo
bulin light and heavy chain genes .and messenger RNAs 

is the so-called J region (i.e. joining region, see 
Figure 1). Heavy and light chain J regions have dif
ferent sequences, but a high degree of sequence hom

ology exists (greater than 80%) within the heavy JB 
regions or the kappa light _chain J regions. The in
vention provides consensus sequences of light and 

heavy chain J regions useful in the design of oligo
nucleotides (designated herein as UIGs) for use as 
primers or probes for cloning immunoglobulin light or 
heav:y chain m.RNAs or genes (Figures 2 or 7). Depend
ing on the nature of design of a particular DIG, it 
may be capable of hybridizing to all immunoglobulin 
mRNAs or genes containing a single specific J se-

_ quence, such as UIG-MJH3 which detects only mouse_JH3 
sequences (Figure 7 >. · 

Another utility of a particular UIG probe may be 
hybridization to light chain or heavy chain mRNAs of a 
specific constant region, such as UIG-Mji--~h:i-ch de

tects all mouse JK containing sequences (Figure 7). 
UIG design can also.include a sequence. to introduce a 
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restriction enzyme .site into the cDNA. copy of an im
munoglobulin gene (see Figure 7). The invention may, 

for example, utilize chemicai gene synthesis to gener

ate the UIG probes for the cloning of V regions in 

immunoglobulin mRNA from hybridoma cells making mono

clonal antibodies of desired antigen specificities. 
A multi-stage procedure is utilized for generating 

complete V+C' region cDNA clones from hybridoma cell 
light and heavy chain mRNAs. In the first stage, the 
invention utilizes UIG probes as "primers" for reverse 
transcriptase copying of the complete V region and 
leader coding sequences of heavy and light chain mRNAs 

(Figure 3). The complementary strand of the primer 
extended cDNA is then synthesized, and this double
stranded cDNA is cloned in appropriate cDNA cloning 
vectors such as pBR322 (Gubler and Hoffman, Gene, 25: 
263 (1983)) or pQ23 (Figure 5; Maniatis, T. et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory Publications, New York, page 224 

(1982) >. Clones are screened for specific hybridiza
tion with UIG oligonucleotide probes. Positive heavy 
and light chain clones identified by this screening 
procedure are mapped and sequenced to select those 
containing V region and leader coding sequences. 

An alternative method is to make cDNA clones using 
oligo-dT as a primer, followed by selection of light 
and heavy chain clo.nes by standard hybridization 
methods. 

A second stage utilizes cloning of C region gene 
segments to form heavy and light chain module vectors. 

In one method cDNA clones of human heavy and light 
chain immunoglobulin mRNA are prepared. These cDNA 
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clones are then converted into C region module vectors 

by site-directed mutagenesis to place a restriction 
site at a desired location near a boundary of the con
stant region. An alternative method utilizes genomic 
C region cianes as the source for C region module vec
tors-~ 

A .. : thi:bE S:tage of cDNA cloning involves· the gen
eration-: of c:cme:I.ete light and heavy chain · coding se
quences w-itlr. ri:.nked V and C regions. The cloned V 
region segments generated as above are excised and 

ligated to light or heavy chain C region module vec
tors. For example, one can clone the complete human 
kappa light chain C region and the complete human gam

ma1 C region. :i:n addition, one can modify a human 
gamma 1 region and introduce a termination codon, . 
thereby obtain a gene sequence which encodes the heavy 

. chain portion of an Fab molecule. 
The coding sequences having operationally linked V 

and C regions are then transferred into appropriate 
expression systems for· expression in appropriate 
hosts, prokaryotic or e·ukaryotic. Operationally link
ed means in-frame joining of coding sequences to de
rive a continuously translatable gene sequence with
out alterations or interruptions of the triplet read
ing frame. 

One particular advantage of using cDNA genetic 
sequences in the present invention is the fact that 
they code continuously for immunoglobulin chains, 
either heavy or. light. By "continuously" is meant 
that the sequences do not contain introns Ci. e. are 
not genomic sequences, but rather, since derived from 
mRNA by reverse transcription, are sequences of con
tiguous exons). This characteristic of the cDNA 
sequences provided by the invention allows them to be 

... 
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expressible in prokaryotic hosts, such as bacteria, or 

in lower eukaryotic hosts, such as yeast. 
Another advantage of cDNA cloning methods is the 

ease and simplicity of obtaining V region gene 
modules-. 

The- te:rnr "non-human" as used in the invention is 
meant to: include any animal other than a human, where
in an·. immune: response can be generated which then 

leads to usable B cells resulting in corresponding 
hybridomas or B cell clones obtained by viral trans

formation and the like. Such animals commonly include 

rodents such as the mouse or the rat. Because of ease 
of preparation and great availability, the mouse is at 
present the preferred, non-human animal. Mouse-mouse 
hybridomas are thus utilized as the preferred sources 
for heavy and light chain variable regions. 

Preferably, the invention provides entire V and/or 
C region cDNA sequences. This means that the se
quences code for substantially operable V and/or C 
regions, without lacking any major structural portions 

thereof. 
The terms "constant" and "variable" are used func

tionally to denote those regions of the immunoglobulin 
chain, either heavy or light chain, which code for 
properties and features possessed by the variable and 
constant regions in natural non-chimeric antibodies. 
As noted, it is not necessary for the complete coding 
region for variable or constant regions to be present, 
as long as a functionally operating region is present 
and available. 

A wide range of source hybridomas · are available 
for the preparation of mRNA. For example, see the 
catalogue ATCC CELL LINES AND HYBRIDOMAS, December, 
1984, American Type Culture Collection, 12301 Parklawn 
Drive, Rockville, Maryland 20852, U.S.A., pages 5-9 

and the ECACC Catalogu~, 2nd Edition; PHLS CAMR Porten 
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Down, Sal_isbury, Wills; SP40JG, U.K. pages 30-35 and 

40-46-. Hybridomas secreting monoclonal antibodies 

reactive to a wide variety of antigens are listed 

therein, are available from the collection, and usable 

in:·!the invention. Of particular interest are hybrido

massseer:etin.g antibodies which are reactive with viral 

antig~. mc:luding Dengue complex specific CATCC HB 

-114),,llengue type 1 virus (ATCC HB 47), Dengue type 2 
virus• (ATCC HB 46), Dengue type_ 3 virus CATCC HB 49), 

Dengue type 4 virus CATCC HB 48), Epstein-Barr 

receptor (ATCC HB 135 >, Flavivirus group (ATCC HB 

112), hepatitis B surface antigen (ATCC CRL 8017 and 

8018 >, herpes simplex type I (ATCC HB 8068 >, herpes 

simplex type II (ATCC HB 8067), influenza virus (ATCC 

CL 189), influenza· A virus, matrix protein (ATCC HB 

64), influenza A v.irus, nucleoprotein CATCC HB 65), 
influenza A Bangkok/l/79HA (ATCC HB 66 >, influenza 

AWSN NP (ATCC HB 67), SV40 large T antigen (ATCC · TIB 

115), SV40. large T antigen, C-terminal end (ATCC TIB 

117), and SV40 nonviral T antigen {ATCC TIB 116). 

Examples of other hybridomas include those secreting 

antibodies to tumor associated antigens or to human 

lymphocyte antigens, such as those reactive to human 

tumor-associated CEA, high mw (ATCC CRL 8019); human 

tumor-associated alpha-fetoprotein, IgG1! (ATCC BB 

134); human B lymphocyte HLA-DR, monomorphic, IgG2b 

CATCC H~ 104); human T lymphocyte T cell precursors, 

IgGl CATCC CRL 8022); human ·T lymphocyte T cell sub

set, helper, IgG2b ·cATCC CRL 8002); T subset, suppres

sor/cytotoxic, human, IgG1 CATCC CRL 8013); T cell 

subset, suppressor/cytotoxic, human, IgG2·a (ATCC CRL 

8014 >; T ·cells, peripheral, human, IgG1 (ATCC CRL 

8000); T cells, peripheral, · human, IgG2a (ATCC CRL 

8001>; thymocytes, "common," human, IgG1 (ATCC CRL 
8020). 

... 
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These lines and others of similar nature can be 

utilized to copy the mRNA coding for variable region, 

using the OIG probes. Of particular interest are 

antibodies with specificity to human tumor antigens. 

Expression vehicles include plasmids or other vec

tors,. Preferred among these are vehicles carrying a 

functional!¥,.· complete human constant heavy or light 

chain sequence having appropriate restriction sites 

engineered so that any variable heavy or light chain 
sequence with the appropriate cohesive ends can be 

easily inserted therein to. Human constant. heavy or 
light chain sequence-containing vehicles are thus an 

important embodiment of the invention. These vehicles 

can be used as intermediates for the expression of any 
desired complete heavy or light chain in any appro

priate host. 

One preferred host is yeast. Yeast provides sub
stantial advantages for the production of immunoglo

bulin light and heavy chains. Yeasts carry out post
translational peptide modifications including glycosy

lation. A number of recombinant DNA strategies now 
exist which utilize strong promoter sequences and high 
copy number plasmids which can be used for overt pro

duction of the desired proteins in yeast. Yeast 
recognizes leader sequences on cloned mammalian gene 

products and secretes peptides bearing leader se
quences (i.e. prepeptides) (Hitzman, et al., 11th. 
International Conference on Yeast, Genetics and Mole

cul-::,.. Biology, Montpelier, France, September 13-17, 

1982 >. 
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1 Yeast gene expression systems can be routinely 

evaluated for the level of heavy and light chain pro
duction, protein stability, and secretion. Any of a 
series of yeast gene expression systems incorporating 

pr.omote:e: and termination elements from the actively 

&xp;reSSE"d: genes coding for glycolytic enzymes produced 
in· lar.ge _quantities when yeasts are grown in mediums 
rich. i:m g;tucose can be utilized. Known glycolytic 
genes ca:rr.· also provide very efficient transcription 

control signals. For example, the promoter and term
inator signals of the iso-1-cytochrome C (CYC-1) gene 
can be utilized. 

The following approach can be taken for evaluating 
optimal expression plasmids for the expression of 
cloned immunoglobulin cDNAs in yeast. 

Cl) The cloned immunoglobulin DNA linking V and C 

regions is attached to different transcrip
tion promoters and terminator DNA fragments; 

C2> The chimeric genes are placed on yeast plas
mids used for protein overproduction (see, 

for example, Beggs, J. D., Molecular Genetics 
and Yeast, Alfred Benzon Symposium, 16, 
Copenhagen (1981)); 

C3) Additional genetic units such as a yeast 
leader peptide may be included on immunoglob
ulin DNA constructs to obtain antibody secre

tion. 
(4) A portion of the sequence, frequently the 

first 6 to 20 codons of the gene sequence may 
be modified to represent preferred yeast 
codon usage. 

• 

• 
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C 5 > The chimeric genes are placed on· plasmids 

used for integration into yeast chromosomes. 

The following approaches can be taken to simultan

eously express both light and heavy chain genes in 

yeast. 

(1) The light and heavy chain genes are each 

attached to a yeast promoter and a terminator 

sequence and placed on the same plasmid. 

This plasmid can be designed for either 

autonomous replication in yeast or integra

tion at specific sites in the yeast chromo

some. 

( 2) The light and heavy chain genes are each 

attached to a yeast promoter and terminator 

sequence on separate plasmids containing dif

ferent selective markers. For ·example, the 

light chain gene can be placed on a plasmid 

containing the trpl gene as a selective 

marker, while the heavy chain gene can be 

placed on a plasmid containing ~3 as a 

selective marker. The plasmids can be 

designed for either autonomous replication in 

yeast or integration at specific sites in 

yeast chromosomes. A yeast strain defective 

for both selective markers is either simul

taneously or sequentially transformed with 

the plasmid containing light chain gene and 

with the plasmid containing heavy chain gene. 

(3) The light and heavy chain genes are each at

tached to a yeast promoter and terminator 

sequence on separate plasmids each containing 

different selective markers as described in 
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(2) above. A yeast mating type "a" strain 

defective in the selective markers found on 

the light.and heavy chain expression plasmids 

< trpl and ~3 in the above example) is 

transformed with the plasmid containing the 

light chain gene by selection for one of the 

two selective markers Ctrpl in the above 

example). A yeast mating type "alpha" strain 

defective in the same selective markers as 

the "a" strain (i.e. trpl and ~3 as 

examples) is transformed with a plasmid con

taining the heavy chain gene by selection for 

the alternate selective marker (i.e. ~3 in 

the above example). The "a" strain contain

ing the light chain plasmid (phenotype:. Trp+ 

Ura - in the above example) and the strain 

containing the heavy chain. plasmid (pheno-: 
type: Trp- Ura+ in the above example) are 

mated and diploids are selected which are 

prototrophic for both of the above selective 

markers CTrp+ Ura+ in the above example). 

Among bacterial hosts which may be utilized as 

transformation hosts, !:_ coli Kl2 strain 294 (~TCC 

31446) is particularly useful. Other microbial· 

strains which may be used include~ coli Xl776 CATCC 

31537). The aforementioned strains, as well as h 
coli W3110 (ATCC 27325) and other enterobacteria such 

as Salmonella tYEh!~urium or Serratia marcescens, and 

various Pseudomonus species may be used. 

In general, plasmid vectors containing replicon 

and control sequences which are derived ·from species 

compatible with a host cell are· used in connection 
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with these hosts. The vector ordinarily carries a 

replication site, as well as specific genes which are 
capable of providing phenotypic selection in trans
formed cells. For example,~ coli is readily trans
formed using pBR322, a plasmid derived from an:§.:_ coli 
species {Bolivar, et al.,~, i: 95 (1977)). pBR322 
contains genes for ampicillin and tetracycline resis
tance, and: thus provides easy means for identifying 

transfarme~ cells. The pBR322 plasmid or other micro
bial plasmids must also contain, or be modified to 
contain, promoters which can be used by the microbial 
organism for expression of its own proteins. Those 
promoters most commonly used in recombinant DNA con
struction include the beta-lactamase Cpenicillinase > 

and lactose (beta-galactosidase) promoter systems 
(Chang et al., Nature, 275: 615 <1978); Itakura ~ 
al., Science, 198:1056 (1977))1 and tryptophan pro

moter systems CGoeddel ~t al., Nucleic ~qids Research, 
!= 4057 C 1980 >; EPO Publication No. 0036776 >. While 
these are the most commonly used, other microbial pro
moters have been discovered and utilized. 

For example, a genetic construct for any heavy or 
light chimeric immunoglobulin chain can be placed un
der the control of the leftward promoter of bacteri
ophage lambda (PL). This promoter is one of the 
strongest known promoters which can be controlled. 
Control is exerted by the lambda repressor, and adja
cent restriction sites are known. 

The expression of the immunoglobulin chain 
sequence can also be placed under control of other 
regulatory sequences which may be nhomologousn to the 
organism in its untransformed state. For example, 
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lactose dependent~ coli chromosomal DNA comprises a 

lactose or lac operon which mediates lactose digestion 

by elaborating the enzyme beta-galactosidase. The lac 

control elements may be obtained from bacteriophage 

lambdapLACS, which is infective for~ coli. The lac 

p~omat:e:r-aperator system can be induced by IPTG. 

O'.:ther gromoter/operator system or portions thereof 

can::be:: emg:l.oyed as well. For example, arabinose, col

icine· m..,, qa:lactose, alkaline phosphatase, tryptophan, 

xylose, tac:, and the like can be used. 

Other preferred hosts are mammalian cells,. grown 

in vitro in tissue culture, or in vivo in animals. 

Mammalian · cells provide post-translationa3=, modif ica

tions . to immunoglobulin protein molecules •including 

leader peptide removal, correct folding and assembly 

of heavy and light chains, glycosylation at correct 

sites, and secretion of functional antibody protein 

from the cell-as H2L2 molecules. 

Mammalian cells which may be useful as hosts for 

the production of antibody proteins include cells of 

fibroblast origin, such as Vero CATCC CRL 81 > or 

CHO-Kl CATCC CRL 61), or cells of lymphoid origin, 

such as the hybridoma Sp2/0-Agl4 CATCC CRL 1581 > or 

the myleoma P3X63Ag8 (ATCC TIB 9), and its deriva

tives. 

Several possible vector systems are available for 

the expression of cloned heavy chain and light chain 

genes in mammalian cells. One class of vectors uti

lizes DNA elements which provide. an autonomously rep

licating extrachromosomal plasmid;·derived from animal 

viruses, such as bovine papillomavirus (Sarver, N. et 

al., Proc. Natl. Acad. Sci., USA, 79: 7147 (1982)), 

... 

.. 

.. 
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polyoma virus (Deans, R. J. et al., Proc. Natl. Acad. 

Sci., USA, 81: 1292 (1984)), or SV40 virus (Lusky, M. 

and Botchan, M., Nature, 293: 79 (1981) >. A second 
class of vectors relies upon the integration of the 

desired gene- sequences into the host cell chromosome. 
Cel:ls which have stably integrated the introduced DNA 

into. the-ir chromosomes can be selected by also intro
ducing drug resistance genes such as~ coli~ (Mul
ligan, R. c:. and Berg, P., Proc. Natl. Acad.· Sci.,_ 

USA, 78: 2072 (1981)) or TnS ~ (Southern, P. J. and 

Berg, P., J. Mol. Appl. Genet.,!: 327 (1982)). The 
selectable marker gene can be either directly linked 
to the DNA gene sequences to be expressed, or intro
duced into the same cell by co-transfection (Wigler, 
M. et al., Cell, 16: 77 (1979)). 

Since an immunoglobulin cDNA is comprised only of 
sequences representing the mature mRNA encoding an 
antibody protein or its precursor,. additional gene 
expression elements regulating transcription of the 

gene and processing of the RNA are required for opti
mal synthesis of immu~oglobulin mRNA. These elements 
may i~clude splice signals, · as well as transcription 
promoters including inducible promoters,. enhancers, 
and termination .signals. cDNA expression vectors 
incorporating such elements include those described by 
Okayama, H. and Berg, P., Mol. Cell Biol., 1: 280 
(1983)~ Cepko, c. L. et al., Cell, 37: 1053 (1984): 
and Kaufman, R. J., Proc. Natl. Acad. Sci., USA, 82: 

689 {1985). 

An approach to evaluate optimal vectors for the 
expression of immunoglobulin cDNA in mammalian cells 

involves first placing the immunoglobulin DNA se
quences into vectors capable of stably integrating 
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into the cell genome, or replicating autonomously as 
an extrachromosomal plasmid. The vectors can be used 
to evaluate different gene expression elements for 
optimal immunoglobulin synthesis. 

An· additional advantage of mammalian cells as 
hosts: i;$their ability to express chimeric immunoglob
ulin ~ne:s: which are derived from genomic sequences. 
Tl'ius, mamJmllian cells may express chimeric immunoglob
ulin genes= which are comprised of a variable region 
cDNA module plus a constant region which is .composed 

in whole or in part of genomic sequences. · Several 
human constant region genomic clones have been des
cribed CEll.ison, J. W. et al., Nucl. Acids Res., 10: 
4071 (1982), or Max, E. et al., Cell, 29: 691 (1982)). 
The use of such genomic sequences may be convenient 
for the simultaneous introduction of immunoglobulin 
enhancers, splice signals, and transcription termina
tion signals alon~ with the constant region gene seg
ment. 

Different approaches can be followed to obtain 
complete a2L2 antibodies. 

First, one can separately express the light and 
heavy chains followed by in vitro assembly of purified 
light and heavy chains into complete H2L2 . IgG anti
bodies. The assembly pathways used for generation of 
complete a 2L2 IgG mole.cules in cells have been exten
sively studied (see, for example, Scharff, M., Harvey 
Lectures, 69:. 125 (1974)). In vitro reaction para-:
meters for the formation of IgG antibodies from re
duced isolated light and heavy chains have been defin
ed by Beychok, s., Cells of Immunoqlobulin Synthesis, 
Academic Press, New York, page 69, 19.79. 

'fl . 
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Second, it is possible to co-express light and 
heavy chains in the same cells to achieve intracellu
lar association and linkage of heavy and light chains 

into complete H2L2 IgG antibodies. The co-expression 

can occur by using either the same or different plas
mids in.the same host. 

The: methods described herein can also be used to 

switch· the class of any antibody of a given specifi
city and class to an antibody of the same specificity 

but of a different class, whether human or non-human. 

For example, human IgM antibodies can be transmuted to 
human IgG antibodies by preparing constructs contain
ing human constant IgG cDNA or genomic sequences, 
linked to variable human cDNA sequences obtained from 
a cell producing the original IgM antibody. These 
constructs are then introduced into appropriate hosts 
and.expressed. 

POLYPEPTIDE PRODUCTS 
The invention provides "chimeric" immunoglobulin 

chains, either heavy or light. A chimeric _chain con
tains a constant region substantially similar to that 
present in the heavy chain of a natural human immuno
globulin, and a variable region having any desired 
antigenic specificity. The variable region is either 
from human or non-human origin. 

The invention also provides immunoglobulin mole
cules having heavy and light chains associated so that 

the overall molecule exhibits desired binding and re
cognition properties. Various types of immunoglobulin 

molecules are provided: monovalent, divalent, dispeci
fic (i.e., with different variable regions), molecules 
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with chimeric heavy chains and non-chimeric . light 
chains, or molecules with variable binding domains 

attached to peptide moieties carrying desired func
tions. 

Antibodies having chimeric heavy chains of the 
same or different variable region binding specificity 
and: non-chimeric (i.e. , all human or all non-human> 
Ii..gj1t chains, can be prepared by appropriate associa~ 
tiatr· af the needed polypeptide chains. These chains_ 
are individually prepared by the modular assembly 
methods- of the invention. 

USES 

The antibodies of the invention having human con
stant region can be utilized for passive immunization, 
especially in humans, without negative immune reac
tions such as serum sickness or anaphylactic shock. 
The antibodies can, of course, also be utilized in 
prior art immunodiagnostic assays and kits, iri labell
ed form for in vivo imaging, wherein the label can be 
a radioactive emitter, or . an NMR contrasting agent 
such as a carbon-13 nucleus, or an X-ray contrasting_ 
agent, such as a heavy metal nucleus. The antibodies 
can also be used for in vitro localization of antigens 
by appropriate labelling. 

The antibodies can be used for . therapeutic ·pur
poses by themselves in complement mediated lysis or 
can be coupled to toxins or toher therapeutic moie
ties. 

Class switching 
desired to change 
other properties of 

of antibodies is useful when it is 
the association, aggregation or 

antibodies obtained from cell fus-
ion or hybridoma technology. For example, most human
human monoclonals are of: the IgM class, which are 
known for their ease of: reduction and aggregation. 

Changing such antibodies to other antibody types, such 

as IgG, IgA or IgE, is thus of great benefit. 

... 

.... 
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Mixed antibody-enzyme molecules. can be used for 
immunodiagnostic methods, such as ELISA. Mixed anti
body-peptide effector conjugates can be used for tar
geted delivery of the effector moiety with a high de
gree of efficacy and specificity. 

Having now generally described the invention, the 
same will·_ be further understood by referenc~ to cer

tain speci£ic examples which are included herein for 
purposes of illustration only and are not intended to 
be limiting unless otherwise specified. 

EXPERIMENTAL 
Materials and Methoq~ 
Tissue Culture Cell Lines 

The human cell lines GM2146 and GMlSOO were ob
tained from the Human Mutant Cell Repository (Camden, 
New Jersey) and cultured in RPMI1640 plus 10% fetal 
'bovine serum (M. A. Bioproducts). The cell lines 
Sp2/0 and CRL 8017 were obtained from the American 
Type Culture Collection and grown in Dulbecco's Modi
fied Eagle Medium (DMEM) plus 4.5 g/1 glucose (M. A. 
-Bioproducts) plus 10% fetal bovine serum (Hyclone, 
Sterile Systems, Logan, Utah). Media were supplement
ed with penicillin/streptomycin (Irvine Scientific, 
Irvine, California). 
Recomb~~~~t Plasmid and Bacteriophage DNAs 

The plasmids pBR322, pLl and pUC12 were purchased 
from Pharmacia P-L Biochemicals (Milwaukee, Wiscon
sin). The plasmids pSV2-~ and pSV2-9£1: were obtain
ed from BRL (Gaithersburg, Maryland), and are avail
able from the American Type Culture Collection (Rock-
ville, Maryland). pHu-gamma-1 is a s·ubclone of the 
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8. 3 Kb HindIII to BamHI fragment of the hwnan IgGl 
chromosomal gene. A separate isolation of the human 
IgGl chromosomal gene is described by Ellison, J. W. 
~~- al., Nucl. Acids Res., 10: 4071 {1982). M8alphaRX12 
contains the 0.7 Kb XbaI to EcoRI fragment containing 

the ma.use heavy chain enhancer from the J-C intron 

ceJ]:i:amaf the M603 chromosomal gene (Davis, M. et al., 
Na;ture,~ 283: 733) inserted into Ml3mpl0. G-tailed 
pUc:9:twas purchased from Pharmacia P-L. DNA manipula
tiorrs· involving purification of plasmid DNA by buoyant 
density centrifugation, restriction endonuclease di
gestion, purification of DNA fragments by agarose gel 
electrophoresis, ligation and transformation of ~ 
coli were as described by Maniatis, T. et al., Mole
cular Cloning: A Laboratory Ma~~~~, (1982). Restric
tion endonucleases and other DNA/RNA modifying enzymes 
were purchased from Boehringer-Mannheim (Indianapolis, 
Indiana), BRL, New England Biolabs (Beverly, Massachu
setts) and Pharmacia P-L. 
Oliqonucleotide Preparation 

Oligonucleotides were either synthesized by the 
triester method of Ito et al. (Nucl. Acids Res., ~~: 

1755 (1982)), or were purchased from ELESEN, Los 
Ang~les, California. Tritylated, deblocked oligonu
cleotides were purified on Sephadex-GSO, followed by 

reverse-phase HPLC with a 0-25% gradient of acetoni
trile in lOmM triethylamine-acetic acid, pH 7.2, on a 
Cl8 uBondapak colwnn (Waters Associates). Detri tyla
tion was in 801 acetic acid for 30 min., followed by 

evaporation thrice. Oligonucleotides were labeled 
with [gamma-32PJAT.P plus T4 polynucleot_ide kinase. 

RNA Pr~P.~ration and Analysis 

... 

... 
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Total cellular RNA was prepared from tissue cul

ture cells by the method of Auffray, C. and Rougeon, 
F. (Eur. J. Biochem., 107: 303 (1980)) or Chirgwin, J. 

M. et~!~ (Biochemistry, 18: 5294 (1979)). Preparat
ion of poly(A)+ RNA, methyl-mercury agarose gel elec

trophoresis, and "Northern" transfer to nitrocellulose 

were as described by Maniatis, T. et al., supra. 
Total cellular· RNA or poly(A)+ RNA was directly bound 

to nitrocellulose by first treating the RNA with for
maldehyde (White, B. A. and Bancroft, F. c., J. Biol. 

Chem., 257: 8569 (1982)). Hybridization to filterbound 
RNA was with nick-translated DNA fragments using con
ditions described by Margulies, D. H. et al. (Nature, 

295: 168 (1982) > or with 32P-labelled oli~ucleotide 
using 4xSSC, lOX Denhardt's, 100 ug/ml salmon sperm 
DNA at 37°c overnight, followed by washing in 4xSSC at 

37°c. 
cDNA Prepar~tion and Cloning 

Oligo-dT primed cDNA libraries were prepared from 
poly(A)+ RNA from GM1500 and GM2146 cells by the me

thods of Land, H. ~~ ~~ CNucl. Acids Res., 1= 2251 
(1981)) and Gubler, V. and Hoffman, B. J., Gene,~: 
263 C 198 3), respectively. The cDNA libraries were 
screened by in situ hybridization (Maniatis, T., 
supra) with 32P-labelled oligonucleotides using the 
conditions shown above, or with nick-translated DNA 
fragments using the · conditions of de Lange et al. 
(Cell,,!!: 891 (1983)). 
Oligonucleotide Primer Extension and Cloning. 

Poly(A)+ RNA (20 ug) was mixed with 1.2 ug primer 

in 40 ul of 64mM KCl. After denaturation at 90°c for 

5 min. and then chilling in ice, 3 units Human Placen-
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tal Ribonuclease Inhibitor CBRL) was added in 3 ul of 

lM Tris-HCl, pH 8.3. The oligonucleotide was annealed 

to the RNA at 42°c for 15 minutes, then 12 ul of .OSM 

OTT, .05M MgC1 2 , and l mM each of dATP, dTTP, dCTP, 
and · dGTP was . added. 2 · ul of alpha-32P-dATP (400 

Ci/mmo:l., New England Nuclear) was added, followed by 3 

u1:. a:E ~ reverse transcriptase (19 units/ul, Life 
Sd.:ences;r .. 

A-'El:er incubation at 42°c for 105 min., 2 ul 0.5 M 

EDTA and 50 ul lOmM Tris, lmM EDTA, pH 7.6 were added. 
Unincorporated nucleotides were removed by Sephadex 

G-50 spun column chromatography, and the RNA-DNA hy
brid was extracted with phenol, then with chloroform, 

and precipitated with ethanol. Second strand synthe
sis, homopolymer tailing with dGTP or dCTP, and inser
tion into homopolymer tailed vectors was as described 

by Gubler and Hoffman, supra. 

Site-Directed Mutage~esis 

Single stranded Ml3 subclone DNA (1 ug) was com
bined with 20 ng oligonucleotide primer in 12.5 ul of 

Hin buffer (7 mM Tris-BC!, pH 7.6, 7 mM MgC12' 50 mM 

NaCl). After heating to 95°c in a sealed· tube, the 
primer was annealed to· the template by slowly cooling 

from 70°c to 37°c for 90 minutes. 2 ul dNTPs Cl mM 

each), 1 ul 32P-dATP (10 uCi); 1 ul DTT (0.1 M) and 

0.4 ul Klenow DNA Pol! (2u, Boehringer Mannheim) were 

added and chains extended at 37°c for 30 minutes. To 
this was added 1 ul (10 ng) Ml3 reverse primer (New 
England Biolabs), and the heating/annealing and ~hain 

extension ·steps were repeated. The reaction was 

stopped with 2 ul of a.SM EDTA, pH 8, plus 80 ul of 10 
mM Tris-Bel, pH 7. 6, l mM EDTA. The products were 

... 
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phenol extracted and purified by Sephadex G-50 spun 

column chromatography and ethanol precipitated prior 
to restriction enzyme digestion and ligation to the 

appropriate vector. 
Transfection of Myeloma Tissue Culture Cells 

A variation of the method of Ochi, A. et al. (Na
~, 302.: 340 (1983)) was used for protoplast fusion. 
50 ml. of bacteria at A600 of O. 7 were converted to 
protoplasts by the method of Sandri-Goldin, R. M. et 
al. (Mol. Cell. Biol., != 743 (1981)), then diluted 

with 20 ml DMEM plus 10% FBS (final volume is 25 ml). 
Sp2/0 cells were harvested, pelleted at 2,200 x g,, 

washed, repelleted and resuspended in DMEM at 
2-sx106/ml. Bacterial protoplasts (10 ml) were mixed 

with 1ox106 Sp2/0 cells and pelleted by centrifugation 
at 4,000 x g at 22°c for 20 min. After pipetting off 

the supernatant, the pellet was suspended in the re
maining drop of medium by flicking the tube. 2ml of 
10% DMSO, 37% Cw/v} PEG6000 (Kodak) in DMEM was added 
dropwise with mixing over 45 sec. After 15 sec., 2 ml 
of 42% PEG6000 in DMEM was added over 45 sec. Com
plete DMEM (45 ml) was slowly added with mixing. Cells 
were pelleted at 2500 x g, then .washed and pelleted 
thrice. 

The electroporation method of Potter, H. et al. 
(Proc. Natl. Acad. Sci., USA, 81: 7161 (1984)) was 
used. After transfection, cells were allowed to re
cover in complete OMEM for 48-72 hours, then were 
seeded at 10,000 to 50,000 cells per well in 96-well 
culture plates in the presence· of selective medium. 
G418 (GIBCO) selection was at 0.8 mg/ml, mycophenolic 
acid CCalbiochem) was at 6 ug/ml plus 0.25 mg/ml xan-
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thine, and HAT (Sigma} was at the standard concentra
tion. 
Assays for Immunoglobulin synthesis and Secretion 

Secreted immunoglobulin was measured directly from 
tissue culture cell supernatants. Cytoplasmic protein 
extrac.t~ was ~repared by vortexing 1x106 cells in 160 
ul!.o.f: ll· NJ:4.0C,,. 0.15 M NaCl, 10 mM Tris, 1 mM EDTA, pH 
7'.63 at-: O:'°c,, I.$ minutes, followed by centrifugation at 
10,000 x~.5£to: remove insoluble debris. 

Double antibody sandwich ELISA (Voller, A. et al., 
in Manual of Clinical_!mmunolg_gy, 2nd Ed., Eds. Rose, 
N. and Friedman, H., pp. 359-371, 1980) using affin
ity purified antisera was used to detect specific im
munoglobulins. ·For detection of human IgG, the plate
bound antiserum is goat anti-human IgG (KPL, Gaithers
burg, Maryland) at 1/1000 dilution, while the peroxi
dase-bound antiserum is goat anti-human IgG CKPL or 
Tago, Burlingame) at 1/4000 dilution. For detection 
of human immunoglobulin kappa, the plate-bound anti
serum is goat anti-human kappa CTago) at 1/500 dilu
tion, while the peroxidase-bound antiserum is goat 
anti-human kappa (Cappel) at 1/1000 dilution. 

Antibodies binding hepatitis B surface antigen 
were detected using a commercial (Abbott, AUSAB) 
assay. 

... 
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EXAMPLES 
The following examples show the preparation of 

chimeric antibodies each having a human constant 

region and a non-human variable region. These 
examples. outline the step-by-step process of preparing 
the.chimeric antibodies. 

EXAMPiiE r:: !!~an Antibody Constant Region Gene 
Modules and cDNA Expression Vectors 

(1) Preparation of cDNA Clones, and Vehicles 
Containing Same, for Heavy Chain Human 
Constant Region 

The cell line GM2146 was used as the source in 
mRNA preparation and cDNA cloning. This cell line 
secretes IgGl (Simmons, J. G. et al., Scand. J. 
Immunol., 14: 1-13, 1981 >. Tests of this cell line 
indicated that it secretes IgA as well as IgG. 

The cell line was cloned, and results indicated 
that five of six subclones secreted IgG only, while 
one of six subclones secreted IgA only. Poly(A)+ RNA 
was prepared from the cell line and a cDNA library was 
prepared from the poly(A)+ RNA by the method of 
Gubler, u. and Hoffman, B. J., ~, 25: 263-269 
(1983). An initial plating of the cDNA transformed 
into~ coli strains HBlOl and RRl yielded a total of 
1500 colonies, which were screened by hybridization to 
a HindIII to BamHI fragment of a genomic clone of 
human IgGl CpHu-gamma-1). Four positive clones were 
found. A fragment containing the CH3 coding region of 
one of these clones, pGMH-3 (Figure 4), was used to 
rescreen the original library plus a new transforma
tion of approximately 5000 colonies. Two of the lar-
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gest clones, pGMH-6 and pGMH-15, were analyzed by res

triction enzyme digestion (Figure 4). Both clones 

contained the entire constant region of human IgGl, 

although it was discovered that pGMH-6 had deleted 

approximately 1500 base pairs of pBR322 DNA, apparent

ly_without affecting the IgGl cDNA sequences.· 

Clone pGMH_-6 provided the IgGl constant region 

module- i:n: the construction of cloning vectors for 

heavy chain variable region cloning. 

(2) Preparation of cDNA Clones, and Vehicles 
Containing Same, for Light Chain Human 
Constant Region 

A human cell line (GM1500 > producing IgG2K was 

selected for the initial cloning phase. Poly(A)+ RNA 

prepared from GMlSOO is_ active in in vitro translation 

using rabbit reticulocyte extracts. A cDNA library 

was prepared from this RNA by the method of Land et 

al., Nucl. Acids Res., 1: 2251-2266 (1981), utilizing 

KpnI digested and dG-tailed pQ23 as the cloning vector 

(Figure 5). This vector contains BglII, KpnI and ss·tr 

sites inserted between the BamHI and Sal! sites of 

pBR322. 

In order to identify the cDNA clones generated 

from GMlSOO RNA which correspond to light chain mRNA, 

a DNA probe, UIG-HuK, ·was synthesized and purified. 

The UIG-HuK oligonucleotide has the sequence s•
AGCCACAGTTCGTTT-3', and is designed to. hybridize to 

all functional human kappa mRNA species at the J-C 

junction. This probe was u~d to prime cDNA synthesis 

on GMlSOO RNA in the presence of dideoxynucleotides 

and reverse transcriptase. From 1. 2 ug of total 

... 
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GM1500 polyCA)+ RNA was used in this experiment, the 

entire J sequence and some of the V region was read, 
demonstrating that (1) GMlSOO RNA is intact, (2) the 

kappa probe is of the correct sequence, and (3) GMlSOO 
light:chain mRNA contains JK4 sequences. 

cDNA. clones positive for hybridization to the 
light chain· probe were selected. Since the probe hy
bridize:s to~the J-C junction, the most important point 
was to determine if the clones had complete constant 
region sequence in addition to the J region. 

Insert sizes for the.two largest kappa cDNA clones 
were 0.6 and 0.9 kb~ restriction enzyme mapping indi
cated that the entire constant region coding sequence 
was present in both clones (Figure 6). The hmnan kappa 
cDNA clone pK2-3 was used to make the light chain con
stant region vector pING2001 by inserting the Sau3A 
fragment comprising the hmnan kappa constant and J 
regions into the BclI site of pBR325 (Figure 6B). 

A variant of the human kappa cDNA clone was made 
by placing a HindIII site in the J region. This was 
carried out by in vitro mutagenesis using a JKHINDII~ 
oligonucleotide primer (Figure 7c). The resultant 
plasmid is pGML60. 

A vector, pING2003, was constructed for the trans
fer and expression of cDNA sequences in mammalian 
cells (Figure 10). This vector was constructed from 
pUC12 and two plasmids containing SV40 sequences. pLl 
provides an SV40 early region promoter and an SV40 
late region splice sequence. pSV2-neo sequences pro
vide a selectable marker for mammalian cell transforin.;.· 
ation and SV40 polyadenylation signal sequences. pUCl2 
provides a multiple cloning site for cDNA insertion. 
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The pING2003 vector has several useful restric
tion sites for modifications. These include a HindIII 
site useful for the insertion of enhancer sequences, 
and a HindIII to XhoI fragment useful for the inser
tion of alternate promoter sequences. This vector is 
useful. in the expression of cDNA genes in mammalian 

Cella:.. 
~ddi~~arr. of Enhancer Element to pING2003 

Immunoglobulin enhancer elements have been shown 
to enhance transcription of genes in their vicinity in 
stablr transformed mouse myeloma cells by several hun
dred fold (Gillies, s. o. et al., Cell,~: 717, 1983; 
and Banerji, J. et al. Cell, 33: 729, 1983). To 
facilitate expression of the mouse- human· immunoglo
bulin genes in mouse myeloma cells, the mouse immun?
globulin heavy chain enhancer element was added to the 
cDNA expression vector pING2003 (Figure 10 >. The 
mouse heavy chain enhancer region DNA was isolated 
from an Ml3 subclone of mouse heavy chain genomic DNA 
(M8-alpha-RX12, Deans, R. J., unpublish~d). DNA iso
lated from a Sal! plus EcoRI digestion of this sub
clone was modified with HindIII linkers and inserted 
into the HindIII site of pING2003, resulting in the 
new cDNA expression vector pING2003E. This vector is 
useful in the efficient expression of cDNA genes in 
mammalian cells, particularly mouse myeloma or hybri-
doma cell lines. 

• 
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EXAMPLE II: Human-Mouse Chimeric Anti-BBsAG Antibody 
Chain 

(1) Preparation of cDNA Clones and Vehicles 
Containing Same, for Heavy Chain Mouse 
Anti-BBsAg Variable Region. 

The• cell line CRL8017 was obtained from the ATCC 
and· subc-loned.. Subclones were grown and tested for 
mouse I.gG: anti-hepatitis B binding activity using a 

commercially available anti-BBsAg detection kit. 
Three positive subclones were found. PolyCA>+ RNA was 
prepared from one of these subclones, and was f rac
tionated on a methylmercury agarose gel. The RNA con
tained intact light chain and heavy chain mRNA' s as 
inferred from specific hybridization to kappa UIG-MJK 
primer, and to the mouse heavy chain UIG-MJB3 probe 
Csee Figure 7). In addition, the UIG-MJK primer was 
used for specific priming of anti-HBsAg poly(A)+ RNA 
in a dideoxy sequencing reaction. Sufficient sequence 
was read to show that a major kappa RNA of the anti
HBsAg cell line contains the JK2 sequence. 

The conditions for variable region cDNA synthesis 
were optimized by using heavy and light chain UIG pri
mers on anti-BBsAg poly(A)+ RNA. Dideoxy chain exten
sion experiments demonstrated that the mouse UIG-MJK 
primer and 0IG-JH3 primer correctly primed kappa and 
heavy chain RNAs. When the reverse transcription was 
carried out in the absence of dideoxynucleotides, the 
main product using the kappa UIG-MJK primer was a 
410,:!:20 nucleotide fragment, while the main product 
using the heavy chain UIG-JB3 primer was a 430±30 
nucleotide fragment. These correspond to the expected 
lengths of the variable and 5' untranslated regions of 
kappa and heavy chain immunoglobulin mRNAs. The con
ditions for the optimal priming of poly(A)+ RNA from 

BIOEPIS EX. 1002 
Page 2822



WO 87/02671 PCT/L'S86/02269 

-48-

CRL8017 cells should work well for poly(A·)+ RNA isola

ted from any cell line producing a monoclonal anti

body. 
After determining optimal conditions for. priming 

hybridoma mRNA with oligonucleotide primers, two oli
gonucleotides were designed and used for heavy chain V 
region cDNA synthesis. These two oligonucleotides are 
UIG-MJHBSTEII(l3l and UIG-MJH3 (Figures 7 and 8}. It 
should be noted ~hat the primer seq~ence was designed 
to introduce a BstEII recognition site (GGTGACC) in 
the clone so that it could be joined at this site to 
the human IgGl constant module at the analogous posi
tion at the latter's J region. In this case, the pri
mer had a single G to U mismatch with the mouse mRNA 
sequence that uses the JH3 coding sequence. The 0IG
MJHBSTEII(l3) primer was 13 bases long and the mis

matched residue was flanked by 7 matches 5' and 5 
matches 3' of it. This was the 13-mer BstEII primer. 
To assess the priming efficiency of the 13-mer BstEII 
oligonucleotide, a 21-mer primer specific for mouse 
JB3 ( 0IG-MJH3 > was used. This primer had a perfect 
match for the 17 nucleotides on its 3' end. 

These two primers and the JH3 coding sequences are 
shown in Figure 8. The first strand cDNA products made 
via the 13-mer BstEII and the 21-mer JH3 primers in
cluded bands of approximately 430 nucleotides, which 
represented the entire v8 region. Under the standard 
priming conditions used, the priming efficiency of the 
13-mer BstEII was much less than that of the 21-me.r. 
JH3. Accordingly, a cDNA library was generatea from 
the first strand synthesis from each of these primers, 
using the method of.Gubler and Hoffman, supra. 

.. 

., 
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First, the 21-mer JH3 library was screened with 
the 21-mer JH3 oligonucleotide. Filter hybridization 
was done at 30°, overnight, according to de Lange, T. 
et al.; Cell, 34: 891-900 (1983). The filters were 
then washed at 51° in 6 x SSC, 0.11 sos. Five colo
nies: were- selected. The largest h·ad an insert of ap
proximately.- 460 bp. More significantly, it contain
ed· th-ree. restriction sites predicted from the known 

JH3 sequence, which are present upstream of _the primer 
sequence. This clone, pJ3-ll, was sequenced using the 
J 83 primer by the chain-termination method (Wallace, 
R. B. ~ al., Gene, 16: 21-26 (1981)). The sequence 
obtained has the remaining JH3 coding segment. Just 
upstream, a 13-nucleotide segment matched to a pub
lished D segment sequence (Dsp 2.2) (Kurosawa, Y. et· 
al.,~ Exp. Med., l~~: 201 (1982), and Tonegawa, s., 
Nature, 302: 575 (1983)). A nonapeptide predicted 

from this area showed characteristic homology to the 
published mouse heavy chain V subgroups at amino acid 
residues 86 to 94, comprising the FR3 of heavy chain 
molecules. Plasmid pJ3-ll represented a rearranged 
VDJ sequence, and apparently contained the anti-hepa
titis VH sequence produced by the cell line. 

In order to isolate a VB region cDNA clone that 
had a BstEII site in the J region, an AluI to Sau96I, 
265 nucleotide long, probe from pJ3-ll was next used 
to screen the cDNA library generated from the 13-mer 
BstEII primer. Six positive clones were isolated. The 
largest, pBsl3-l, was further analyzed. The insert 
was 280 nucleotides long and its restriction map 
agreed with that of pJ3-11 except for the introduced 
BstEII site. Figure 9 illustrates how these two in-
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serts were recombined to generate pMVHCa-13, a VB 
clone with the module-joining BstEII site. Three ad
ditional Va cDNA clones were isolated from a cDNA 
library generated from the 2+-mer oligonucleotide UIG

MJH38STEII primer containing a BstEII site. These 
clones may provide alternate v8 cDNA sequences to join 

to human Cg. aequences. 

( 2) Prepara0tfon of cDNA Clones, and Vehicles 
Containing· Same, for Light Chain Mouse Anti
HBsAg Variable Region 

Since the JK2 sequence is present in mRNA prepared 
from the anti-hepatitis hybridoma cell line, the oli
gonucleotide UIG-JK2BGLII (Figure 7B), was designed to 

introduce a BglII site into the JK2 region. Diges
tion with BglII would then allow direct insertion of a 

VK cDNA coding region into the BclI site of the pre
viously noted human CK vector, pING2001. This inser
tion would result in the precise joining of a mouse 
variable region segment (including the J region) to a 
human kappa constant region segment, each in the pro
per coding frame and with no alteration in amino acid 
sequence for either mouse variable or human constant 
region. 

The JK2BGLII . oligonucleotide was used to prime 
anti-BBsAg mRNA to form a cDNA library as for heavy 
chain, supra, in pUC9. The cDNA was size-selected by 
polyacrylamide gel electrophoresis prior to cloning, 
and 80% of the cDNA clones were shown to have insert 

sizes between ·300 and 750 nucleotides in length. Rep
lica filters of this library were screened with two 
oligonucleotides, the original primer and a second 

probe complementary to JK2 sequence 5' to the o.riginal 
primer. 
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It was discovered that the anti-hepatitis B mono
clonal cell line CRL 8017 secretes immunoglobulins 
with at least two different light cha~ns. One of them 

is derived from the myeloma NS-1, which was used as a 
fusion partner in generating the anti-hepatitis B cell 
line. Since NS-1 is derived from the myeloma MOPC21, 
the: P.OS.sibi.lity was investigated that MOPC21 VK mRNA 
may be present in the VK cDNA library from the anti
hepati tis0 monoclonal cell line. Indeed, one cDNA 
clone (p6D4B) analyzed has an identical restriction 

enzyme map to that of MOPC21 VK cDNA, except for the 
inserted BglII site. 

Two conclusions can be drawn from these results. 
The first is that it is possible to effectively use an 
oligonucleotide to introduce a ~estriction enzyme site 
while cloning a VK region.from a hybridoma cell line. 
The second is that one must carefully monitor hybrido
ma cell lines for the presence of multiple V region 
sequences, only one of which is the desired sequence. 

In order to further characterize the kappa light 
chain J regions present in the cell line mRNA, 
poly CA)+ RNA was. bound to nitrocellulose by the for
maldehyde "Dot blot" procedure of White and Bancroft, 
J. Biol. Chem., 257: 8569 (1982). The RNA was hybrid
ized - .to 32P-labeled oligonucleotide probes specific 

for. each functional kappa J region. These probes are 
shown in Figure 7B as the UIG probes SJKl, MJK, 5JK4, 
and SJKS. The results showed that the mRNA hybridized 
strongly to both MJK and SJK4 oligonucleotide probes, 

indicating that both JK2 and JK4 sequences were pre
sent. Since JK2 mRNA had been previously identified as 
the one derived from . the parental hybr idoma partner 
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NS-1, it was concluded that the JK4 rnRNA encoded the 
anti_-hepatitis binding specificity of the CRL 8017 
cells. 

Two different cDNA libraries were screened to iso

late V region clones encoding JK4 sequences. The first 
was::primed by JK2BGLII, supra. The second was made by 
usin-g: the. oligonucl.eotide primer, JK4BGLII, which is 
specific far JK4 mRNA and introduces a BglII site into 
the:J regian of cloned V regions. The JK4BGLII primer 

was used to prime_first strand cDNA synthesis to con
struct a cDNA library by the same method.used to con
struct a JK2BGLII primed cDNA library, except that 
cDNA was not size selected prior to cloning. 

Figure 7B tabulates the mismatches that each 
primer has. with other functional mouse kappa J region 
sequences. Note that JK4 has five mismatches in 21 
nucleotides when compared with the JK2BGLII primer, 
and 3 in 23 with the JK4BGLII primer. 

Both libraries were screened for V region clones 
containing JK4 sequences by hybridizing to an oligo
nucleotide probe specific· for JK4 sequences < SJK4). 
The results of this screen are shown in Table 1. 

,. 
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Table l* 

Probe Specificity 

JK2 JK4 

2% (30/1500) 0.15% (2/1500) 

N/D 3.5% (31/875) 

* Percentage of clones containing JK2 or JK4 se
quence plus a V region. The probes used were the 
oligonucleotide 5JK4 (JK4 specificity, Figure 7) 
and p6D4B, which contains the NS-1 CMOPC21) V re
gion sequence. N/D, not done. 

Several JK4 V region cDNA clones isolated from 

both libraries were characterized. These clones have 

identical restriction enzyme maps, including the engi

neered BglII site resulting from the oligonucleotide 

primed cDNA cloning procedure. The restriction map 

and sequence of one clone, pV17, show that pV17 

contains V region gene sequences. 

These results show that the JK2BGLII primer could 

correctly, although inefficiently, prime JK4 mRNA se

quences. Since the JK2BGLII primer had less mis

matches with any other JK region mRNA than with JK4 

mRNA (Figure 7B>, it is expected that the other JK 

mRNAs can be primed at the correct location with bet

ter efficiency using the JK2BGLII primer. Thus, effi

cient cDNA cloning of any functional mouse kappa V 

region may be obtained by using a mixture of the 

JK2BGLII and JK4BGLII primers. 
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The placement of a BqlII site into the J region 
during cDNA cloning of the V regions allows joining of 
the cloned mouse V region gene module to the human 
kappa constant region gene module (Figure 9B). 

After the aforementioned experiments were carried 
011.t it was found that the cDNA clone pVl 7 lacked a 
comple:te 5' coding region. Nucleotide sequencing 
showedi that the A of the initiator codon ATG was not 
copi·e~_ fu pVl 7. This was not a random cDNA cloning 
artifact. because two other cDNA clones had the same 

defect. Two approaches ~ere devised to obtain a light 
chain gene with a complete 5' coding region. 

First, a new cDNA library was constructed by first 

priming with . an oligonucleotide ( 5 .' -ATATTTGCTGATGCT 
CT-3') complementary to pVl7 sequences 155 bases from 
the 5' end. From this library, clones hybridizing to 
a pV17 DNA fragment probe were selected, and some of 
these new cDNA clones have the initiator ATG plus 
about 20 nucleotides of 5' untranslated region. One of 
these clones, p2-12, supplies a 5' untranslate~ region 
of 23 nucleotides and a complete ATG initiato~ codori. 
When p2-12 was combined with pV17 derived sequences, a 
variable region with a complete 5' end was formed 
(pING2013E). 

Second, site-directed mutagenesis on the existing 
light chain clone was used to simultaneously remove 
the·poly-G tract and place a ribosome recognition se
quence adjacent to the initiator ATG. The PstI frag
ment from pV17 was subcloned into Ml3mpl8. · An oligo
nucleotide (Vl7-IVM; S'-G~~TCGACTCAGCATGAGGTTCC 

AGGTTC-3' > was then used as a primer to mutate the 
pV17 sequence to include a ~I site and an initiator 

... 

• 
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ATG into the pVl 7 sequence. The resultant plasmid 
pV17-IVM provided an alternate mouse variable region 

for joining to human constant region modules. 

The complete nucleotide sequence of the variable 

region from pVl 7 was then determined. The sequence 

shows thatpVl7 contains a VK-JK junction region, ~on
taining, several conserved amino acids, a·nd the hybrid 

JK2/JK4.regian formed by priming the JK4 RNA with the 
UIG-JK2BGLII oligonucleotide. However, the VK region 
in pV17 is non-functional, because the VK and JK re
gions are not in the same coding frame. Translation of 

the pV17 V region would thus result in an abnormal 
immunoglobulin light chain where the J region is 

translated in an incorrect frame. This defect may be 
caused by aberrant V-J joining, resulting in a 
non-functional kappa mRNA, as has been observed by 

Kelley, D.E. ~~ a!_!-, Mol. Cell. Biol., i:1660-1675 
(1985). 

Since the pV17 V region encodes an abnormal immu
noglobulin, it is highly unlikely that this light 

chain is part of a functional anti-hepatitis antibody 

molecule. These results show the importance of moni
toring hybridoma cells for the presence of multiple 
RNA species encoding V regions, only one of which is 
the desired sequence. 

Further screening of CRL 8017 cDNA libraries was 

done to search for VK cDNA clones which are not from 
either of the two VK cDNA classes _found so far 
(MOPC2l-p6D4B, pV17). First an oligo-dT primed cDNA 

library made from CRL8017 RNA was screened with a DNA 
fragment probe specific for the kappa constant region, 
and separately with probes specific for MOPC21 and 
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pV17 VK regions. A cDNA clone (plE9L-81) that con
tains the kappa constant region, but has a different 

VK region than that of MOPC21 or pV17 was discovered. 
This method of screening oligo-dT primed cDNA libra

ries is a. useful alternative to oligonucleotide 
screening of cDNA libraries, because nick-translated 
grobea of high specific activity are used. Also, this 

me.ttrodi allows the simultaneous isolation of several 

c::ta:&SeS' of V region clones, such as all VK clones, by 
appropriate probe choice. Second, the UIG-JK2BGLII
primed cONA library made from CRL 8017 RNA was screen
ed with the 0IG-5JK2 oligonucleotide probe (see Figure 

7 >. A new class of VK cDNA clones was found whose 
members are homologous to plE9L-81 and hybridize to 
the UIG-SJK2 probe, but not to a .MOPC21 VK probe. The 
restriction endonuclease site maps and nucleotide se
quences of these clones also differ from MOPC21-homo
logous VK cDNA clones from CRL8017 cells~ These 
clones, however, _have an aberrant V-J joint which 
results in a nonfunctional mRNA, and appear to be 
identical to one described by Cabilly and Riggs (Gene, 
40:157 (1985)). 

It was therefore concluded that the anti-hepatitis 
B cell line CRL8017 has at least three classes of VK 
mRNA corresponding to the above described cDNA clones 
p6D4B (MOPC21), plE9L, and pV17. The pIE9L and pV17 
clones are derived from mRNA from aberrantly rearrang
ed Kappa genes, while the p6D4B clone is derived from 

the parent hybridoma fusion partner NS-1. None of 
these· clones appear to encode the desired anti-hepa
ti tis light.chain. • 
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(3) Preparation and Expression of Heavy Chain 
Containing Human Constant/Mouse Variable Regions 

The V region sequences in pMVHCa-13 were joined to 

the human IgGl constant (C) region clone pGMH-6. Due 

to the presence of a second BstEII site within the 
IgGl CHl region of pGMH-6, a multi-step ligation was 
required. First, the 220 nucleotide BstEII fragment 
from the J-CHl region of pGMB-6 was ligated to the 

1100 nucleotid·e IgG region BstEII to BamBI fragment of 
pGMH-6. In a separate ligation, the 420 nucleotide 
BstEII to BamHI fragment of pMVHCa-13, which comprises 

the mouse V region, was joined to a calf intestine 
phosphatase treated BamHI plasmid vector. The two 

ligations were then combined, ligase was added, and 

the products were transformed into BB101, resulting in 
the chimeric mouse V-human C clone pMVHCc-24 (Figure 
9A). 

The V region of the hybrid heavy chain gene in 
pMVHCc-2 4 was further analyzed by partial sequence 
analysis. This analysis showed that the cloned V 
region contained a D sequence which matches a known D 
sequence, DSP2. 2 C Kurosawa and Tonegawa, supra) • The 

sequence also predicted a 19 amino acid leader peptide 
similar to known mouse V heavy chain leader peptide 
sequences, and a 5' untranslated region of at least 3 
nucleotides. 

The BamHI fragment containing the mouse-human hy
brid heavy chain gene of pMVHCc-24 was cloned into 
BamHI digested pING2003E vector, resulting in the ex
pression plasmid pING2006E (Figure 11}. The pING2006E 
plasmid should have an increased probability of effi-
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cient expression of the mouse-human chimeric immune

globulin gehe in B lymphoid cells because of the pre
sence of the mouse heavy chain enhancer region. 

A modif !cation of the chimeric heavy chain gene 

~tin pMVHCc-24 was done to provide an alternate 
lieavy·chain gene which lacks the oligo-dC region pre
cedi.nq: the initiator ATG. The pING2012E and pING2006E 
vet I 111 &. are identical except for the nucleotides im
med'.i'a=t:eI y preceding the ~TG, as shown in Figure 12. 

Bacteria harboring the pING2006E and pSV2-neo 
plasmids were converted into protoplasts by the method 
of ·Sandri-Goldin, R. M. et al., Mol. Cell. Biol.,!: 
743 (1981). The protoplasts were then separately fus
ed to SP2/0-Agl4 hybridoma cells (ATCC CRL 1581) by 
treatment with polyethyleneglycol (Ochi, A. et al., 
Nature, 302: 340, 1983). The fused cells were allowed 
to recover for 72 hours · in complete medium before 

platin~ at 10,000 or 50,000 ·cells per well in a 96-
well tissue culture plate. The cells· were. selected . 
with G418 at 0.8 mg/ml for two weeks, when growth in 
some wells was clearly evident. Under .these selection 
conditions, Sp2/0 cells. were completely killed within 
4-7 days by G418. Only cells which have integrated 
and expressed the neo gene present in the vectors will 
grow under G418 selection. The number of wells posi
tive for growth by these integrative transfectants are 
shown in Table 2. 

.. 
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* Table 2 

PCT /t:S86/02269 

---·--------------·------
Strain/ 
Plasmid 

MC1061/pING2006E 
MC1061/pSV2-neo 
MC1061/none 

10,000 
cells/well 

3 (131) 
7 (291) 
0 

50,000 
cells/well 

12 (50%) 
4 (171) 
0 

* Percentage of wells showing positive growth out of 
24 wells. 

Cells transfected with pING2006E and pSV2-neo were 
tested for immunoglobulin gene expression at the RNA 
and protein level. Total cell RNA was prepared from 

transfected cells, bound to nitrocellulose and hybrid
ized to nick-translated probes specific for the mouse

human hybrid heavy chain gene. Two clones were found 
which have a strong signal, representing expression of 
the gene at the RNA level. The· amount of total cellu
lar RNA hybridizing to the mouse-human probe appeared 
to be approximately 1/10 the level of heavy chain RNA 
in the original hybridoma cells. This probably repre

sented about 1% of the total mRNA of the transfected 
cell. 

The transf ected mouse cells were also tested for 
production of cytoplasmic human heavy chain pro~ein by 

an ELISA assay. It was found that 3 out of 7 pING-
2006E transfected cell lines produced detectable 
levels of human heavy chain protein. The mouse cell 
transformant producing the most mouse-human heavy 
chain protein gave a signal in the ELISA assay com
parable to -that of a 1/100 dilution of a human B cell 
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line producing intact human immunoglobulin IgGl. This 

modest level of detected mouse-human heavy chain pro

tein may be due_ to several factors, including insta

bili.ty of heavy chains in the absence of light chains 

in: ~.bridoma cells, or incorrect processing of the 

chiin:e-r+c· gene transcript. 

(i~lGeneAmplification of the Integrated 
Chiineric Gene 

Southern blot analysis showed that multiple copies 

of the pING2006E DNA sequences were integrated in 

tandem in the mouse genome. Restriction enzymes ApaI 

and BglII both cleave pING2006E singly. In the 

transformant, 2AE9, a band, from an ApaI or BqlII 

digestion, of the expected size (8.2kb) was found to 

hybridize to the human C gamma 1 sequences (data not 

shown) • An a BamHI band of the correct size < 1 .. 6kb > 

was found to hybridize to the human as well as the 1E9 

VH sequences. Gene-copy titration experiment (Fig. 

14) indicated that there are about 5 copies of 

pING2006E in the 2AE9 genome. That fact that only a 

single band was detected in the Apa! or BqlII ·· 1ane 

indicates that these individual copies are in a 

tandemly arranged array. A set of double digestions 

showed that pING2006E sequences suffered no 

rearrangement in their introduction into the mouse DNA 

{data not shown). 

We next transfected the 2AE9 cells with a plasmid 

that contains a different selectable marker, the m 
gene, and selected clones growing out in DMEM-HAT. 

One clone, 2BH10, has about· 38 ng soluble human gamma 
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1 protein per 106 cells. Southern analysis showed 

that 2BH10 has about 30 copies of pING2006E (Fig. 14) • 
They were amplified from the 5 copies in 2AE9 without 

. rearrangement of the DNA sequences. (Compare the 2AE9 

panel to the 2BH10) •. Sl data (data not shown) reveal
ed that this increase in template led to a higher 
amount of IgG gene transcripts. We believe that these 

sequences were co-amplified with contiguous cellular 
sequences as a result of the second selection. 

~XAMP~E III: ~~~a~=~ouse Chimeric Antibody with 
Canq~~-A~tigen Specificty 

(1) Antibody L6 

L6 monoclonal antibody CMAb) was obtained from a 
mouse which had been immunized with cells from a human 

lung carcinoma, after which spleen cells were hybri
dized with NS-1 mouse myeloma cells. The antibody 
binds to a previously not identified carbohydrate 
antigen which is expressed in large amounts at the 
surface of cells from most human carcinomas, including 
lung carcinomas Cadeno, squamous), breast carcinomas, 
colon carcinomas and ovarian carcinomas, while the 
antigen is only · present at trace levels in normal 
cells from the adult host. MAb L6 is an IgG2a and can 
mediate antibody dependent cellular cytotoxicity, 
ADCC, in the presence of human peripheral blood leuko
cytes as a source of effector cells, so as to lyse L6 
positive tumor cells, and it can lyse L6 positive 

tumor cells in the presence of human serum as a source 
of complement; the lysis is detected as the release of 
51cr from labelled cells over a 4 hour incubation 
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period. MAb L6 can localize to L6 positive tumors 

xenotransplanted onto nude mice, and it can inhibit 

the outgrowth of such tumors. MAb L6 is described in 

Cancer. Res. 46:3917-3923, 1986 (on MAb specificity) 

and: in-. F;Qq~ Natl. Acad. Sci. 83:7059-7063, 1986 Con 

MA1T- i:urrction) • 

C.2.>• rdentif !cation of J Sequences in the Immuno

gloiiuiln: mRNA of L6. 

Frozen: cells were thawed on ice for 10 minutes and 

then at· room temperature. The suspension was diluted 

with 15 ml PBS and the cells were centrifuged down. 

They were resuspended, after washes in PBS, in 16 ml 

3M LiCl, 6M urea and disrupted in a polytron shear. 

The preparation of mRNA and the selection of the 

poly{A+) fraction were carried out according to Auf

fray, C. and Rougeon, F., Eur. J. Biochem. lOI:303, 

1980. 

The poly (A+) RNA from L6 was hybridized individu

ally with labeled J
8
1, JH2, JH3 and JH4 oligonucleo

tides under conditions described by Nobrega et al. 

Anal. Biochem 111:141, 1983). The products were then 

subjected to electrophoresis in a 1. 7% agarose-TBE 

gel. The gel was fixed in 10% TC~, blotted dry and 

exposed for autoradiography. The result showed that 

the L6 vH contains J 8 2 sequences. 

For the anal~sis of the VK mRNA, the dot-blot 

method of White and Bancroft J. Biol. Chem. £~7:8569, 

(1982} was used. Poly (A+) -RNA was immobilized on 

nitrocE:llulose. filters and was hybridized to labeled 

probe-oligonucleotides at 40° "in 4xSSC. These experi

ments show that L6 contains JKS sequences. A faint 

hybridization to JK2 was observed. 

... 
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(3) V Region cDNA Clones. 
A library primed by oligo CdT) on L6 poly (A+) RNA 

was screened for kappa clones with a mouse CK region 

probe. From the L6 library, several clones were iso

lated. A second screen with a 5' JKS specific probe 
identifie~i". the L6 (JK5 > light-chain clones. Heavy 
chain clon·es- 0£ L6 were isolated by screening with the 

JH2 olig9nucieotide. 
The-heavy and light chain genes or gene fragments 

from the cDNA clones, pH3-6a and pL3-12a were inserted 

into Ml3 bacteriophage vectors for nucleotide sequence 
analysis. The complete nucleotide sequences of the 
variable region of these clones were determined 
(FIGURES 15 and 16 > by the dideoxy chain termination 
method. These sequences predict V region amino acid 
compositions that agree well with the observed compo
sitions, and predict peptide sequences which have been 
verified by direct amino acid sequencing of portions 

of the v regions. 
The nucleotide sequences of the cDNA clones show 

that they are immunoglobulin V region clones as they 
contain amino acid residues diagnostic of V domains 

(Kabat et al., Segue~~es of Prote;E§_of Immuno;_p9j_s:al 
Interest; U.S. Dept_of HHS, 1983). 

The L6 VH belongs to subgroup II. The cDNA pre
dicts an N-terminal sequence of 24 amino acid residues 
identical to that of a known VH C 45-165 CRI·; Margolies 
et al. Mol. Immunol. 18:1065, 1981). The L6 VH has 

the Jg2 sequence. The L6 VL is from the vK-KpnI 
family (Nishi.et al. Proc. Nat._~cd. Sci. USA 8~:6399, 

1985 >, and uses JKS. The cloned L6 VL predicts an 
amino acid sequence which was confirmed by amino acid 
sequencing of peptides from the L6 light chain corres
ponding to residues 18-40 and 80-96. 
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(4) In Vitro Mutagenesis to Engineer Restriction 

Enzyme Sites in the J Region for Joining to a Buman 
C-Module, and to Remove Oligo (dC) Sequences 5' to the 
V Modules. 

Both clones generated from-priming with oligo (dT) 

L.6 VK and L6 Va need to be modified. For the L6 VK' 
the:-J:"-region mutagenesis primer JKBindIII, as shown in 
E!:IIIDREI 17B, was utilized. A human CK module derived 
fr:onr a. cDNA clone was mutagenized to contain the 
Hind.III sequence (see Figure 17A). The mutagenesis 
reaction was performed qn Ml3 subclones of these 
genes. The frequency of mutant clones ranged from 0.5 
to 11 of the plaques obtained. 

It had been previously observed that the oligo 
CdC) sequence upstream of the AUG codon in a VB chi
meric gene interferes.with proper splicing in one par
ticular gene construct. It was estimated that per
haps as much as 70% of the RNA transcripts had under
gone the mis-splicing, wherein a cryptic 3' splice 
acceptor in the leader sequence was used. Therefore 
the oligo CdC) sequence upstream of the initiator AUG 
was removed in all of the clones. 

In one approach, an oligonucleotide was used which 
contains a Sall restriction site to mutagenize the L6 
VK clone. The primer used for this oligonucleotide
directed mutagenesis is a 22-mer which introduces a 
SalI site between the oligo CdC). and the initiator _met 
codon (FIGURE 19). 

I1;1 a different approach, the nuclease BAL-31 was 
used to chew away the oligo (dC> in the·· r.,6 VB clone 
pH3-6a. The size of the deletion in two of the mu
tants obtained was determined by nucleotide sequencing 

BIOEPIS EX. 1002 
Page 2839



" 

W087/02671 PCT/t:S86/02269 . 

-65-

and is shown in FIGURE 17. In both of these mutuants 

(delta 4 and delta 21), all of the oligo CdC) 5' to 
the coding region were deleted. 

These clones were then modified by oligonucleo
tide-directed mutagenesis with the MJH2-ApaI primer 
(FIGURE. 1.7). This 31-base primer introduces an ApaI 

site in the mouse Ca gene at a position analogous to 
an· exis:ting: ApaI site in human Cgammal cDNA gene 
module.. The primer introduces the appropriate codons 
for the human_ C gamma 1 gene. The chimeric heavy 
chain gene made by joining the mutagenized mouse VH 

gene module to a human c8 module thus encodes a chi
meric protein which contains no human amino acids for 

the entire v5 region. 
The human c gamma l gene module is a cDNA derived 

from GM2146 cells (Human Genetic Mutant Cell Reposi
tory, Newark, New Jersey). This C gamma 1 gene module 

was previously combined with a mouse v8 gene module to 
form the chimeric expression plasmid pING2012E. 

(5) L6 Chimeric Expression Plasmids. 
L6 chimeric heavy chain expression plasmids were 

derived from the replacement o~ the v8 module 
pING2012E with the VH modules of mutants delta 21 and 
delta 4 to give the expression plasmids pING2111 and 
pING2112 (FIGURE 17). These plasmids direct the syn
thesis of chimeric L6 heavy chain when transfected 
into mammalian cells. 

For the L6 light chain chimeric gene, the Sall to 
HindIII fragment of the mouse VK module was joined to 
the· human CK module by the procedure outlined in 
FIGURE 18, forming pING2119. Replacement of the neo 
sequence with the E.coli gpt gene derived from pSV2-
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gpt resulted in pING2120, which expressed L6 chimeric 

light chain and confers mycophenolic acid resistance 

when transfected into mammalian cells. 

The: inclusion of both heavy and light chain chi

meri~ ~es in the same plasmid· allows for the intro

ductiom into transfected cells of a 1:1 gene ratio of 

neavy: arr.di light chain genes leading to a balanced gene 

do:sage::.. Tlti.s may improve expression and decrease 

· manipulat±.ans of transfected cells for optimal 

chimeric antibody expression. For this purpose, the 

DNA fragments derived from the chimeric heavy and 

light chain genes of pING2111 and pING2119 were com

bined into the expression plasmid pING2114 (FIGURE 

19). · This expression plasmid contains a selectable 

neoR marker and separate transcription units for each 

chimeric gene, each including a mouse heavy chain en

hancer. 

The modifications and v-c joint regions of the L6 

chimeric genes are summarized in FIGURE 20. 

( 6 > Stable Tran sf ection of Mouse Lymphoid Cells 

for the Production of Chimeric Antibody. 

Electroporation was used (Potter et~. supra; 

Toneguzzo et al. Mol; f~ll ~iol. 6:703 ·1986) ·for the 

introduction of L6 chimeric expression plasmid DNA 

into mouse Sp2/0 cells. The electroporation technique 

gave a transfection frequency of 1-10 x 10-5 for the 

Sp2/0 cells. 

The two gene expression plasmid pING2114 was line

arized by digestion with AatII restriction endonu

clease· ·and transfected into Sp2/0 cells, giving ap

proximately fifty G418 resistant clones which were 

screened for human heavy and light chain synthesis. 

... 
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The levels of chimeric antibody chain synthesis from 

the two producers, 07 and 3E3, are shown in Table 3. 
Chimeric L6 antibody was prepared by culturing the 07 

transfectant cells for 24 hours at 2x10 6 cells/ml in 5 
l. OMEM supplemented with BEPES buffer and penicillin 

and; atreptomycin. The supernatant was concentrated 
over an Amicon YM30 membrane in lOmM sodium phosphate 
buff:er, pHS.O. The preparation was loaded over a 
DEAE~aellulose column, which separated the immunoglo
bulin into unbound and bound fractions. Samples from 
the DEAE-unbound, DEAE-bound and the pre-DEA~ prepara
tions (from 1.6 ul of medium) was separately purified 
by affinity chromatography on a Protein-A Sepharose 
column, eluting with 0.1 M sodium citrate 

, pH 3.5. The eluted antibody was neutralized 
and concentrated by Ami con centricon filtration, in 
phosphate-buffered saline. The yields for the three 
preparations were 12ug (DEAE unbound), 6ug CDEAE 
bound), and 9ug Cpre-DEAE column). Western analysis of 
the antibody chains indicated that they were combined 
in an H2L2 tetramer like native immunoglobulins. 

C 7) A second purification for Chimeric L6 Anti
body Secreted in Tissue Culture. 

a. Sp2/0.pING2114.D7 cells were grown in 
culture medium [DMEM (Gibco #320-1965), supplemented 
with 10% Fetal Bovine Serum CHyclone iA-1111-D), lOmM 
HEPES, lx Glutamine-Pen-Strep (Irvine Scientific 
#9316) to 1 x 106 cell/ml. 

b. The cells were then centrifuged at 400xg 
and resuspended in serum-free culture medium at 2 x 
106 cell/ml for 18-24 hr • 
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c. The medium was centrifuged at 4000 RPM 

in a JS-4.2 rotor C3000xg) for 15 min. 
d. 1.6 liter of supernatant was then fil

tered through a O. 45 micron filter and then concen

trated aver a YM30 CAmicon Corp.) filter to 25ml. 
e. The conductance of the concentrated 

S:U~tan.t was adjusted to 5.7-5.6 mS/cm and the pH 
wam amj_usted to 8. 0. 

f. The supernatant was centrifuged at 

2000xg-, 5 min., and then loaded onto a 40 ml DEAE 
column, which was preequilibrated with lOmM sodium 
phosphate, pH8.0. 

g. The flow through fraction was collected 
and loaded onto a 1ml protein A-Sepharose (Sigma) 
column preequilibrated with lOmM sodium phosphate, 
pH8.0. 

h. The column was washed first with 6ml 
lOmM sodium phosphate buffer pH=8.0, followed by 8ml 
O. lM sodium citrate pH=3. 5, then by 6ml O. lM citric 
acid CpH=2.2). Fractions of 0.5ml were collected in 
tubes containing soul 2M Tris base (Sigma). 

i. · The bulk of the IgG was in the pH=3. 5 
elution and was pooled and concentrated over Centricon 
30 CAmicon Corp.) to approximately .06ml. 
, j. The buffer was changed to PBS (lOmM so
dium phosphate pH=7.4, O.lSM NaCl) in Centricon 30 by 
repeated diluting with PBS and reconcentrating. 

k~ The IgG solu·tion was then adjusted to 
0.10ml and bovine serum albUIJlin (Fraction V, U.S. Bio
chemicals) was adqed to 1.0% as a stabilizing reagent. 

• 
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(8) Production and Purification of Chimeric L6 
Antibody Secreted in Ascites Fluid. 

a. The ascites was first centrifuged a 
2,000 xg for 10 min. 

b. The conductance of the supernatant was 
adj:ua.ted to 5.7-5.6 mS/cm and its pH adjusted to 8.0. 

c. Supernatant was then loaded onto a 40 ml 
IlEAE.~ce:tlulose column pre-equilibrated with 10 mM 

Na2P-0:4H! pH 8. 0. 

d. The flow through from the DEAE column 
was collected and its pH was adjusted to 7.4, and then 
loaded onto a 1. 0 ml goat anti-human IgG (B+L > 

sepharose column. 
e. The column was washed first with 6 ml of 

10 mM sodium phosphate, 0.5 M sodium chloride, 
followed by 8 ml of 0.5 M NB4oa, and 3 M sodium 
thiocyanate. 

f. The sodium thiocyanate eluate was pooled 
and' dialyzed against 2L PBS overnight. 

The antibody can be further concentrated by steps 
j. and k. of the previous procedure. 
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'mBI.E 3 

Levels of.Secreted Chim:ric L6 

Chains fran Sp2/0 Transfectantsa 

Sp2/0.D7 

CultareCbndi tion FBS ~b Garmac 

l. 20 ml, 2d, + 17 77 

seed @ 2x105 /ml 

2. 200 ml, 2d, + 0.9 6 

seed@ 2.Sxl05/ml 

3. 200 ml, ld, 1.9 3.8 

seed @ 2xl06 /ml 

4. Balb/c ascites 5,160 19,170 

PCT /t:S86/02269 

Sp2/0.3E3 

~b ·c 
Ganlla 

100 700 

80 215 

97 221 

ND ND 

a - SpVO cells transfected by electroporation with 

pIN:;2ll4(pL6BL) 

b - u;/1 neasured by ELISA specific for human Kappa - human 

Bence-Jones protein standard. 
c - u;/1 neasured by ELISA specific for hunan ·gamma - hunan IgG 

standard. 

ND - N:>t determined. 

FBS: Fetal Bovine Serum 

,. 
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(9) Studies Performed on the Chimeric LG Anti
body. 

First, the samples were tested with a binding as
say, in which cells of both an L6 antigen-positive and 

an L6 antigen-negative cell line were incubated with 

standard:: mo.use monoclonal antibody t6, chimeric ·L6 
antibodt· derived from the cell culture supernatants, 
and chimeri:c: L6 antibody derived from ascites Cas pre
viously described) followed ·by a ·second reagent, fluo

rescein-isothiocyanate CFITCJ-conjugated goat anti

bodies to human (or mouse, for the standard) immuno

globulin. 
Since the binding assay showed strong reactivity 

of the chimeric L6 on the L6 antigen positive cell 
line and total lack.of reactivity on the negative cell 
line, the next step was to test for the ability of the 

chimeric L6 to inhibit the binding of mouse L6 to 
antigen positive cells; such inhibition assays are 

used routinely to establish the identity of two anti
bodies' recognition of antigen. These data are dis
cussed below ("Inhibition of binding") • As part of 
these studies, a rough estimate of antibody avidity 
was made. 

Finally, two aspects of antibody function were 
studied, the ability to mediate ADCC in the presence 
of human peripheral blood leukocytes, and the ability 
to kill LG positive tumor cells in the presence of 
human serum as a source of complement (see "Functional 
Assays" below>. 

Binding Assays. Cells from a human colon carcino
ma line, 3347, which had been previously shown to ex

press approximately 5 X 105 molecules of the L6 anti-
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gen at the cell surface, were used as targets. Cells 
from the T cell line HSB2 was used as a negative con
trol, since they, according to previous testing, do 
not express detectable amounts of the L6 antigen. The 
target cells were first incubated for 30 min at 4°c 
with either the chimeric L6 or with mouse L6 standard, 
which had been purified from mouse ascites. This was 
followed: by- incubation with a second, FITC-labelled,· 

. reagent, which for the chimeric antibody was goat
anti-human. immunoglobulin, obtained from TAGO <Bur
lingame, CA), and used at a dilution of 1:50. For the 
mouse standard, it was goat-anti-mouse immunoglobulin,\ 
also obtained from TAGO and used at a dilution of 
1:50. Antibody binding to the cell surface was deter
mined using a Coulter Model EPIC-C cell sorter. 

As shown in Table 4 and Table 4A, both the chi
meric and the mouse standard L6 bound significantly, 
and to approximately the same extent, to the L6 posi
tive 3347 line. They did not bind above background to 
the L6 negative HSB2 line. 

In view of the fact that the three different chi
meric L6 samples presented in Table 4 behaved similar
ly in the binding assays, they were pooled for the 
inhibition studies presented below. The same inhibi
tion studies were performed for chimeric L6 derived 
from ascites fluid presented in Table 4A. 

Inh!~~t;on of Binding. As the next step was stud
ied the extent to which graded doses of the chimeric 
L6 antibody, or the standard mouse L6, could inhibit 
the binding of an FITC-labelled mouse L6 to the sur
face of antigen positive 3347 colon. carcinoma cells. 
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Both the chimeric and mouse standard L6 inhibited 
the binding of the directly labelled L6 antibody, with 

the binding curves being parallel. The chimeric anti
body was slightly less effective than the standard, as 
indicated by the results which showed that 3.4 ug/ml 

of the poo:Led chimeric L6 MAb, as compared to 2. 0 

ug/mL o£i the. standard mouse L6 MAb was needed for 50% 
inhibi'tion 0£ the binding, and that 5.5 ug/ml of the 
chimeric L6 (derived from ascites) as compared to 2.7 
ug/ml of the standard mouse L6 MAb was needed for 50% 

inhibition of binding. 

As part of these studies, a rough estimate was 
made of antibody avidity. The avidity of the standard 
mouse L6 had been previously determined to be approxi
mately 4 x-10 8 • The data indicated that there were no 
significant differences- in avidity between the chi

meric and the mouse L6. 

Func"tional Assays. A comparison was made between 
the ability of the chimeric L6 and standard mouse L6 

to lyse L6 antigen positive cells in the presence of 
human peripheral blood leukocytes as a source of ef
fector cells (mediating Antibody Dependent Cellular 

Cytotoxcity, ADCC) or human serum as a source of com
plement (mediating Complement-Dependent Cytolysis, 

CDC). 
As shown in Table 5 and Tables SA-SD, the chimeric 

L6 was superior to the simultaneously tested sample of 
mouse L6 in causing ADCC, as measured by a 4 hr 51cr 

release test. 
Tables 6 and 6A-6B present the data from studies 

on complement-mediated target cell lysis. In this 
case, a high cytolytic activity was observed with both 

the mouse and the chimeric L6 antibodies. 
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Conclusions. 

The results presented above demonstrate a number 

of important, unexpected qualities of the chimeric L6 

mono.clonal antibody of the invention. Firstly, the 

ctrimeric L6 antibody binds to L6 antigen positive 

tumor cells to approximately the same extent as the 

standard and with approximately the same 

aY.iffiVey. · This is significant for the following 

rea:sons: the L6 antibody defines (a) a surface carbo

hydrate antigen, and Cb) a protein antigen of about: 

20,000 daltons, each of which· is characteristic of 

non-small cell lung carcinoma (NSCLC) and certain 

other human carcinomas. Significantly, the L6 anti

body does not bind detectably to normal cells such as 

fibroblasts, endothelial cells,·or epithelial cells in 

the major organs. 

antibody defines 

Thus the chimeric L6 monoclonal 

an antigen that ls specific for 

carcinoma cells and not normal cells. 

In addition to the ability of the chimeric L6 

monoclonal antibodies of the present invention to bind 

specifically to malignant cells and localize tumors, 

the chimeric L6 exerts profound biological effects 

upon binding to its target, which make the chimeric 

antibody a prime candidate for tumor immunotherapy. 

The results presented herein demonstrate that chimeric 

L6 ·is capable of binding to tumor cells and upon bind

ing kills the tumor cells, either· by ADCC or CDC. 

Such tumor killing activity was demonstrated using. 

concentrations of chimeric L6 antibody·--as low a.s O. 01 

ug/ml (lOng/ml). 

Although the prospect of attempting tumor therapy 

using monoclonal antibodies is attractive, with some 

partial tumor regressions being reported, to date such 

... 
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monoclonal antibody therapy has been met with limited 

success {Houghton, February 1985, Proc. Natl. Acad. 

Sci. 82:1242-1246). The therapeutic efficacy of mouse 

monoclonal antibodies (which are the ones that have 

been tried so far> appears to be too low for most 

practical. purposes. The discovery of the profound 

biological. activity of chimeric L6 coupled with its 

specifi.cit¥.· for a carcinoma antigen makes the chimeric 
L6 antibody a· choice therapeutic agent for the treat

ment of tumors in vivo. Moreover, because of the 

"human" properties which will make the chimeric L6 

monoclonal antibodies more resistant to clearance in 

vivo, the chimeric L6 monoclonal antibodies will be 

advantageously used not only for therapy with unmodi

fied chimeric antibodies, but also for development of 

various immunoconjugate~with drugs, toxins, immunomo

dulators, isotopes, etc., as well as for diagnostic 

purposes such as in vivo imaging of tumors using 

appropriately labelled chimeric L6 antibodies. such 

immunoconjugation techniques are known to those skill

ed in the art and can be used to modify the chimeric 

L6 antibody molecules of the present invention. 

Two illustrative cell lines secreting chimeric L6 

antibody were. deposited prior to the filing date of 

this application at the ATCC, Rockville Maryland. 

These are transfected hybridoma C255 (corresponds to 

3E3 cells, supra), ATCC HB 9240 and transfected 

hybridoma C256 (C7 cells, supra), ATCC BB 9241. 

(10) Expression in Yeast of L6 Chains 

Genetic sequence codings for Chimeric L6 antibody 

heavy and light chains were prepared and introduced 

into vectors. Yeast cells were transformed therewith 
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and expression of separate heavy and light antibody 
chains for L6 antibody was detected. 

The present invention is not to be limited in 
scope by the cell lines deposited since the deposited 
embodiment is intended as a single illustration of one 
cES:pe.c:t of the invention and all cell lines which are 
fimc±::ionally equivalent are within the scope of the 
·i:nv.em::ion. Indeed, various modifications of the. in-
v.ent:i:am in addition to those shown in the art from the 
f~qo±ng description and accompanying drawings. Such 
modifications are intended to fall within the scope of 
the appended claims. 

" 

.. 
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Binding Assays Of Chimeric L6 Antil:ody and Moose L6 

Monoclonal Antibody on an L6 Antigen Positive and Lti Antigen 

Negative Cell Line. 

BincliIXJ Ratio For* 

H3347 Cells CL6 +) 

Antibody: Batch GA\1 GAB 

Standard L6 56.6 4.2 

Chimeric L6 a 1.3 110.3 
b 1.3 110.3 

C 1.3 110.3 

Bindin; Ratio For* 

HSB-2 Cells (L6 -) 

~- ~ 

Standard L6 1.1 1.1 

Chimeric L6 a 1.0 1.0 

b 1.0 1.1 
C 1.0 1.1 

* All assays ware conducted using an antil:ody concentration of 

10 ug/ml. The bindin; ratio is the number of t.i.Irl"'..s brighter a 

test sample is than a control sample treated with ~ (FI'R: 

conjugated goat-anti-mouse) or GM (FI'!\: conjugated goat 

anti-human) alone. A ratio of 1 neans that the test sanq;>le is 

just as bright as the control; a ratio of 2 means the test 

sample is twice as bright as the control, etc. 
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Bin~ng Assays Of Chirreric L6 Antibxly and Mouse Monoclonal 

Antibody on an L6 Antigen Positive and L6 Antigen Negative Cell 
Line. 

Antibody Bindin; Ratio For* 

Coocentration B3347 Cells (L6 +) 

Aeti·bgdt Cu:r/ml) GAM GAB 

Seanda:ut L6 30 38 4 

10 49 4 

3 40 3 

Chimeric L6 30 2 108 

(Ascites) 10 2 108 

3 l 42 

Chimeric L6 30 1 105 
(Cell Culture) . 10 1 86 

3 1 44 

Binding Ratio For** 

HSB-2 Cells CL6 -) 

GAM GAH 

Standard L6 10 1 1 

Chizteric L6 10 1 1 

(Ascites) 

Chimeric L6 10 1 1 

(Cell Culture) 

* The bindin; ratio is the number of tines brighter a test . 

sample is than a control sample treated with <;:\M (FI'IC conju

gated goat anti-human) alone. A ratio of 1 ire.ans that the test 

sample is just as bright as the control: a ratio of 2 ~s the 

test sa.nple is twi.c:e ·as bright as the control, etc. 

1' 

!"' 
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AOCCof Chimeric L6 Cz.t:>use) L6 Antib:xlies On Colon Carcinata 
Cell Line 3347. 

AntibJdy 

Concentration PBL per % 

Antibody (ty/ml.) Target Cell cytolysis* 

Chimeric L6 10 100 64 
5 100 70 

10 0 2 

Standard L6 10 100 24 

5 100 17 
10 0 2 

None 0 100 1 

* The target cells had been labelled with 51er and were exposed 

for 4 oours to a canbination of ~b and hUIIBn peripheral blood 
· 51 

leukocytes CPBL) , and the release of Cr was measured subse-

qu:mtly. The release of 51cr (after corrections of values for 

spontaneous release £ran untreated cells) is a measure of the 

percent cytolsis. 
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AD:C of Chimeric L6 and Standard (M:ruse > L6 Antioodies On 

Colon carcincma Cell Line 3347. 

Antibody 
Coocentration PBL per % 

AhtibJdy <wlm1> Target Cell Cytolysis* 

Chimeric L6 20 100 80 

(Ascites) 10 100 74 

5 100 71 

2.5 100 71 

20 0 0 

Chimeric L6 10 100 84 

(Cell Culture) 5 100 74 
2.5 100 67 

10 0 3 

Standard L6 20 100 32 

10 100 26 

20 0 0 

. ' 51 · 
* The ~get cells had been labelled with er and were exp::,sed 

for 4 hours to a canbination of t,.t\b and human peripheral blood 

leukocytes CPBL), and the release of 51cr W:ls measured subse

quently. The release of 51cr ( after corrections of values for 

spontaneous release from untreated cells> is a measure of the 

percent cytolsis. 

.. 
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AIXX: of Chilteric L6 and Standard <M::>use) L6 Antioodies on 
Colon carcincna Cell Line 3347. 

Antibxly 
Concentration PBL per ' Antibody (tXJ/ml) Target Cell Cytolysis* 

Chimeric L6 ·. 5 100 84 

(Ascites). 2.5 100 78 

1.25 100 85 
0.63 100 81 

0.31 100 80 
0.16 100 n 
0.08 100 65 

5 0 0 

Standard L6 5 100 32 

5 0 0 

None 0 100 19 

* The target cells had teen lat:elled with 51cr and were exposed 

for 4 hours to a oombination of ~b and hi.man peripheral blood 

leukocytes CPBL>, and the release of 51cr was measured subse

qumtly. The release of 51er (after oorrections of values for 

spontaneous release fran untreated cells> is a measure of the 

percent cytolsis. 
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PCT/LS86/02269 

AOCC of Chimeric L6 and Standard (Mouse> L6 Ant;ioodies On 
L\Jn3' carci.nona Cell Line H2669. 

Antibody 

Catcentration PBL per % 

. Antibody (µ;J/ml) Target Cell Cytolysis* 

Chimeric L6 10 100 35 

(ttscites) 1 100. 31 
. 0.1 100 27 

0.01 100 15 

0.001 100 13 

0.0001 0 15 

Standard L6 10 100 9 

1 100 15 

None 0 .100 9 

Chimeric LG 10 10 19 
(Ascites) 1 10 15 

0.1 10 11 

0.01 10 13 

0.001 10 22 

0.0001 10 11 

Standard LG 10 10 7 

1 10 6 

None 0 10 8 ~ 
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Antibody 

Chimeric Lo.; 

(Ascites,) 

Standard L6 

83 
mBI.E SC (o:mt'd) 

Antibody 

Coocentration PBL per 

(1X1(ml) Target Cell 

10 0 

10 0 

PCT /t:S86/02269 

' cytolysis* 

4 

9 

* The target cells had teen labelled with 51cr and 'ilere exJ;X)sed 

for 4 hours to a canbination of ~ and Human peripheral blood 
. 51 

leukocytes <PBL), and the release of Cr W!S neasured subse-

quently. The release of 51er (after correcti~ns of values for 

spontaneous release from untreated cells> is a neasure of the 

percent cytolysis • 
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PCT /l:S86/02269 

AOCC of Chineric L6 and Standard- (Mouse) L6 Antilx>dies On 

· Colon Carcinara Cell Line B3347. 

Chimeric L6 

(As::ites) 

Standard L6 

None 

Antioody 

Concentration 

(uq/ml) 

10 

1 

0.1 

0.01 

0.001 

0.0001 
10 

10 

1 

0 

PBL·per 

Target Cell 

100 

100 

100 
100 

100 

0 

0 

100 

100 

a 

100 

' Cytolysis* 

62 

66 

69 

26 
8 

3 

0 

19 
24 
0 

8 

* The target cells had been labelled with 51
cr and -were exposed 

for 4 hours to a ccmbination of W!.b and Human peripheral blood 

leukocytes CPBL), and the release of 51er (after corrections of 

values for spontaneous release fran untreated cells) · is a 

measure of the percent cytolysis. 

.. 
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PCT /t:S86/02269 

Cmplement-cependent cytotoxic effect of chim:ric and stan

dard (muse) L6 on colon carcinara cells fran line 3347, as 

neasured by a 4-hr 51cr-release assay. Bi.man serum fran a 

healthy subject was used as the sour9E! of COllq;>lerrent. 

Antibody Buman complement % Cytolysis 

L6 Standard 10 u;r/ml Yes 90 

L6 chimeric 10 u;r/ml Yes 89 

L6 Standard 10 u;r/ml N, 0 

L6 chimeric 10 ug/ml No 1 
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TABLE 6A 

PCT /t.:S86/02269 

Caiplement Dependent Cytotoxic Effect. of Chimeric L6 and 

Standard (Mouse> L6 Antibodies on Colon carcinorra Cell Line 3347 

Antibody 

CcXlcentration PBL per ' Antitoa;. <!!I/ml) Target Cell Cytolysis* 

Chimeric L6 . 20 + 29 
(Ascites) 10 + 23 

5 + 18 

2.5 + 8 

20 Inactivated 0 

10 0 0 
• 

Chimeric L6 20 + 29 

(Cell Culture)) 5 + 26 

2.5 + 18 

20 + 4 

10 0 4 

Standard L6 20 + 55 

10 + 37 
20 Inactivated 0 

20 0 1 

Nooe 0 + 0 

* Canplement nediated cytolysis was neasured by a 4 hour 51cr-
release assay. Human serum £ran a healthy subject was used as 

the source of complement. 

.. 

~ 
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'D\BLE 6B 

PCT /C:S86/02269 

Conplement Dependent Cytotoxic Effect of Chimaric L6 and 

• Standard (Mouse} L6 Antilx>dies on Colon Carcinara Cell Line 3347 

• 

Antibody• 

Chimeric L6 

(Ascites) 

Standard L6 

None 

Antibody 

Coocentration 

Cu:r/ml.) 

10 

5 
2.5 
1.25 

0.6 
0.3 

10 

10 

5 

2.5 
1.25 

0.6 

0.3 

10 

a 

PBL per % 

Target Cell CYtolY5is* 

+ 209 

+ 155 

+ 166· 

+ 114 
+ 63 

+ 17 

0 0 

+ 96 

+ 83 

+ 48 

+ 18 

+ 7 

+ 4 

0 2 

+ 0 

* Complement mediated cytolysis was measured by a 4 hour 
51er

release assay. HtJIB.n serum fran a healthy subject was used as 

the source of ~lement. 
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EXAMPLE IV: A H~an-Mouse ChimE!r!.q_An~ibody with 
Specificity fo;~Human B-Ce~~ Antigen 

The 2H7 mouse monoclonal antibody Cgamma 2bK) 

1 recognizes a human B-cell surface antigen, Bp35 

(Clark·, E. A. et al., Proc. Nat. ~cad. Sci. USA, 

82.:1766 (1985) >. The Bp35 molecule plays a role in 

B-csll... activation. mRNA was prepared from. the 2H7 

Two cDNA libraries were generated - one 

using the heavy chain UIG-H primer and the other, 

oligo(dT). One v8 clone, pH2-ll_, was isolated upon 

screening with the same UIG-H oligonucleotide. To 

isolate the light-chain clone, a mouse kappa-specific 

DNA fragment was used to screen the oligo(dT) library. 

Candidate clones were further screened with a mouse 

JKS sequences. One VK clone, p~2-12, was thus isolat

ed.· The light chain UIG-K was then used to engineer a 

restriction enzyme site in the J region. 

The two cDNA clones were also modi'fied at the 5' 

end to remove the artificial oligo d[Cl sequence. In 

pH2-ll this was carried out by using the restriction 

enzyme NcoI which cuts one nucleotide residue 5' of 

the ATG initiator codon. In pL2-l2 this was achieved 

by an oligonucleotide in vitro mutagenesis using a 

22-mer containing a SalI site. 

The DNA sequences of these two clones are shown in 

Figures 21, 22. To construct the chimeric heavy chain 

plasmid the v8 module was joined to the human C gamma 

1 module (pGMH6 > at the JH BstEII site, · and the 

chimeric light chain the VK module was j_oined to. the 

human~ module (pGML60) at the JK HindIII site. The 

expression vector sequences were derived from 

... 
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pING2012-neo as well as pING2016-gpt. The constructed 

pl~smids are pING2101 CVaC gamma 1-neo >. pING2106 

(VKCK-neo), pING2107 (VKCK-gpt). pING2101 and 

pING2106 were also used to generate plasmids contain

ing both genes. They are pHL2-ll and pHL2-26. In 

addition-, pING2106 and pING2014 were combined to a two 

light-:-chain plasmid, pLL2-25, to compensate for the 

poorer. (c.ompared to heavy chain> steady-state accumu

la·tion· of light chain protein in transfected cells. 

(See Fig· •. 23) Fig. 24 shows the changes made to the 

variable region sequences during the construction. 

The plasmid, pHL2-ll, was linearized by AatII: and 

the DNA was used to transfect Sp2/0 cells by electro

poration. Transformants were selected in G418-DMEM. 

One transformant, 1C9, produces 9. 3 ng/ml chimeric 

kappa and 33-72 ng/ml chimeric gamma 1 protein as 

assayed by ELISA. Southern analysis of 1C9 DNA showed 

that there is one copy of the plasmid integrated· in 

Sp2/0 genome. 
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WHAT IS NEW AND INTENDED TO BE COVERED BY LETTERS 
PATENT OF THE UNITED STATES IS: 

1. A polynucleotide molecule comprising a cDNA 

sequence coding for the variable region of a non-human 

immunoglobulin chain. 

2.., A polynucleotide molecule comprising a cDNA 

aeqµence coding for the entire variable region of an 

bnmunag;t.obulin chain. 

3. The molecule of .any of claims 1 or 2 wherein 

said chain is a heavy chain. 

4. The molecule of any of claims 1 or 2 wherein 

said chain is a light chain. 

5. The molecule of any of claims 1 or 2 which 

further comprises an additional . sequence coding for 

the constant region of a human immunoglobulin chain, 

both said sequences in operable linkage with . each 

other.· 

6. The molecule of claim 5 wherein . said addi-

tional sequence is a cDNA sequence. 

7. The molecule of claim 5 wherein said addi-

tional sequence is a genomic sequence. 

8. The molecule of claim 5 wherein said non-

human is~ rodent. 
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9. The molecule of any of claims 1 or 2 which is 

a recombinant DNA molecule. 

10. The molecule of claim 9 which is in double
stranded DNA form. 

ll.. The molecule of claim 9 which is an expres

s:i:bie:- vehicle. 

12. The molecule of claim 11 wherein said vehicle 
is a plasmid. 

13. A prokaryotic host transformed with the mole
cule of claim s. 

14. The host of claim 13 which is a bacterium. 

15. A eukaryotic host transfected with the mole

cule of claims. 

16. The host of claim 15 which is yeast or a mam
malian cell. 

17. A heavy immunoglobulin chain comprising a 
cons.tant human region and a variable non-human region. 

18. A light immunoglobulin chain comprising a 

constant human region and a variable non-human region. 

19. A chimeric antibody molecule comprising two 
light chains and two heavy chains, each of said chains 
comprising a constant human region and a variable non
human region. 
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20. The molecule of claim 19 wherein both said 
heavy chains have the same binding specificity in 
their variable region. 

21. The molecule of claim 19 wherein each of said 

heavy chains has a different binding specif i.city in 
its variable region. 

22. An antibody molecule comprising (i) two chi
meric heavy chains having ·the same binding specifi
city in their variable regions, and {ii) two all-human 
or all non-human light chains having. the same binding 
specificity in their variable regions as that of the 
variable regions of the chimeric heavy chains. 

23. An antibody molecule comprising Ci) two chi

meric heavy chains having · the same binding .specif i
city in their variable regions, and {ii) two all-human 
or non-human light chains having different binding 

specificities in their variable regions, wherein the 
binding ·specificity of· the variable region of one of 
said light chains is the same as the binding specifi
.ci ty of the variable region of said chimeric heavy 
chains. 

24. A process of preparing· an immunoglobulin 
heavy ~hain having a constant human region and a vari
~ble non-human region which comprises: 

culturing a host capable of expressing said 
chain under culturing conditions and 

recovering from said culture said heavy 

chain. 
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25. A process of preparing an immunoglobulin 

light chain having a constant human region and a vari
able non-human region which comprises: 

culturing a host capable of expressing said 
chain under culturing conditions; and 

recovering from said culture said light 
chain •. 

26. Ff.process of preparing a chimeric immunoglob
ulin containing a heavy chain and a light chain, each 
of said heavy and light chains having a constant human 
region and a variable non-human region, which com
prises: 

culturing a host capable of expressing said 
heavy chain, or said light chain, or both, under cul-
turing conditions; and 

recovering from said culture said chimeric 
immunoglobulin molecule. 

27. The process of any of claims · 24, 25 or 26 
wherein said host is prokaryotic. 

28. The process of any of claims 24, 25 or 26 
wherein said host is eukaryotic. 

29. A polynucleotide molecule comprising a con
sensus sequence for the J region of a heavy chain im
munoglobulin molecule. 

30. The molecule of claim 29 wherein said se
quence is for a human heavy chain J region. 
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31. The molecule of claim 29 wherein said se
quence is for a mouse heavy chain J region. 

32. A polynucleotide molecule comprising a con
sensus: sequence for the J region of a light chain im

munogj.:a:bulin molecule. 

3:33.~ Tne molecule of claim 32 wherein said se
qi;rem::e iis3 for a human Kappa J region. 

34. The molecule of · claim 32 wherein said 
sequence is for a mouse Kappa J region. 

35. The molecule of claim 32 wherein said· se
quence is for a mouse Lambda J region. 

36. A process of switching the class of·an anti
body chain molecule from a first class to a second 
class which comprises: 

obtaining a cDNA sequence coding for the 
variable region of said chain; 

operably linking said cDNA sequence to a 
genetic sequence coding for the constant region of an 
antibody chain having the characteristics of said 

second class1 
transforming with said linked sequence a host 

capable of expressing said sequences; 
culturing said host under culturing condi-

tions; and 
recovering from said culture said heavy chain 

having the characteristics of said second class •. 

... 

" 

... 
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37. The process of claim 34 wherein said first 
class is IgM and said second class is IgG. 

38. The process of claim 36,wherein said chain is 
a heavy chain .•. 

39.. TlTe• P.rocess of claim 36 wherein said chain is 
a· light: clla:irr, ... 

40. A method of preparing a genetic sequence cod
ing for a chimeric immunoglobulin chain having a con
stant human region and a variable non-human region of 
any desired specificity, which comprises: 

Ca) ·providing mRNA coding for. said variable 
region from a cell secreting monoclonal anti

bodies of said desired specificity; 
Cb) priming the formation, by reverse transcrip

tion using said mRNA as a template, of cDNA 
derived therefrom, with a polynucleotide 

molecule comprising a consensus genetic 
sequence for the J region of said immunoglob
ulin chain; 

Cc) providing a genetic sequence coding for said 
human constant reg.ion; and 

Cd) operably linking said cDNA sequence of step 
Cb) to said sequence of step (c). 

41. The method of claim 40 wherein step Cd) com

prises operably linking said cDNA sequence to said 
sequence of step Cc> in an expression vehicle. 

• 
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42. The method of claim 41 wherein said vehicle 

is a plasmid. 

43. The method of claim 4i . which further com
gti.ses transforming said plasmid into a host capable 
aEexpressing said plasmid. 

4W.: The method of any of claims 40-43 wherein 
sa:di chain is a heavy chain. 

45. The method of .any of claims 4.0-43 wherein 
said chain is a light chain. 

46. The method of claim 40 wherein said consensus 
genetic sequence is selected from the group consisting 
of: 

(i) human heavy chain J region; 
(ii) mouse heavy chain J region; 

(iii) human Kappa J region; 
(iv> mouse Kappa J region; and 
(v) mouse Lambda J region. 

47. The method of claim 40 wherein said consensus 
genetic sequence is selected from the group consisting 

a:f those denoted as MJHl, MJH2, MJH3, MJHJ-BSTEII, 

MJH-BSTEII(l3), MJH4,. SJKl, SJK2, JK2BG1II, SJK4, 

JK4BG1II, SJKS and MJK in Figure 7. 

48. The method of claim 40.wherein said consensus 
sequence f.urther comprises the sequence coding for the 
recognition site of a restriction endonuclease enzyme. 
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49. cDNA expression vectors which have restric

tion endonuclease site maps substantially similar to 
the vectors pING2003 and pING2003E in Figure 10, use
ful for the expression of cDNA in mammalian cells. 

50. The method of claim 40 wherein said consensus 
genetic sequence is selected from the group consisting 
af those denoted as UIGH, UIGK, and MJH2-ApaI in 
F"igure 7. 
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lg heavy chain J-C region 

human heavy chain J regions 

2 /25 

FIG. 2 
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JI CBl 

JBl. GC1'GAATACT'l'CCAGCACTGGGGCCAGGGCACCCTGGTCACCGTCTCCTCAG 
JB2: CDCTGGTACTTCGATCTCTGGGGCCGTGGCACCCTGGTCACTGTCTCCTCAG 
JB).. ATGCt ! !TGATqTCTGGGGCCAAGGGACAATGGTCACCGTCTCffCAG 
JBt·: ACTACTTTGACTACTGGGGCCAAGGAACCCTGGTCACCGTCTCCTCAG 
JBS: ACACTGGTTCGACTCCTGGGGCCAAGGAACCCTGGTCACCGTCTCCTCAG 
JB6'AT(TAC)5GGTATGGACG'l'CTGGGGGCAAGGGACCACGGTCACCGTCTCCTCAG 
Consensus TCGACC'l'C'l'GGGGCCAAGGAACCCTGGTCACCGTCTCC'l'CAG 

aouse beavY chain J re9iona JI CBl 

JB1 TAC'l'GGTACTTCGATGTCTGGGGCGCAGGGACCACGGTCACCGTC'l'CCTCAG 
JB2 TACTTTGACTAC'l'GGGGCCAAGGCACCACTCTCACAGTCTCCTCAG 
JB3 · CCTGGTTTGCTTAC'l'GGGGCCAAGGGACTCTGGTCACTGTCTCTGCAG 
J84 TACTATGCTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCAG 
Consensus TTTGACTACTGGGGCCAAGGGACCACGGTCACCGTCTCCTCAG 

Ig light chain J-C region 

human Kappa J region JIC 

JKl GGAC<rrTCGGCCAAGGGACCAAGGTGGAAATCAAAC 
JK2 ACACTTTTGGCCAGGGGACCAAGCTGGAGATCAAAC 
JK3 TCACTTTCGGCCCTGGGACCAAAGTGGATATCAAAC 
JK, TCACTTTCGGCGGAGGGACCAAGGTGGAGATCAAAC 
JK5- TCACCTTCGGCCAAGGGACACGACTGGAGATTAAAC 
Consensus TTCGGCCAAGGGACCAAGGTGGAGATCAAAC 

mouse Kappa J region J I C 

JKl TGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAAC 
JK2 TACACGTTCGGAGGGGGGACCAAGCTGGAAATAAAAC 
JKl !"!'CACATTCAGTGATGGGACCAGACTGGAAATAAAAC 
JK4 TTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAAC 
~KS CTCACGTTCGGTGCTGGGACCAAGCTGGAGCTGAAAC 
Consensus TTCGGTGGGGGGACCAAGCTGGAAATAAAAC 
UIG lkJ1t) 

3
,TGG1'TCGACCTTTATTTTG 5, 

human ~ambaa pseudo J region J I C 

JPSLl CACATGTTTGGCAGCAAGACCCAGCCCACTGTCTTAG 

mouse Lambda J region J I C 

·JLl TGGGTGTTCGGTGGAGGAACCAAACTGACTGTCCTAG 
JL2 TATGT1'TTCGGCGGTGGAACCAAGGtCACTGTCCTAG 
JL3 TTTATTTTCGGCAGTGGAACCAAGGTCACTGTCCTAG 
Consensus TTCGGCGGTGGAACCAAGGTCACTGTCCTAG 
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FIG.4 

A:;..5."ynthesis of Human lgG1 Genes 

Ol- Human, lgGl Heavy Chain Structure 

V OJ CH1 H CH2 CH3 3'UT 
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B. A Human lgGl Constant Region Cloning Vector for V Region· 
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Fig.7 Primers Designed for lg V Region Synthesis 

-1 P.tpm----.i---JgGI CHI P.tpm-

JHI TACroGTACTICGATGICTGGGGCGCAGGGACCACGGFCACCGlt'ICCICAG 
(MllUI GCCAGTGGCAGAGGAGiCGGI' 

Jll2 TACITIGACTACTGGCAAGGCACCACI'CTCACAGTCTCCTCAG 
(IDllll GAGAGIGl'CAGACGAGICGGT 

Jill CCTGGl11UC1TACIGGGGCCAAGGGACTCTOGl'CACTGrCTCTGCAG 
ACCAGI'GACAGAGACGiCGGI' (MJH3] 

(MJHJ.BS'JElII 
(MIH-BmD (ll)I 
[MJH,BSIEJ (Ll)I 

TCCCl'GA~ 
~GAG 

llllEn 

-J Rqim----lgK CGISlallt Region ---

JKl TGGACGITCGGIGGAGGCACCAAG 
[5JKI( GCAAGCCACCTCCGIGG 

JX2 TACACGITCGGAGGGGGGACCAAGCTGGAAATWAC 
[ruBGlll] CCCIGGTl'CGACCim!iiiIT 
[5JK1] GTGCAAGCCTCCCCCcroG Bwll 
nu TirACGTTCGGCTCGGGG..\C.\AAGITiiGAAU • .\AAAC 
f5JK4( OC.\AGCCGAGCCCCTGT 
(JK4BG1Il( GCCCCllilTICAAC~ 

BrD 

JKS CIC..\CGTICGGlliCTGGGACC.\AGCTGGAGCTCi,\.t~C 
1sm1 GCAAGCCACGACCcroG 

(MJKI TGGITCGAccmurnG 

SUBSTITUTE SHEET 
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FIG. 78 

PCT /t:S86/02269 

c. Rouse Variable Region Consensus Primers 

mouse heavy chain J. segments 

JB1, TACTGGTACTTCGATGTCTGGGGCGCAGGGACCAC GGTCACC GTCTCCTCA 

JB2 TACTTTGACTACTGGGGCCAAG~CCAC CA~ GTCTCCTCA 

JB3 CCTGGTTTGCTTACTGGGGCCAAGGGA~GGTCA GTCTCTGCA 

JB4 TACTATGCTATGGACTACTGGGGTCAA~C~ fc;TCACC GTCTCCTCA 

consensus primer: UIG-B AGGGACCAC c!GTCACC GTCTC 

BstEII 
TCCCTGGTG CCAGTGG CAGAG 

3' s• 

mouse light chain J segments 

JKl TGGACGTTCGGTGGAG~CC AAGC~ G,-&ATCAAA 

JK2 TACACGTTCGGAGGGGGGACC AAGC~ G~TAAAA 

JK4 TTCACGTTCGGCTCGGGGAtt AA . G.TAAAA 

JKS CTCACGTTCGGTGCTGGGACC AAGC GAGCTGAAA 

consensus primer: UIG-K GGGACC iAGCTT GAG 

fil.!!dIII 

CCCTGG TTCGAA CTC 
3' 5' 

pGKL60 GGAGGGACC AAGGTG GAGATGAAA 
---------C-T--------

HindIII 

D. Mouse y2a J/C Junction Primer 

TGTCAGAGGAGTCGGTCGTGTTTCCCGGGTA 
3' ApaI 5' 
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FIG:8 

Heavy Chain V Region Module Gene Synthesis 

CM 
-a::::::::::::~::::::::::::::::::::~,mRNA 

I ' 

p V J 

I ', 
I ', 

I ', 
I ',, 

I ' • 
5' / ........ 3' 
---------iGGCCAAGGGACTCTGGTCACTGTCTCTGtAl---------

pJ3-11 

-ACCAGTGACAGAGACGTCGGT 5, 
• ----ACCAGTGGCAGAGS 

BslE'Jl 

1. Re•erse tronscriptose 
2. RN Ase H, DNA polymerose I 
3. dG toilinQ 

MJH3 
or 

MJHBSTEDU3) 

4. Anneol with pBR322, EcoRll, dC toiled 
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BomHJ 

SomHJ 
pB513·1 
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A In.man JK4 {pK2-3) 
--:.-f 

Ile Ile Ser Leu Ser l.sJ Ser Ala Glu Gly Pro Arg Trp Arg ·•· 
G ATC ATC TCC ere TCA CTT TCG GCG G4G ~A CCA AGG TGG AGA ~ A/JC 

~];;Be/I . 
393 

K2-4 scf I 500 TGA TCA AAC lAA CTG TGG ci 
B 

------········ 

KZ-4 BCLI 

Ml3mpl/-K2-4 

I. K2-4 BCLI 
primer 

2.merse 
primer 

Bg/11 

SacI 

pING20/6E·gpt 
8.3kb 

BomHI 

FIG.13 

Isac I, 
/ Be/H 

Be/I 
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Be/I 
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FIG.15 16 /25 

MEI' Asp TIJI Leo Tip Alll Leo 
ro~mmmmmmmmm~m~ococ~~w~m~~~oo~~~~m 

u ~ ti ~ ~ ~ 

ltJder peptide -i- FRI 
0 0 0 0 0 0 0 0 0 0 

Leu PIie · Lcu MEI' Ala Ala Ala Gin Ser Ala Gin Ala Gin lie Gin Leo Val Gin Ser GIJ Pro GIil Leo L)'J Lys Pro Gly Glu lbr Val 
m~m~wmmw~mwmmmmm~~m~m~m~~m~~n~ 

~ w m oo w oo 

FRI -,-4--CDRI ,._ FR2 

L)'J"lleSer~L)'JAlaSer~-lbrPllelbrAllll}TGlyMEl'Alll-Vall.ysGlllAlaProGly~~Lcu~-MEI' 
~~~E~mm~m£mn~m~~~~~~~mm~~~m~~~ 
~~- ~ m m ~ m m 
8g1II 

TCOR2 CDR2 -1- fRl 

Gly~lleAllllbr-lbrGlyGluProlbr~AlaAspAspPllel.ysGly~PlleAlaPlleSerLcuGlulbrSerAla-lbr 
n~m~£ocm~mmammoo~m~~~mmmmm~£mmoca 

m ~ m ~ ~ ~ 

t-JH2-

FRl -,- CDRl I . 
Ala 1}T Leo GIii lie • Am Am Leo l.ys Asn GID Asp MET Ala Thr TJr Phe Cp Ala q Phe Ser 1}T Gly Asn Ser q Tyr Ser Asp 
mmmm~~~mw~~~~mnmmwm~m~m~~ru~ocm~ 

375 3~ 405 420 OSP. 2 4lS 4511 

---------------JH2 a-,- FR4 

l}T-GlyGlnGlylbrlbrl.mlbr~SerSerAla~lbrlbrAlaProSerW'l}TProLcuAlaProru~GlyAsplbr 
oc~~w~£amn~~rumwnamm~~mmmmm~m~mn 

~ • ffl ~ m. ~ 

lbrGlySerSerVallbrLcuGly~Lcu~~Glyl}TPheProGIDProVallbrLculbr-AlllSerGly 
a~~~~am~Em~~~mmm~m~EmE~illma 

ill m ~ ~ m 

____________ ........ ____________________________________________ An 

-:c 
e 
C, 
m 

.... 
:c 
E 
0 

CD 

-
13-64 t=~--...L....---....L..--------------<==:::::t -
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Fig. 16 17 /25 

lral!r ptplide ~I 
m-~Gm~Gmlk~-~Lmlmlk•Ala•Vallkm•-~~ 

~~mmoo~w~oomru~CAG.mm~rrcmm~~GCTTCAGtCm~ltC~~oo 
H ~ ~ ~ n !lO 

20 FRI -,_ CORI 
0 0 0 0 ~, ~ O O 0 

1k ii 1m • Glli • • Pm Ala, Ile- 1m • Ala • Pm Gly Glu Lys Val 1br 1m 1br C~ & i i • • \id ~ Pbe 
.m GIT rn: 1tC CAG iCT CCA GCA' Alt. m rcr GCA rcr CCA GGG GAG AAG GtC ACA rm ACT TGC ACiG GCC AGC TCA AGT GTA AGT m 

m ~ m oo w oo 

IKS nu I 
0 0 0 OO}R):t Fi' 
• Am PIii 1m 1br ~ Gly Ala Gly Thr L71 1m Gm I.al LJ1 Arg 

,\GT A}£ CCA CIC ACG TIC GGT GCT GGG ACC MG m GAG m AAA CGG 
375 l!lO 405 

----T- Jt-llindWprim 

BomHI Hpal 
pl3·12a c:===~---.L.-___ .J-______ .......,...,... -"M-----.1 
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Bam Ill m Asp Trp uu Trp Am uu 
1.m iiir1rcccc CCC CCC CCC CCC CCC CCC CAG m GTC TIA A{j(j CAC CAC TGA GCC CAA GTC ITA GAC ATC ATG GAT JGG cro TGG .v.c TTG 

pH3-6a f s 11 12 47 6Z 

Sall 
Cl-44 ~ TCT AGG CAC CAC TGA GCC CAA Git lTA G\C ATC ATG GAI JGG CTG JGG .\AC TTG 

Sall 
~ere TAG m Git m AGG CAC c~c TGA GCC CAA Git ITA GAC ATC Aro GAT TOO cro JGG ,I.IC TTG 

b JH2 I CraJ {mouse) 

Fig .17 ~ 1tT olliG QC C!£ ~ '6C AO: ACT Cit /<A OIC 11': 1G r MA Ml !CA Ott ltA m; G1C 

Sal I . ~ Gin Gly Thr Thr uu Thr \11 Ser Ser Ala Lp Thr Thr Ala Pm Ser \hl 

GT CGA ere t%G m GTC TTA AGG CAC CAC TGA........«CAA GGC ACC ACT ere ACA Git rec TCA * AAA ACA ACA GCC CCA TCG GTC 
465 4811 ,uc 495 xx ~ 510 

-"' "'""' "'c:C1!3 :I:';;; ''""""' 
·sa, I VH ApaI 

1113 j---&113 

Flg.17c 

..,, .... 

Salt 

Apol 

Cr, 
Apa I+ So It "A " 

plNG2111 (Cl·~~ I! 
or pING2112 (CH,4 J 

8.283kb 

neor 
Bglir4s79 

Crl 

Apo I+ Sall "e" 

Ndel 1403 
Apol 1599 
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A. 5' L6v.k h 
met asp p e 

20 /25 

B 

-CCCCAAGACAAAATGGATTTTC-
1 I I 

GTC 
Sal I 

plNG 22/// CBI 
8.283Kb 

BamHI 

Hind l1I Af a~~er 

22mer M/3-4 

pING 2114 
ll504Kb 

L6VK JK Hind 1ll 

SUBSTITUTE SHEET 
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FIG.21 

PCT /L'S86/02269 

2H7 heavy chain:-variatde SEaUence 

/aide,. 
met gly phe ser arg ile phe 

C33GTACCTCTCTACAGTCCCTGAAGACACTGACTCTAAC.CATG GGA TTC AGC AGG ATC TTT 

7>epliil~ Ncol I 'f' o o o o 
leu phe leu leu ser val thr thr gly val hisser gln ala tyr leu aln 
CTC TTC CTC CTG TCA GTA ACT ACA GGT GTC CAC TCC CAG GCT TAT CTA CAG 

o o o a o o a 
gln ser gly ala glu leu val arg pro gly ala ser val lys met ser cys 
CAG TCT GGG GCT GAG CTG GTG AGG CCT GGG GCC TCA GTG AAG ATG TCC TGC 

FRI I CbRt CM.I ' F~ 
lys ala ser gly tyr thr phe thr ser tyr asn met his trp val lys qln 
AAG GCT TCT GGC TAC ACA TTT ACC AGT TAC AAT ATG CAC TGG GTA AAG CAG 

F-'2. I Clllll. 
thr pro arg gln gly leu glu trp ile gly ala ile tyr pro gly asn aly 
ACA CCT AGA CAG GGC CTG GAA TGG ATT GGA GCT ATT TAT CCA GGA AAT GGT 

~l IFll,3 
asp thr ser tyr asn gln lys phe lys gly lys ala thr leu thr val asp 
GAT ACT TCC TAC AAT CAG AAG TTC AAG GGC AAG GCC ACA CTG ACT GTA GAC 

lys ser ser ser thr ala tyr met gln leu ser ser leu thr ser glu asp 
AAA TCC TCC AGC ACA GCC TAC ATG CAG CTC AGC AGC CTG ACA TCT GAA GAC 

Fll3 I CM.3 . 
ser ala val tyr phe cys ala arg val val tyr tyr ser asn ser tyr tr9 
TCT GCG GTC TAT TTC TGT GCA AGA G'l'G GTG TAC TAT AGT AAC TCT TAC TGG 
----------- jj,I ~& 

CbllJ I FR"I 'Flt// 
tyr phe asp val trp gly thr gly thr thr val thr val ser 
TAC TTC GAT GTC TGG GGC ACA GGG ACC ACG GTC ACC GTC TCG30 

t 
BJ&Ell 

SUBSTITUTE: SH~r,.,-
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FIG. 22 
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2H7 light chain variable sequence 

/uder ~"tk.. 
met asp phe gln val gln ile phe ser ~he leu leu 

C23CCCAAAATTCAAAGACAAAATG GAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA 
GTC $al I primer . 

I Fill 
ile ser ala ser val ile ile ala arg gly gln ile val leu ser gln ser 
~~~~~~~~~~~~~~~~~ 

FRI I 
pro ala ile leu ser ala ser pro gly glu lys val thr met thr cys arq 
CCA GCA ATC CTG TCT GCA TCT CCA GGG GAG AAG GTC ACA ATG ACT TGC AGG 

C/Jltt . ~, I Fila 
ala ser &er ser val ser tyr met his trp tyr gln gln lys ~ro gly ser 
GCC AGC TCA AGT GTA AGT TAC ATG CAC TGG TAC CAG CAG AAG CCA GGA TCC 

/(pll I t t 8,w,N/ 
F.ta I CMa &l>lf:tl. I .,:,t.s 

ser pro lys pro trp ile tyr ala proser asn leu ala ser gly val cro 
TCC CCC AAA CCC TGG A'l'T TAT GCC CCA 'l'CC AAC CTG GCT TCT GGA GTC CCT 

ala arg phe ser gly ser gly ser gly thr ser tyr ser leu thr ile ser 
GCT CGC TTC AGT GGC AGT GGG TCT GGG ACC TCT TAC TCT CTC ACA ATC AGC 

o o o o o. o Ff3 I r,J>lta • o o o 
arg val glu ala glu asp ala ala thr tyr tyr cys qln 9ln tr~ ser ~he 
AGA GTG GAG GCT GAA GAT GCT GCC ACT TAT TAC TGC CAG CAG TGG AGT TTT 

0 o o CZJR,;i I F']II p O o j~ 
asn pro ?ro tl1r p~e giy ala gly thr lys 
AAC CCA CCC ACG TTC GGT GCT GGG ACC AAG 

F/fl4 
leu glu leu lys 
CTG GAG CTG AM. -------T--

1idlindhl p,i., 
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TARGETED MULTIFUNCTIONAL PROTEINS 

The United States Government has rights in 
this application pursuant to small business 
innovation research grant numbers SSS-4 R43 

CA39870-0l and SSS-4 2 R44 CA39870-02. 

Reference to Related Applications 

This application. is a continuation-in-part 
of copending U.S. application serial number 052,800 
filed May 21, 1987, t~e disclosure of which is 
incorporated herein by reference. 

Background of the Invention 

This invention relates to novel compositions 
of matter, hereinafter called targeted 
multifunctional proteins, useful, for example, in 
specific binding assays, affinity purification, 
biocatalysis, drug_ targeting, imaging, immunological 
treatment of various oncogenic and infectious 
diseases, and in other contexts. More specifically,. 
this invention relates to biosynthetic proteins 
expressed from recombinant DNA as a single 
polypeptide chain comprising plural regions, one of 
which has a structure similar to an antibody binding 
site, and an affinity for a preselected antigenic 
determinant, and another of which has a separate 
function, and may ~e biologically active, designed to 
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bind to ions, or designed to facilitate 
immobilization of the protein. This invention also 
relates to the binding proteins per se, and methods 
for their construction. 

There are five classes of human antibodies. 
Each has the same basic structure (see Figure 1), or 
multiple thereof, consisting of two identical 
polypeptides called heavy (H) chains (molecularly 
weight approximately 50,000 d) and two identical 
light (L) chains (molecular weight approximat~ly 
25,000 d).. Each of the five antibody classes has a 
similar set of.light chains and a distinct set of 
heavy chains. A light chain is composed of one 
variable and one constant domain, while a.heavy chain 
is composed of one variable and three or more. 
constant domains. The combined. variable domains of a 
paired light and heavy chain are known as the Fv 
region, or simply ·Fv·. The Fv determines the 
specificity of the immunoglobulin, the constant 
regions have other functions. -Amino acid sequence data indicate that each· 
variable domain comprises three tiypervariable regions 
or loops, sometimes called complementarity 
determining regions or "CDRs" flanked by four 
relatively conserved- framework regions or "FRs• 
(Kabat et. al.,-Sequences of Proteins of 
Immunological Interest [U.S. Department of Health and 
Human Serv.ices·, third edition, 1983, fourth edition, 
1987]). The hypervariable regions have been assumed 
to be responsible for the binding specificity of 
individual antibodies and to account for the 
diversity of binding of antibodies as a pro~ein class. 

i 
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Monoclonal antibodies have been used both as 
diagnostic and therapeutic agents. They are 
routinely produced according to established 
procedures by hybridomas generated by fusion of mouse 
lymphoid cells with an appropriate mouse myeloma cell 
line. 

The literature contains a host of references 
to the concept of targeting bioactive substances such 
as drugs, toxins, and enzymes to specific points in 
the body to destroy or locate malignant cells or to 
induce a localized drug or enzymatic effect. It has 
been proposed to achieve this effect by conjuga.ting 
the bioactive substance to monoclonal antibodies 
(see, e.g., Vogel, Immunoconiugates, Antibody 
Conjugates in Radioimaging and Therapy of Cancer, 
1987, N.Y., Oxford University Press; and Ghose et al. 
(1978) J. Natl. Cancer Inst • .§.1:657-676, ). However, 
non-human antib~dies induce an immune response when 
injected into humans. Human monoclonal antibodies 

.may alleviate this problem, but they are difficult to 
produce by cell fusion techniques since, among other 
problems, human hybridomas are notably unstable, and 
.removal of immunized spleen cells from humans is not 
feasible. 

Chimeric antibodies composed of human and 
non-human amino acid sequences potentially have 
improved therapeutic value as they presumably would 
elicit less circulating human antibody against the 
non-human immunoglobulin sequences. Accordingly, 
hybrid antibody molecules have been proposed which 
consist of amino· acid sequences from different 
mammalian sources. The chimeric antibodies _·designed 
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thus far comprise variable regions from one mammalian 
source, and constant regions from human or another 
mammalian source-(Morrison et al. (1984) Proc. Natl. 
Acad. Sci. U.S.A., .8.l:5851-6855; Neuberger et al. 
(1984) Nature .J.U,:604-608; Sahagan et al. (1986) J. 
Immunol • .131:1066~1074; EPO application nos. 
84302368.0, Genente~h; 85102665.8, Research 
Development Corporation of·Japan; 85305604.2, 
Stanford; P.C.T. applicatfon no. PCT/GBBS/00392, 
Celltech Limited). 

It has been reported that binding function 
is localized to the variable domains of the antibody 
molecule located at the amino terminal end of both 
the heavy and light chains. The variable regions 
remain noncovalently associated (as VHVL dimers, 
termed Fv regions) even after proteolytic cleavage 
f~om the native antibody molecule, and retain much of 
their ~ntigen recognition and binding capabilities 
(see,· for example, Inbar et al., Proc. Natl. Acad. 
Sci. U.S.A. (1972)- n·:2659-2662; Hochman et. al. -
(1973) Biochem. J.a:1130-1135; and (1976) Biochem. 

·~:2706-2710; Sharon and Givol {1976) Biochem. 
U:1591-1594; Rosenblatt and Haber (1978) Biochem • 
.li.:3877-3882; Ehrlich et al. (1980) Biochem. 
J.2,:4091-40996). Methods of manufacturing two-chain 
Fv substantially free- of constant region using 
recombinant DNA techniques are disclosed in U.S. 
4,642;334 and corresponding published specification 
EP 088,994. 
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summary of the Invention 

In one aspect the invention provides a 
single chain multifunctional biosynthetic protein 
expressed from a single gene derived by recombinant 
DNA techniques. The protein comprises a biosynthetic 
antibody binding site (BABS) comprising at least one 
protein domain capable of binding to a preselected 
antigenic determinant. The amino acid sequence of 
the domain is homologous to at least a portion of the 
sequence of a variable region of .an immunoglobulin 
molecule capable of binding the preselected antigenic 
determinant. Peptide bonded to the binding site js a 

· polypeptide consisting of an effector protein having 
a conformation suit~ble for biological activity in a 
mammal, an amino acid sequence capable of 
sequestering ions, or an amino acid sequence capable 
of selective binding to a solid support. 

In another aspect, the invention provides 
biosynthetic binding· site protein compr_ising a single 
polypeptide chain defining two polypeptide domains 
connected by a polypeptide linker. The amino acid 
sequence of each of the domains comprises a set of 
complementarity determining regions (CDRs) interposed 
between a set of framework regions (FRs), each of 
which is respectively homologous with at least a 
portion of the CDRs and FRS from an immunoglobulin 
molecule. At least one of the domains comprises a 
set of CDR amino acid sequences and a set of FR amino 
acid sequences at least partly homologous to 
different immunoglobulins. The two polypeptide 
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domains together define·a hybrid synthetic.binding 
site having specificity for a preselected antigen, 
determined by the selected CDRs. 

In still another aspect, the·invention 
provides biosynthetic binding protein comprising a 
single polypeptide chain defining two domains 
connected by a polypeptide linker. The amino acid 
sequence of each of the domains comprises a set of 
CDRs interposed between a set of.FRs, each of which 
is respecbively h~mologous with at least a_portion of 
the CDRs .and FRs from an immunoglobulin molecule. 
The linker comprises plural, peptide-bonded amino 
acids defining~ polypeptide of a length sufficie~t 
to span the.distance between the C terminal end of 
one of the domains and N terminal end of the other 
when the bin~ing protein assumes a conformation 
suitable.for binding. The.linker comprises 
hydrophilic amino acids which together preferably 
constitute a hydrophilic sequence. Linkers which 
assume an unstruc~ured polypeptide configuration in 
aqueous solution work wello The binding protein is 
capabre o_f binding to _a preselected antigenic site~ 
determined by the collective tertiary structure of 
the sets. of CDRs held in proper conformatic;m by the 
sets of FRs. Preferably, the binding protein. has a 
specificity at least substantially ~dentical to the· 
binding specificity of the immunoglobulin molecul_e 
used as a template for the design of the CDR 
regions. Such-structures can have a binding affinity 
of at least io6 , r.C1 , and preferably 108 M-l. 

In preferred aspects, the FRs of the binding 
protein are homologous to .at least a portion of the 
FRs from a human immunoglobulin, the linker spans at 
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least about 40 angstroms; a polypeptide spacer is 
incorporated in the multifunctional protein between 
t·he binding site and the second polypeptide; and the 
binding protein has an affinity for the preselected 
antigenic determinant no less than two orders of 
magnitude less than the binding affinity of the 
immunoglobulin m9lecule used as a template for the 
CDR regions of the binding protein. The preferred 
linkers and spacers are cysteine-free. The linker 
preferably comprises amino acids having unreactive 
side groups1 e.g.1 alanine and glycine. Linkers and 
spacers can be made by combining plural consecutive 
copies of an amino acid sequence, e.g., (Gly4 
Ser) 3 • The invention .also provides DNAs encoding 
these proteins and host cells harboring and capable 
of expressing these DNAs. 

As used herein, the phrase biosynthetic 
antibody binding site or BABS means synthetic 
proteins expressed from DNA derived by recombinant 
techniques. BABS-comprise biosynthetically produced 
sequences of amino acids defining polypeptides 
designed to bind with a preselected anti~enic 
material. The structure of these synthetic 
polypeptides is unlike that of naturally occurring 
antibodies, fragments thereof, e.g. , Fv, . or known 
synthetic polypeptides or "chimeric antibodies"·in 
that the regions of the BABS responsible for 
specificity and affinity of binding, (analogous to 
na~ive antibody variable regions) are linked by 
peptide bonds, expressed from a single DNA, and may 
themselves be chimeric, e.g., may comprise amino acid 
sequences homologous to portions of at least two 
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different antibody molecules. The BABS embodying the 
invention are b°iosynthetic in the sense that they are 
synthesized in a cellular host made to express a 
synthetic DNA, that is, a recombinant DNA made by 
ligation of plural, chemically synthesized 
oligonucleotides, or by ligation of fragments of DNA 
derived from the genome of a hybridoma, mature B cell 
clone, or a cDNA library derived from such natural 
sources. Th~ proteins of the invention are properly 
characterized as ~binding sites" in that these 
synthetic _molecules are designed to have specific 
affinity for a preselected antigenic determinant. 
The polypeptides of the invention comprise struct~res 
patte~ned after regions of native antibodies known to 
be resp_onsible for antigen recognition. 

Accordingly, it is an object of the· 
invention to provide novel multifunctional proteins 
comprising one or more effector proteins and one or 
more biosynthetic antibody binding .sites, and to 
provide DNA sequences which encode the proteins. 
Another object is to provide a generalized method for 
producing biosynthetic antibody binding site 
polypeptides of any desired specificity. 

i 
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Brief Description of the Drawing 

The foregoing and other objects of this 
invention, the various features thereof, as well as 
the invention itself, may be more fully understood 
from the following description, when read together 
with the accompanying drawings. 

Figure lA is a schematic rep_resentation of 
an intact IgG antibody molecule containing two light 
chains, each consisting of one variable and one 
constant domain, and two heavy chains, each 
consisting of one variable and three constant 
domains. Figure lB is a schematic drawing of the 
structure of Fv proteins (and DNA encoding them) 
illustrating VH and VL domains, each of which 
comprises four framework (FR} regions and three 
complementarity determining (CDR) regions. Boundaries 
of CDRs are indicated, by way of example, for 
monoclonal 26-10, .a well known and characterized 
murine monoclonal specific for digoxin. 

Figure 2A-2E are schematic representations 
of some of the classes of reagents constructed in 
accordance with the invention, each of which 
comprises a biosynthetic antibody binding site. 

Figure 3 discloses five amino acid sequences 
(heavy chains) in single letter code lined up 
vertically to facilitate understanding of the 
invention. Sequence i is the known native sequence· 
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of VH from muri~e monoclonal glp-4 
(anti-lysozyme). Sequence 2 is the known native 
sequence of VH from murine monoclonal 26-10. 
(anti~digoxin). Sequence 3 is a BABS comprising the 
FRs from 26-10 VH and the CDRs from glp-4 VH. 
The CDRs are identified in lower case letters; 
restriction sites in the DNA used to produce chimeric· 
sequence 3 are also identified •. Sequence 4 is the. 
know.n native sequence of VH from human myeloma 
antibody NEWMo Sequence 5 is a BABS comprising the 
FRs from NEWM VH and.the CDRs from glp-4 v8 , 
i.e., illustrates a "humanized" binding site having a . - . 

human framework but an affinity for lysozyme similar 
to murine glp-4. 

Figures 4A-4F are the synthetic nucleic acid 
sequences and encoded amino acid sequences of (4A) 

the heavy chain variable domain of murine 
anti-digoxin monoclonal 26-10; (4B) the light chain 
variable domain of-murine anti-digoxin monoclonal 
26-10; (4C) a heavy chain variable domain of a BABS 
comprising CDRs of glp-4 and FRs of 26-10; (4D) a 
light chain variable region of the same BABS; {4E) a 
heavy chain.variable region of a BABS comprising CDRs 
of glp-4 and FRs of NEWM; and (4F) a light chain· 
variable region comprising CDRs of glp-4 and FRs of 
NEWM. Delineated are FRs, CDRs, and restriction 
sites for endonuciease digestion, most of which were 
introduced during design of the DNA. 
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Figure 5 is the nucleic acid and encoded 
amino acid sequence of a host DNA (VH) designed to 
facilitate insertion of CDRs of choice. The DNA was 
designed to have unique 6-base sites directly 
flanking the CDRs so that relatively small 
oligonucleotides defining portions of CDRs can be 
readily inserted, and to have other sites to 
facilitate manipulation of the DNA to optimize 
binding properties in a given construct. The 
framework regions of the molecule correspond to 
murine FRs (Figure 4A). 

Figures 6A and 6B are multifunctional 
proteins (and DNA encoding them) comprising a single 
chain BABS with the specificity of murine monoclonal 
26-10, linked through a spacer to the FB fragment of 
protein A, here fused as a leader, and constituting a 
binding site for Fe. The spacer comprises the 11 
C-terminal amino acids of the FB followed by Asp-Pro 
(a dilute acid cleavage site). The single chain BABS 
comprises sequences mimicking the VH and VL (6A) 
and the VL and VH (6B) of murine monoclonal 
26-10. The VL in construct 6A is altered at 
residue 4 where valine replaces methionine present in 
the parent 26-10 sequence. These constructs cont.a in 
binding sites for both Fe and digoxin. Their 
structure may be swmnarized as; 

(6A) FB-Asp-Pro-VH-(Gly4-Ser)3-VL' 
and 

(6B) FB-Asp-Pro-VL-(Gly4 -Ser) 3 -VH' 

where (Gly4-ser) 3 is a polypeptide linker. 
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In Figures 4A-4E and 6A and 6B, · · the amino 
acid sequence.of the expression products start after 
the GAATTC sequences, which codes for an EcoRI splice 
site, translated as Glu-Phe on the drawings. 

Figure 7A is a graph of percent of maximum 
counts bound of radioiodinated digoxin versus 
concentration of binding protein adsorbed to the 
plate comparing the binding of native 26-10 {curve l} 
and the construct of Figure 6A and Figure 2B 
renatured using two different procedures (curves 2 
and 3). Figure· 7B is a graph demonstrating the 
bifunctionality of the FB-{26-10) BABS adhered to 
microtiter plates through the specific binding of.the 
binding site to the digoxin-BSA coat on the plate. 
Figure 7B shows the percent inhibition of 
125I-rabbit-IgG·binding to the FB domain of the FB 
BABS by the addition of IgG, protein A, FB, murine 
IgG2a, and murine IgGl. 

Figure 8 is a schematic representation of a 
model assembled DNA ~eguence encoding a 
multifunctional biosynthetic protein comprising a 
leader peptide cu·sed to aid expression and thereafter 
cleaved), a binding site, a spacer, and an effector 
molecule attached as a trailer sequence. 

Figure 9A-9E are exemplary synthetic nucleic 
acid sequences and corresponding encoded amino acid 
sequences of binding sites of different 
·specificities: {A) FRs from NEWM and CDRs from 26-10 
having the digoxin: specificity of murine monoclonal 
26-10; {B) FRs from 26-1.0, and CDRs from G-loop-4 
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(glp-4) having lysozyme specificity; (C) FRs and CDRs 
from MOPC-315 having dinitrophenol (DNF) specificity; 
(D) FRs and CDRs from an anti-CEA monoclonal 
antibody; (E) FRs in both VH and VL and CDR1 
and CDR3 in VH' and CDR1 , CDR2, and CDR3 in 
VL from an anti-CEA monoclonal antibody; CDR2 in 
VH is a CDR2 consensus sequence found in most 
inununoglobulin v8 regions. 

Figure lOA is a schematic representation of 
the DNA.and amino acid sequence of a leader peptide 
(MLE) _protein with corresponding DNA sequence and 
some major restriction sites. Figure lOB shows the 
design of an expression plasmid used to express 
MLE-BABS (26-10). During construction of the gene, 
fusion partners were joined at the EcoRl site that is 
shown as part of the leader sequence. The pBR322 
plasmid,. opened at the unique SspI and PstI sites, 
was combined in a 3-part ligation with an SspI to 
EcoRI fragment bearing the tLp_ promoter and MLE 
leader and with an EcoRI to PstI fragment carrying 
the BABS gene. The resulting expression vector 
confers tetracycline resistance on positive 
transformants. 

Figure 11 is an SDS-polyacrylamide gel (15%) 
of t~e (26-10) BABS at progressive stages of 
purification. Lane o shows low molecular weight 
standards; lane 1 is the MLE-BABS fusion protein; 
lane 2 is an acid digest of this material; lane 3 is 
the pooled DE-52 chromatographed protein; lanes 4 and 
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5 are the.same oubain~Sepharose pool of single chain 
BABS except that lane 4 protein is reduced and lane 5 
protein is unreduced. 

Figure 12 shows inhibition curves for 26-10 
BABS and 26-10 Fab sp~cies,·and indicates the 
relative affinities. of the antibody fragment for the 
indicated cardiac glycosides. 

Figures 13A and l3B are plots of digoxin 
binding curves. (A) shows 26-10 BABS binding 
isotherm and ~ips plot (inset), and (B) shows 26-10 
Fab binding isotherm and Sips plot (inset). 

Figure 14 is a nucleic acid sequence and 
corresponding amino acid sequence of a modified FB 
dimer leader sequence and various·restriction sites. 

Figure lSA-lSH are nucleic acid sequences 
and corresponding .amino acid sequences of 
biosyntheti~ multifunctional proteins including a 
single chain BABS and various biologically active 
protein trailers linked via a spacer sequence. Also 

· indicated are various endonuclease digestion site·s. 
The tra~ling sequences are (A) epidermal growth 
factor (EGF); (B) _streptavidin; (C) tumor necrosis 
factor· (TNF); (D) calmodulin; (E) platelet derived 
growth factor-beta (PDGF-beta); (F) ricin; and (G) 
interleukin~2, and (H) an FB-FB dimer. 

! 
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Description 

The invention will first be described in its 
broadest overall aspects with a more detailed 
description following. 

A class of novel biosynthetic, bi or 
multifunctional proteins has now been designed and 
engineered which comprise biosynthetic antibody 
binding sites, that is, ·BABS" or biosynthetic 
polypeptides defining structure capable of selective 
antigen recognition and preferential antigen binding, 
and one or more peptide-bonded additional protein or 
polypeptide regions designed to have a preselected 
property. Examples of the second region include 
amino acid sequences designed to sequester ions, 
which makes the protein suitable for use as an 
imaging agent, and sequences designed to facilitate 
immobilization of the protein for use in affinity 
chromatography and solid phase immunoassay. Another 
example of the second region is a bioactive effector 
molecule, that is, a protein having a conformation 
suitable for biological activity, such as an enzyme, 
toxin, receptor, binding site, growth factor, cell 
differentiation factor, lymphokine, cytokine, 
hormone, or anti-metabolite. This invention features 
synthetic, multifunctional proteins comprising these 
regions peptide bonded to one or more biosynthetic 
antibody binding sites, synthetic, single chain 
proteins designed to bind preselected antigenic 
determinants with high affinity and specificity, 
constructs containing multiple binding sites linked 
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together to provide multipoint antigen binding and 
high net affinity and specificity, DNA encoding these 
proteins _prepared by recombinant techniques, host 
cells harboring these.DNAs, and methods for the 
·production of these proteins and DNAs. 

The invention requires recombinant 
production of single chain binding sites having 
affinity and specificity for a predetermined 
antigenic determinant. This technology has been 
developed and is disclosed herein. In view of this 
disclosure, persons skilled in recombinant DNA 
technology, protein design, and protein chemistry can 
produce such sites which, when disposed in solution, 
have high bind1~g constants (at least 106, 
preferably 108 M-1 ,) and excellent specificity. 

The-design of t~e BABS is based on the 
observation that three subregions of the variable 
domain of each of the heavy and light chains of 
native immunoglobulin molecules collectively are 
responsible for antigen recognition and binding. 
Each-of these subregions, called herein 
•complementarity determining regions• or CDRs, 
consists.of one of the hypervariable regions or loops 
and of selected amino acids or amino acid sequences 
dispo~ed in the framework regions or FRs which flank 
that particular hypervariable region. It has now 
been discovered that FRs from diverse species are 
effective to maintin CDRs from diverse other species 
in proper conformation so as to achieve true 
immunochemical binding properties in a biosynthetic 
protein. It has also been discovered that 

• 
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biosynthetic domains mimicking the structure of the 
two chains of an immunoglobulin binding site may be 
connected by a polypeptide linker while closely 
approaching, retaining, and often improving their 
collective binding properties • 

The binding site region of the 
multifunctional proteins comprises at least one, and 
preferably two domains, each of which has an amino 
acid sequence homologous to portions of the CDRs of 
the variable domain of an immunoglobulin light or 
heavy chain, and other sequence homologous to the FRs 
of the variable domain of the same, or a second, 
different immunoglobulin light or heavy chain. T?e 
two domain binding site construct also includes a 
polypeptide linking the domains. Polypeptides so 
constructed bind a specific preselected antigen 
determined by the CDRs held in proper conformation by 
the FRs and the linker. Preferred structures have 
human FRs, i.e., mimic the amino acid sequence of at 
least a portion o~ the framework regions of a human 
immunoglobulin, and have linked domains which 
together comprise structure mimicking a VH-VL or 
VL-VH immunoglobulin two-chain binding site. CDR 
regions of a mammalian immunoglobulin, such as those 
of mouse, rat, or human origin are preferred. In one 
preferred embodiment, the biosynthetic antibody 
binding site comprises FRs homologous with a portion 
of the FRs of a human immunoglobulin and CDR.s 
homologous with CDRs from a mouse or rat 
immunoglobulin. This type of chimeric polypeptide 
displays the antigen binding specificity of the mouse 
or rat immunoglobulin, while its human framework -
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minimizes human immune reactions. In addition, the 
chimeric polypeptide may comprise other amino acid 
sequences. It may comprise, for example, a sequence 
homologous to a portion of the constant domain·of an 
inununoglobulin, but preferably is free of constant 
regions (other than FRs). "' 

The binding site region(s) of the chimeric 
proteins are thus single chain composite polypeptides 
comprising a structure )lhich in solution behaves like 
an antibody binding site. The two domain, single 
chain composite poiypeptide has a structure patterned 
after tandem VH and VL domains, but with the 
carboxyl terminal of-one attached through a linking 

. -
amino acid sequence to the amino terminal of the 
other. The linking amino acid sequence may or may 
not itself be antigenic or biologically active. It 
preferably spans a distance of at least about 40A, 

i .e·., comprises at least about 14 amino acids, and 
comprises residues which together present a. 
hydrophili~,.relatively unstructured regiono Linking 
amino acid sequenc~s having little or no secondary 
structure work well.· Optionally, one or a pair of 
unique amino acids- or amino acfd sequences 
recognizable by a site specific cleavage agent may 
included in the linker. This permits the VH and 
VL-like domains ~o be separated after expression, 

be 

or the linker to be excised after refolding of the 
binding site. 

Either the amino or carboxyl terminal ends 
(or both ends) of these chimeric, single ·chain 
binding sites are attached to an amino acid sequence 
which itself is bioactive or has some other function 

'! 
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to produce a bifunctional or multifunctional 
protein. For example, the synthetic binding site may 
include a leader and/or trailer sequence defining a 
polypeptide having enzymatic activity, independent 
affinity for an antigen different from the antigen to 
which the binding site is directed, or having other 
functions such as to provide a convenient site of 
attachment for a radioactive ion, or to provide a 
residue designed to link chemically to a solid. 
support. This fused, independently functional 

·section of protein should be distinguished from fused 
leaders used simply to enhance expression in 
prokaryotic host cells or yeasts. The 
multifunctional proteins also should be distinguished 
from the "conjugates" disclosed in the prior art 
comprising antibodies which, after expression, are 
linked chemically to a second moiety. 

Often, a series of amino acids designed as a 
"spacer" is interposed between the active regions of 
the multifunctional protein. Use of such a spacer 
can promote independent refolding of the regions of 
the protein. Th~ spacer also may include a specific 
sequence of amino acids recognized by an 
endopeptidase, for example, endogenous to a target 
cell (e.g., one having a surface protein recognized 
by the binding site) so that the bioactive effector 
protein is cleaved and released at the target. The 
second functional protein preferably is present as a 
trailer sequence, as trailers exhibit less of a 
tendency to interfere with the binding behavior o'f 

the BABS. 
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The therapeutic use of such "self-targeted" 
bioactive proteins -offers a number of advantages over 
conjugates of immunoglobulin fragments or complete 
antibody molecules: they are stable, less 
immunogenic and have a lower molecular weight; they 
can penetrate body tissues more rapidly for purposes 
of imaging or drug delivery because of their smaller 
size; and they can facilita_te accelerated clearance 
of targeted isotopes or drugs. Furthermore, because 
design of such structu~es at the DNA level as 
disclo·sed herein permits ready selection of 
bioproperties and specificities, an essentially 
limitless combination of binding sites and bioact~ve 
proteins is possible, each of which_can be refined a~ 
disclosed herein to optimize independent activity at 
each region of the synthetic protein. The synthetic 
proteins can be expressed in procaryotes such as~ 
.c12.li, and thus are less costly to produce than 
immunoglobulins or fragments thereof which require 
expression in cultured animal cell lines. 

The invention thus provides a family of 
recombinant proteins expressed from a single piece of 
DNA, a_ll of which have ·the capacity to bind 
specifi~ally with a predetermined antigenic 
determinant. The preferred species of the proteins 
comprise a second domain which functions 
independently ~f the binding region. In this aspect 
the invention provides an array of "sel,f-targeted" 
proteins which have a bioactive function and which 
deliver that function to a locus determined by the 
binding.site's specificity. It also provides 
biosynthetic binding proteins having attach~d 
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polypeptides suitable for attachment to 
immobilization matrices which may be used in affinity 
chromatography and solid phase immunoassay 
applications, or suitable for attachment to ions, 
e.g., radioactive ions, which may be used for in vivo 
imaging. 

The successful design and manufacture of the 
proteins of the invention depends on the ability to 
produce biosynthetic binding sites, and most 
preferably, sites comprising two domains mimicking 
the variable domains of immunoglobulin connected by a 
linker. 

As is now well known, Fv, the minimum 
antibody fragment which contains a complete antigen 

, recognition and binding site, consists of a dimer of 
one heavy and one light chain variable domain in 
noncovalent association (Figure lA). It is in this 
configuration that the three complementarity 
determining regions of each variable domain interact 
to define an antigen binding site on the surface of 
the VH-VL dimer •. Collectively, the six 
complementarity determining regions (see Figure lB) 
confer antigen binding specificity to the antibody. 
FRs flanking the CDRs have a tertiary structure which 
is essentially conserved in native immunoglobulins of 
species as diverse as human and mouse. These FRs 
serve to hold the CDRs in their appropriate 
orientation. The constant domains are not required 
for binding function, but may aid in stabilizing 
VH-VL interaction. Even a single variable domain 
(or half of an Fv comprising only three CDRs specific 
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for an antigen) has the ability to recognize and bind 
antigen, although at a lower affinity than an entire 
binding site (Painter et al. (1972) Biochem. 
ll:1327-1337). 

This knowledge of the structure of 
immunoglobulin proteins has now been exploited to 
develop multifunc.tional fusion proteins comprising 
biosynthetic antibody binding sites and one or more 
other domains. 

The structure of these biosynthetic proteins 
in the region which impart the binding properties to 
the protein is analogous to the Fv region of a 
natural antibody. It comprises at least one, and 
preferably two· domains consisting of amino acids 
defining v8 and VL-like polypeptide segments 
connected by a linker which together form the 
tertiary molecular structure responsible for affinity 
·and.specificity. Each domain comprises a·set of 
amino acid sequences analogous to immunoglobulin CDRs 
held in appropriate conformation by a set of 
sequences analogous to the framework regions (FRs) of 
an Fv fragment of a·natural antibody. 

The term CDR, ~s used herein, __ refe~s to 
amino acid sequences which together.define the 
binding affinity and specificity-of the natural Fv 
region of a native immunoglobulin binding site, or a 
synthetic polypeptide which mimics this function • 

. CDRs typically are not wholly homologous to 
hypervariable regions of natural Fvs, but rather also 
may include specific amino acids or amino acid 
sequences which flank the hypervariable region and 
have heretofore been considered framework not 
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directly determinitive of complementarity. The term 
FR, as used herein, refers to amino acid sequences 
flanking or interposed between CDRs. 

The CDR and FR polypeptide segments are 
designed based on sequence analysis of the Fv region 
of preexisting antibodies or of the DNA encoding 
them. In one embodiment, the amino acid sequences 
constituting the FR regions of the BABS are analogous 

r 

to the FR sequences of a first preexisting antibody, 
for example, a human IgG. The amino acid sequences 
constituting the CDR regions are analogous to the 
sequences from a second, different preexisting 
antibody, for example, the CDRs of a murine IgG. 
Alternatively, the CDRs and FRs from a single 
preexisting antibody from, e.g., an unstable or hard 
to culture hybridoma, may be copied in their entirety. 

Practice of the invention enables the design 
and biosynthesis of various reagents, all of which 
are characterized by a region having affinity for a 
preselected antigenic determinant. The. binding site 
and other regions of the biosynthetic protein are 
designed with the particular planned utility of the 
protein in mind. Thus, if the reagent is designed 
for intravascular use in mammals, the FR regions may 
comprise amino acids similar or identical to at least 
a portion of the framework region amino acids of 
antibodies native to that mammalian species. On the 
other hand, the amino acids comprising the CDRs may 
be analogous to a portion of the amino acids from the 
hypervariable region· (and certain flanking amino 
acids) of an antibody having a known affinity and 
specificity, e.g., a murine or rat monoclonal 
antibody. 
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Other sections of native immunoglobulin 
protein structure, e.g., CH and Cz,, need not·be 
present and ~ormally are intentionally omitted from 
the-biosynthetic proteins. However, the proteins of 
the invention normally comprise additional 
polypeptide or protein regions defining a bioactive · 
region; e.g., a toxin or enzyme, or a site onto.which 
a toxin or a remotely detectable substance can be 
attached. 

The invention thus can provide intact 
biosynthetic antibody binding sites analogous to· 
VH-VL dimers, either non-covalently associated, 
disulfide bonded, or preferably linked by a 
polypeptide sequence to form a ~omposite v8-VL or 
VL'.""VH _polypeptide which may be essentially free 
of antibody constant region. The invention also 
provides proteins analogous to an independent v8 or 
VL domain, or dimers·thereof. Any of these 
prot.eins may be provided in a form linked to, for 
example, amino acids analogous or homologous to a 
bioactive molecule such as a hormone or toxin. 

Connecting the independently functional 
regions of the protein is a spacer comprising a short 
amino acid sequence whose function is t~ separate the 
functional regions so that they can~tndependently 
assume·their active·tertiary conformation. The 
spacer can consist·of an amino acid sequence present 
on the end o_f a functional protein which sequence is 
not itself required for its function, and/or specific 
sequences engineered into the protein at the DNA 
level. 
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The spacer generally may comprise between 5 
and 25 residues. Its optimal length may be 
determined using constructs of different spacer 
lengths varying, for example, by units of 5 amino 
acids. The specific amino acids in the spacer can 
vary. Cysteines should be avoided. Hydrophilic 
amino acids are preferred. The spacer sequence may 

.mimic the sequence of a hinge region of an 
immunoglobulin. It may also be designed to assume a 
structure, such as a helical structure. Proteolytic 
cleavage sites may be designed into the spacer 
separating the variable region-like sequences from 
other pendant sequences so as to facilitate cleavage 
of intact BABS, free of other protein, or so as to 
release the bioactive protein in~. 

Figures 2A-2E illustrate five· examples of 
protein structures embodying the invention that .can 
be produced by following the teaching disclosed 
herein. All are characterized by a biosynthetic 
polypeptide defining a binding site 3, comprising 
amino acid sequences comprising CDRs and FRs, often 
derived from different immunoglobulins, or sequences 
homologous to a portion of CDRs and FRs from 
different immunoglobulins. Figure 2A depicts a 
single chain construct comprising a polypeptide 
domain 10 having an amino acid sequence analogous to. 
the variable region of an immunoglobulin heavy chain, 
bound through its carboxyl end to a polypeptide 
linker 12, which in turn is bound to a polypeptide 
domain 14 having an amino acid sequence analogous to 
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the variable region of an immunoglobulin light 
cha~n; Of course, the light and heavy chain domains 
may be in reverse order •. Alternatively, the binding 
site may comprise two substantially homologous amino 
acid sequences which are both analogous to the 
variable region of an immunoglo6ulin heavy or light 
chain. 

The linker 12 should be long enough (e.g., 
about 15 amino acids or about 40.A to permit the 
chains 10 and 14 to assume their proper 
conformation. The linker 12 may comprise an amino 
acid sequence homologous to a sequence identified as 
•self" by the species into which it will be 
introduced, if drug use is intended. For example, 
the linker may comprise an amino acid sequence 
patterned after a hinge region of an immunoglobulin. 
The linker preferably comprises hydrophilic amino 
acid sequences. It may also comprise a bioactive 
polypeptide such.as a cell toxin which is to be 
targeted by the binding site, or a segment easily 
labelled by a radioactive reagent which is to be 
delivered, e.g., to the.site of a tumor comprising an 
epitope recognized by the binding site. The linker 
may also include one or two built-in cleavage sites, 
i.e. , an amino acid or amino acid sequence ·· 
susceptible to attack by a site specific· cleavage 
agent as described below. This strategy permits the 
VH and VL-like doma~ns to be separated after 
expression, or the linker to be excised after folding 
while retaining the binding site structure in 
non-covalent association. The amino acids of the 
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linker preferably are selected from among those 
having relatively small, unreactive side chains. 
Alanine, s~rine, and glycine are preferred. 

Generally, the design of the linker involves 
considerations similar to the design of the spacer, 
excepting that binding properties of the linked 
domains are seriously degraded if the linker sequence 
is shorter than about 20A in length, i.e., comprises 
less than about 10 residues. Linkers longer than the 
approximate 40A distance between the N terminal of a 
native variable region and the C-terminal of its 
sister chain may be used, but also potentially can 
diminish the BABS binding properties. Linkers 
comprising between 12 and 18 residues are preferred. 
The preferred length in specific constructs may be 
determined by varying linker length first by units of 
5 residues, and second by units of 1-4 residues after 
determining the best multiple of the pentameric 
starting units. 

Additional.proteins or polypeptides may be 
attached to either or both the amino or carboxyl 
termini of the binding site to produce 
multifunctional proteins of the type illustrated in 
Figures 2B-2E. As an example, in Figure 2B, a 
helically coiled polypeptide structure 16 comprises a 
protein A fr.agment (FB) linked to the amino terminal 
end of a VH-like domain 10 via a spacer 18. Figure 
2C illustrates a bifunctional protein having an 
effector polypeptide 20 linked via spacer 22 to the 
carboxyl terminus of polypeptide 14 of binding 
protein.segment 2. This effector polypeptide 20 may 
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consist of, for example, a toxin, therapeutic drug, 
binding protein, enzyme or enzyme fragment, site of 
attachment for an imaging agent (e.g., to chelate a 
radioactive ion such as·indium), or site of selective 
attachment to an inunobilization matrix so that the 
BABS can be used in a.ffinity chromatography or solid 
phase binding·assay. This effector alternatively may 
be linked to the amino terminus of polypeptide 10, 
although trailers are preferred. Figure 2D depicts a 
trifunctional protein comprising a linked pair of 
BABS 2 having another distinct protein domain 20 
attached to the N-terminus of the first binding 
protein segment. Use of multiple BABS in a singl~ 
protein enables production of constructs having very 
high selective affinity for multiepitopic sites such 
as cell surface proteins. 

The independently functional domains are 
attached by a spacer 18 (Figs 2B and.2D) covalently 
linking the C terminus of the protein 16 or 20 to the 
N-terminus of the ~irst domain 10 of the binding 
protein segment 2,. or by a spacer 22 linking the 
C-terminus of the second binding, domain 14 to the 
N-terminus of another protein (Figs. 2C and 2D). The 
spacer may be an amino acid sequence analogous to 
linker sequen~e 12, or it may take other form~. As 
noted above, the spacer's primary function is to 
separate the active protein regions to promote their 
independent bioactivity and permit each region to 
assume its.bioactive conformation independent of 
interference from its neighboring. structure. 
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Figure 2E depicts another type of reagent, 
comprising a BABS having only one set of three CDRs, 
e.g., analogous to a heavy chain variable region, 
which retains a measure of affinity for the antigen. 
Attached to the carboxyl end of the polypeptide 10 or 
14 comprising the _FR and CDR sequences constituting 
the binding site 3 through spacer 22 is effector 
polypeptide 20 as described above. 

As is evidenced from the foregoing, the 
invention p7ovides a large family of reagents 
comprising proteins,. at least a portion of which 
defines a binding site patterned after the vari~ble 
region of an immunoglobulin. It will be apparent 
that the nature of any protein fragments linked to 
the BABS, and used for reagents embodying the 
invention, are essentially unlimited, the essence of 
the invention being the .provision, either alone or 
linked to other proteins, of binding sites having 
specificities to any antigen desired. 

The clinical administration of 
multifunctional proteins comprising a BABS, or a BABS 
alone, affords a number of advantages over the use of 
intact natural or chimeric antibody molecules, 
fragments thereof, and conjugates comprising such 
antibodies linked chemically to a second bioactive 
moiety. The multifunctional proteins described 
herein offer fewer cleavage sites to circulating 
proteolytic enzymes, their functional domains are 
connected by peptide bonds to polypeptide linker or 
spacer sequences, and thus the proteins have improved 
stability. Because of their smaller size· and 
efficient design, the multifunctional proteins 
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described herein. reach their target tissue more 
rapidly, and are cleared more quickly from the body. 
They also have reduced immunogenicity. In.addition, 
their design facilitates coupling to other moieties 
in drug targeting and imaging application. Such 
coupling may be conducted chemically after expression 
of the BABS to a site of· attachment for the coupling 
product engineered into the protein at the DNA 
level. Active effector proteins having toxic, 
enzymatic, binding, modulating, cell differentiating, 
hormonal, or other bioactivity are expre~sed from a 
single DNA as a leader and/or trailer sequence, 
pep~ide bonded to the BABS. 

Design and Manufacture 

The proteins. of the invention are designed 
at the DNA level •. The chimeric or synthetic DNAs are 
then expressed in.a suitable host system, and the 
expressed proteins are collected and renatured if 
necessary. A preferred general.structure of the DNA 
encoding t~~ proteins. is set forth in Figure 8. As 
illustrated, it encodes an optimal leader sequence· 
used to promote expression in procaryotes having a 
built-in cleavage .site recognizable by a site 
specific cleavage agent, for example, an 
endopeptidase, used to remove the leader after 
expression. This is followed by DNA encoding a 
v8-like domain, comprising CDRs and FRs, a linker, 
~ VL-iike domain, again comprising CDRs and FRs, a 
spacer, and an effector protein. After expression, 
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folding, and ._cleavage of the leader, a bifunctional 
protein is pro~uced having a binding region whose 
specificity is determined by the CDRs, and a 
peptide-linked independently functional effector 
region. 

The ability to design the BABS of the 
invention depends on the ability to determine the 
sequence of the amino acids in the variable region of 
monoclonal antibodies of interest, or the DNA 
encoding them. Hybridoma technology enables 
production of cell lines secreting antibody to 
essentially any desired substance that produces an 
immune response. RNA encoding the light and heavy 
chains of the immunoglobulin can then be obtained 
from the cytoplasm of the hybridoma. The 5' end 
portion of the mRNA can be used to prepare cDNA for 
subsequent sequencing, or the amino acid sequence of 
the hypervariable and flanking framework regions can 
be determined by amino acid sequencing of the v 
region fragments of the Hand L chains. Such 
sequence analysis is now conducted routinely. This 
knowledge, coupled with observations and deductions 
of the generalized structure of immunoglobulin Fvs, 

permits one to design synthetic genes encoding FR and 
CDR sequences which likely will bind the antigen. 
These synthetic genes are then prepared using known 
techniques, or using the technique disclosed below, 
inserted into a suitable host, and expressed, and the 
expressed protein· is p_urified. Depending on the host 
cell, renaturation techniques may be required to 
attain proper conformation. The various proteins are 
then tested for binding ability, and one having 
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appropriate affinity is selected for incorporation 
into a reagent of the type described above. If 
necessary, point substitutions seeking to optimize 
binding may be made in the DNA using conventional 
casette rnutagenesis or other protein engineering 
methodology such as is disclosed below. 

Preparatio~ of the proteins of the invention 
also is dependent on knowledge of the amino acid 
sequence (or corresponding DNA or RNA sequence) of 
bioactive proteins such as enzymes, toxins, growth 
factors,·cell differentiation factors, receptors, 
anti~metabolites, hormones or various cytokines or 
lymphokines. Such sequence·s are reported in the 
literature and available through computerized data 
banks. 

The DNA sequences of the binding site and 
the second protein domain are fused using 
conventional techniques, or assembled from 
synthesized oligonucleottdes, and then expressed 
using equally conventional techniques. 

The processes for manipulating, amplifying, 
and recombining DNA which encode amino acid sequences 
of interest are generallY: well ··1m~wn in the art, and 
therefore, not described in.detail herein. Methods 
of identifying and isolating genes encoqing 
antibodies of interest are well understood, and 
described in the patent and other literature. · In 
general, the.methods involve selecting genetic 
material coding for amino acids which define the 
proteins of interest, including the CDRs and FRs of 

.interest, according to the genetic code. 
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Accordingly, the construction of DNAs 

encoding proteins as disclosed herein can be done 
using known techniques involving the use of various 
restriction enzymes which make sequence specific cuts 
in DNA to produce blunt ends or cohesive ends, DNA 
ligases, techniques enabling enzymatic addition of 
sticky ends to blunt-ended DNA, construction of 
synthetic DNAs by assembly of short or medium length 
oligonucleotides, cDNA synthesis techniques, and 
synthetic probes for isolating immunoglobulin or 
other bioactive protein genes. Various promoter 
sequences and other regulatory DNA sequences used,in 
achieving expression, and various types of host cells 
are also known and available. Conventional 
transfection techniques, and equally conventional 
techniques for cloning.and subcloning DNA are useful 
in the practice of this invention and known to those 
skilled in the art. various types of vectors may be 
used such as plasmids and viruses including animal 
viruses and bacte~iophages. The vectors may exploit 
various marker genes which impart to a successfully 
transfected cell a .detectable phenotypic property 
that can be used to identify which of a family of 
clones has successfully incorporated the recombinant 
DNA of the vector. 

One method for obtaining DNA encoding the 
proteins disclosed herein is by assembly of synthetic 
oligonucleotides produced in a conventional, 
automated, polynucleotide synthesizer followed by 
ligation with appropriate ligases. ·For example, 
overlapping, complementary DNA fragments comprising 
15 bases may be synthesized·semi manually using 
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phosphoramidite chemistry, with end segments left 
unphosphorylated to prevent polymerization during 
-ligation. One end of ·the synthetic DNA is left with 
a "sticky end" corresponding to the site of action of 
a particular rest~iction endonuclease, and the other 
end is left with an end corresponding to the site of 
action of anpther restriction endonuclease. 
Alternatively, this approach can be fully automated. 
The DNA encoding the protein may be creat·ed by 
synthesizing longer single strand fragments (e.g., 

.50-100 nucleotides long) in, for example, a -Biosearch . .• 

oligonucleotide synthesizer, and then ligating the 
. £ragments. 

A method of producing the BABS of the 
invention is to produce a synthetic DNA encoding a 
polypeptide comprising, e.g., human FRs, and 
intervening ·dummyn CDRs, or amino acids having no 
function except to define suitably situated unique 
restriction sites. This synthetic DNA is then 
altered by.DNA reglacement, in which restriction and 
ligation is employed to _insert synthetic 
oligonucleotides encoding CDRs defining a desired 
binding specificity in the proper location between 
the FRs. This approach facilitates empirical 
refinement of the binding properties of the BABS • 

. This techniqu_e is dependent upon the ability 
to cleave a DNA corresponding in structure to a 
variable domain gene at specific sites flanking 
nuc,leotide sequences encoding CDRs. These 
restriction sites in some cases may be found in the 
native gene. Alternatively, non-native restriction 

· sites may be engineered into the nucleotlde sequence 
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resulting in a synthetic gene with a different 
sequence of nucleotides than the native gene, but 
encoding the same variable region amino acids because 
of the degeneracy of the genetic code. The fragments 
resulting from endonuclease digestion, and comprising 
FR-encoding sequences, are then ligated to non-native 
CDR-encoding seque~ces to produce a synthetic 
variable domain gene with altered antigen-binding 
specificity. Additional nucleotide sequences 
encoding, for example, constant region amino acids or 
a bioactive molecule may then be linked to the gene 
sequences to produce a bifunctional protein. 

The expression of these synthetic DNA's can 
be achieved in both prokaryotic and eucaryotic 
systems via transfection with an appropriate vector. 
In E... .cgli and other microbial hosts, the synthetic 
genes can be expressed as fusion protein which is 
subsequently cleaved. Expression in eucaryotes can 
be accomplished by the transfection of DNA sequences 
encoding CDR and FR region amino acids and the amino 
acids defining a second function into a myeloma or 
other type of cell line. By this strategy intact 
hybrid antibody molecules having hybrid Fv regions 
and various bioactive proteins including a 
biosynthetic binding site may be produced. For 
fusion protein expressed in bacteria, subsequent 
proteolytic cleavage of the isolated fusions can be 

. . 
performed to yield free BABS, which can be renatured 
to obtain an intact biosynthetic, hybrid antibody 
binding site. 
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Heretofore, it has not been possible to 
cleave the heavy and light chain region to separate 
the variable and constant regions of an 
immunoglobulin so as to produce intact Fv, except in 
specific cases not of commercial utility. However, 
one method of producing BABS in accordance with this 
invention is to redesign DNAs encoding the heavy and 
light chains of an immunoglobulin, optionally 
altering its S?ecificity or humanizing its FRs, and 
incorporating a.cleavage site and "hinge region• 
between the variable and constant regions of both the 
heavy and light chains. Such chimeric antibodies can 
be produced in transfectomas or the like and 
subsequently·cleaved using a preselected 
endopeptidase. 

·The hinge region is a sequence of amino 
acids which serve to promote efficient cleavage by a 
preselected cleavage agent at a preselected, built-in 
cleavage site. It is designed to promote cleavage 
·preferentially at-the cleavage site when the 
polypeptide is treated with the cleavage agent in an 
appropriate environment. 

The hinge region can take many different 
forms. Its design involves selection of amino acid · 
residues (and a DNA fragment encoding them) which 
impart to the·region of the fused protein about the 
cleavage site an appropriate polarity, charge 
distribution, and stereochemistry which, in the 
aqueous environment where the cleavage takes place, 
efficiently exposes the cleavage site to the cleavage 
agent in preference to other potential cleavage ·sites 
that may be present in the polypeptide, and/or to· 

BIOEPIS EX. 1002 
Page 2940



• 

W088/09344 PCT/US88/01737 

- 37 -

improve the kinetics of the cleavage reaction. In 
specific cases, the amino acids of the hinge are 
selected and assembled in seq~ence based on their 
known properties, and then the fused polypeptide 
sequence is expressed, tested, and altered for 
refinement. 

The hinge region is free of cysteine. 'This 
enables the cleavage reaction to be conducted under 
conditions in which the protein assumes its tertiary 
conformation, and may be held in this conformation by 
intramolecular disulfide bonds. It has been 
discovered that in these conditions access of the 
protease to potential cleavage sites which may be 
present within the target protein is hindered. The 
hinge region may comprise an amino acid sequence 
which includes one or more praline residues. This 
allows formation of a substantially unfolded 
molecular segment. Aspartic acid, glutamic acid, 
arginine, lysine, serine, and threonine residues 
maximize ionic interactions and may be present in 
amounts and/or in sequence which renders the moiety 
comprising the hinge ·water soluble. 

The cleavage site preferably is immediately 
adjacent the Fv polypeptide chains and comprises one 
amino acid or a sequence of amino acids exclusive of 
any sequence found in the amino acid structure of the 
chains in the Fv. The cleavage site preferably is 
designed for unique or preferential cleavage by a 
specific selected agent. Endopeptidases are 
preferred, although non-enzymatic (chemical) cleavage 
agents may be used. Many useful cleavage agents, for 
instance, cyanogen bromide, dilute acid, trl'Psin, · 
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staphylococcus aureus V-8 protease, post proline 
cieaving enzyme, blood coagulation Factor xa, 

. . 

enterokinase, and renin, recognize and preferentially 
or exclusively cleave particular cleavage sites. One 
currently preferred cleavage agent is V-8 protease. 
The currently preferred cleavage site is a Glu 
residue. Other useful enzymes recognize multiple 

· residues as a. cleavage site, e.g. , factor Xa 
(Ile-Glu-Gly-Arg) or e~terokinase 
(Asp-Asp-Asp-Asp-Lys). The principles of this 
selective cleavage.approach may also be used in the 
design-of t~e linker and spacer sequences of the 
multifunctional constructs of the invention where an 
exciseable linker or ~electively cleavable linker or 
spacer is desired; 

Design of svnthetic-vH and v.L: Mimics 

FRs from.the heavy and light chain murine 
anti-digoxin mono~lonal 26-10 (Figur~s 4A and 4B) 
were encoded on the same DNAs.with CDRs from the· 
murine anti-lysozyme monoclonal glp-4 heavy chain 

·(Figure 3 sequence l) and light chain to produce VH 
(Figure 4C) and VL (Figure 4D) regions together 
defining a biosynthetic antibody binding site which 
is specific for lysozyme. Murine CDRs from both the 
heavy and light chains of monoclonal glp-4 were 
encoded on the same DNAs with FRs ~rom the heavy and 
light -chain~ of human myeloma antibody NEWM (Figures 
4E and 4F) •. The ~esulting interspecies chimeric 
antibody binding domain has reduced· immunogenicity in 
humans because of its human FRs ,· and specificity for 
lysozyme because of its murine CDRs. 
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A synthetic DNA was designed to facilitate 
CDR insertions into a human heavy chain FR and to 
facilitate empirical refinement of the resulting 
chimeric amino acid. sequence. This DNA is depicted 
in Figure 5. 

A synthetic, bifunctional FB-binding site 
protein was also designed at the DNA level, 
expressed, purified, renatured, and shown to bind 
specifically with a preselected antigen (digoxin) and 
Fe. The detailed primary structure of this construct 
is shown in Figure 6; its tertiary structure is 

· illustrated schematically in Figure 2B. 
Details of these and other experiments, and 

additional design principles on which the invention 
is based, are set forth below. 

GENE DESIGN AND EXPRESSION 

Given known variable region DNA sequences, 
synthetic VL and VH genes may be designed which 
encode native or near native FR and CDR amino acid 
sequences from an antibody molecule, each separated 
by unique restriction sites located· as close to 
FR-CDR and CDR-FR borders as possible. 
Alternatively, genes may be designed which encode 
native FR sequences which are similar or identical to 
the FRs of an antibody molecule from a selected 
species, each separated by "dummy" CDR sequences 
containing strategically located restriction sites. 
These DNAs. serve as starting materials for producing 
BABS, as the native or "dummy" CDR sequences· may be 
excised and· replaced with sequences encodin~ the CDR 
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amino acids defining a selected binding site. 
Alternatively, one may design and directly synthesize 
native or near-native FR sequences from a first 
antibody molecule, and CDR_sequences from a second. 
antibody molecule. Any one of the VH and VL 
sequences described above may be linked together 
·directly, via an amino acids chain or linker 
connecting the c-terminus of one chain with the 
N-terminus of the other. 

These genes, once synthesized, may be cloned 
·with or without additional DNA sequences coding for, 
e.g., an antibody constant region, enzyme, or toxin, 
or a leader·peptide which facilitates secretion or 
"intracellular stability of a fusion polypeptide. The 
genes then can be expressed directly in an 
appropriate host cell, or can be f_urther engineered 
before expression by the exchange of FR, CDR, or 
•dummy• CDR sequences with new sequences. This 
manipulation is ·facilitated by·the presence of the 
restriction sites which have been engineered into the 
gene at·the FR-CDR and CDR-FR borders. 

Figure 3 illustrates the general approach to 
designing a chimeric·vH; further details of 
exemplary designs at the DNA level are shown in 
Figures 4A-4F. Figure 3, lines land 2, show the 
amino acid sequences of the heavy chain variable 
region of the murine monoclonals glp-4 
(anti-lysozyme} and 26-10 (anti-digoxin), including 
the four FR and three CDR· sequences of each. Line 3 
shows the sequence of a chimeric VH which comprises 
26-10 FRs and glp-4 CDRs. As· illustratea,-·:--the hybrid 

: . 

protein of line 3 is identical to th~~native protein 

BIOEPIS EX. 1002 
Page 2944



W088/09344 PCTJUS88/01737 

- 41 -

of line 2, except that 1) the sequence TFTNYYIHWLK 
has replaced the sequence IFTDFYMNWVR, 2) 
EWIGWIYPGNGNTKYNENFKG has replaced 
DYIGYISPYSGVTGYNQKFKG, 3) RYTHYYF has replaced 

GSSGNKWAM, and 4) A has replaced Vas the sixth amino 
acid beyond CDR-2. These changes have the effect of 
changing the specificity of the 26-10 VH to mimic 
the specificity of glp-4. The Ala to Val single 
amino acid replacement within the relatively 
conserved framework region of 26-10 is an example of 
the replacement of an amino acid outside the 
hypervariable region made for the purpose of altering 
specificity by CDR replacem~nt. Beneath sequenc~ 3 
of Figure 3, the restriction sites in the DNA 
encoding the chimeric VH (see Figures 4A-4F) are 
shown which are disposed about the CDR-FR borders. 

Lines 4 ands· of Figure 3 represent another 
construct. Line 4 is the full length VH of the 
·human antibody NEWM. That human antibody may be made 
specific for lysozyme by CDR replacement as shown in 
line 5. Thus, for example, the segment TFTNYYIHWLK 
from glp-4 replaces TFSNDYYTWVR of NEWM, and its 
other CDRs are replaced as shown. This results in a 
VH comprising a human framework with murine 
sequences determining specificity. 

By sequencing any antibody, or obtaining the 
sequence from the literature, in view of this 
disclosure one skilled in the art can produce a BABS 
of any desired specificity comprising any desired 
framework region. Diagrams·such as Figure 3 
comparing the amino acid sequence· are valuable in 
suggesting which particular amino acids sho~ld be· 
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replaced to· determine the desired complementarity. 
Expressed. sequences may be tested for binding and 
refined by exchanging selected· amino acids in 
relatively·conserved regions, based on observation of 
trends in amino acid sequence data and/or computer 
modeling techniques. 

Significant flexibility in VH and VL. 
design is possible because the amino acid sequences 
are determined at the DNA level, and the manipulation 
of DNA can be accomplished easily. 

For example,· the DNA sequence for murine VH 
and VL 26-10 containing specific restriction sites 
flanking each of the three CDRs was designed with_ the 
aid of a commercially available computer program 
which performs combined reverse translation and_ 
restriction site searches ("RV.axe" by Compugene, 
Inc.).· The known amino_acid sequences for VH and 
VL 26-10 polyp~ptides_ were entered, and all 
potential DNA sequences-which encode those peptides 
and all potential -restriction sites were analyzed by 
the program. The program can~ in addition, select 
DNA sequences encoding the peptide using only codons 
preferred·by·E.... coli if this bacterium is to be host 
expression organism of choice.· Figures 4A. and 4B 
show an example of program output. The nucelic acid 
sequences of the·synthetic gene and the corresponding 
amino acids are shown. Sites of restriction 
endonuclease·c1eavage are also indicated. The CDRs 
of t·hese synthetic genes are underlined. 
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The DNA sequences for the synthetic 26-10 
v8 and VL are designed so that one or both of the 
restriction sites flanking each of the three CDRs are 
unique.- A six base site (such as that recognized by 
Bsm I or BspM I) is preferred, but where six base 
sites are not possible, four or five base sites are 
used. These sites, if not already unique, are -
rendered unique within the gene by eliminating other 
occurrences within the gene without altering 
necessary amino acid sequences. Preferred cleavage 
sites are those that, once cleaved, yield fragments 
with sticky ends just outside of the boundary of the 
CDR within the framework. However, such ideal si~es 
are only occasionally possible because the FR-CDR 
boundary is not an absolute one, and because the 
amino acid sequence of the FR may not permit a 
restriction site. In these cases, flanking sites in 
the FR which are more distant from the predicted 
boundary are selected. 

Figure 5 discloses the nucleotide and 
corresponding amino acid sequence (shown in standard 
single letter code) of a synthetic DNA comprising a 
master framew~rk gene having the generic structure: 

where R1 and R2 are restricted ends which are to 
be ligated into a vector, and x1 , x2 , and x3 
are DNA sequences whose function is to provide 
convenient restriction sites for CDR insertion. This 
particular DNA has murine FR sequences and unique, 
6-base restriction sites adjacent the FR bo~ders so 
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that nucleotide sequences encoding CDRs from a 
desired monoclonal can be inserted easily. 
Restriction en4onuclease digestion sites are 
indicated.with their abbreviations; enzymes of choice 
for CDR.replacement are underscored. Digestion of 
the gene with the following restriction endonucleases 
results in 3• and 5' ends which can easily be matched 
up with and ligated to native or synthetic CDRs of 
desired specificity; RpnI and BstxI are used for 
ligation of .CDR1 : XbaI and DraI for CDR2 ; and 
BssHII and Clar forCDR3 • 

QLIGONQCLEOTIDE SYNTHESIS 

The synthetic genes and DNA fragments 
designed as describe~ above preferably are produced 
by assembly of chemically synthesized 
oligonucleotides. 15-lOOmer oligonucleotides may be 
synthesized on a Biosearcli DNA Model 8600 
Synthesizer, and purified by polyacrylamide gel 
electrophoresis (PAGE) in Tris-Borate-EDTA buffer 
(.TBE). . The DNA. is then electroeluted from· ~,he gel. 
Overlapping.Qligo~ers may. be phosph~;irlated by T4 
polynuc:leotide kinase .and ligat~?-·into larger blocks 
which may also be purified l>T. PAGE. 

CLONING OF ·SYNTHETIC QLIGONUCLEOTIDES 

The blocks or·the pairs of longer 
oligonucleotides may .be cloned into Ka. .c.2.!.i using a 
suitable, e.g., pUC, cloning vector. Initially, this 
vector may be.altered by single strand muta~enesis- to 
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eliminate residual six base altered sites. For 
example, v8 may be synthesized and cloned into pUC 
as five primary blocks spanning the following 
restriction sites: l. EcoRI to first Narr site; 2. 

first Narr to XbaI; 3. Xbal to Sall; 4. Sall to NcoI; 
5. NcoI to BamHI. These cloned fragments may then be 
isolated and assembled in several three-fragment 
ligations and cloning steps into the pUCS plasmid. 
Desired ligations selected by PAGE are then 
transformed into, for example,~ £Q.li strain JM83, 

and plated onto LB Ampicillin + Xgal plates according 
to standard procedures. The gene sequence may be 
confirmed by supercoil sequencing after cloning, ~r 
after subcloning into Ml3 via the dideoxy method of 
Sanger. 

PRINCIPLE OF CDR EXCHANGE 

Three CDRs (or alternatively, four FRs) can 
be replaced per VH or VL. In simple cases, this 
can be accomplished by cutting the shuttle pUC 
plasmid containing the respective genes at ·the two 
unique restriction sites flanking each CDR or FR, 
removing the excised sequence, and ligating the 
vector with a native nucleic acid sequence or a 
synthetic oligonucleotide encoding the desired CDR or 
FR. This three part procedure would have to be 
repeated three times for total CDR replacement and 

· four times for total FR replacement. Alternatively, 
a synthetic nucleotide encoding two consecutive CDRs 
separated by the appropriate FR can be ligated to a 
pUC or other plasmid containing a gene whos~ 
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corresponding CDRs and FR have been cleaved out. 
This procedure reduces the number of steps required 
to perform CDR and/or FR exchange. 

EXPR~SSION OF PROTEINS 

The engineered genes can be expressed in 
appropriate prokaryotic hosts such as various strains 
of L ~, and in eucaryotic hosts -such as Chinese 
hamster ovary ce~l, murine myeloma, and human 
myeioma/transfectoma cells. 

For example, if the gene is to be expressed 
in L ~, it may first be·cloned into an expres~ion 
vector. This is accomplished by positioning the 
engineered gene downstream from a promoter sequence 
such as trp or tac, and a gene coding for a leader 
peptide. The resulting expressed fusion protein 
accumulates in refractile bodies in the cytoplasm of 
the cells, and may be harvested after disruption of 
the cells by French press or sonicatip~.- The 
refractile bodies are solubilized, and the expressed 
proteins refolded and cleaved by the methods already 
established for many other recombinant proteins. 

If the engineered gene is to be expressed in 
myeloma cells, the conventional expression system for 
.immunoglobulins, it is first inserted into an 
expression vector containing, for example, the Ig 
promoter, a secretion signal, immunoglobulin 
enhancers, and various introns. This plasmid may 
also contain sequences encoding all.or part of a 
constant region, enabling an entire part of a heavy 
or.light chain-to be expressed. The·gene is 

BIOEPIS EX. 1002 
Page 2950



" 

W088/09344 PCT/US88/01737 

- 47 -

transfected into myeloma cells via established 
electroporation or protoplast fusion methods. Cells· 
so transfected can express VL or VH fragments, 
vL2 or vH2 homodimers, VL-VH heterodimers, 
VH-VL or VL-VH single chain polypeptides, 
complete heavy or light immunoglobulin chains~ or 
portions thereof, each of which may be attached in 
the various ways discussed above to a protein region 
having another function (e.g., cytotoxicity). 

Vectors containing a heavy chain V region 
(or v and c regions) can be cotransfected with 
analogous vectors carrying a light chain v region (or 
v and C regions), allowing for the expression of 
noncovalently associated-binding sites (or complete 
antibody molecules). 

In the examples which follow, a specific 
example of how to make a single chain binding site is 
disclosed, together with methods employed to assess 
its binding properties. Thereafter, a protein 
construct having two functional domains is 
disclosed. Lastly, there is disclosed a series of 
additional targeted proteins which exemplify the 
invention. 

I EXAMPLE OF CDR EXCHANGE AND EXPRESSION 

The synthetic gene coding for murine VH 
and VL 26-10 shown in Figures 4A and 4B were 
designed from the known amino acid sequence of the 
protein with the aid of Compugene, a software 
program. These genes, although coding for the native 
amino acid seq\lences, also contain non-native and -
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often unique restriction sites flanking nucleic acid 
sequences encoding CDR's to facilitate CDR 
replacement as noted.above • 

. Both the 3' ands• ends of the large 
synthetic oligomers were designed to include 6-base 
-restriction sites, present in the genes and the pUC 
vector. Furthermore, those restriction sites in the 
synthetic genes which were only suited for assembly 
but not for cloning the·pUC were extended by ·helper" 
cloning sites with matching sites in pUC. 

Cloning of the-synthetic DNA and later 
assembly of the gene is facilitated by the spacing of 
unique restriction sites along· the gene. This allows 
corrections .and· modifications by cassette mutagenesis 
at any location •. Among them are.alterations near the 
5' or 3' ends of the gene as needed for the 
adaptation to different expression vectors. For 
example, ·a PstI site is positioned near the 5' end of 
the VH gene. Synthetic linkers can be attached 
easily between this site and a restriction· site in 
the expressi_on plasmid. These genes were synthesized · 
by asse~ling· oligonucleotides as described- above 
using· a Biosearch Model 8600 DNA Synthesizer. They 
were ligated to vector pOCB for transformation of~ 
ml.i. 

Specific.CDRs may be cleaved from the 
.synthetic VH gene by digestion with the following 
pairs of restriction endonucleases: HpHI and BstXI 
for CDR1; XbaI and DraI.for CDR2 ; and BanII and 
BanI for CDR3 • After removal on one CDR, another 
CDR of desired specificity may be ligated directly 
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into the restricted gene, in its place if the 3' and 
s• ends of the restricted gene and the new CDR 
contain complementary single stranded DNA sequences. 

In the present example, the three CDRs of 

each of murine VH 2~~10 and VL 2~-10 were 
replaced with the corresponding CDRs of glp-4. The 
nucleic acid sequences and corresponding amino acid 
sequences of the chimeric VH and VL genes 
encoding the FRs of 26-10 and CDRs of glp-4 are shown 
in Figures 4C ~nd 4D. The positions of the 
restriction endonuclease cleavage sites are noted 
with their standard abbreviations. CDR sequences are 
underlined as are the restriction endonucleases of 
choice useful for further CDR replacement •. 

These genes were cloned into pUCS, a shuttle 
plasmid. To retain unique restriction sites after 
cloning, the VH-like gene was spliced into the 
EcoRl and HindIII or BamHI sites of the plasmid. 

Direct expression of the genes may be 
achieved in .K... ,C,Qli. Alternatively, the gene may be 
preceded by a leader sequence and expressed in Ka. 

~ as a· fusion product by splicing the fusion gene 
into the host gene whose expression is regulated by 
interaction of a repressor with the respective 
operator.· The protein can be induced by starvation 
in minimal medium and by chemical inducers. The 
VH-VL biosynthetic 26-10 gene has been expressed 
as such a fusion protein behind the trp and tac 
promoters. The gene translation product of interest 
may then be cleaved from the .leader in the fusion 
protein by e.g., cyanogen bromide degradation, 
tryptic digestion, mild acid cleavage, and/or 
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digestion with factor xa protease. Therefore, a 
shuttle plasmid containing a synthetic gene encoding 
a leader peptide having a site for mild acid 
cle_avage, and into which has. been spliced the 
synthetic BABS gene was used for this purpose. In 
addition, synthetic DNA sequences encoding a signal. 
peptide for secretion of the processed target protein 
into the periplasm of the host_cell can also be 
incorporated into the plasmid. 

After harvesting the gene product and 
optionally releasing it from a fusion peptide, its 
activity as an antibody binding site and its 
specificity for glp-4 (lysozyme) epitope are assayed 
·by established immunological techniques, e.g., 
affinity chromatography and radioimmunoassay. 
Correct. folding of the protein to yield the proper 
three-dimensional conformation of the antibody 
binding.site is prerequisite for its activity. This 
occurs spontaneously in a host such as a myeloma cell 
which naturally ~presses immunoglobulin proteins. - . 

Alt~rnatively, for bacterial expression, the protein 
forms inclusion bodies which, after harvesting, must 
be subjected -to a·specific sequence of solvent 
conditions (e.g., diluted 20 X from 8 M urea O.l M 
Tris-HCl pH 9 into 0.15 M NaCl, 0.01 M sodium 
phosphate, pH 7.4 (Hochman et al. (1976) Biochem • 
.l.5,:2706-2710) to .assume its correct conformation and 
hence its active form. 

Figures 4E -and.4F show the DNA and amino 
acid sequence.of chimeric v

8 
and VL comprising 

human FRs from~ and murine CDRs from ~:U,-4. The 
........ 
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CDRs are underlined, as are restriction sites of 
choice for further CDR replacement or empirically 
determined refinement. 

These constructs also constitute master 
framework genes, this time constructed of human 
framework sequences. They may be used to construct 
BABS of any desired specificity by appropriate CDR 
replacement. 

Binding sites with other specificities have 
also been designed using the methodologies disclosed 
herein. Examples include those having FRs from the 
human NEWM antibody and CDRs from murine 26-10 
(Figure 9A), murine 26-10 FRs and G-loop CDRs (Figure 
9B), FRs and CDRs from murine MOPC-315 (Figure 9C), 
FRs and CDRs from an anti-human carcinoembryonic 
antigen monoclonal antibody (Figure 9D), and FRs and 
CDRs 1, 2, and 3 from VL and FRs and CDR 1 and 3 
from the v8 of the anti-CEA antibody, with CDR 2 

from a consensus immunoglobulin gene (Figure 9E). 

II. Model Binding site; 

The digoxin binding site of the IgG2a,k 
monoclonal antibody 26-10 has been analyzed by 
Mudgett-Hunter and colleagues (unpublished). The 
26-10 V region sequences were determined from both 
amino acid sequencing and DNA sequencing of 26-10 H 
and L chain mRNA transcripts (D. Panka, J.N. & 

M.N.M., unpublished data). The 26-10 antibody 
exhibits a high digoxin binding affinity [K

0 
= 5.4 

X 109 M-1] and has a well-defined specificity 
profile, providing a baseline for comparison with-the 
biosynthetic binding sites mimicking its structure. 
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Protein Design: 

Crystailographically determined atomic 
coordinates for Fab fragments of 26~10 were obtained 
from the Brookhaven Data Bank. Inspection of the 
available three-dimensiqnal structures of Fv regions 

· within their parent Fab fragments indicated that the. 
Euclidean distance between the C-termin~s of the VH 
domain and the N-terminus o~ the VL domain is about 
35 A. Considering that the peptide unit length is 
approximately 3 ._8 A, a 15 residue linker was selected 
.to bridge this gap. The linker was designed so a_s to 
exhibit little propensity for secondary structure and 
not to interfere with domain folding. Thus, the 15 
residue sequence (Gly-Gly-Gly~Gly-Ser)3 was 
selected to-connect-the VH carboxyl- and VL 
amino-termini. 

Binding studies with single chain binding 
sites having less .than or greater than 15 residues 
demonstrate.the importance of the prerequisite 
dista~ce which must separate· VH from VL; for 
example, a (Gly4-ser) 1 linker does not 
demonstrate binding activity, and those with 
(Gly4-ser) 5 linkers _exhibit very low activity 
compared to those with· (G-ly4-ser) 3 linkers. 

Gene Synthesis: 

· Design of the 744 base sequence for the 
synthetic binding site gene was derived from the Fv 
protein sequence of 26-10 by choosing_codons · 
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frequently used in K. ~- The model of this 
representative synthetic gene is shown in Figure 8, 
discussed previously. Synthetic genes coding for the 
.t.XR promoter-operator, the modified~ LE leader 
peptide (MLE), the sequence of which is shown in 
Figure lOA, and VH were prepared largely as 
described previously. The gene coding for Va·was 
assembled from 46 chemically synthesized 
oligonucleotides, all 15 bases long, except for 
terminal fragments (13 to 19 bases) that included 
cohesive cloning ends. Between 8 and 15 overlapping 
oligonucleotides were enzymatically ligated into 
double stranded DNA, cut at restriction sites 
suitable for cloning (NarI, XbaI, Sall, SacII, SacI), 
purified by PAGE on 8% gels, and cloned in pUC which 
was modified to contain additional cloning sites in 
the polylinker. The cloned segments were assembled 
stepwise into the complete gene mimicking VH by 
ligations in the pUC cloning vector. 

The gene.mimicking 26-10 VL was assembled 
from 12 long-syn~~etic polynucleotides ranging in 
size from 33 to aa·base pairs, prepared in .automated 
DNA synthesizers (Model 6500, Biosearch, San Rafael, 

· CA; Model 380A, Applied Biosystems, Foster City, 
CA). Five individual double stranded segments were 
made out of pairs of long synthetic oligonucleotides 
spanning six-base restriction sites in the gene 
(AatII, BstEII, PpnI, HindIII, BglII, and PstI). In 

one case, four long overlapping strands were combined 
and cloned. Gene fragments bounded by restriction 
sites for assembly that were absent from the pUC 
polylinker, such as AatII and BstEII, were flanked by· 
EcoRI and BamHI ends to facilitate cloning~ 
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The linker between VH and VL' encoding·' 
(Gly-Gly-Gly-Gly-Ser) 3 , was cloned from two long 
·synthetic oligonucleotides, 54 and 62 bases long, 
spanning Sact and AatII sites, the latter followed by 
an EcoRI cloning.end. The complete single chain 

·binding site gene· was assembled from the v8 ,.vL' 
·and linker genes to produce a construct, 
corresponding to ._aspartyl-prolyl-v8-<linker>-VL' 
flanked by EcoRI and PstI restriction sites. 

The .tnt ·promoter-operator, s_tarting. from its 
- -· 

Sspr site,. was assembled from 12 overlapping 15 base 
oligomers, and. the MLE leader gene was .assembled from 
24 overlapping 15 base.oligomers. These were cloned 
and assembled in pUC using the stt:ategy of assembly 
sites flanked by cloning sites. The final expression 
plasmid was constructed ·in the pBR322 vector by a 
3-part· ligation using the sites SspI, EcoRI, and PstI 
-(see Figure lOB). Intermediate.DNA fragments and 
assembled genes were sequenced by the dideoxy method. 

Fusion Protein E~ression: 

Single-chain protein was expressed as a 
fusion protein. ·The·MLE leader gene (Fig. lOA) was 
derived from·g. ~-~ LE sequence and expressed 
under the control of a synthetic t.x:e. promoter and 
_operator. ~-~strain JM83 was transformed with 
the expression plasmid and.protein expression was 

. -induced in M9 minimal medium by addition of 
indoleacrylic acid (10 µg/ml) at a cell density 
with A600 = l. · The high.expression levels of the 
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fusion protein resulted in its accumulation as 
insoluble protein granules, which were harvested from 
cell paste (Figure 11, Lane 1). 

Fusion Protein Cleavage: 

The MLE leade~ was removed from the binding 
site protein by acid cleavage of the Asp-Pro peptide 
bond engineered at the junction of the MLE and 
binding site s_equences. The washed protein granules 
containing the fusion protein were cleaved in 6 M 
guanidine-HCl + 10% acetic acid, pH 2.5, incubated at 
37°C for 96 hrs. The reaction was stopped through 
precipitation by addition of a 10-fold excess of 
ethanol with overnight incubation at -20°c, followed 
by centrifugation and storage at -20°C until further 
purification (Figure 11, Lane 2). 

Protein Purification: 

'l'he acid cleaved binding.site was separated 
from remaining intact fused protein species by 

chromatography on DEAE cellulose. The precipitate 
obtained from the cleavage mixture was redissolved in 
6 M guanidine-HCl + Oo2 M Tris-HCl, pH 8.2, + 0.1 M 
2-mercaptoethanol and dialyzed exhaustively against 6 
M urea+ 2.5 mM Tris-HCl, pH 7.5, + 1 mM EDTA. 
2-Mercaptoethanol was added to a final concentration 
of 0.1 M, the solution was incubated for 2 hrs at 
room temperature and loaded onto a 2.5.X 45. cm column 
of DEAE cellulose (Whatman DE 52), equilibrated with 
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6 M urea+ 2.5 mM Tris-HCl + 1 mM EDTA, pH 7.5. The 
intact fusion.protein bound weakly to the DE 52 
column such that its· elution was ret.arded relative to· 
that of the bind·ing protein. . The first prote;.n 
fractions which eluted from the column after lo·ading 
and wash~ng wi t.h urea buffer contained BABS protein 
devoid.of intact fusion protein. Later fractio~s 
contaminated with some·fused protein were pooled, 
rechromatographed ~n .DE 52, arid recovered single 
chain binding protein combined with other purified 
protein into a s~ngle pool {Figure 11, Lane 3). 

Refolding: 

The 26-10 binding site mimic was refolded as 
follows: the DE 52 pool, dispo~ed in 6 M urea+ 2.5 
mM Tris~HCl + l·mM EDTA, was adjusted to pH 8 and 
·reduced with o.t M 2-mercaptoethanol. at 37°C. for 90 

min. ·This was diluted at least 100-fold with 0.01 M 
sodium acetate, pH 5.5, to a concentration below 10 

µg/ml and dialyzed at 4°C for 2 days against 
acetate buffer. 

Affinity Chromatography: 

Purification of active binding protein by 
affinity chromatography at 4°C on a 
ouabain-amine-Sepharose.column was performed •. The 
dilute solution of re·folded pr~tein was loaded 
directly onto a pair·~£ tandem column~, each 
containing 3 ml of resin equilibrated with the 0.01 M 
ace~ate buffer, pH 5.5. The columns were washed -
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individually with an excess of the acetate otiffer, 
and then by sequential additions of 5 ml each of l M 
NaCl, 20 mM ouabain, and 3M potassium thiocyanate 
dissolved in the acetate buffer, interspersed with 
acetate buffer washes. Since digoxin binding 
activity was still present in the e.luate, the eluate 
was pooled and concentrated 20-fold by 
ultrafiltration (PM 10 membrane, 200 ml concentrator; 
Amicon), reapplied to the affinity columns, and 
eluted as described. Fractions with significant 

-
absorbance at 280 nm were pooled and di~lyzed against 
PBSA or the above acetate buffer. The amounts of 
protein in the DE 52 and ouabain-Sepharose pools were 

-
quantitated by amino acid analysis following dialysis 
against 0.01 M acetate buffer. The results are shown 
below in Table 1. 
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TABLE 1 
Estimated Yields of BABS Protein During Purification 

Yield 
Cleavage relative 

Wet wt.- mg yield (%) to fusion 
~ 2~1::- l · :e1:otein 1u:ior ste:e Itt2tein 

Cell 12.0 g 1440.0 mga 
paste 

Fusion 2.3 g· 480 .o· mga,b 100.0% 100.0% 
protein 
Granules 

Acid 144.0 mg Js.oe Js.oe 
Cleavage/ 

·oE 52 
pool 

Ouabain- 18.1mg 12.6d 4.7e 
Sepharose 
pool 

aoetermined by Lowry protein analysis. 

boetermined by absorbance measurements 

coeterminedby amino acid analysis 

dcalculated from the amount of BABS protein 
specifically eluted from ouabain-Sepharose relative 
to that applied to the resin; values were determined 
by amino acid analysis 

8Percentage yield calculated on a molar basis 

,. 

~ 
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Sequence Analysis of Gene and Protein: 

The complete gene was sequenced in both 
directions using the dideoxy method of Sanger which 
confirmed the gene was correctly assembled. The 
protein sequence was also verified by protein 
sequencing. Automated Edman degradation was conducted 
on intact protein (residues 1-40), as well as on two 
major CNBr fragme~ts (residues 108-129 and 140-159) 
with a Model 4.70A gas phase sequencer equipped with a 
Model 120A on-line phenylthiohydantoin-amino acid 
analyz.er (Applied Biosystems, Foster City, CA). 

Homogeneous binding protein fractionated by SDS-P~GE 
and eluted from gel strips with water, was treated 
with a 20,000-fold excess of CNBr, in 1% 
trifluoroacetic acid-acetonitrile (1:1), for 12 hrs at 
25° (in the dark). The resulting fragments were 
separated by SDS-PAGE and transferred 
electrophoretically onto an Immobilon membrane 
(Millipore, Bedfor,d, MA), from which stained bands 
were cut out and sequenced. 

specificity Determination: 

Specificities of anti-digoxin 26-10 Fab and 
the BABS were assessed by radioimmunoassay. Wells of 
microtiter plates were coated with affinity-purified 
goat anti-murine Fab fragment (ICN ImmunoBiologicals, 
Lisle, IL) at 10 µg/ml in PBSA overnight at 4°C. 
After the plates were washed and blocked with 1% horse 
serum in PBSA, solutions (s·o µl) containing 26-10 
Fab or the BABS in either PBSA or 0.01 M sodium 
acetate at pH 5.5 were added to the wells and 
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incubated 2-3 hrs at room temperature. After unbound 
antibody fragment was washed from the w~lls, 25 µ1 
of a series of concentra·tions of cardiac glycosides 
·c10-4 to 10-ll M in PBSA) were added •. The cardiac 

glycosides tested included digoxin, digitoxin, 
digoxigenin, digitoxigenin, gitoxin·, ouabain, and 
acetyl strophanthidin. After the addition of 
1251-digoxin (25 µl, 50,,000 cpm; Cambridge. 

I 
Diagnostics~ Billerica, MA) to each well, the plates 
were incubated overnight at 4°C, washed and counted. 
The inhibition curves are plotted in Figure 12. The 
relative·affinities for each digoxin analogue were 
calculated by dividing the concentration of each 
analogue at 50% inhibitio~ by the concentration of 
digoxin (or digoxigenin) that gave 50%.inhibition. 
!here is a displacement of inhibition curves for the 
BABS to lower glycoside conce~trations than observed 
for 26-10 Fab, because less active BABS than 26-10 Fab 
was bound to the plate. When 0.25 M urea was added to 
the BABS in 0.01 M- sodium acetate,. pH 5.5, more active 
sFv was bound to the goat' anti-murine Fab coating on 
the plate. This caused the BABS inhibition-curves to 
shift toward higher glycoside concentrations, closer 
to the_position of those for 26-10 Fab, although 
maintaining the relative positions of curves for sFv 
obtained in acetate buffer alone. The results, 
expressed as normalized concentration of inhibitor 
giving 50% inhibition of 125I-digoxin binding, are 
shown in Table 2. 
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TABLE 2 

26-10 
Antibody Normalizing 
species Glycoside 12 12a m 12QG A:.S. G Q 

Fab Digoxin 1.0 1.2 0.9 1.0 1.3 9.6 15 

Digoxigenin 0.9 1.0 0.8 0.9 1.1 8.1 13 

BABS Digoxin 1.0 7.3 2.0 2.6 5.9 62 150 

Digoxigenin 0.1 1.0 0.3 0.4 0.8 8.5 

D = Digoxin 
DG = Digoxigenin 
DO = Digitoxin 
DOG= Digitoxigenin 
A-S = Acetyl Strophanthidin 
G = Gitoxin. 
0 = Ouabain 

Affinity Determination: 

Association constants were measured by 
equilibrium binding studies. In immunoprecipitation 
experiments, 100 µl of 3H-digoxin (New England 
Nuclear, Billerica, MA) at a series of concentrations 
(l0-7 M to 10-11 M} were added to 100 µl of 
26-10 Fab or the BABS at a fixed concentration~ 
After 2-3 hrs of incubation at room temperature, the 
protein was precipitated by the addition of ioo µl 
goat antiserum to murine Fab fragment (.ICN Immuno-

21 
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Biologicals), 50 µl of the IgG fraction of rabbit 
anti-goat IgG (ICN ImmunoBiologicals), and 50 µl of . 
a 10% suspension of ·protein A-Sepharose (Sigma). 
Following 2 hrs at 4°C, bound and free antigen were 
separated by vacuum filtration on glass fiber filters 
(Vacuum Filtration Manifold, Millipore, Bedford, 
MA). Filter disks were then·counted in 5 ml of 
scintillation fluid with a Model 1500 Tri-Carb Liquid 
Scintillation Analyzer (Packard, Sterling, VA). ·The 
association constants, K

0
, were calculated from 

Scatchard analyses of the untransformed radioligand 
binding data using LIGAND, a non-linear curve fitting 
program based on mas-s action. K

0
s were also 

calcu~ated by Sips plots and binding isotherms shown 
in Figure 13A. for the BABS and l3B for the Fab. For 
binding isotherms, da~a are plotted as the 
concentration of digoxin bound versus the log of the 
unbound digoxin concentration, and the dissociation 
constant is estimated from the ligand concentration 
at 50% saturation.· These binding data are_ also 
plotted in linear form as Sip~ plots {inset), having 
the same abscissa as the binding isotherm but with 
the ordinate _representing log r/(n-r), defined 
below •. The average intrinsic association constant 
{K

0
) was calculated from the modified Sips equation 

(39), ·log (r/n-r} = a log C - a lo.g K
0

, where r 
equals mo~es of digoxin bound per mole of antibody at 
an unbound digoxin concentration equal to C; n is the 
number of moles of digoxin bound at saturation of the 
antibody binding site, and a is ~n index of 
heterogeneity which describes the distribution of 
as$ociation constants about the average intrinsic-
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association constant K
0

• Least squares linear 
regression analysis of the data indicated correlation 
coefficients for the lines obtained were 0.96 for the 
BABS and 0.99 for 26-10 Fab. A summary of the 
calculated association constants are shown below in 
Table 3. 

TABLE 3 

Association Constant, K
0 

Method of Data Ko (BABS), M-l Ko (Fab), M-l 

Analysis 

Scatchard plot (3.2 ±. 0.9) X 107 (1.9 ± 0.2) X 

Sips plot 2.6 X 107 1.8 X 108 

Binding 
isotherm 5.2 X 107 3.3 X 108 

III. Synthesis of a Multifunctional Protein 

108 

A nucleic acid sequence encoding the single 
chain binding site described above was fused with a 
sequence encoding the FB fragment of protein A as a 
leader to function as a second active region. As a 
spacer, the native amino acids comprising the last 11 
amino acids of the FB fragment bonded to an Asp-Pro 
dilute acid cleavage site was employed. The FB 
binding domain of the FB consists of the immediately 
preceding 43 amino acids which as~ume a hel!cal 
configuration (see Fig. 2B). 
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The gene fragments are synthesized using a 
Biosearch DNA Model 8600 Synthesizer as described 
above. Synth~tic ol~gonucleotides are cloned 
according to established p-rotocol described above 
using the pUCS vector transfected into JL. ~- The 
completed fused gene set forth in Figure 6A is then 
expressed in L. ~-

, After sonication, inclusion bodies were 
collected by centrifugation, and dissolved in 6 M 

guanidine hydrochloride (GuHCl), 0.2 M Tris, and 0.1 M 
2-mercaptoethanol (BME), pH 8.2. The protein was 
denatured and reduced in the solvent overnight at room 
temperature •. Size exclusion chromatography was used 
to purify fusion protein.from the inclusion bodies. A 
Sepharose 4B column (l.S X 80 cm) was run in a solvent 
of 6 M GuHCl and o. 01 M NaOAc, pH 4. 75. The protein 
solution was applied to the column at room temperature 
in O.S-1.0 ml amounts. Fractions were collected and 
precipitated with cold ethanol. These were run on SDS 
gels, and fractions rich in the recombinant protein 
(approximately 34,000 D) were pooled. · This ·offers a 
·simple first step for cleaning up inclusion body 
·preparations without suffering significant proteolytic 
degradation • 

. For refolding, the protein was dialyze.d 
against·100 ml of the same GuHCl-Tris-BME solution, 
and dialysate was diluted ll.-fold over two.days to 
0.55 M GuHCl, O.Ol M Tris,.and 0.01 M BME. The 
dialysis sacks were then transferred-t~ 0.01 M NaCl, 
and ·the protein was dialyzed exhaustively before being 
ass~yed by RIA"s .for. binding of 125r-labelled 
digoxin. The refolding procedure can·be simplified by 
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making a rapid dilution with water to reduce the GuHCl 
concentration to 1.1 M, and then dialyzing against 
phosphate buffered saline (0.15 M NaCl, o.os M 
potassium phosphate,.pH 7, containing 0.03% NaN3 ), 

so that it is free of any GuHCl within 12 hours. 
Product of both types of preparation showed binding 
activity, as indicated in Figure 7A. 

Demonstration of Bifunctionality: 

This protein with an FB leader and a fused 
BABS is bifunctional; the BABS can bind the antigen 
and the FB can bind the Fe regions of 
immunoglobulins. To demonstrate this dual and 
simulataneous activity several radioimmunoassays were 
performed. 

Properties of the binding site were probed by 
a modification of an assay developed by Mudgett-Hunter 
et al. (J. Immunol. (1982) !1.i:1165-1172; Molec. 
Immunol. (1985) ~:477-488), so that it could be run 
on microti~er plates as a solid phase sandwich assay. 
Binding data were collected using goat antL-murine Fab 
antisera (gAmFab) as the primary antibody that 
initially coats the wells of the plate. These are 
polyclonal antisera which recognize epitopes that 
appear to reside mostly on framework regions. The 
samples of interest are next· added to the coated wells 
and incubated with the gAmFab, which binds species 
that exhibit appropriate antigenic sites. After 
washing away unbound protein, the wells are exposed to 
1251-labelled (radioiodinated) digoxin conjugates, 
either as 1251-dig-BSA or 1251-dig-lysine. 
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.. The data are plotted in Figure 7A, which 
shows the results of a dilution curve experiment in 
which the.parent 26-10 antibody was included as a· 
control. The sites were probed with 125I-dig-BSA as 
described above~ with a series of dilutions prepared ... 
from initial stock-solutions, including both the 
slowly refolded (l) and fast diluted/qui~kly refolded 
·(2) single chain proteins. The parallelism between 
all three dilution curves indicates that gAmFab 
bi~ding regions on the.BABS molecule are essentially 
.the ·s_ame as on the Fv of authen~ic 26'."'"10 antibody, 
i.e., the surface epitopes appear to be the same for 
both proteins. 

The sensitivity of these assays is such that 
binding affinity of the Fv for digoxin must be at 
least 106 • Experimental data·on digoxin binding 
yielded binding constants in the range of 108 to 
109 M-1 • The parent 26-10 antibody has an 
affinity of 5.4 X 109 M-1 • Inhibition assays also 
indicate the binding o£· 125r-dig-lysine, and can be· 
inhibited by unlabelled digoxin, digoxigenin, 
digitoxin, digitoxigenin, gitoxin, acetyl -
strophanthidin, and ouabain in a way largely parallel 
to the parent 26-10 Fab. This indicates that the 
specificity of the biosynthetic protein is 
substantially identical-to the original monoclonal. 

In a second type of assay, Digoxin-BSA is 
used to coat microtiter plates. Renatured BABS 
(FB-BABS) is added to the coated plates so t~at only 
molecules that.have a competent binding site can stick 
to the plate. iisI~labelled rabbit IgG 
(radioligand) is mixed with bound FB-BABS on the -
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plates. Bound radioactivity reflects the interation 
of IgG with the FB domain of the BABS, and the 
specificity of this _binding is demonstrated by its. 
inhibition with increasing amounts of FB, Protein A, 
rabbit IgG, IgG2a, and IgGl, as shown in Figure 7B. 

The following species were tested in order to 
demonstrate authentic binding: unlabelled rabbit IgG 
and IgG2a monoclonal antibody (which binds 
competiviely to the FB domain of the BABS); and 
protein A and FB (which bind competively to the 
radioligand). As shown in Figure 7B, these species 
are found to completely inhibit radioligand binding, 
as expected. A monoclonal antibody of the IgGl 
subclass binds poorly to the FB, as expected, 
inhibiting only about 34% of the radioligand from 
binding. These data indicate that the BABS domain and· 
the FB domain have independent activity. 

IV. OTHER CONSTRUCTS 

Other BABS-containing protein constructed 
according to the inventi·on expressible in &i;. QQ.U. and 
other host cells as described above are set forth in 
the drawing. These proteins may be bifunctional or 
multifunctional. Each construct includes a single 
chain BABS linked.via a spacer sequence to an effector 
molecule comprising amino acids encoding a 
biologically active effector protein such as an 
enzyme, receptor, toxin, or growth factor~ Some 
examples of such constructs shown in the drawing 
include proteins comprising epidermal growth factor 
(EGF) (Figure lSA), streptavidin (Figure lSf!I), .tumor 
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necrosis factor (TNF) (Figure lSC), calmodulin (Figure 
l5D) the.beta chain of platelet derived growth factor 
(B-PDGF) (lSE) ·ricin A (lSF), interleukin 2 (lSG) and 

FB dimer (lSH). Each is u~ed as a trailer and is 
connected to a preselected BABS via a spacer 
(Gly-Ser-Gly) encoded by DNA defining a BamHI 
restriction site. Additional amino acids may be added 
to the spacer for empirical refinement of the 
construct if necessary by opening up the Bam HI site 
and inserting an oligonucleotide of a desired length 
having BamHI sticky endso Each gene also terminates 
with a PstI site to facilitate insertion.into a 
suitable expression vector. 

The BABS of the EGF and PDGF constructs may 
be, for example, specific for fibrin so that the EGF 
or PDGF is.delivered to the site of a wound. The BABS 
for TNF and ricin A may be specific to a tumor 
antigen, e.g., CEA, to produce a construct useful in 
cancer therapy.· The calmodulin construct binds 
radioactive ions and other metal ions. Its BABS may 
be specific, for example, to fibrin or a tumor 

.antigen, so that it can be used as an imaging agent to 
locate a thrombus or tumor. The streptavadin 
construct binds with biotin with very high affinity. 
The biotin may be labeled with a remotely detectable 
ion for imaging purposes. Alternatively, the biotin 
may be immobilized on an affinity matrix or solid. 
support. The BABS~streptavidin protein could then be 
bound to the matrix or support for affinity 
chromatography or solid phase immunoassay. The 
interleukin-2 construct could be linked, for example, 
to a BABS specific for a T-cell surface ant~gen. -The 
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FB-FB dimer binds to Fe, and could be used with a BABS 

in an immunoassay or affinity purification procedure 
linked to a solid phase through immobilized 
immunoglobulin. 

Figure 14 exemplifies a multifunctional 
protein having an effector segment as a leader. It 
comprises an FB-FB dimer linked through its C-terminal 
via an Asp-Pro dipeptide to a BABS of choice. It 
functions in a way verr similar to the construct of 
Fig. 15H. The dimer binds avidly to the Fe portion of 
immunoglobulin. This type of construct can 
accordingly also be used in affinity chromatography, 
solid phase immunoassay, and in therapeutic contexts 
where coupling of immunoglobulins to another epitope 
is desired. 

In view of the foregoing, it should be 
apparent that the invention is unlimited with respect 
to the specific types of BABS and effector proteins to 
be linked. AccorQingly, other embodiments are within 
the following claims. 

What is claimed is: 
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Claims 

·1. A single chain multf-functional biosynthetic · 
protein expressed from a single gene derived by 

recombinant·DNA techniques, said protein comprising: 
a biosynthetic antibody binding site capable 

of binding to a preselected antigenic determinant and 
comprising at least one protein domain, ·the amino 
acid sequence of said domain being homologous to at 
least a portion of the sequence of a variable region 
of an immunoglobulin molecule capable of binding said 
preselected antigenic determinant; and, peptide 
bonded thereto, 

a polypeptide selected from the group 
consisting of effector proteins having a conformation 
suitable for biological activity in mammals, amino 
acid sequences capable of sequestering an ion, and 
amino acid sequences capable of selective binding to 
a solid support. 

2.. The protein of claim l wherein said binding 
site comprises at least two domains connected by 
peptide bonds to a polypeptide linker. 

3. The protein of claim 2 wherein said two 
domains mimic a VH and a.VL from a natural 
immunoglobulin. 
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4. The protein of claim 2 wherein the amino 
acid sequence of each of said domains comprises a set 
of CDRs interposed between a set of FRs, each of 
which is respectively homologous with at least a 
portion of CDRs an~ FRs from a said variable region 
of an immunoglobulin molecule capable of binding said 
preselected antigenic determinant. 

5. The protein of claim 4 wherein at least one 
of said domains comprises a said set of·CDRs 
homologous to a portion of the CDRs in a first 
immunoglobulin and a set of FRs homologous to a 
portion of the FRs in a second, distinct 
immunoglobulin. 

6. The protein of claim 2 wherein said 
polypeptide linker spans a distance of at least 40 
angstroms is hydrophilic. 

7. The protein of claim 2 wherein said 
polypeptide linker comprises amino acids which 
together assume an unstructured polypeptide 
configuration in aqueous solution. 

a. The protein of claim 2 wherein said 
polypeptide linker is cysteine-free. 

9. The protein of claim 2 wherein said 
polypeptide linker comprises a plurality of glycine 
or alanine residues. 
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10.· The protein of claim 2 wherein said 
~9lypeptide linker comprises plural consecutive 
copies of an amino acid sequence. 

11. The protein of claim 2 wherein said 
polypeptide linker comprises one or a pair of amino 
acid sequences recognizable by a site specific 
·cleavage agent. 

120 The protein of claim 4 wherein said antibody 
binding site binds with said antigenic determinant 
with a specificity at least substantially identical_ 
to the binding specificity of said immunoglobulin 
molecule. 

13. The protein of.claim 4 wherein said antibody 
binding site binds said antigenic determinant with an 
a·ffinity of at. least about 106 M-1 • 

14. The protein of claim~ wherein said antibody 
binding site binds said antigenic determinant with an 
affinity no less than about two orders of. magnitude 
less than the binding affinity of said immunoglobulin 
molecule. 

15. The protein of claim 1 further comprising a 
polypeptide spacer incorporated therein interposed 
between said antibody binding site and said 
polypeptide. 

16. The protein of claim 15 wherein said 
polypeptide spacer comprises amino acids selectively 
susceptible to cleavage. 
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17. The protein of claim 15 wherein said spacer 
is hydrophilic. 

18. The protein of claim 15 wherein said spacer 
comprises amino acids which together assume an 
unstructured polypeptide configuration in aqueous 
solution. 

19. The protein of claim 15 wherein said spacer 
is cysteine-free. 

20. The protein of claim 15 wherein said spacer 
comprises a plurality of glycine or alanine residues. 

21. The protein of claim 15 wherein said spacer 
comprises plural consecutive copies of an amino acid 
sequence. 

22. The protein of claim 1 wherein said effector 
protein is an enzyme, toxin, receptor, binding site, 
biosynthetic antibody binding site, growth -factor, 
cell-differentiation factor, lymphokine, cytokine, 
hormone, or anti-metabolite~ 

23. The protein of claim 1 wherein said sequence 
capable of sequestering an ion is calmodulin, 
metallothionein, a fragment thereof, or an amino acid 
sequence rich in at least one of glutamic acid, 
aspartic acid~ lysine, and arginine. 
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24. The protein of claim l wherein said 
polypeptide sequence capable of selective binding to 
a solid support 1s a positively or negatively charged 
amino acid sequence, a cysteine-containing amino acid 
sequence, streptavidin, or a fragment of protein A. 

25. The protein of claim ·l compri~ing a 
plurality of biosynthetic antibody binding sites. 

26. The protein of claim 1 comprising an 
additional ·biofunctional domain. 

270 A DNA encoding the protein of claim 1. 

28. A host cell harboring and capable of· 
expressing the DNA of claim 27. 

29; A biosynthetic binding protein expressed 
from DNA derived by recombinant techniques 

said binding protein comprising a single 
polypeptide chain comprising at least·two polypeptide 
domains connected by a polypeptide linker, -the amino 
acid sequence of each of said polypeptide domains 

.comprising a set of CDRs interposed between a·set of 
FRs, each of which is respectively homologous with at 
least a portion of CDRs and FRs from an-
immunoglobulin molecule, 

at least one of said domains comprising a 
said set of CDR amino acid sequences homologous to a 
portion of the CDR amino acid sequences of a first 
·1mmunoglobulin molecule, and a set of FR amino acid 
sequences homologous to a portion of the FR sequences 
of a_second, distinct immunoglobulin molecule, 
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said polypeptide domains together defining a 
hybrid synthetic binding site having specificity for 
a preselected antigen. 

30. The binding protein of claim 29 wherein said 
domains comprise FRs homologous to a portion of the 
FRs of a human immunoglobulin. 

31. The binding protein of claim 29 wherein said 
polypeptide domains are peptide bonded to a 
biologically active amino acid sequence. 

32. The binding protein of claim 29 further 
comprising a radioactive atom bound to said binding 
protein. 

33. A DNA encoding the binding protein ·of claim 
32. 

34. A host cell harboring and capable of 
expressing the DNA of claim 33. 

35. A biosynthetic binding protein expressed 
from DNA derived by recombinant techniques 

said binding protein comprising a single 
polypeptide chain comprising at least two polypeptide 
domains connected by a polypeptide linker, the amino 
acid sequence of each of said polypeptide domains 
comprising a set of CDRs interposed between a set of 
FRs, each of whi9h is respectively homologous with·at 
least a portion of CDRs and FRs from an 
immunoglobulin molecule, 
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said polypeptide linker comprising plural; 
peptide-bonded amino acids defining a polypeptide of 
a length sufficient to span the distance between the 
C-terminal end of one of said domains and the 
N~terminal end of·the other of said domains when said 
binding protein assumes a conformation suitable for 
binding, and comprising hydrophilic amino acids which 
together assume an unstructured polypeptide 
configuration in aqueous solution, 

said binding protein-being capable of 
binding to a preselected antigenic site, determined 
by the collective tertiary structure of. said sets of 
CDRs held in proper conformation by said s~ts of FRs 
and said linker when disposed in aqu~ous solution. 

360 The binding protein o~ claim 35 wherein said 
polypeptide linker spans a distance of at least about 
40A when said binding protein is disposed in aqueous 
solution in a conformation suitable for binding said 
preselected antigen. 

·37. The binding protein of claim 35 wherein said 
polypeptide linker comprises a plurality of glycine 
or alanine residues. 

38. The binding protein of claim 35 wherein said 
linker comprises plural consecutive copies of an 
amino acid sequence. 

39. The binding protein of claim 35 wherein said 
linker ·comprises (Gly-Gly-Gly-Gly-Ser)3 • 
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40. The binding protein of claim 35 wherein at 
least one of said domains comprises a said set of 
CDRs homologous to a portion of the CDRs in a first 
imrnunoglobulin and a set of FRs homologous to a 
portion of the FRs of a second, distinct, human 
imrnunoglobulin. 

41. The binding protein of claim 35 wherein at 
least one of said polypeptide domains is peptide 
bonded to a biologically active amino acid sequence. 

42. The binding protein of claim 35 further 
comprising a radioactive atom bound to said 
poiypeptide chain. 

43. A biosynthetic binding protein expressed 
from DNA derived by recombinant techniques, 

said binding pr~tein comprising a single 
polypeptide chain comprising at least two polypeptide 
domains connected.by a polypeptide linker, the amino 
acid sequence of each of said polypeptide domains 
comprising a set of CDRs interposed between a set of 
FRs, each of which are respectively homologous with 
at least a portion of CDRs and FRs from an 
imrnunoglobulin molecule, 

said binding protein being capable of 
binding to a preselected antigenic determinant, 
determined by the collective tertiary structure of 
said sets of CDRs held in proper conformation by said 
sets of FRs when disposed in aqueous solution, with a 
binding specificity at least substantially identical 
to the binding specificity of said immunogl~bulin· 
molecule comprising said homologous CDRs. 
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44. A biosynthetic binding protein expressed 
from·DNA derived by recombinant techniques, 

said binding protein comprising a single 
polypeptide chain comprising at least two polypeptide 
domains connected by a polypeptide linker, the amino 
acid sequence of each of said polypeptide domains 
comprising a set of CDRs interposed between a set of 

- . . 
FRs, each of which are respective~y homologous with 
at least a portion of CDRs and FRs from an 
immunoglobulin molecule, 

·said binding protein being capable of 
binding to a preselected antigenic determinant, 
determined by the collective tertiary structure of 
said sets of CDRs held in proper information by said 
sets of FRs when disposed in aqueous solution, with a· 
binding affinity at least 106 M-1 • 

45. The binding protein of claim 43 or 44 having 
a binding affinity at least about 108 M-1 • 

. 46. The binding protein.of. claim 43 or 44 having 
a- binding affinity no less than two orders of 
magnitude less than the binding affinity of said 
immunoglobulin molecule comprising said homologous 
CDRs. 

47. The binding protein.of ·claim 43 or 44 
wherein at least·one of said polypeptide domains is 
peptide bonded to a biologically active amino acid 
sequence. 
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48. The binding protein of claim 43 or 44 
further comprising a radioactive atom bound to said 
polypeptide chain. 

BIOEPIS EX. 1002 
Page 2983



W088/09344 PCT{US88/01737 

H H 

L L: 

FIG. IA 

· CDAI 26•l0GEN£S/ r-------"""""''""---.,..-------------,,~!"1!1,...---, PROTEINS , '"' , 1 '"2 1 CDR2 , ,u ,~r, ,A.. 1 v., 31 H 50 ... 100 10& 119 AMINOACID 
SEQUENCE NO. 

H 115 150 112 SOO SIi !51 DNA BASE NO. 

CtlAZ CDRS , 
I i FR• 1 ·· . J I I I 

, 
I J'RI CORI "'2 

10 101 ,1J "AMINO ACID 
SEQUENCE NO. ~ ... z• " H 61 

TZ Ill 165 183 211 103 Ht DNA BASE NO. 

FIG. 18 
~ 

~ . /, 
m.,' ... 

I ,., 

--. ...... coo· 
JO 

FIG: .I.A 

4 

, .. 

• FIG. ~\) 

BIOEPIS EX. 1002 
Page 2984



I> t I> 

g-loop: 
QVQLQQSGPELVEPGASVRISC'l'ASGYTFTNYYIHWLKQRPGQGLENIGWIYPGNGHTKYNENfKGICATLTADKSSSTAFNQISSLTSBDSAVYPCARYTHYYF DYWGQGT'l'LTVSSK* 

26-10: 
EVQLQOSGPELVKPGASVRHSCKSSGYIFTDFYHNffVRQSHGKSLDYIGYISPYSGVTGYNQKFKGICATLTVDKSSSTAYMBLRSLTSBDSAVYYCAGSSGNllfAIIDYWGHGASVTVSS* 

26-10/g-loop hybrid: 
EVQLQQSGPELVKPGASVRMSCKSSGYtftnyylbwlkQSHGKSLevigwiypgngntkynenfkglCATLTaDKSSSTAYHELRSLTSBCSAVYYCArythyyf DYWGHGASVTVSS* ~ 

(cdrl-------1 Ccdr2--------------·--t - - ) (cdrl·----, --..,. 
hphl bstXI xbaI draI hlncII sacII nheI W 

neVID/g-loop hybrid: narI 
EVQLQQSGPGLVRPSQTLSLTCTVSGStftnyylhwlkQPPGRGLevigwlypgngntkynenfkgRVTHLVD'l'SKHQFSLRLSSVTAADTAVYYCArythyyf DVWGQGSLVTVSS* 

[newml •••• , •••••••• ] 
ava11 ••••••••••• hpbI 

(newm2 •. J 
bstXI ••• xbal 

newm: . , 

(nevml ••.. ........•••••••• J 
draJ ••••••••••••••••••••• oo8AC1I 

(newm4) ............. 

EVQLQQSGPGLVRPSQTLSLTCTVSGSTFSNDYYTHVRQPPGRGLBWIGYVFYHGTSDD'l"l'PLRS RVTHLVD'l'SKHQFSLRLSSVTAAD'l'AVYYCARHLIAGCIDVWG~SLVTVSS* 

FI Gt . 3 

-

~ 
0 

' I 

.,, 
~ 
I 
~ = -~ 
~ 
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10 20 3D •o 50 60 TO 
GAATTCC&AGTTCAACTCCAGCACTCTCCTCCTCAATTCGTTAAACCTCCCCCCTCTCTCCCCATGTCCT 
G1uPheG1uV•lG1nLeuG1nGlaSerG11ProGluLeuValLysProClyAlaSerValAr1MetSerC 

AauII . Bbvl AwaII AbaII HbaI 
£colt Fnu4Ht Sau96I Bani ~1nPI 

TaqI Pat I Eco arr HstINlalII 
Haen FspI 

HbaI 
fflnPI 

Nari 
HlalV 

·scrFI 
Acyl 

80 90 100 110 120 130 1110 
CCAAATCCTCTGGGTACATTTTCACCCACTTCTACATCAATTGCCTTCCCCACTCTCATCCTAACTCTC1 
ysLysSerSerClyTyrllePheThrAspPheTyrMetAsnTrpVaiArgGlnSerHisClyLysSerLe 

RsaI HphI Nla1II BstXI NlaIIt ~ 
Ma 

150 160 170 180 190 200 210 
AGACTACATCGGCTACATTTCCCCATACTCTCCCCTTACCCCCTACAACCACAAGTTTAAAGCTAAGGCC. 
uAspTyr IleGl yTyr UeSer ProTyrSe,-Cly Val ThrCl yTyrhnCl n Lys Pho LysCl yLysU a 
I RH 1 Bst£U Dra I 
eI HpaU 

HaeIU 

220 230 2•0 250 260 270 280 
ACCCTTACTCTCCACAAATCTTCCTCAACTCCTTACATCGACCTCCCTTCTTTCACCTCTGAGGACTCCC 
ThrLeuThrValAspLysSerSerSerThrAlaTyrHetCluLeuArsSerLeuThrSerGluAspSerA 

AocI NboII AluI DdeI HintIFn 
Hine II NlaIIIBbvI Sao 
Sal I Fnu4HI 
Taql 

290 300 310 320 330 340 350 
CCCTATACTATTCCGCGGCCTCCTCTCCTAACAAATGGGCCATCGATTACTCCCCTCATCCCCCCTCTGT 
h lfal TyrTyrC,aUaGlySerSerGlyhn LYSTl"'pAlaHetAspTyrTrpCil yHisGl yAlaSer Va 
uDII HbaISanII Hae III Hae III Ahalt Ha 
It.Acct FnuDII Nao I Ban I 

HinPIRlaIV HlaIII Hae II 

360 310 
TACTCTATCCTCATACGATCC 
lThl"'ValSerSer•amAsp 
eIII Bamff1 

NlaIV 
Salt3A 

XhoII 

Sau96 I Hha I 
Sty I HinPI 

NarI 
NlaIIt 

NlaIV 
Acy I 
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10 ZO 30• •o 50 60 TO 
GAATTCGACCTCCTAATCACCCACACTCCCCTCTCTCTCCCCGTTTCTCTCCCTCACCACCCTTCTATTT 
GluPheAspValValHetTbrGlnThrProLeuSerLeuProValSerLeuOlyAspGlnAlaSerileS 
EcoRI AatII HlntI RpaII BatEll 

AhaII Hpbl EcoRII 
Taql Sor FI 

Acy I HaelII 
HaeII 

80 90 100 11 0 • 120 t 30 . 1'10 
CTTCCCCCTCTTCCCACTCTCTCCTCCATTCTAATCCTAACACTTACCTCAACTCGTACCTGCAAAAGGC 
ei-CysAr1SerserGlnSerLeuValHisSerAsnClyAsnThrTyrLeuAsnTrpTyrLeuGlnLyaAl 

Fnuijffl AY&ll Hae III H81Ell Banl 
MboII BatXI KpnI 
~ sau96I NlaIV 

Raal 

150 160 170 180 190 200 210 
TCCTCAGTCTCCGAAGCTTCTCATCTACAAAGTCTCTAACCCCTTCTCTCCTCTCCCCGATCCTTTCTCT 
aClyClnSerProLraLeuLeuileTyrLysValSerAsnArgPheSerGlyValProAapArgPbeSer 

u·uz Sau3A Hpau 
H1nd1II No1ISau3A 

SorFI 

220 230 2,0 250 260 - 270 280 
CCTTCTCCTTCTCCTACTCACTTCACCCTCAAGATCTCTCCTCTCCACCCCCACCATCTCGGTATCTACT 
GlySerClySerGlyThrAapPheThrLeuLysileSerArsValCluAlaCluAapLeuGlyileTyrP 

RsaI HphI BClII TaqIHaeIII Sau3A 
Hboll XholI 

Sau3A 
XbolI 

290 300 310 320 330 3,0 350 
TCTCCTCTCAGACTACTCATCTACCCCCCACCTTCCCCCCTGCCACCAACCTCCAGATCAAACCTTCAGGATCC 
heCyaSerGlnThrThrH1ava1ProProThrPheGlyGlyCl1ThrLya1.euGlulleLya1rg•op 

DdeI NlaIII Hg1!1I BanI AluI Sau3A MaeII B&mHI 
- RaaI NlaIV Aval NlaIV 

T&QI Sau3A 
!!l2,! XhoII 
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1 0 20 30 110 50 60 TD 
GllTTCCAACTTCAACTCCACCACTCTCCTCCTCAlTTCCTTAAACCTCGCCCCTCTGTGCGCATGTCCT 
GluPheGluValGlnLeuOlnClnSerClyProGluLeuValLysProGlyAlaSerValArgHetSerc 

AsuII BbYI AYaII Ab&Il HhaI 
EcoRI Fnu4HI Sau961 BanI H1nPI 

TaqI PstI Eco RI I MstlHlaIII 
Hae II FapI 

HbaI 
H1nPI 

NarI 
NlaIV 
l~YI 

80 90 100 110 120 130 PIO 
GCAAATCCTCTCCGTACATTTTCACCAATTACTACATCCATTCCCTTCCCCACTCTCATCCTAACTCTCT 

Cltt,AAAAG,GGfTAATGATGTACbTAACCCAACCCCTC ~ 
ysLysSerSerOlyTyrllePnernrAanryrTyrlleHisTrpValArsGlnSerHisClyLysSerLe 

RaaI HphI FokI BstXI Nl~III ,!!! 
Ka 

150 160 170 180 190 200 210 
AGACTACATCCCCTCCATCTACCCCCCTAATCCTAACACTAAGTACT.ACAATCAGAACTTTAAAGCTAAG 

TCATGTCTCCCACCTAOATCGCCCCATTACCATTCTGATTCATCATCTTACTCTTCAAA 
uAspryrlletlyTrplleTyrProGlyAsnGlyAsnThrLysTyrTyrAsnGluAsnPheLysGlyLys 
I Sau3A Aval MaeIIIDdeIRaaI DraI el XhoII HpalI Seal -

HcU 
Neu 

Saal 
XmaI . 

220 230 2110 250 260 270 280 
CCCACCCTTACTCTCCACAAATCTTCCTCAACTCCTTACATCCAGCTCCCTTCTTTCACCTCTCAGGACT 
AlaThrLeuThrValAspLysSerSerSerThrAlaTyrKetGluLeuArgSerLeuThrSerGluAapS 

. AccI MboII AluI Delel Hint 
Hine II NlaIIISbvl 
Sal I FnuijffI 

TaqI 

290 300 310 320 330 3110 350 
CCCCCCTATACTATTCCCCGCGCTCCTCTCCTAACAAATCCCCCTTCCATTACTCCCCTCATCCCGCCTC 

. GGAAGCTAATCACCCCAGTACCCC 
erAlaValTyrTyrCysAlaGlySerSerClyAsnLysTrpAlaPheAspTyrTrpGlyH1sGlyAlaSe 
I Ace I HhatSanil Mae III Hae III Ahal I 

FnuDII FnuDII Sau96ITaqI Banl 
Sac II HlnPINlaIY Hae II 

360 370 
TCTTACTCTATCCTCATAGGATCC 
rValThrValS•rser•am 
HaeIII -BamH1 

NlaIY 
Sau)A 

XhoII 
FI C,,. 'i C., 

HhaI 
H1nPI 

Nari 
NlalU 

·N1aiv 
Acyl 
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1 0 . 20 30 'O 50 60 TO 
GAATTCGACCTCCTAATClCCCAC&CTCCCCTCTCTCTCCCCGTTTCTCTCCCTClCCAGCCTTCTATTT 
GluPheAspValVa1MetThrClnTh~ProLeuserLeuProVa1SerLeuG1y&spClnA1aSerlleS 
£CORI AatII H1ntl Hpall BatEll 

AhaII Hpbl £coRI1 
TaqI ScrFI 

Acy I Mae1II 
HaeU 

so 90 1 oo 11 o 120 130 no 
CTTCCCCCTCTTCCCACTCTATTCTCCACTCTAATCGTAACACTTACCTGCATTGGTACCTGCAUACCC 

AACCCCCACAACCCTCACATAACACCTCACATTACCATTCTCAATOCACCTAAC 
·ereysArgserSercinSeriievalHisSerAanClyAsnThrfyr~euAapTrpTyrLeuGlnLysAl 

Fnu4HI Hg1AI HaelII EcoRII BanI 
~ Ser FI KpnI 

HsJ.EII Nl&lV 
RaaI 

150 160 170 180 190 200 210 
TCCTCACTCTCCCAACCTTCTCATCTACAAACTCTCTAACCCCTTCTCTCCTCTCCCCCATCCTTTCTCT 
aGlyClnSerPr0LysLeuLeuileTyrLrsva1SerA~nArgPbeSerOlyValPr0AspArgPbeSer 

UuI Sau3A . HpaII 
H1nCIII Nc1ISau3A 

Ser FI 

220 · 230 2110 250 260 210 280 
. CGTTCTCCTTCTCCTACTCACTTCACCCTCAACATCTCTCCTCTCCAGCCCCACCATCTCCCTATCTlCT ccetect1c,eteAt,c1tc1 
ClySerGlySerGlyThrAspPbeThrLeuLysileSerArgValGluAlaGluAspLeuGlYileTyrT 

·asaI HpbI BglII TaqIHaeIII saulA 
Hboil XboII 

Sau3A 
Xboll 

290 300 31 a 320 330 340 350 
ACTGCTTCCAGCCCTCTCATCTACCCTCCACCTTCCCCCCTCGCACCAAGCTCGAGATCAAACCTTCAGCATCC 
fCACGAAGGTCCCCAGAGTACATGGCACCTCGAACCCCCCACCCTCGTTCGACCT 
yrCysPheGlnGlySerH1sVa1ProTrpThrPbeGlyGlyClyTbrLysLeuGluI1eLysArg•op 

EcoRII NlaIII AvaII ·. San! AluI Sau3A HaeII SamHI 
Sorn RsU Sau96I NlaIV AY&I NlaIV 

Hg1EII TaqI Sau3A 
!!!!!.! XhoII 
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10 20 30 110 SO 60 TO 
GAATTCATGGAAGTAC&ACTGCAAC&ATCTGCGCCCCCTCTCCTACCTCCCTCTCAGACTCTGTCCCTCA 
GluPheHetGluValGlnLeuGlnGlnSerGlJProGlyleuValArgProSerGlnThrLeuSerLeuT 
EcoRillaIII Isa? ApaIHpaII laaI DdeIHintI 

Bann Hae II Tth 111% 
~ HaeIII 

Nc1I 
nan 

1 S1u96I 
Sau96I 

SarFI 

80 90 100 110 120 ~30 140 
CTTCTACCCTATCCCCATCCACCTTCTCTAACTACTACATCCATTCCCTCCCTCAACCCCCCCCTCGTCC 
hrCysfhrValSerGlySerThrPheSerAsnTyrTyr[leHisTrpValArgGlnProProGlyArgGl 

RsaI Bamff1 fokI AvaIIHincII HpaII 
Hpall . Nla IV Heit 

Nla IV Sau 96 I Serf I 
Sau]A 

Xbo It 

150 160 170 t 80 190 200 210 
TCTCCACTCGATCCCTTGCATTTACCCCGCTAATGCTAACACTAAGTACTACAATCACAACTTTAAAGGC 
yLeuCluTrplleGlyTrptleTyrProGlyAsnGlyAsnThrLysTyrTyrAsnGl~AsnPheLysGly 

Aval Sau3A Aval HaeIIIDdeUsaI Dral N 
Taql HpaU Seal Sp 

Xhot Noll 
- NoU 

SorFt 
ScrFI 

Saal 
XmaI 

220 230 2110 250 260 270 280 
ATGCTCCTCCACACTTCTAACAACCAATTCTCTCTCCGTCTCTCTTCTCTTACCGCCGCTCATACTGCTC 
HetLeuValAsp?hrSerLysAsnGlnPheSerLeuArgLeuSerSerValThrAlaAlaAspThrAlaV 
lalII AccI DdeIXmnl HgaI HboII HaeIIIFnu4HI 
h I Hine II Bbv II. FnuDII 

Sal I Sao II 
tiiI 

290 300 310 320 330 31'0 350 
TGTACTACTCCCCCCCTTCCTCCCCTAA?AAGTGGGCATTTGATTACTGCCCCCAGGCCTCTCTGGTCAC 
alTyrTyrCyaAlaArgSerSerGlyAsnLysTrpAlaPheAspTyrTrpGlyOlnGlySerLouValTh 

Rsa I Buff II HpaII Nla IV San II BstEU 
fnuDII EcoR II Hpb l 

FnuDU Hae III Hae III 
ffhat Sau96I 

Bhat ScrFI 
H1nPI 

1.UnPI Flt,\~ &.\E 
· 360 370 

CGTATCCTCTTAACTGCAG 
rValSerSer•ocLeuGln 

Pat. I 
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1 o 20 30 •o 50 &o 10 
GA&TTCATGCA&TCTCTTCTGlCTC&GCCCCCCTCTCTlTCTCCTGCACCCGGTClACGCGTAACTATCT 
GluPheHetG1uSerYa1LeuThrGlnProProSerVa1SerG1yAlaProG1yGlnArgYa1ThrlleS 
EcoRI HlntI DdelFnu,HI H11AIHpalt FnuDtt 

NlaIII H1nfI NctlHincII Haelil 
Xanl ScrFt !!l!!.! 

80 90 100 110 120 130· 1110 
CTTCCCCTTCCTCTCAGTCTATTCTCCATTCTAATCCCAACACTTATCTCGAATCCTACCAACAACTGCC 
er Cy:, Ar g Ser Ser GlnSer ll e Va 1 Hl s Ser AsnGl YA.an Th r Tyr Leu Cl uTrp Tyr-Cl nGln Leu Pr 

Ddel Bs~ll Bani Hp 
Kpn I No 
NlaIV . Sc 

Baal 

150 160 110 180 190 200 210 
CGCCACCCCGCCCAACCTCCTCATCTTTAAACTATCTAATCCCTTCTCTCGCCTACCCCATCCATTCTCT 
oGlyThrAlaProLr:sLeuLeullePheLysVa1SerAsnArgPheSerClyVa1ProAapArgPheSer 
aII FnuDU UuI DraI RsaI ClaI 
1I HbaI Bbvl Sau3r-- HpaII H1ntt 
rFI ff1nPI Fnu,HI Sau3A 

Bani TaqI 
NlaIV 

220 230 2QO 250 zio 270 280 
CTATCTAACTCTCCCTCCTCTCCCACTCTCCCCATCACTGGTCTGCAAGCAGAACATGACCCCCATTACT 
Va1SerLysSerGlySerSerAlaTbrLeuAlaileThrG1yLeuGlnAlaGluAspGluA1aAspTyrT 

DdeI Nla IV BglI Sau 3A Hba II Hae Itt 

290 300 310 320 330 3~0 350 
ACTCTTTTCIAGGCTCTCATCTACCCTCCACCTTCGGTGGTCGCACCAAGCTTACTGTACTCCCTCACCC 
yrCy:sPheGlnGlySerHisValProTrpThrPheGlyGlyGlyThrLysLeuThrValLeuArgGlnPr 

360 
GTAACTGCAG 
o•ocLeuGln 

Pstl 
Hae III 

Nlalll AvalI BanI AluI RsaI HgaI 
laaI Sau96I HlaIV Hinditt . 

Hg1£II 

Fl&. "f F 
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,Ja; 
JR.;J 

10 20 30 40 so ,o ,o 
; <:AAGTrCAACTGCAGCAGTCTGGTCCTGAATTGCTTAAACCTCCCGCCTCTCTGCCCATCTCCTCCAA.\TCCTCT 

E V O L Q Q S G P E L V 
Bbvh Aval% 
Fnu4H1 SauHl 

PaU 

K P G A S V R M S 
Alllll .HIia I 
81nIMnlI+ HinPI 

EcoRil FapIN11lI1 
Hlell HapHI 

Hbal 
. HlnPI 
NarI 
N11IV 

ScrFl 

C K S S 
Mn11+ 

x.1 ~ R·1 x I 
I e.s 95 10s. .111s 12s 13s 14s 

CGGTACCGCCACTCTCATCCTAAGTCTCTAGACTTTAAACGTAACCCGACCCTTACTCTCGACAAATCTTCCTCA 
G Y R O S H C K S L D F K C K A T L T V D K S S S 
BanI· WXl NlaUI !l2.Al ACOI Ml:loil-
xonI ~ HincII MnlI• 
ffllv Sall 
Rial TaqI 

~R·3 . , xl I 
160 170 180 190 zoo ~10 zzo 

ACTGCTTACATGGAGCTGCCTTCT'TT'GACCTCTCAGGACTCCGCCCTATACTATTCCCCCCCTATCGATTATTGG 
T A Y M E L R S L T S E D S A V Y Y C A R 1 D Y W 

A1ul DdeI Hinfl Accl AccII '1.ll Nl 
Hl1IIIBl:lvI- Mn1I•Mn11- AccII AccII TaqI S 

Fnu4H1 Nsp81I B33KJJ 

~ P. 0.,, 
Z35 245 255 265 

GGCCATGGCGCTAGCGTTACCGTGAGCTCCTAAGGATCC 
G- H G A S V T V S S • a S 

UV Haen . Alul Dde1B1fl1HI 
1ut6I Hhll BanllMstllNlaIV 
Haelll HinPI Bspl216 SaulA 

NCDI Nllel HQiAI Xboll 
Nlllll SICI 

Styl 

SacII Hhll 
-HhlI 

HinPI 
Hinn 

FIG. G 
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10/-:31 
10 20 30 40 50 60 70 

GAATTCATGGCTGACAACAAA'l"l'CAACAAGGAACAGCAGAACGCGTTCTACGAGATCTTGCACCTGCCGAACC'l'G 
E F M A D N K F N K E Q Q H A F Y E I L H L P N L 

EcoJlI MluI SglII BspMI+ 
XDlnl 

85 95 105 115 125 135 145 
. AACGAAGAGCAGCGTAACGGCTTCATCCAAAGCTTGAAAGACGACCCGTCTCAGAGCGCTAACCTGCTGGCAGAG 

N E E Q R N G F I Q S L K D D P S Q S A N L L A E 
BindIII BspMI+ 

Eco47III 

~ 160 170 180 190 200 210 220 
GCCAAGAAACTGAACGACGCTCAGGCGCCGAAGAGTGATCCCGAAG'l"l'CAACTGCAGCAGTCTGGTCCTGAATTG 
A K K L N D A Q A P K S D P E V Q L Q Q S G P E L 

Harl PstI 

235 245 255 265 275 285 295 
GTTAAACCTGGCGCCTCTGTGCGCATGTCCTGCAAATCCTCTGGGTACATT'l"l'CACCGACTTCTACATGAATTGG 

V K P G A S V R M S C K S S G Y I F T D F Y M N W 
NarI FspI 

310 320 330 340 350 360 370 
GTTCGCCAGTCTCATGGTAAGTCTCTAGACTACATCGGGTACATTTCCCCATACTCTGGGGTTACCGGCTACAAC 
V R Q S H G K S L D Y I G Y I S P Y S G V T G Y N 

BstXI ~aI PtlMI BstEII 

385 395 405 415 425 435 445 
CAGAAGTTTAAAGGTAAGGCGACCCTTAC'l'GTCGACAAATCTTCCTCAACTGCTTACATGGAGCTGCGTTCTTTG 

Q K F K G K A T L T V D K S S S T A Y M E L R S L 
DraI Sall 

460 470 480 490 500 510 520 
ACCTCTGAGGACTCCGCGGTATACTATTGCGCGGGCTCCTCTGGTAACAAATGGGCCATGGAT'l'ATTGGGGTCAT 
TSE D SA VY Y C· AG S S G N KW AM DY W G H 

SacII HcoI 

535 545 555 565 575 585 595 
GGTGCTAGCGTTACTGTGAGCTCTGGTGGCGGTGGGTCGGGCGGTGGTGGCTCGGGTGGCGGCGGATCCGACGTC 

G A S V T V S S G G G G S G G G G S G G G G S O V 
NheI SacI BamHI AatII 

610 620 630 640 · 650 660 670 
GTTGTTACCCAGACTCCGCTGTCTCTGCCGGTTTCTCTGGGTGACCAGGCTTCTATTTCTTGCCGCTCTTCCCAG 

V V T Q T P L S L P V S L G D Q A S I S C R ·s S Q 
BstEII PflM 

685 695 705 715 725 735 745 
TCTCTCCTCCATTCTAATGGTAACACTTACCTGAACTGGTACCTGCAAAAGGCTGGTCAGTCTCCGAAGCTTCTG 
SL VHS u· G HT Y L NW Y L Q KA G Q S PK LL 

I BstXI BspMI+ HindIII 
KpnI 

~JG. t,A·l 
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l='lu.. "f A 

760 770 780 790 800 810 820 
ATCTACAAAGTCTCTAACCGCTTCTCTGGTGTCCCGGATCGT'l'TCTCTGGTTCTGGTTCTGGTACTGACTTCACC 

I Y K V S H R F S G V P D R F S G S G S G T D F T 

835 845 855 865 875 885 895 
CTGAAGATCTCTCGTGTCGAGGCCGAAGACCTGGGTATCTACTTCTGCTCTCAGACTACTCATGTACCGCCGACT 

L X I S R V E A E D L G I Y F C S Q T T H V P P T 
BglII 

910 920 930 940 
T'l"I'GGTGGTGGCACCAAGCTCGAGATTAAACG'l'TAACTGCAG 

F G G G T K L E I K R * 
XhoI .HpaI PstI 

FIG. 6A•2 
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l'J;~, 
10 20 30 40 ,o 60 

GATCCTGACGTCGTAATGACCCAGACTCCGCTGTCTCTGCCGGTTTCTCTGGGTGACCAG 
D p D V V " T a T p L s L p y s L G D a 

Aatll BstEII 

70 BO 90 · 100 110 · 120 
GCTTCTATTTCTTGCCGCTCTTCCCAGTCTCTGGTCCATTCTAATGGTAACACTTACCTG 

A S l S C R S S D S L V H S •N G N T V L 
Pflftl BatXI 

130 140 1!50 160 170 1BO 
AACTGGTACCTGCAAAAGGCTGGTCAGTCTCCGAAGCTTCTGATCTACAAAGTCTCTAAC 

.. NWVLQKAGQSPICLLIYICVSN 

.. 
8apNI+ Hindlll 

Kpnl 

190 200 210 220 230 240 
CGCTTCTCTGGTGTCCCGGATCGTTTCTCTGGTTCTGGTTCTGGTACTGACTTCACCCTG 

R F S G V P D R F S G S G S G T D F T L 

2~ 260 . 270 280 290 300 
AAGATCTCTCGTGTCGAGGCCGAAGACCTGGGTATCTACTTCTGCTCTCAGACTACTCAT 

K 1 S R V E A E D L G J . Y F C S Q T T H 
8;111 

:!10 ::20 330 340 350 ~60 
GTACCGCCGACTTTTGGTGGTGGCACCAAGCTCGAGATTAAACGTGGATCTGGAGGTGGC 

V P P T F G G G T K L E I K R G S G G G 
XhOI 

370 :seo :s90 400 410 4:zo 
GGATCTGGTGGAGGTGGCTCTGGTGGCGGTGGATCCGAAGTTCAATTGCAGCAGTCTGGT 

G s G G G G s G G G G s E V a L Q a s G 
BamHI 

430 440 4,o 460 470 4BO 
CCTGAATTGGTTAAACCTGGCGCCTCTGTGCGCATGTCCTGCAAATCCTCTGGGTACATT 

P E L V K P G A S V R M S C K S S G V I 
Nari Fspl 

490 !100 510 !120 !130 !140 
TTCACCGACTTCTACATGAATTGGGTTCGCCAGTCTCATGGTAAGTCTCTAGACTACATC 

F T D F Y M N W V R Q S H G K S L D Y 1 
estXI Xbal 

:iso !160 S7o seo !11i'o 600 
GGGTACATTTCCCCATACTCTGGGGTTACCGGCTACAACCAGAAGTTTAAAGGTAAGGCG 

G Y. I S P Y S G V T G Y N Q K F K G K A 
P111'1J ElstEII . Dl"'aI 

610 620 630 640 6SO 660 
ACCCTTACTGTCGACAAATCTTCCTCAACTGCTTACATGGAGCTGCGTTCTTTGACCTCT 
TL T V·D KS S 5 TA V MEL RS LT S 

Sall 

670 680 690 700 710 720 
GAGGACTCCGCGGTATACTATTGCGCGGGCTCCTCTGGTAACAAATGGGCCATGGATTAT 

E D S A V V V C A G S S G N K W A M D Y 
SacIJ 

T..O 740 7SO 7 60 
TGGGGTCATGGTGCTAGCGTTACTGTGAGCTCTTAACTGCAG 
~ G ~ G A S V T V S S ~ 

Neal 
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J:5/~, 
10 20 30 40 50 60 

GAAGTTCAACTGGAGCAGTCTGGTCCTGGATTGGTTCGACCTTCCCAGACTCTGTCCCTG 
E V Q L E Q S G P G L V R P S Q T L S L 

70 80 90 100 110 120 
ACCTGCACATCCTCTGGGTACA'l'1"1"l'CACC:GACTTCTACA'l'CAATTGCG'l"l'CCC:CAGCCT 

T C T S S G Y I F T D F Y M N W V R Q P 
BspMI+ BstxI 

130 140 150 160 170 180 
CCTGGTCCGGGTCTAGACTACATCGGGTACA'l"l'TCCCCATACTCTGGGGTTACr:GGCTAC 
P G .R G L D Y I G Y I S P Y S G V T G Y 

XbaI PflMI :BstEII 

190 200 210 220 230 240 
AACCAGAAGTTTAAAGGTAAGGCGACCCTTCTGGTCAACAAATCTAAGAACCAGGCTTCC 

N Q K F K G K A T L L V N K S K N Q A S 
DraI 

250 260 270 280 290 JOO 
CTGCGGCTGTC'rl'CTGTGACCGCTGCGGACACCGCGGTATACTATTGCGCGGGCTCCTCT 

L R L S S V T A A D T A V Y Y C A G S S 
SacII 

310 320 330 340 350 360 
GGTAACAAATGGGCCATGGATTATTGGGGTCAGGCTTCTCTGGTTACTGTGAGCTCTGGT 
G N K W A M D Y W G Q G S L V T V S S G 

NcoI sacI 

370 380 390 400 410 420 
GGCGGTGGGTCGGGC:GGTGGTGGCTCGGGTGGCGGC:GGATCCGACGTCGTTATGAC:C:CAG 

C G G S G G G G S G G G ~ S D V V M T Q 
BamHI AatII 

430 440 450 460 470 480 
CCTCCGTCGGTTTC:GGGGGCTCCTGGTCAGC:GGGTTACTATTTCTTGCr:GCTCTTC:CCAG -

P P S V S G A P G Q R V T I S C R ·S S Q 
PflM 

490 500 510 520 530 540 
TCTCTGGTCCATTCTAATGGTAACACTTACCTGAACTGGTAC:CAGCAACTGCCTGGTAC:G 

S L V H S N G N T Y L N W Y Q Q L P G T 
I BstxI I<pnI 

550 560 570 5BO 590 600 
GCTCCGAAGCTTCTGATCTACAAAGTCTCTAACCGCTTCTCTGGTGTCCCGGATC:GTTTC 

A P K L L ·1 Y K V S N R F S G V P D R F 
HindiII 

610 620 630 640 650 660 
TCTGGTTCTGGTTCTGGTACTGACTTCACCCTGGCGATCACTGGTCTCCAGGCCGAAGAC 

S G S G S G T D F T L A I T G. L Q A E D 

670 680 690 700 710 720 
GAGGCTGACTACTTCTGCTCTCAGACTACTCATGTACC:GCCGACTTTTGGTGGTGGCACC 

E -A D Y F C S Q T T H. V P P T F G· G G T 

730 740 750 
AAGCTCACGGTTCTGCGTTAACTGCAG 

K L T V L R • L Q 
HpaI PstI 
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10 20 30 ,o 50 60 
GAA'l'TCGAAGTTCAACTGCAGCAGTCTGGTCCTGAA'l'TGGTTAAACCTGGCGCCTCTGTG 

E F E V Q L Q Q S G P E L V K P C A S V 
AaU%I Pau Har I rs 

Ecolll 

70 80 10 100 110 120 
CC:CATGTCCTGCAAATCCTCTGGGTACACCTTCACCAACTA'l'TACATCCACTC:C:CTTAAG 
R M S C K S S G Y T F T R Y Y I B W L K 

pI AfllI 

130 1,0 150 110 170 180 
CAGTCTCATC:C:TAAGTCTCTACACTC:CATCCC:TTC:CA'l'T'1'ACCCGGGTAATGG'l'AACACT 

Q S 8 G K S L E W I G W I Y P G N G H T 
XbaI SmaI 

190 200 210 220 230 240 
AAGTACAATGAGAACTTTAAAGGTAAGGCGACCCTTACTGTCGACAAATC'l'TCCTCAACT 
'KY N.E NF KG KAT LTV DK S SST. 

DraI Sall 

250 260 270 280 290 300 
GC'l'TACATGGAGCTGCGTTc:'l'TTCACCTCTGAGGACTCCGCGGTATACTATTGCGCGCGT 
A·Y MEL RS LT SE D SA VY Y CAR 

sacII BasHII 

310 l20 330 340 350 360 
TACACTCATTATTACTTCGATTATTGCGCCCATGGCGCTAC:CGTl'ACCGTGACCTCTGGT 

Y T H Y Y F D Y W G H G A S V T V S S G 
HcoI HbeI . SacI 

370 380 390 400 410 420 
GGCGGTGGCTCGGGCGCTGGTGGGTCGGGTGGCCGCC:GATCCCACGTCGTTATCACCCAG 
G G G S G G G G S G G G G S D V V M T Q 

BUIHI AatII 

430 440 .450 460 470 480 
ACTCCCCTGTCTCTGCCGG'l'T'1'CTCTGGGTGACCAGGCTTCTAil1Cl1GCCGCTCTTCC 
T P L S L P V S L G D Q A S I S C R S S 

BstEII 

49~ 500 510 520 530 540 
CACTCTATCCTCCATTCTAATC:C:TAACACTTACCTGGAc.TGGTACCTGCAAAAGGCTGGT 

Q S I V H S N G N T Y L E W Y L Q K A G 
BstxI BspMI+ 

XpnI 

550 560 570 580 · 590 600 
CAGTCTCCGAAGCTTCTCATCTACAAAGTCTCTAACCGCTTCTCTGc:TCTCCCGGATCGT 

Q S P K L L I Y K V S H R F S G V P D R 
HindZII . 

610 620 630 640 650 660 
TTCTCTGG 11 Cl'GGTTC'l'GGTACTGACTTCACCCTGAAGA'l'CTCTCGTC'l'C:CAC:CCCGAC: 

F S G S G S G T D F T L K I S R V E A E 
BqlII 

670 680 690 . 100 110 1io 
GATCTCCGTATCTAC'l'ACTGCT'?CCAAGGG'l'C'l'CATGTACCc.TGGACTT'l'CGGCGC:TGGG 

D L G I Y Y C F Q G S H V P W T F G G G 

730 740 750 
ACCAAGCTCGAGATTAAACGTTAACTC:CAG 
T K L E I K R * L Q 

XhDI BpaI PstI 
I=" l C:n • 9 J3 
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10 20 30 40 so 60 
GATCCCGAGGTTATGCTGGTTGAATCTGGTGGAGTACTGATGGAACCTGGTGGGTCCCTG 

D P E V M L V E S G G V L M E P G G S L 
ScaI Ecoo. 

70 80 90 100 110 120 
AAGCTCAGCTGTGCTGCTAGCGGC'l"l'CACGTTCTCTCGTTACGCCATGTCTTGGGTCCCT 
.KL SC A AS G FT F SR YAMS WV R 

Esp I NheI PflMI 

130 140 150 160 170 180 
CAGACTCCGGAGAAGCCTCTAGAGTGGGTCGCGACGATATC1TCTGGTGGTTCTCACACG 

Q T P E K R L E W V A T I S S G G S H T 
BspMII XbaJ: NruI EooRV 

190 200 210 220 230 240 
TTCCATCCAGACAGTGTGAAGGG'l'CGATTCACGATCTCTCGAGACAACGCTAAGAACACG 

F H P D S V K G R F T I S R D N A K N T 
XhoI 

250 260 270 280 290 300 
TTGTACCTGCAAATGTCTTCTCTACGTAGTGAAGATACTGCTATGTACTACTGTGCACGT 

L Y L Q M S S L R S E D T A M Y Y C A R 
BspMI+ SnaBI ApaLI 

310 320 330 340 350 360 
CCTCCACTGATCTCACTAGTTCCTCATTATGCCATGGATTATTCGGGTCATGGTGCTAGC 

P P L I S L V A D Y A M D Y W G H G A S 
SpeI Neal HheI 

370 380 390 400 410 420 
GTTACTCTGAGCTCTGGTGGCGGTGGGTCGGGCGGTGGTGGCTCGGG'l'GGCGGCGGATCG 

V T V S S G G G G S G G G G S G G G G S 
SacI 

430 440 450 460 470 480 
GATATCGTTATGACTCAGTCTCATAAGTTCATG'l'CCACTTCTGTTGGTGACCGTGTTTCT 
D I V M T Q S H K F M S T S V G D R V S 

EcoRV - BstEII 

490 500 510 520 530 540 
ATCACTTGTAAGGCCAGCCAGGATGTGGGTGCTGCTATCGCATGGTATCAGCAGAAGCCC 

I T C K A S Q D V G A A I A W Y Q Q K P 
PflMI Sma 

550 560 570 580 590 600 
GGGCAGTCTCCTAAGCTGCTGATCTACTGGGCGTCGACTCGTCATACTGGTGTCCCGGAT 

G Q S P K L L I Y W A S T R H T G V P D 
I Sall 

610 620 630 640 650 660 
· CCTT'l'CACTGGGTCCGGATCAGGTAC'l'GATTTCACTCTGACTATTTCGAACGTTCAGTCT 

R F T G S G S G T D F T L T I S N V Q S 
BspM:II AsuI;r 

670 680 690 700 710 720 
GATGACCTGGCTGATTAC'l"l'CTGCCAGCAATATTCCGGGTACCCTCTGACTTTCGGTGCC 

D D L A D Y F C Q Q Y S G Y P L T F G A 
SspI Kpnl Nae 

730 740 750 
GGCACTAAACTCGAGCTGAAGTAACTGCAG 
G T K L E L K * 

I XhoI Pstl 
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