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r:__..;i~ UNITED sv!L DEPARTMENT OF COMMERCE 
_ · 1&i' · Pam.nt and Trademark Office \ t!!'J:i/ Address: COMMISSIONER OF PATENTS ANO TIWJEMARKS 
~" --...... Washington, O.C. 20231 

----
SERIAL NUMBER FILING DATE FIRST NAMED APPLICANT ATTORNEY DOCKETT NO. 

EXAMINER 

ART UNIT PAPER NUMBER 

DATE MAILED: 

EXAMINER INTERVIEW SUMMARY RECORD 

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

(1) ~~ ~\)~ (_\)To) (3) w~ry ~e. 
L,~ - '- ( (>To) (2) \-Wf~ (4) 

Data of Interview a3 Au,qq 
Type: D Telephonic ~Personal (copy Is given to D applicant ~applicant's representative). 

Exhibit shown or demonstration conducted: 0 Yes 0 No. 1f yes, brief description: _ __./..)L..=.oO-.....cl..."""'"-----------------

Agreement D was reached with respect to some or all of the clalms In question. Olwas not reached. 

Clalmsdiscussed:---'t\{'+"t_.\_-1~......, .... &.c_.,.,,.,...'")-..--------------------------- -

~~fi~~~~M~d~~s~--~~-~~-·h~~~~~~~----------------------------

DescnpUon of the general nature of what was agreed to If an agreement was reached, or any other commenls: A.pf) ,'cp. k 

.l. ~ \""i> lfr &a..:,.,,,_ \IL f\,9\i~ w-\e.Jl 
I 

t :l-K . 

(A fuller description, H necessary, and a copy of the amendments, II available. which the e)(amlner agreed would mnder the claims allowable must be 
attached. Also, where no copy of the amendments which would render the claims allowable Is available, a summary thereof must be attached.) 

0 1. 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 dale to provide a statement of the substance of the Interview. 

0 2. Since the examiner's Interview summary above (Including any attachments) reflects a complete response to each of the objections, rejections and 
requl(ements 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 provl a separate record of the substance of the interview unless 
box 1 above is also checked. 

PTOL-413 (REV. 2 -93) 
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' · 0 NoOlle Of IMwwwww ai.s Dr es.m.-. PTD-192. 2. 0 Notice .. Patent Drawing, PT0-943. 

I. 0 NollceOf Matetlbr~ PT0-1449. &. 0 Nob of Informal Plllenl AppOcatlon, Form PT0-152. 
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rr:i -/~ 
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• • 
Serial No. 08/146,206 

Art Unit 1806 

15. Restriction to one of the following inventions is required 
under 35 U.S.C. § 121: 

2 

I. 
5 

Claims 1-12'~and 1~,) drawn to a method of making a 
humanized a:'n tibody, ' classified in Class 4 3 5, subclasses 
69.6 , 69.7 , 70.21, 91, 172 . 2, 240 . 1, 240 . 27, 252 . 3, 
320.1 and Class 536, subcl ass 23.53 

II. 

] 0 III. 

IV. 

v . 
15 

VI. 

Claim 13J drawn to a polypeptide, classified in Class 
530, subclass 325. 
Claim 14{ drawn' to a polypeptide, classified in Class 
530, subclass 325. 
Claim 16). drawn to a computer, classified in Class 364, 
subclass 413. 
Claim 17! drawn to a computer representation, 
classifi~d in Class 36, su~class 223.3, 223.4, 224.1, 
224.91, 225.9 and 226.l 
Claim 18,\ drawn to a method of storing a computer 
representation, classified in Class 369, subclass 13+ 

2 0 16. The inventions are distinct, each from the other because of 
the following reasons: 

17. The inventions of Groups I-III are not related . The method 
of making a humanized antibody of Group I is distinct from the 

25 polypeptides of either Groups II or III. The polypeptides are 
not ·humanized antibodies. Thus the method of Group I is not 
expected to produce the polypeptides of Groups II or III. The 
Groups therefore have different issues regarding patentability 
and enablement and represent patentably distinct subject matter . 

30 

35 

18. The inventions of Group I and Group VI are distinct methods. 
They differ with respect to ingredients and method steps. They 
have different issues regarding patentability and enablement and 
represent patentably distinct subject matter. 

19. The products of Groups II- V are distinct and unrelated. The 
peptides of Groups II and III differ chemica l ly and physically 
from a computer and computer representation. Additionally, the 
peptides have different sequences and thus differed structures 

40 and pharmacokinetic properties. The Groups therefore have 
different issues regarding patentability and enablement and 
represent patentably distinct subject m?tter. 

20. The method of Group I is distinct from the products of 
45 Groups [IV and VJ. The method of Group I can in no manner 

produce a computer or computer representation as claimed in 
Groups IV and V. The Groups therefore have different issues 
regartiing patentability and enablement and represent patentably 
distinct subject matter. 

50 
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Serial No. 08/146,206 3 

Art Unit 1806 

21. The products of Groups II and III can not be produced by the 
method of Group VI. They therefore have different issues 
regarding patentability and enablement and represent patentably 
distinct subject matter. 

22. The computer of Group IV is distinct from both a method of 
storing a computer representation of Group VI and a computer 
representation Group V. The program required for (1) storing or 
(2) providing a representation (i.e. word processing text) are 

10 distinct components from the architecture of a computer system. 
Thus the Groups are separate and patentably distinct from each 
other. They have different issues regarding patentability and 
enablement. 

15 23 . The computer representation of Group V is distinct from a 
method of storing a computer representation. The logic required 
for these two applications are distinct and unrelated. The Groups 
have different issues regarding patentability and enablement and 
represent patentably distinct subject matter. 

20 
24. Because these inventions are distinct for the reasons given 
above and have acquired a separate status in the art shown by 
their different classification, in addition to their recognized 
divergent subject matter, they represent an undue burden on the 

25 examiner and restriction for examination purposes as indicated is 
proper. 

25. Applicant is advised that the response to this requirement 
to be complete must include an election of the invention to be 

30 examined even though the requirement be traversed. 

26. Applicant is reminded that upon the cancellation of claims 
to a non-elected invention, the inventorship must be amended in 
compliance with 37 C . F . R. § l.48(b) if one or more of the 

35 currently named inventors is no longer an inventor of at least 
one claim remaining in the application. Any amendment of 
inventorship must be accompanied by a diligently-filed petition 
under 37 C.F.R. § l.48(b) and by the fee required under 37 C.F.R. 
§l.17(h). 

40 
27. A telephone call was made to Ms. Hasak on August 24, 1994 to 
request an oral election to the above restriction requirement, 
but did not result in an election being made. 

45 28. Papers related to this application may be submitted to Group 
180 by facsimile transmission. Papers should be faxed to Group 
180 via the PTO Fax Center located in Crystal Mall 1. The faxing 
of such papers must conform with the notice published in the 
Official Gazette, 1096 OG 30 (November 15, 1989). The CMl Fax 

50 Center telephone number is (703) 308-4227. 
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Serial No . 08/146,206 4 

Art Unit 1806 

29. Any inquiry concerning this communication or earlier 
communicat ions from the examiner should be directed to Donald E. 
Adams whose telephone number is (703) 308-0570. The e:.~aminer can 
normally be reached Monday through Thursday from 7:30 am to 6:00 

5 pm . A message may be left on the examiners voice mail service. 
If attempts to reach the examiner by telephone are unsuccessful, 
the examiner's supervisor , Mr. David Lacey can be reached on 
(703) 308-3535. The fax phone number for Group 180 is (703) 305-
3014 or (703) 308-4227. Any inquiry of a general nature or 

10 relating to the status of this application should be directed to 
the Group 180 receptionist whose telephone number is (703) 308-
0196. 

is;:;)1J2~ 
Donald E. Adams, Ph.D. 
Patent Examiner 
Group 1800 
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IN THE UNITED STATES PATENT AND TRADEMAR 

-
PATENT DOCKET 709P1~ ~ 
FFICE 

n re Application of 

'~aul J. Carter et al. 

Serial No. 08/146,206 

Filed: 17 November 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

RE1CEIVED 
SEP 3 0 1994 

GROUP 1800 

Group Art Unit: 1806 

Examiner: D. Adams 

TRANSMITTAL LETTER 

Honorable Commissioner of Patent!; 
and Trademarks 

Washington, D.C. 20231 

Sir: 

Transmitted herewith is a Response to Restriction Requirement in the above-identified application. 

The fee has been calculated a:s shown below. 

Total 20 Minus 23 ::: 0 x 22::: $0 

lndep. 7 Minus 10 0 x 74 = $0 

_ First Presentation of Multiple! Dependent Claim + 230 = $0 

TOTAL $0 

_x_ No additional fee is rnquired. 
The Commissioner is hereby authorized to charge Deposit Account No. 07-0630 in the amount 
of $. A duplicate copy of this transmittal is enclosed. 
Petition for Extension of Time is enclosed. 

The Commissioner is hereby a1uthorized to charge any additional fees required under 37 CFR 1.16 and 
1 .17, or credit overpayment to Deposi1t Account No. 07-0630. A duplicate copy of this sheet is enclosed. 

A copy of a document pursuant to 37 C.F.R. § 10.9(b) is attached as proof of the authorization of the 
undersigned to prosecute the above-mentioned application. The original of this document is on file in the Office 
of Enrollment and Discipline. 

Date: September 22, 1994 

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

Respectfully submitted, 

By:G~ 
Wendy M . Lee 
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ti 
UNITEC STATES DEPARTMENT OF COMMERCE. 
P;,tent and Troidemark Office 
ASSISTANT SE0£TAAY AND CDll'MISSIOl'll:R 
CE PA 1[N'TS Af\CJ TAAO::fv\AAKS 
WasM!Jl.On. O.C. 20231 

LIMITED AECOGNl'TION UNDER 37 CFR § 10.9(b) 

Wendy M. Lee is hereby given limited recognition under 37 CFR § 10.9(b) as an 
employee of Genentech, Inc. to pn~pare and prosecute patent applications and to 
represent patent applicants wherein Genentech, Inc. is the assignee of record of the 
entire interest. This limited recognition shall expire on the date appearing below, or when 
whichever of the following events first occurs prior to December 9, 1994: (i) Wendy M. 
Lee ceases to lawfully reside in the United States. (ii) Wendy M. Lee's employment with 
Genentech, Inc. ceases or is terminat~~d. or (iii) Wendy M. Lee ceases to remain or reside 
in the United States on an H-1 visa. 

This docurr.er:t cons~it utes proof of SLJCh recognition. The original of this docum':3nt is on 
file in the Oi!ice of Enrollment and Discipline of the U.S. Patent and Trademark Office. 

E ':<.p ires : December 9, 1994 

Office of Enrollment and Discipline 
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·I Dt ~~ PATE~~T DOCKET 709P1 

IN THE\ UN1feo STATES PATENT AND ·rnADEMARK OFF1cflECE/VED 
·Sfp 0 f/1 

1 In re Apphcation of ) Group Art Unit : 1 a·os 3 1994 

1 

~ 
Paul J. Carter et al. : Examiner: o. Ada~~OUP 1 Boq 
Serial No. 08/146,206 

Filed: 
For: 

17 November 1993 

METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

) 
) 
) 

I 
) 

) 
) 

) 
) 

) 
) 

) 

) 
) 

RESPONSE TO RESTRICTION REQUIREMENT 

Honorable Commissioner of Patents 
and Trademarks 

Washington, D.C. 20231 

Sir: 

This is responsive to the restriction requirement maile1d 8 /26/94. The period for response has 

been set for 30 days making this response due on or beforn 9/25/94. This response is timely filed. 

Please amend the application as follows: 

IN THE CLAIMS: -Please cancel claims 17d!Prejudice. 

REMARKS 

The Examiner required restriction to one of the following inventions under 35 USC § 1 21 : 

I. Claims 1-12 and 1 5, drawn to a metho~I of making a humanized antibody. 

II. Claim 13 drawn to a polypeptide. 

Ill. Claim 14 drawn to a polypeptide. 

IV. Claim 16 drawn to a computer. 

V. Claim 17 drawn to a computer representation. 

VI. Claim 18 drawn to a method of storing a computer representation. 
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08/146,206 Page 2 

The Examiner urges that the inventions of Groups 1-111 are not related insofar as the polypeptides 

of either Groups II or Ill are "not humanized antibodies" and are therefore distinct from the method of 

making a humanized antibody recited in claim 1. The Examiner has also taken the position that the 

method of Group I is not expected to produce the polypeptides of Groups II or Ill . 

Applicants hereby elect Group I, with traverse. The restriction requirement is submitted to be 

improper as regards the separate treatment of Groups I, II, and Ill. The claims in the remaining Groups 

IV, V, and Vt have been canceled from this application, without prejudice to file a continuing application 

directed thereto. 

It is submitted that the inventions of Groups I, II, and Ill as hereinabove defined are not distinct. 

These inventions are all respectively related as method of making a humanized antibody (Group I) and 

the humanized antibody made using the method of claim 1. Applicants submit that the assumption 

made that the polypeptides of claims 13 and 14 are not humanized antibodies is clearly in error. In 

particular, claims 13 and 14 encompass the light chain and heavy chain variable domain, respectively, 

of humanized MAb405 made using the method of claim 1 (see page 7, lines 13-2 1 and Example 1 

which describes humanization of muMAb405). Surely, the Examiner will agree that the claim 

encompassing the light chain variable domain of the humanized MAb405 (claim 13) and the claim to 

the heavy chain variable domain of this humanized antibody (claim 14) should be examined together, 

since both a heavy chain and a tight chain are required to form the antibody variable domain. Hence, 

the separate treatment of Groups II and Ill is clearly erroneous. Furthermore, since the humanized 

antibody variable domains of claims 13 and 14 are made using the humanization technique of claim 1, 

these claims should be examined together. 

With respect to the search required to determine the patentability of the inventions defined by 

the claims of Groups I, II, and Ill, applicants represent that it is impossible to conduct an exhaustive 

search for a method of making a hun:ianized antibody without searching for humanized antibodies made 

using the method. Similarly, the search for the claimed humanized antibody is bound to reveal 

information concerning the technique for humanizing it. In the same token, a search of the amino acid 

sequence encoding the humanized heavy chain variable domain of the antibody would lead to the 

discovery of information concerning the humanized light chain variable domain. Accordingly, 

performing the entire search covering the method and products made by the method is less burdensome 

on the Examiner than the separate search. which necessarily involves duplication of searching efforts. 

In view of the foregoing arguments, the Examiner is requested to reconsider and withdraw the 

restriction requirement. 
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08/146,206 Page 3 

A copy of a document pursuant to 37 C.F.R. § 10.9(b) is attached as proof of the authorization 

of the undersigned to prosecute the above-mentioned application. The original of this document is on 

file in the Office. of Enrollment and Discipline. 

Date: ~ 94 ~q~ 
460 Pt. San Bruno Blvd. 
So. San Francisco, CA 94080-4990 
Phone: (415) 225-1994 
Fax: (415) 952-9881 

Respectfully submitted, 

~::H, INC. 

By: lml~ 
Wendy M . Lee 
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f 1 

Gly Ser Leu Arg Leu Ser cys Ala A.la Ser Gly Phe Thr Phe Ser 
20 25 30 

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

Glu Trp Val Ser Val Ile Se:r Gly Asp Gly Gly Ser Thr Tyr Tyr 
50 55 60 

A.la Asp Ser Val Lys Gly Arq Phe Thr Ile Ser Arg Asp Asn Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg A.la Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys A.la Arg Gly Arg Val Gly Tyr Ser Leu 
95 100 105 

Ser Gly Leu Tyr Asp Tyr Trp Gly Gln Gly Thr Leu Val Tlu: Val 

Ser Ser 
122 

110 115 120 

(2) INFORMATION FOR SEQ ID N0:22: 

( i) SEQUENCE CHARACTERIS'.rICS: 
(A) LENGTH: 454 am.in<:> acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:22: 

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

Ala Ser Val Lys Ile Ser Cy:~ Lys Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

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

Glu Trp Ile Gly Gly Phe Asn Pro Lys Asn Gly Gly Ser Ser His 
50 55 60 

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

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

Ser Gly Ile Tyr Tyr Cys Ala Arg Trp Arg Gly Leu Asn Tyr Gly 
95 100 105 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr Val 
110 115 120 

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 135 
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Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
HO 145 150 

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 175 180 

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
185 190 195 

Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn 
200 205 210 

His Lys Pro Ser Asn ~hr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu 
230 235 240 

Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 
245 250 255 

Asp Thr Leu Met Ile Ser A.rg Thr Pro Glu Val Th.r cys Val Val 
260 265 270 

Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr 
275 280 285 

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys t>ro Arg Glu 
290 295 300 

ft Glu Gln Ty.r Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val 
305 310 315 

Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val 
320 325 330 

Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys 
335 340 345 

Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro 
350 355 360 

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu 
365 370 375 

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 
380 385 390 

Asn Gly Gln Pro Glu Asn .Asn Tyr Lys Tbr Thr Pro Pro Val Leu 
395 400 405 

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp 
410 415 420 

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met 
425 430 435 
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His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu 

Ser Pro Gly Lys 
4.54 

440 445 450 

(2) INFORMATION FOR SEQ ID N0:23; 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 469 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:23: 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Th.r Ala Thr 
l 5 10 15 

Gly Val His Ser Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu 
20 25 30 

Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Thr Ser Gly 
35 40 45 

Tyr Thr Phe Thr Glu Tyr Thr Met His Trp Met Arg Gln Ala Pro 
50 55 60 

Gly Lys Gly Leu Glu Trp Val Ala Gly Ile Asn Pro Lys Asn Gly 
65 70 75 

Gly Thr Ser His Asn Gln Arg Phe Met Asp Arg Phe Thr Ile Ser 
80 85 90 

Val Asp Lys Ser Thr Ser Thr Ala Tyr Met Gln Met Asn Ser Leu 
95 100 105 

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Trp Arg Gly 
110 115 120 

Leu Asn Tyr Gly Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Gln 
125 130 135 

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 
140 145 150 

Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr 
155 160 165 

Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val 
170 175 180 

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr 
185 130 195 

Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser 
200 205 210 

Val Val Thr Val Thr Ser Ser Asn Phe Gly Thr Gln Thr Tyr Thr 
215 220 225 
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Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Thr 
230 235 240 

Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 
245 250 255 

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 
260 265 270 

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val 
275 280 285 

Val Asp Val Ser His Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr 
290 295 300 

Val Asp Gly Met Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 
305 310 315 

Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu Thr Val 
320 325 330 

Val His Gln Asp Trp Leu As:n Gly Lys Glu Tyr Lys Cys Lys Val 
335 340 345 

Ser Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys 
350 355 360 

Thr Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro 
365 370 375 

Ser Arg Glu Glu Met Thr Ly,s Asn Gln Val Ser Leu Thr Cys Leu 
380 385 390 

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 
395 400 405 

Asn Gly Gln Pro Glu Asn Asin Tyr Lys Thr Thr Pro Pro Met Leu 
410 415 420 

Asp Ser Asp Gly Ser Phe Ph•e Leu Tyr Ser Lys Leu Thr Val Asp 
425 430 435 

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met 
440 445 450 

His Glu Ala Leu His Asn Hi:s Tyr Thr Gln Lys Ser Leu Ser Leu 

Ser Pro Gly Lys 
469 

455 460 465 

(2) INFORMATION FOR SEQ ID N0:24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 214 amino acids 
(B) TYPE: Amino Acid 
(0) TOPOLOGY: Linear 

(Ki) SEQUENCE DESCRIPTION: SEQ ID N0:24: 
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Asp Val Gln Met Thr Gln Thr Thr Ser Ser Leu SE!r Ala Ser Leu 

l 5 10 15 

Gly Asp Arg Val Thr Ile Asn Cys Arg Ala Ser Gl n Asp Ile Asn 
20 25 30 

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

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

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

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

Gly Asn Thr Leu Pro Pro Thr Phe Gly Gly Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro 
110 115 120 

Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Vcll Val Cys Leu 
125 130 135 

Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val 
140 145 150 

Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu SE~r Val Tlu:.: Glu 
155 160 165 

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr 
170 17~ 180 

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val T}rr Ala Cys Glu 
185 190 195 

Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn 

Arg Gly Glu Cys 
214 

200 205 210 

(2) INFORMATION FOR SEQ ID N0 : 25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 233 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:25: 

Met Gly T.rp Ser cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 
1 5 10 15 

Gly Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu 
20 25 30 
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Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr cys Arg Ala Ser 
35 40 45 

Gln Asp Ile Asn Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly 
50 55 60 

Lys Ala Pro Lys Leu Leu Ile Tyr Tyr Thr Ser Thr Leu His Ser 
65 70 75 

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr 
BO BS 90 

Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr 
95 100 105 

Tyr Cys Gln Gln Gly Asn Th.r Leu Pro Pro Thr Phe Gly Gln Gly 
110 115 120 

Thr Lys Val Glu Ile Lys Ar9 Thr Val Ala Ala Pro Ser Val Phe 
125 130 135 

Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser 
140 145 150 

Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val 
155 160 165 

Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu 
170 175 180 

Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 
185 190 195 

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val 
200 205 210 

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr 
215 220 225 

Lys Ser Phe Asn Arg Gly Glu Cys 
230 233 

(2) INFORMATION FOR SEQ ID N0:26: 

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

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:26: 

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

Ala Asp Ser Val Lys Gly 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 Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 

Ser Ser 
122 

1 10 115 120 

---
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Art Unit 1806 

• 
15 . Applicant ' s election with traversE~ of Group I, claims 1-12 
and 15 in Paper No. 11 is acknowledged. The traversal is on the 
ground(s) that: 
(1) the inventions are all respectively related as method of 

5 making a humanized antibody. Contrary to applicant's belief the 
polypeptides of claim 13 (admittedly drawn to the light chain of 
humanized MAb4D5) and claim 14 (admittedly drawn to the heavy 
chain bf humanized Mab4D5) are .not methods. 

2 

10 (2) the assumption made that the polypeptides of claims 13 and 14 
are not humanized antibodies is clearly in error . Applicant is 
invited to reconsider this position since the antibodies of Group 
I are composed of a heavy and light chains. A polypeptide of 
just the light chain (claims 13) or just the heavy chain (claim 

15 14) is not an antibody as prepared by Group I . The Groups 
therefore have different issues regarding patentability and 
enablement and represent patentably distinct subject matter. 

(3) applicants represent that it is impossible to conduct an 
20 exhaustive search for a method of making a humanized antibody 

without searching for humanized antibodies made using the method. 
To demonstrate the problem with this argument applicant is 
invited to consider the classification of the Groups found in the 
restriction requirement. Note that the Groups are classified 

25 into distinct classifications . Thus, an exhaustive search would 
clearly not require searching for polypeptides. Additionally, 
the light chain (claim 13) and heavy chain (claim 14) are 
distinct from the antibodies of Group I. Again, a search of 
Group I would not require the search of a polypeptide. 

30 
As a whole applicant's arguments were not found persuasive. 

The requirement is still deemed proper and is therefore made 
FINAL . 

35 16. Claims 16-18 have been cancelled. 

17 . Claims 13 and 14 have been withdrawn as directed to a non
elected invention. 

40 18. Claims 1-12 and 15 are currently under consideration. 

19 . The oath or declaration is defective. A new oath or 
declaration in compliance with 37 C.F.H. § l.67(a) identifying 
this application by its Serial Number and filing date is 

45 required. See M. P.E.P. §§ 602.01 and 602.02 . 

20. The oath or declaration is defective because: 
It does not state that the person making the oath or 

declaration in a continuation- in- part application filed under the 
50 conditions specified in 35 u .s.c . § 120 which discloses and 
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claims subject matter in addition to that disclosed in the prior 
copending application, acknowledges the duty to disclose material 
information as defined in 37 C. F . R. § l . 56(a) which occurred 
between the filing date of the prior application and the national 

5 or PCT international filing date of the continuation-in-part 
application. 

2 1 . Thi s application has been filed with informal drawings which 
are acceptable for examination purposes only. Formal drawings 

10 will be required when the application is allowed. 

22. Applicant is required to submit a proposed drawing 
correction in response to this Office action. However , 
correction of the noted defect can be deferred until the 

15 appl ication is allowed by the examiner . 

23. The following is a quotation of the first paragraph of 35 
u.s .c . § 112: 

The specification shall contain a written description of the 
20 invention, and of the manner and process of making and using 

it, in such full , clear,- concise, and exact terms as to 
enable any person skilled in the art to which it pertains, 
or with which it is most nearly connected, to make and use 
the same and shall set forth the best mode contemplated by 

25 the inventor of carrying out his invention . 

24. The specification is objected to under 35 U. S . C. § 112, 
first paragraph, as failing to provide an adequate written 
description of the invention and for failing to adequately teach 

30 how to make and/or use the invention, i.e . for failing to provide 
an enabling disclosure. 

A) Applicants have not disclosed to one of any skil l 
in the art how to use the claimed antibody or antibody produced 

35 by the claimed methods. The scope of the claims reads on any 
antibody . It is unclear from the specification if the methods or 
antibodies claimed will all have a diagnostic or therapeutic 
utility . Appl icant has exemplified only one such antibody 
specifically MAb4DS, as having diagnostic utility for the 

40 detection of p195ttr:RZ. It is unclear if any other antibody will 
have a diagnostic or therapeutic utility. Determining which 
other antibodies are useful would be an unpredictable event and 
would require undue experimentation for a person of any skill in 
the art to get from what the specification has disclosed to the 

45 claimed invention . 

so 

25. Claims 1- 12 and 15 are rejected unde r 35 U.S . C. § 112, first 
paragraph, for the reasons set forth in the objection to the 
specification. 
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26. Claims 1, 2 , 4-12 and 15 are rejected under 35 U.S.C . § 103 
as being unpatentable over Winter [EP 0239400), Riechmann et al. 
[Nature 332:323-327 (1988)] and Queen et al. [Proc . Natl . Acad . 
Sci. 86: 10029-10033 (1989) J. Briefly the claims are drawn to a 

5 methqd for producing humanized antibodies and humanized 

4 

antibodies . Winter , teaches the production of altered, chimeric, 
antibodies by replacing the complementarily determinin9 regions 
(CDRs), see abstract. Winter, teaches the requirements for CDR 
fusions, see page 6 to page 8, line 29. Particularly, page 8, 

10 lines 11- 18, where Winter, teaches that "merely by replacing one 
or more CDRs with complementary CDRs may not always result in a 
functional altered antibody ..... it will be well within the 
competence of the man skilled in the art, either by carrying out 
routine experimentation or by trail and error testing to obtain a 

15 functional altered antibody. Note at page 8, last full paragraph 
that Winter states that framework region replacement and sequence 
changing may be necessary to obtain a functional humanized 
antibody. On page 9, ~ines 13-1 6, Winter suggests that the 
antibodies would be of importance for use in human therapy . 

20 Winter, tea~~es a method of producing the antibody, see page 10, 
paragraph 3 to page 15, paragraph 2 . Consistent wi t h Winter , 
Riechmann et al . teach a metho.d of reshaping human antibodies fo r 
therapy by CDR grafting, see .whole document and Queen et al . 
teach the humanization of antibodies by CDR grafting, see entire 

25 document. Riechmann et al . teach altering the sequencE~ of the 
antibody to restore packing or to increase binding affinity, see 
page 326, first column, first full paragraph. Queen et al . teach 
the use of computer modeling to assist in the production of 
humanized antibodies, specifically to predict which ami.no acids 

30 to change thereby effec~ing molecular interactions, note that of 
the amino acids predicted to change include those identified by 
applicant in claims 7 and 10 . A person of ordinary skill in the 
art would have realized that dependent upon the framework region 
selected and the sequence of the CDR regions amino acid changes 

35 would need to be made and they would depend upon the precise 
amino acid interactions of the polypeptide. The combination of 
Winter, Riechmann et al. and Queen et al. teach a comprehensive 
method for producing humanized antibodies which include~ the steps 
outlined in applicant ' s claims. Therefore, it would have been 

40 prima facia obvious to a person of ordinary skill in the art at 
the time the invention was made to take the combined teachings of 
Winter, Riechmann et al . and Queen et al. to produce a method of 
making a humanized antibody and to have a humanized antibody for 
either diagnostic or therapeutic use. 

45 
27. Claims 1, 2, 4-12 and 15 are rejected. under ·35 U. S.C. § 103 
as being unpatentable over Winter [EP 0239400) , Riechmatnn et al. 
[Nature 332:323-327 (1988)] and Queen et al. [Proc . Natl. Acad. 
Sci . 86 : 10029-10033 (1989)] in view of In re Durden 226 U. S . P.Q . 

50 359 (Fed. Cir. 1985). Briefly the claims are drawn to a method 
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for producing humanized antibodies and humanized antibodies. As 
discussed above the combination of Winter, Riechmann et al. and 
Queen et al . teach humanized antibodies and methods for their 
production. Applicant ' s claimed invention does not appear to 

5 differ from what has previously known in the art . 

28. Claim 3 is rejected under 35 U.S . C. § 103 as bein9 
unpatentable over Winter [EP 0239400], Riechmann et al . [Nature 
332:323-327 (1988)] and Queen et al. [Proc. Natl. Acad. Sci. 

5 

10 86:10029-10033 (1989)] as applied to claims 1, 2, 4-12 and 15 and 
further in view of Raitt [Immunology, published 1985, by Gower 
Medical Publishing Ltd . (London, England) page 5.5]. Briefly the 
claim is drawn to a method for producing humanized antibodies 
having the additional steps of searching the import variable 

15 domain sequence for glycosylation sites, determining if any such 
glycosylation site is reasonable expected to affect thE~ antigen 
binding or affinity of the antibody and if so substituting the 
glycosylation site into the consensus sequence . As discussed 
above the combination of Winter, Riechmann et al. and Queen et 

20 al. teach humanized antibodies and methods of producin9 humanized 
antibodies. The combination of Winter, Riechmann et al. and 
Queen et al. do not teach the importance of carbohydrate 
residues . However, Roitt teaches that antibodies contain 
carbohydrate residues in the variable region . A person of 

25 ordinary skill in the art would realize that carbohydrate 
residues can produce steric modifications in the folding 
characteristics of polypeptides. Therefore it would hatve been 
prima facia obvious to a person of ordinary skill in the art at 
the time the invention was made to incl ude a step in the method 

30 taught by the combination of Winter, Riechmann et al. and Queen 
et al . which determines if the presence of carbohydrate residues 
occur in the variable region that can affect antigen bi.nding and 
then include in the antibody sequence the appropriate 
glycosylation signal, by adding the appropriate consensus 

35 sequence . A person of ordinary skill in the art would have been 
motivated to add the additional step of identifying glycosylation 
that may affect antigen binding to ensure that the antibody 
produced will have the appropriate binding affinity . A person of 
ordinary skill in the art would have been motivated to produce 

40 such an method to produce antibodies having diagnostic or 
therapeutic utility. 

29. Applicant is invited to include continuing data at: the first 
page of the specifiation which identifies all related 

45 applications and noting their current status. 

30. No claim allowed. 

31. Papers related to this application may be submitted to Group 
50 180 by facsimile transmission. Papers should be faxed to Group 
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180 via the PTO Fax Center located in Crystal Mall 1 . The faxing 
of such papers must conform with the notice published j_n the 
Official Gazette , 1096 OG 30 (November 15, 1989) . The CMl Fax 
Center telephone number is (703) 308-4227 . 

32. Any inquiry concerning this communication or earlier 
communications from the examiner should be directed to Donald E. 
Adams whose te l ephone number is (703) 308-0570. The e~~aminer can 
normally be reached Monday through Thursday from 7:30 am to 6:00 

10 pm. A message may be left on the examiners voice mail service . 
If attempts to reach the examiner by telephone are unsuccessful, 
the examiner's supervisor, Mr . David Lacey can be reached on 
(703) J08-3535. The fax phone number for Group 180 is (703) 305-
3014 or (703) 308-4227 . Any inquiry of a general nature or 

15 relating to the status of this application should be di rected to 
the Group 180 receptionist whose telephone number is (1103) 308-
0196 . 

20 
December 5 , 1994 

tit!!!E .~:?, 
Patent Examiner 
Group 1800 

Ph.D. 

255 of 1033 BI Exhibit 1002



5 

I 
I 

10 I 
I 

15 

20 

2 5 

PTO 892 DEA/FCE 1994 SERIAL NUMBER Art Unit Attachment 
U.S. DEPARTMENT OF COMMERCE to Paper 
PATENT AND TRADEMARK OFFICE 

08/146,206 1806 Number 

NOTICE OF REFERENCES CITED 12 

I APPLICANT(S) : Carter et al. 

U.S. PATENT DOCUMENTS 

* DOCUMENT NUMBER DATE NAME(S) CLASS SUBCLASS FILING DATE 

I I I I I I I 
FOREIGN PATENT DOCUMENTS 

* DOCUMENT NO. DATE COUNTRY NAME CLASS SUBCLASS PERTINENT 
DAW SPEC 

A 0 239 400 09/30/87 EP Winter C12N 15 /00 - -

• B 90/07861 26/07190 WO Queen C12P 21 /00 - -

* OTHER REFERENCES (INCLUDING AUTHOR, TITLE, DATE, PERTINENT PAGES, ETC.) 

c Riechmann et al. [Nature 332 :323-327 ( 1988)) 

D Queen et al. [Proc. Natl. Acad. Sci. 86: 10029-10033 ( 1989)] 

E Roitt [Immunology, published 1985, by Gower Medical Publishing Ltd. (London, England) page 5.5] 

. F Tramontano et al. IJ. Mol. Biol. 215:175-182 (1990)] 

EXAMINER DATE * A COPY OF THIS REFERENCE IS NOT BEING FURNISHED 

~~ 
WITH THIS OFFICE ACTION. (SEE MPEP SECTION 707.05(a). 

12/5/94 
PAGE 1 OF 1 

'· 

I 
I 

I 
I 

,\, ~ \ .· 
I 

\ 
\ 

256 of 1033 BI Exhibit 1002



Europ.ilsches Patentamt 

European Patent Office 

Office europeen des brevets 

@ Publication number: 0239400 
A2 

EUROPEAN PATENT APPLICATION 

@ Appllcatlon number: 87302620.7 

@ oateofflling: 28.03.87 
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8 Recombinant antlbodlH and method• for their production. 

@ An ehered entlbody la produced by replacing the com· 
plementertty detennlnlng regions (CDRsl of 11 variable region 
of en lmmunog.lobulln (lg) with the CDRe from en lg of 
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gene coding sequences for producing the altered antibody 
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RECOMBINANT DNA PRODUCT AND METHODS 

The present invention relates to altered · antibodies 
in which at least parts of the complementarity 

determining regions (CDRs) in the light or heavy 
chain variable domains of the antibody have · been 
replaced by analogous parts of CDRs f rorn an antibQdy 
of different specificity. The present invention 
also relates to methods for the production of ~uch 
altered antibodies. 

Natural antibodies, or immunoglobulins, comprise two 
heavy chains linked together by disulphide bonds and 
two light chains, one light chain being linked to 
each of the heavy ch~ins by disulphide bonds. The 
general structure of an antibody of class IgG (i.e. 
an immunoglobulin (Ig) of class gamma {G)) is shown 
schematically in Figure 1 of the accompanying 
drawings. 

Each heavy chain has at one end a variable domain 
followed by a number of constant domains. Each 
light chain has a variable domain at one end and a 
constant domain at its other e~d, the variable 
domain being aligned with the variable domain of the 
heavy chain and the constant domain being aligned 
with the first constant domain of the heavy chain . 
The constant domains in the light and heavy chains 
are not involved directly in binding the antibody to 
the antigen . 

The variable domains of each paic of light and .heavy 
chains form the anti9en binding site. The domains 
on the light and heavy chains have the same general 
structure and each domain comprises four framework 
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regions, whose sequences are relatively conserved, 
connected by three hypervariable or complementarity 
determining regions (CDRs). (see Kabat, E.A., Wu, 
T.T., Bilofsky, H., Reid-Miller, M. and Perry, H., 
in nsequences of Proteins of Immunological 
Interestn, US Dept. Health and Human Services 1983). 
The four framework regions largely adopt a ~-sheet 
conformation and the CORs form loops connecting, and 
in some cases forming part of, the ?-sheet 
structure. The CDRs are held in close proximity by 

the framework regions and, with the CDRs from the 
other domain, contribute to the formation of the 
antigen binding si~e. 

For a more detailed account of the structure of 
variable domains, reference may be made to : Poljak, 
R.J., Amzel, L .M., Avey, H.P., Chen, B.L., 
Phizackerly, R.P. ·and Saul, F., PNAS USA, 70, 
3305-3310, 1973; Segal, D.M., Padlan, E.A., Cohen, 
G.H., Rudikoff, s . , Potter, M. and Davies, D.R., 
PNAS USA, l!.1 4298-4302, 1974; and Marquart, M., 
Deisenhofer, J., Huber, R. and Palm, w., J. Mol. 
Biol., 141, 369- 391, 1980. 

In recent years advances in molecular biol ogy based 
on recombinant DNA techniques have provided 
processes for the production of a wide range of 
heterologous polypeptides by transformation of host 
cells with heterologous DNA sequences which code for 
the production of the desired products. 

EP-A-0 088 994 (Scbering Corporation) proposes the 

construction of recombinant DNA vectors comprising a 
ds DNA sequence which codes for a variable domain of 
a light or a heavy chain of an Ig specific for a 
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predetermined ligand. The ds DNA sequence is 
provided with . initiation and termination codons at 

its 5'- and 3'- termini respectively, but lacks any 
nucleotides coding for amino acids superfluous to 
the variable domain. The ds DNA sequence is used to 
transform bacterial cells. ~he application does not 
contemplate variations in the sequence of the 
variable domain. 

EP-A-1 102 634 (Takeda Chemical Industries Limited) 
describes the cloning and expression in bacterial 
host organisms of genes coding for the whole or a · 
part of human IgE heavy chain polypeptide, but does 
not contemplate variations in the sequence of the 
polypeptide. 

EP-A-0 125 023 (Genentech Inc.) proposes the use of 
recombinant DNA techniques in bacterial cells to 
produce Ig's which are analogous to those normaliy 
found in vertebrate systems and to take advantage of 
the .gene modif i cation techniques proposed theteiti to 
construct chimeric Igs or other modified forms of Ig. 

The term 'chimeric antibody' is used to describe a 
protein comprising at least the antigen binding · 

' . 
portion of an immunoglobulin molecule (Ig) attached 
by peptide linkage to at least part of another 
protein • . 

It is believed that the proposals set out in the 
above Genentech application did not l ead to the 
expression of any significant quantities of Ig 
polypeptide chains, nor to the production of Ig 
activity, nor to the secretion and assembly of the 
chains into the desired chimeric Igs. 
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The production of monoclonal antibodies was first 
disclosed by Kohler and Milstein (Kohler, G. and 
Milstein, c., Nature, 256, 495-497, 1975). such 
monoclonal antibodies have found widespread use not 
only as d~agnostic reagents (see, for .example, 
'Immunology for the 80s, Eds. Voller, A., Bartlett, 

A., and Bidwell, D., MTP Press, Lancaster, 1981) but 
also in therapy (see, for example, Ritz, J. and 
Schlossman, S.F., Blood, 2,!1 1-11, 1982). 

The recent emergence of techniques allowing the 
stable introduction of Iq gene DNA into myeloma 
cells (see, for example, Oi, V.T., Morrison, S.L., 
Herzenberg, L.A. and Berg, P., PNAS USA, 80, 
825-829, 1983; Neuberger, M.S., BMBO J., l• 
1373-1378, 1983; and Ochi, T., Hawley, R.G., Hawley, 
T., Schulman, M.J., Traunecker, A., Kohler, G. and 
Hozumi, N., PNAS USA, 80, 6351-6355, 1983), has 
opened up the possibility of using in vitro 
mutagenesis and DNA transf ection to construct 
recombinant Igs possessing novel properties. 

However, it is known that the function of an I9 
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 Iq may adversely affect its 
activity. Moreover, a change in the DNA sequence 
coding for the Ig may affect the ability of the cell 
containing the DNA sequence to express, secrete or 
assemble the 19. 

It is therefore. not at all clear that it will be 
possible to produce functional altered antibodies by 
recombinant DNA techniques. 
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However, colleagues of the present Inventor have 
devised a process whereby chimeric antibodies in 
which both parts of the protein are functional can 
be secreted. The process, which is disclosed in 
International Patent Application No. PCT/GB85/0~392 
(Neuberger et a1. · and Celltech Limited), comprises: 

a) preparing a replicable expression vector 
including a suitable promoter operably 
linked to a DNA sequence comprising a· 
first part which encodes at least the 
variable domain of the heavy or light 
chain of an Ig molecule and a second part 
which encodes at least part of a second · 
protein~ 

b) if necessary, preparing a replicable 
expression vector including a suitable 
promoter operably linked to a DNA 

sequence which encodes at least the 
variable domain of a complementary light 
or heavy chain respectively of an Ig 
molecule; 

c) transforming an immortalised mammalian 
cell line with the or both pr~pared 
vectors; and 

d) culturing said transformed cell line to 
produce a chimeric antibody. 
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The ·second pax:t of the DNA sequence may encode: 

i) at least part, for instance the constant 
domain of a heavy chain, of an Ig molecule of 
different species, class or subclass; 

ii) at least the active portion or all of an 
enzyme; 

iii) a protein having a known binding 
specificity; 

iv) a protein expressed by a known gene but 
whose sequence, function or antigenicity is not 
known; or 

v) a protein toxin, such as ricin. 

The above Neuberger application only shows the 
production of chimeric antibodies in which complete 
variable domains are coded for by the first part of 
the DNA sequence. It does not show any chimeric 
antibodies in which the sequence of the variable 
domain has been altered. 

The present invention, in a first aspect, provides 
an altered ant:ibody in which at least parts of the 
CDRs in the light or heavy chain variable domains 
have been replaced by analogous parts of CDRs from 
an antibody of' different specificity 

The determination as to what constitutes a CDR and 
what constitutes a framework region was made on the 
basis o·f the a.mino-acid sequences of a number of 
Igs. However, from the three dimensional structure 
of a number of Igs it is apparent that the antigen 
binding site of an Ig varia~le domain comprises 
three looped regions supported on sheet-like 
structures. The loop regions do not correspond 
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: · 
exactly to the CDRs, although, in general there is 
considerable overlap. 

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, R.A., 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-chain non-covalent 
interactions. These may involve amino-acid residues 
within the CDRs. 

Thus, in order to transfer the antigen binding, 
capacity of one variable domain to another, it may 
not be 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 accessible from the antigen binding· site, 
and this may involve transferring framework region 
residues as well as CDR residues; 

It may also be necessary to ensure that residues 
essential for inter-chain interactions are preserved 
in the acceptor variable domain. 

Within a domain, the p~cking together and 
orientation of the two disulphide bonded ~-sheets 
(and t herefore the ends of the ~DR loops) ar~ 
relatively conserved. However, small shifts in 
packing and orientation of these ~-sheets do occur 
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(Lesk, A.M. and Chothia, c., J. Mol. Biol., 160, 
325-342, 1982)~ However, the packing together a~d 
orientation of heavy and light chain variable 

. domains is relatively conserved (Cbotbia, c., 
Novotny, J., Bruccoler~, R •. and Karplus, M., J. Mol. 
Biol.", 186, 651-653, 1985). These points will need 
to be borne in mind when constructing a new antigen 
bidi ng site so as to ensure that packing and 
orientation are not altered · to the deteriment of 
antigen binding capacity. 

It is thus clear that merely by replacing one or 
more CDRs with complementary CDRs may not always 
result in a functional altered antibody. However, 
given the explanations set out above, it will be 
well within the com~etence of the man 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 have been 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 the f ramework regions are 
derived, it is envisaged that the CDRs will be 
derived from an antibody of different class and 
preferably from an antibody from a different 
species·. 

Thu~, it is envisaged, for instance, that the cn~s 
from a mouse antibody could be grafted onto the 
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At present, when a mouse monoclonal antibody or even 
a chimeric antibody comprising a complete mouse 
variable domain is injected into a human, the human 
body's immune system recognises the mouse variable 
domain 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 tbe body's immune system against the 
foreign antibody. In the altered antibody of the 
present invention, only the CDRs of the antibody 
will be foreign to the body, and this should 
minimise side effects if used for human therapy. 
Although, for example, human and mouse framework 
regions have characteristic sequences, there seem 
to be no characteristic features which distinguish 
human from mouse CDRs. Thus, an antibody comprised 
of mouse CDRs in a human framework may well be no 
more foreign to the body than a genuine human 
antibody. 

Even with the altered antibodies of the present 
invention, there is likely to be an anti-idiotypic 
response by the recipient of the altered antibody. 
This response is directed to the antibody bindi ng 
region of the altered antibody, It is believed that 
at least some anti-idiotype antibodies are directed 

. at sites bridging the CDRs and the framework regions. 
It would therefore be possible to provide a panel of 
antibodies having the same partial or complete CDR 
replacements but on a series of different framework 
regions . Thus, once a first altered antibody became 
therapeutically ineffective, due to an anti-idiotype 
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response, a second altered antibody from the series 
could be used, and so on, to overcome the effect of 
the anti-idiotype response. Thus, the useful life 
of the antigen-binding capacity of the altered 
antibodies could be .extended. 

Preferably, the altered antibody has the structure 
of a natural antibody or a fragment thereof. Thus, 
the altered antibody may comprise a complete 
antibody, an (Fab')2 fragment, an Fab fragment, a 
liqht chain dimer or a heavy chain dimer. 
Alternatively, the altered antibody may be a 
chimeric antibody of the type described in the 
Neuberger application referred to above. The 
production of such an altered chimeric antibody can 
be carried out using the methods described below 
used in conjunction with the methods described in 
the Neuberger application. 

The present invention, in a second aspect, comprises 
a method for producing such an altered antibody 
comprising: 

a) preparing a first replicable expression 
vector including a suitable promoter operably linked 
to a DNA sequence which encodes at leas_t a variable 
domain of an Ig heavy or light chain, the variable 
domain comprising framework regions from a first 
antibody and CDRs comprising at least parts of the 
CDRs from a second antibody of different specificity; 

b) if necessary, preparing a second 
replicable expression vector including a suitable 
promoter operably linked to a DNA sequenGe which 
encodes at least the variable domain of a 
complementary Ig light or heavy chain respectively; 
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. 
c) transforming a cell line with the first or 

both prepared vectors; and 

d} culturing said transformed cell line to 
produce said altered antibody. 

The present invention also includes vectors used to 

transform the cell line, vectors used in producing 
the transforming vectors, cell lines transformed 

with the transforming vectors, cell lines tranformed 
with preparative vectors, and methods for their 
production. 

Preferably, the cell line which is transformed to 
produce the altered antibody is an immortalised 
mammalian cell line, which is' advantageously of 
lymphoid origin, such as · a myeloma, hybri~orna, 
trioma or quadroma cell line. The cell line may 
also comprise a normal lymphoid cell, such as a 
a-cell, which has been immortalised by 
transformation with a virus, such as the Epstein-Barr 
virus. Most preferably, the immortalised cell line 
is a myeloma cell line or a derivative thereof. 

Although the cell line used to produce the altered 
antibody is preferably a mammalian cell line, any 
other suitable cell line, such as a bacteria~ cell 
line or a yeast cell line, may alt.ernatively be 
used. In particular, it is . envisaged that E. Coli 
derived bacterial strains could be used. 

It is known that some immortalised lymphoid cell 
lines, such as myeloma cell lines, in their normal 

. state secrete isolated Ig light or heavy chains; If 
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such a cell line is transformed with the vector 
prepared in step a) of the process of the invention, 

it will not be necessary to carry out step b) of the 

process, provided that the normally secreted chain 
is complementary to the variable domain of the Ig 

chain encoded by the vector prepared in step a). 

However, where the immortalised cell line does not 
secrete or does not secrete a complementary chain, 
it will be necessary to carry out step b). This 
step may be carried out by further manipulating the 
vector produced in step a) so that this vector 

encodes not only the variable domain of an altered 
antibody light or heavy chain, but also the 
complementary variable domain. 

Alternatively, step b) is carried out by 
preparing a second vector which is used to transform 
the immortalised cell line. This alternative leads 

to easier construct preparation, but may be less 
preferred than the fir·st alternative in that it may 
not lead to as efficient production of antibody. 

The techniques by which such vectors can be produced 

and used to transform the immortalised cell lines 
are well known in the art, and do not form any part 
of the invention. 

In the case where the immortalised cell line 
secretes a complementary light or heavy chain, the 

transformed cell line may be produced for example by 
transforming a suitable bacterial cell with the 
vector and then fusiAq the bacterial cell with the 
immortalised cell line by spheroplast fusion. 

Alternatively, the DNA may be directly introduced 
into the immortalised cell line by electroporation. 
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The DNA sequence encoding the altered variable 
domain may be prepared by oligonucleotide 
synthesis. This requires that at least the 
framework region sequence of the acceptor antibody 
and at least the CDRs sequences of the donor 
antibody are known or can be readily determined. 
Although determining these sequences, the synthesis 
of the DNA from oligonucleotides and the preparation 
of suitable vectors is to some extent laborious, it 
involves the use of known techniques which can 
readily be carried out by a person skilled in the 
art in light of the teaching given here. 

If it was aesire·d to repeat this strategy to insert 
a different antigen binding site, it would only 
require the synthesis of oligonucleotides encoding 
the CDRs, as the framework oligonucleotides can be 
re-used. 

A convenient variant of this technique would involve 
making a symthetic gene lacking the CDRs in which 
the four framework regions are fused together with 
suitable restriction sites at the junctions. Double 
stranded synthetic CDR cassettes with sticky ends 
could then be ligated at the junctions of the 
framework regions. A protocol for achieving this 
variant is shown diagrammatically in Figure 6 of the 
accompanying drawings. 

Alternatively, the DNA sequence encoding the altered 
variable domain may be prepared by primer directed 
oligonucleotide site-directed mutagenesis. This 
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·technique' in ~ssence involves hybridising an 
oligonucleoti.'de c.ciding- 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 oligonulcleotide 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 Fiil, 

N., Nuc. Acids Res., 11, 5103-5112, 1983; Zoller, 
M.J. and Smith, M., DNA, 1,1 479-488 (1984); Kramer, 
w., Schughart, K. and Fritz, w.-J., Nuc. Acids Res., 
10, 6475-6485, 1962. 

For various reasons, this technique in its simplest 
form does not always produce a high frequency of 
mutation. An improved technique for introducing 
both single and multiple mutations in an Ml3 based 
vector, has been described by carter et al. (Carter, 
P., Bedouelle H. and Winter, G., Nuc. Aci~s Res., 
ld.1 4431-4443, 1985) 

Using a long oligonucleotide, it has proved possible 
to introduce many changes simultaneously (as in 
Carter et al., loc. cit.) and thus single 
oligonucleotides, each encoding a CDR, can be used 
to introduce the three CDRs from a second antibody 
into the framework regions of a first antibody. Not 
only is this technique less laborious than total 
gene synthesis, but it represents a particularly 
convenient way of ex~ressing a variable domain of 

· required specificity, as it can be simpler than 
tailoring an entire Vg domain for insertion into an 
expression plasmid. 
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The oligonucleotides used for site-directed 

mutagenesis may be prepared by oligonucleotide 
synthesis or may be isolated from DNA coding . for the 
variable domain of the second antibody by use of 
'suitable restriction enzymes. such long 
oligonucleotides will generally be at leas~ 30 bases 
long and may be up to or over 80 bases in length. 

The techniques set out above may also be used, where 
necessary, to produce the vector of part Cb) of the 
process. 

The method of the present invention is envisaged as 
being of particular use in "humanising" non-human 
monoclonal antibodies. Thu~, for instance, a mouse 
monoclonal antibody agai~st ~ particular human 
cancer cell may be produced by techniques well known 
in the art. The CDRs from the mouse monoclonal 
antibody may then be partially or totally grafted 
into the framework regions of a human monoclonal 

.·. 
antibody, which is then produced in quantity by a 
suitable cell line. The product is thus a 
specifically targetted, essentially human antibody 
which will recognise the cancer cells, but will not 
itself be recognised to any ~ignificant degree, by a 
human's immune system, until the anti-idiotype 
response eventually becomes apparent. Thus, the 
method and ~reduct of the present invention will be 
of particular use in the clinical environment. 

The p~esent invention is now described, by way of 
example only, with reference to the accompanying 
drawings, in which: 
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Figure 1 is a .scnematic diagram showing the 
' . 

structure ~f an IgG molecule; 

Figure 2 shows the amino acid sequence of the v8 
domain of NBWM in comparison with the Vg domain of 
the BI-8 antibody; 

Figure 3 shows the amino acid and nucleotide 
sequence of the HuVNP gene; 

Figure 4 shows a comparison of the results for 
HuVNp-IgE and MoVNp-IgE in binding inhibition 
assays; 

Figure 5 shows the structure of three 
oligonucleotides used for site directed mutagenesis; 

Figure 6 shows a protocol for the construction of 
CDR replacements by insertion of CDR cassettes into 
a vector containing four framework regions fused 
together; 

Figure 7 shows the sequence of the variable domain 
of antibody Dl.3 and the gene coding therefor; and 

Figure 8 shows a protocol for the cloning of the 
Dl . 3 variable domain gene. 

EXAMPLE l 

This example shows the production of an altered 
antibody in which the variable domain of the h·eavy 
chai ns comprises the framework regions of a human 
heavy chain and the CDRs from a mouse heavy chain. 
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The framework i~egions were derived from the human 
myeloma heavy chain NEWM, the crystallographic 
structure of which is known (see Poljak et al., loc. 
cit. and Reth, M., Bammerling, G.J. and Rajewsky; 
K., EMBO J.i !r 629-634, 1982 . ) 

The CDRs were derived from the mouse monoclonal · · 
antibody Bl-8 (see Reth et al., loc. cit.), which 
binds the hapten NP-cap (4-hydroxy-3-nitrophenyl 

acetyl-caproic acid: KNP-CAP=l.2 JM). 

A gene encodingr a variable domain HuVNP1 comprising 
the Bl-8 CDRs and the NEWM framework regions, was 
constructed by gene synthesis as follows. 

The amino acid sequence of the Va domain of NEWM is 
shown in Figure 2, wherein it. is compared to th~ 
amino acid sequence of the v8 domain. of the Bl-8 
antibody. The sequence is divided into framework 
regions and CDR~ according to Kabat et al. (loc. 
ci~.). conserved residues are marked with a line. 

The amino acid and nucleotide sequence of the HuVNP 
gene, in which the CDRs from the Bl-8 antibody 
alternate with the framework regions of the NEWM 

· antibody, is shown in Figure 3. The HuVNP gene was 
derived by replacing sections of the MoVNP gene i ·n 
the vector pSV-VNP (see Neuberger, M.S., Willi.ams, 
G.T .• , Mitchell, E.B., Jouhal, s., Flanagan, J.G. and 

Rabbitts, T.H., Nature, 314, 268-270, 1985) by a 
synthetic fragment encoding the HuVNP domain. Thus 
the 5' and 3' non-coding sequences, the leader 
sequence, the L-V intron , fi ve N-terminal and four 
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c-terminal amino acids are from the MoVNP gene and 
the r.est of the coding sequence is from the 
synthetic HuVNP fragment. 

The oligonucleotides from which the HuVNP fragment 
was assemQled are aligned below the corresponding 
portion of th~ HuVNP gene. For convenience in 
cloning, the ends of oligonucleotides 25 and 26b 
form a Rind II site followed by a Hind III site, and 

the sequences of the 25/26b oligonucleotides 
therefore differ from the HuVNP gene. 

The HuVNP synthetic fragment was built as a 
PstI-Hind III fragment. The nucleotide sequence was 
derived from the protein sequence usi ng the computer 
programme ANALYSEQ (Staden, R., Nuc. Acids. Res., 

12, 521-538, 1984) with optimal codon usage taken 
from the sequences of mouse constant domain genes. 
The oligonucleotides (1 to 26b, 28 in total) vary i n 
size from 14 to 59 residues and were made on a 

Biose~rch SAM or an Applied Biosystems machine, and 
purified on BM-urea polyacrylamide gels (see Sanger, 
F . and Coulson, A., PEBS Lett., !Ir 107-110, 1978). 

The oligonucleoti des were assembled in eight single 
stranded blocks (A-D) containing oligonucleotides 

[1,3,S,7] (Block A), [2,4,6,8] (block A'), 
[9,11,13a,13b] (Block B), [!Oa, lOb,12/14] (block 
BI ) I [ 15 I 17] (block c) I [ 16, 181 (block c I ) I [ 19 I 
21, 23, 25} (block D) and [20, 22/24, 26a, 26b) 
(block D'). 
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In a typical assembly, for example of block A, 50 
pmole of oligonucleotides 1,3,5 and 7 were 
phosphorylated at the 5' end with T4 polynucleotide 
kinase and mixed together with 5 pmole of the 
terminal oligonucleotide [l] which had been 
phosphorylated with 5 pCi Cl-32p] ATP (Amersham 3000 
Ci/mmole). These oligonucleotides were annealed ' by 
heating to S0°c and cooling over 30 minutes to room 
temperature, with unkinased oligonucleotides 2, 4 
and 6 as splints, in 150 pl of 50 mM Tris.Cl, pH 
7.5, 10 mM MgCl2. For the ligation, ATP (1 mM) and 
OTT (lOmM) were add~d with 50 u T4 DNA ligase 
(Anglian Biotechnology Ltd.) and incubated for 30 
minutes at roo:m temperature. EDTA was added to 10 
mM, the sample was extracted with phenol, 
precipitated from ethanol, dissolved in 20.Jll water 
and boiled for 1 minute with an equal volume of 
formamide dyes. The sample was loaded onto and run 
on a 0.3 mm BM-urea 10% polyacrylamide gel. A band 
of the expected size was detected by autoradiography 
and eluted by soaking. 

Two full length single strands were assembled from 
blocks A to D and A' to D' using splint 
oligonucleotides. Thus blocks A to D were annealed 
and ligated in 30 fl as set out in the previous · 
p~ragraph using 100 pmole of oligonucleotides lOa, 
16 and 20 as splints. Blocks A' to D' we~e ligated 
using oligonucleotides 7, llb and 17 as splints. 

After phenol/ether extraction, block A-D was 
annealed with block A'-D', small amounts were cloned 
in the vector Ml3mp18 (Yanish-Perron, c., Vieira, J. 
and Messing, J,., Gene, ]1, 103-119, 1985) cut with 
PstI and Rind !II, and the gene sequenced by the 
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dideoxy techn_iq,ue .. (Sanger, F., Hicklen, S. and 
Coulson, A.R., PNAS USA, 74, 5463-5467 / 1979). .. . ' . 

The MoVNP gene was transferred as a Hind III - BamHI 
fragment from the vector pSV-VNP (Neuberger et al., 
loc._ cit.) to the vector Ml3mp8 (Messing, J. and 
Vieira, J., Gene, ..!.2.1 269-276, Jl982). To facilitate 
the .replacement of MoVNP coding sequences by the 
synthetic RuVNP fragment, three Hind II sites were 
removed from the 5' non-coding s1equenee by site 
directed mutagenesis, and a new Hind II site was 
subsequently introduced near the end of the fourth 
framework region (FR4 in Figure 2). By cutting the 
vector with Psti and Hind II, moist of the VNP 
fragment can be inserted as a PsitI-Bind II 
fragment. The sequence at the Rind II site was 
corrected to NEWM FR4 by site directed mutagenesis. 

The Bind I I I - Barn HI fragment, now carrying the 
EuVNP gene, was excised from Ml3 and cloned back 
into pSV-VNP to replace the MoVNP gene and produce a 
vector pSV-HuVNP• Pinally, the genes for the heavy 
chain constant domains of human Ig E (Flanagan, J.G. 
and Rabbitts, T.H., EMBO J., 1, 655-660, 1982) were 
introduced as a Bam HI fragment to give the vector 
pSV-HuVNP• BE. This was transfected into the 

myeloma line J558 L by spheroplast fusion. 

The sequence of the HuVNP gene i :n pSV-HuVNP. BE was 
checked by reclonin9 the Bind III-Bam BI fragment 
back into Ml3mp8 {Messing et al., loc. cit.). JSSSL 

myeloma cells , ~ec~e~e. lambda l light chains which 
have been s~o~n t6 as~~ciate with heavy chains 
contai nin9 the MoVNP variable domain to c r eate a 
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binding site for NP-cap or the related hapten 
NIP-Cap (3-iodo-4-hydroxy-5-nitrophenylacetyl
caproic acid) (Reth, M., Hammerling, G.J. and 

Rajewsky, K., Eur. J. Imrnunol., ! 1 393-400, 1978). 

As the plasmid pSV-HuVNP .HE contains the fil marker-, 
stably transf ected myelorna cells could be selected 

in a medium containing mycophenolic acid. 
Transfectants secreted an antibody (HuVNp-IgE} with 
heavy chains comprising a HuVNP variable domain 
{i.e. a "humanised" mouse variable region} and 
human "'()constant domains, and lambda 1 light chains 
from the J558L rnyeloma cells. 

The culture supernatants of several qpt+ clones were 
assayed by radioimmunoassay and found to contain 

NIP-cap binding antibody. The antibody secreted by 

one such clone was purified from culture supernatant 
by affinity chromatography on NIP-cap sepharose 
{Sepharose is a registered trade mark). - A 
polyacrylarnide - SDS ge_l indicated that the protein 
was indistinguishable from the chimeric antibody 
MoVNp-IgE (Neuberger et ·a1., loc. cit.). 

The HuVNp-IgE antibody competes effectively with the 
MoVNp-IgE for binding to both anti-human-IgE and to 

NIP-cap coupled to bovine serum albumin. 

various concentrations of HuVNp-IgE and MoVNp-IgE 
were used to compete the binding of radiolabelled 
MoVNp-IgE to polyvinyl 'microtitre plates coated with 
(a) Sheep anti-human-IgE antiserum (Seward 
Laboratories); (b) NIP-cap-bovine serum albumin; . (c) 
Ac38 anti-idiotypi c antibody; (d) Ac 146 
anti-idiotypic antibody; and {e) rabbit anti-MoVNP 
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an~iserum. Binding was also carried out in .the 
presehce of MoVNP-IgM antibody (Neuberger, M.S., 

Williams, G.T. and Fox, R.O., Nature, 312, 604-608, 

1984) or of JWS/1/2 which is an I9M antibody 

differing from the MoVNP-IgM antibody at 13 residues 

mainly located in the Va CDR2 region. 

The results of the binding assays are shown in 
Figure 4, wherein black circles represent HuVNp, 

white circles MoVNPr black squares MoVNp-IgM and 
white squares JWS/1/2. Binding is given relative to 
the binding in the absence of the inhibitor. · 

The affinities of HuVNp-IgE for NP-cap and NIP-cap 
were then measured directly using the fluorescence 
quench technique and compared to those for 
MoVNP-IgE, using excitation at 295 nm and observing 
emission at 340 nm (Eise~, · H.N., Methods Med. Res., 

.!Q., 115-121,1964). 

Antibody solutions were diluted to 100 nM in 

phosphate buffered saline, filtered (0.45 pm pore 
cellulose acetate) and titrated with NP-cap in the 

range 0.2 to 20 ;M. As a control, mouse DI-3 
antibody (Mariuzza, R.A., Jankovic, D.L., Bulot, G., 
Amit, A.G., Saludjian, P., Le Guern, A., Mazie, J.C. 
and Poljak, R.J., J. Mol. Biol., 170, -1055-1058, 

1983), which does not bind hapten, was titrated in 

parallel. 

Decrease in the ratio of the fluorescence of 

HuVNp-IgE ~r HuVNp-IgE to the fluoresce~ce of the 
Dl-3 antibody was taken to be proportional to NP-cap 
occupancy of the antigen binding sites. The maximum 
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quench was about 40% for both antibodi~s, and hapten 
dissociation constants were detE~rmined from 
least-squares fits pf triplicate data sets to a 

hyperbola. 

For NIP-cap, hapten concentratic>n varied from 10 to 
300 nM, and about 50% quenching of fluorescence was 
observed at saturation. Since the antibody 
concentrations were comparable to the value of the 
dissociation constants, data weI"e fitted by least 
squares to an equation describirng tight binding 
inhibition (Segal, I.H., in "Enzyme Kinetics", 
73-74, Wiley, New York , 1975) . 

The binding constants obtained from these data for 
these antibodies are shown in Table 1 below. 

MoVNp-IgE 
HuVNp- IgE 

Table 1 

KNP-cap 

1. 2 JlM 

1. 9 )1M 

KNIP-cap 

0. 02 JlM . 
0.07 JiM 

These results show that the affinities of these 
antibodies are similar and that the change in 
affinity is less than would be expected for the loss . . 
of a hydrogen bond or a van der Waals contact point 
at the active site of an enzyme. 

Thus, it has been shown that it is possible to 
produce an antibody specific for an art~fic~al small 
hapten, comprising a variable domain having human 
framework regions and mouse CDRs, without any 
significant loss of antig~n binding capacity. 
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As show~ in Figure 4(d), the HuVNp-IgE antibody has 
lost the MoVNP idiotypic determinant recognised by 

the antibody Acl46. Furthermore, HuVNp-IgE· also 
binds the Ac38 antibody less well (Figure 4(c)), and 
it is therefore not surprising that RuVNp- IgE bas 

lost many of the determinants recognised by the 
polyclonal rabbit anti-idiotypic antiserum (Figure 
4{e)). 

It can thus be seen that, although the HuVNp-IgE 
antibody has acquired substantially all the antigen 
binding capacity of the mouse CDRs, it has not 
acquired any substantial proportion of the mouse 
antibody's antigenicity. 

The results of Figures 4(d) and 4(e) carry a further 
practical implication. The mouse (or human) CDRs 
could be transferred from· one set of human 
frameworks (antibody 1) to another (antibody 2). In 
therapy, anti-idiotypic antibodies generated in 
response to antibody l might well bind poorly t~ 
antibody 2. Thus, as the anti-idiotypic response 
starts to neutralise antibody l treatment could be 
continued with antibody 2, and the CDRs of a desired 
specificity used more than once . 

For instance, the oligonucleotides encoding the CDRs 
may be used again, but with a set of 
oligonucleotides encoding a different set of 
framework regions. 

The above work has shown that antigen binding 
characteristics can be transferred from one 
framework to another without loss of activity, so 
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long as the original antibody is specific for a 
small hapten. 

It is known that small haptens generally fit into an 
antigen binding cleft. However, this may not be 
true for natural antigens, for instance antigens 
comprising an epitopic site on a protein or 
polysaccharide. For such antigens, the antibody 
may lack a cleft (it may only have a shallow 
concavity), and surface amino acid residues may play 
a significant role in antigen binding . It is 
therefore not readily apparent that the work on 
artificial antigens shows conclusively that CDR 
replacement could be used to transfer natural 
antigen binding properties. 

Therefore work was carried out to see if CDR 
replacement could be used for this purpose. This 
work also involved using primer-directed, 
oligonucleotide site-directed mutagenesis using 
three synthetic oligonucleotides coding for each of 
the mouse CDRs and the flanking parts of framework 
regions to produce a variable domain gene similar to 
the HuVNP gene. 

EXAMPLE 2 

The three dimensional structure of a complex of 
lysozyme and thE~ antilysozyme antibody Dl.3 (Amit et 
al., loc. cit.) was solved by X-ray 
crystallography . There is a large surface of 
interaction between the antibody and antigen. The 
antibody has two heavy chai ns of the mouse IgGl 
class (H) and two Kappa light chains (K), and is 
denoted below as H2K2. 
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The DNA sequence of the heavy chain variable 

region was determined by making cDNA from the mRNA 

of the Dl.3 hybridoma cells, and cloning into 

plasmid and Ml3 vectors. The sequence is shown in 

Figure 7, in which the boxed residues comprise the 
three CDRs and the asterisks mark residues which 
contact lysozyme. 

Three synthetic oligonucleotides were then designed 

to introduce the Dl.3 VHCDRs in place of the VaCDRs 
of the RuVNP gene. The HuNP gene has been cloned 
into Ml3mp8 as a BamHI-Hind III 
fragment, as described above. Each oligonucleotide 

has 12 nucleotides at the 5' end and 12 nucleotides 
at the 3' end which are complementary to the 

appropriate RuVNP framework regions. The central 
portion of each oligonucleotide encodes either CDRl, 
CDR2, or CDR3 of the Dl.3 antibody, as shown in 
Figure 5, to which reference is now made. It can be 

seen from this Figure that these oligonucleotides 
are 39, 72 and 48 nucleotides long respectively. 

10 pmole of Dl.3 CDRl primer was phospborylated at 

the S' end and annealed to iyg of the Ml3-HuVNP 
template and extended with the Klenow fragment of 
DNA polymerase in the presence of T4 DNA ligase. 
After an oligonucleotide extension at 15°c, the 
sample was used to transfect E. Coli strain BHM71/18 

mutL and plaques gridded and grown up as infected 

colonies. 

After transfer to nitrocellulose filters, the 
colonies were probed at room temperature with 10 
pmole of Dl.3 CDRl primer labelled at the 5' end 
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with 30 yc132_p-ATP. ·After a 3" wash at 60°C, 

autoradiography revealed about 20% of the colonies 

had hybridised well to the probe. All these 

techniques are fully described in "Oligonucleotide· 

site-directed mutagenesis in M13" an experimental 
manual by P. carter, H. Bedouelle, M.M.Y . Waye and 

G. Winter. 1985 and published by Anglian 
Biotechnology Limited, Hawkins Road, Colchester, 
Essex C02 8JX. several clones were sequenced, and 

the replacement of HuVNP CDRl_ by D.13 CDRl was 
confirmed. This M13 template was used in a second 

round of mutagenesis with Dl.3 CDR2 primer; finally 

template with both CDRs 1&2 replaced was used in a 
third round of mutagenesis with D.13 CDR3 primer. 
In this case, three rounds of mutagenesis we·re 

used. 

The variable domain containing the Dl.3 CDRs was 
then attached to sequences encoding the heavy chain 
constant regions of human IgG2 so as to 
vector encoding a heavy chain Bu*. · The 
transfected into J558L cells as above. 

Hu*2L2 is secreted. 

produce a 
vector was 
The antibody 

For comparative purposes, the variable region gene 
for the Dl.3 antibody was inserted into a suitable 

vector and attached to a gene encoding the constant 
regions of mouse IgGl to produce a gene encoding a 
heavy chain H* with the same sequence as B. The 
protocol for achieving this is shown in Figure 8. 

As shown in Figure 8, the gene encoding the Dl.3 
heavy chain V and CHl domains and part of the hinge 
region are cloned into the Ml3mp9 vector. 
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The vector (vector A) is then cut With NcoI, blunted 
with Klenow polymerase and cut with PstI. The 

PStI-NcoI fragment is purified and cloned into 

PstI-HindII cut MVNP vector to replace most of the 

MVNP coding sequences. The MVNP vector comprises 
the mouse variable do~ain gene with its promoter, 5' 

leader, and 5' and 3' intrans cloned into Ml3mp9. 
This product is shown as vector B in Figure a. 

Using site directed mutagenesis on ~he single 
stranded template of vector B with two primers, the 

sequence encoding the N-terminal portion of the Cal 
domain and the PstI site near the N-terrninus of the 
v domain are removed. Thus the V domain of Dl.3 now 

replaces that of VNP to produce vector C of Figure 8. 

vector c is then cut with HindIII and BamHI and the 
fragment formed thereby is inserted into 
HindIII/BamHI cut M13mp9. The product is cut with 

Hind III and Sac! and the fragment is inserted into 

PSV-VNP cut with Hind III/Sac! so as to replace the 
VNP variable domain with the Dl.3 variable domain. 
Mouse IgGl constant domains are cloned into the 
vector as a Sac! fragment to produce vector D of 

Figure 8. 

Vector D of Figure 8 is transfected into J558L cells 
and the heavy chain H* is secreted in association 
with the lambda light chain L as an antibody H*2L2. 

Separated K or L light chains can be produced by 

treating an appropriate antibody (for instance Dl.3 

antibody to produce K light chains) with 
2-mercaptoethanol in guanidine hydrochloride, 
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blocking the free interchain sulphydryls with 
iodoacetamide and separating the dissociated heavy 
and light chains by BPLC in guanidine hydrochloride. 

Different heavy and light chains can be reassociated 
to produce fun.ctional antibodies by mixing the 
separated heavy and light chains, and dialysing into 
a non-denaturing buffer to promote re-association 
and refolding. Properly reassociated and folded 
antibody molecules can be purified on protein 
A-sepharose columns. Using appropriate combina.tiocs 
of the above procedures, the foliowing antibodies 
were prepared. 

H2K2 
H*2L2 
H*2K2 

Hu*2L2 

(Dl 3 antibody) 
(Dl.3 heavy chain, l ambda light chain) 
(recombinant equivalent of 01.3) 

("humanised" Dl.3 heavy chain, lambda 
light chain) 
("humanised" Dl.3) 

The antibodies containing the lambda light chains 
were not tested for antigen binding capacity. The 
other antibodies were, and the results are shown in 
Table 2. 

Antibody 

Dl.3 (H2K2) 
Dl.3 (H2K2) 
(reassociated) 

Table 2 

Dissociation constant 
for lyso:~yme ( nM) 

14.4 
lS.9, 11.4 
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9 . 2 

3.5, 3.7 

The affinity of the antibodies for lysozyme was 

determined by fluorescent quenching, with excitation 
at 290nm and emission observed at 340run Antibody 
solutions were diluted to 15-JOyg/mg in phosphate 
buffered saline, filtered (0.45 um-cellulose 
acetate) and titrated with hen eggwbite lysozyme. 

There is a quenching of fluorescence on adding·tbe 

lysozyme to the antibody C > ioo% quench) and data 
were fitted by least squares to an equation 
describing tight binding inhibition (I.H. Segal in 
Enzyme Kinetics, p73- 74, Wiley, New York 1975 ) . 
Although at first sight the data suggest that the 
binding of the "humanised" antibody to lysozyme is 

tighter than in the original Dl.3 antibody, this 
remains to be confirmed . It is clear however that 
the humanised antibody binds lysozyme with a 
comparable affinity to Dl . 3 

Further work (with another antibody-CAMPATHl) has 
shown that CDRs 1,2 and 3 can be exchanged 
simultaneousiy, by priming as above with all three 

primers. 10% hybridisation positives were detected 

by screening with the CDRl primer; 30% of these 
comprised the triple mutant in which all the CDRs 
were replaced. 
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It has therefore been shown that CDR replacement can 
be used not only for artificial antigens (hap~ens) 
but also for natural antigens, thereby showing that 
the present invention will be of therapeutic use. 

It will of course be understood that the present 
invention has been described above purely by way of 
example, and modifications of detail can be made 
within the scope of the invention as defined in the 
appended claims. 
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CLAIMS 

1. An alterE~d antibody in which at least parts of 
the complementarity determining regions (CDRs) in 
the light or h•~avy chain variable domains have been 
replaced by analogous parts' of CDRs from an antibody 

of different specificity. 

2 . The alte1:ed antibody of claim l , in which the 
entire CDRs ha,1e been replaced. 

3. The alteired antibody of claim 1 or claim 2, in 

which the variable domains in both the heavy and 
light chains have been altered by CDR replacement. 

4. 'rhe alte1ced antibody of any one of claims l to 
3 in which the CDRs from a mouse antibody are 
grafted onto the framework regions of a human 
antibody. 

5. The al teic:ed antibody of any one of claims 1 

to 4, which ha:~ the structure of a natural antibody 
or a fragment l:hereof. 

6. A method for producing an altered antibody 

comprising: 

a) preJ?aring a first replicable expression 
vector including a suitable promoter operably linked 
to a DNA sequeince which encodes at least a variable 
domain of an I~;- heavy or light chain, the variable 
do~ain comprising framework regions from a first 
antibody and CDRs comprising at least parts of the 
CDRs from a se1:;:ond antibody of different specificity; 
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b) if necessary, preparing a second 
replicable expression vector including a suitable 
promoter operably linked to a DNA sequence .which 
encodes at least the variable domai n of a 
complementary Ig light or heavy chain respectively; 

c) transforming a cell line with the first 
or both prepared vectors: and 

d) culturing said transformed cell line to 

produce said altered antibody. 

7. The method of claim 6 , in which the cell line 
which is transformed to produce the altered antibody 
is an immortalised mammalian cell line . 

8 . The method of claim 7, in which the 
immortalised cell line is a myeloma cell line or a 
derivative thereof. 

9. The method of any one of claims 6 to 8, in 
which the DNA sequence encoding the altered variable 
domain is prepared by oligonucleotide synthesis. 

10. The method of any one of claims 6 to 8 , in 
which the DNA sequence encoding the altered variable 
domain is prepared by primer directed 
oligonucleotide site-directed mutagenesis using a 
long oligonucleotide. 
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- domains 

rM - inter-domain sections 

- disulphide bonds 

v - variable 

c - constant 
L - light chain 

H - heavy chain 
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l Hindi 11 -48 -2~ -~ 

, •.. .. . .. . ... .. RTGCRAATCCTCTGAATCTACATGGTARRTRTRGGTTTGTCTRTAC 

9---t PliA star ts .__..... RNA star ts 
CACAAACAGRARARCATGAGATCRCAGTTCTCTCTACAGTTACTGACCACACAGGACCTC 

· NP leader Spl Ice 
In o w s c 1 1 L F L u A T A rl! 

ACCATGGGATGGRGCTGTRTCATCCTCTTCTTGGTAGCAACRGCTACAGGTRAGGGGCTC 

ACAGTRUCACGCTTOAGGTCTGGACATATATATGGGTGACAl\TGACRTCCRCTTTGCCTT 
Splice 1 :J Pstl 10 lG U H S Q U Q L Q 1 E S G P G L U R 

TCTCTCCACAGGTGTCCACTCCCAGGTCCAACTGCR GOAGAGCGGTCCAGGTCnGTGRG 
5 ' 1-------

3 ' -----2-----. ---
ts 20 25 30 CDR1 -

p s 0 T L s L T c T u s G s T F sis y wl 
ACCTAGCC:ftGRCCCTGAGCCTGACCTGCACCGTGTCTGGCAGCACCTTCRGCAGCTRCTG 
..J 3 5 L-----7~ 
--- 4 6. e---

35 40 45 SO COR2 52A 
--n-H ... IM u R 0 p p 0 R G L £"' I olR I D p) . 
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---'? . 9a 9b L..---11-
--.... ---1oa 1ob 1211 .. -
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N s 0 0 T K v N E K F K s)R u T n L u D 
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---11· L-13a 13b----J 1~-
-----12114 16---

75 80 82A B C 85 
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Fig. 3 
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Fig. 5 
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5'8. b. RESTRICTION SITES 
1 2 3 

VECTOR FR 1 f R2 f R3 FR4 VECTOR 

( 1) Diqe:it vector/FR 1-4at re3triction 
3ftes 1, 2, & 3. 

( 2) Ligate CDR stf cky end duplexes 1, 2 & 3. . · 

CDR1 + CDR2 

+ ==== CDR3 

! I h >\£sH 

VECTOR FR 1 CDR 1 FR2 CDR2 FR3 CDR3 fR4 VECTOR 

.. ... 

-15 SIGNAL -10 -5 
In A u L A L L F c L u T F P s c 1 LI 

TCAGAGCATGGCTGTCCTGGCHTTACTCTTCTGCCTGGTARCATTCCCAAGCTGTATCCT 
-1 +t 5 10 15 

rslQ U Q L KE S GP G L VA P S . Q S l S 
TICcCAGGTGCAGCTGAAGGAC1TCAGGACCTGGCCTGGTGGCGCCCTCACRGAGCCTGTC 

lAl 
· 20 25 * * * CDR 1 35 

I T . C T U S G F S L T lo Y G U N I U U R Q 
CATCACATGCACCGTCTCAGGl;TTCTCATTAACCGGCTATGGTGTAAACTGGGTTCGCCA 

40 45 !50 • • • 55 COR2 
P P G K G L E U L G IN I U G 0 G H I D YI 

GCCTCCAGGAAAGGOTCTGGAl3TGGCTGGGAATGATTTGGGGTGATGGAAACACf\GACTA 
.-

60 COR2 65 70 75 
~ N s A l K sl R L s I s K D N ·s K s Q v F 

AATTCAGCTCTCAAATCCAG.ACTGAGCATCAGCARGGRCARCTCCAAGAGCCAAGTTTT 
ea . e2A e c 1 es go gs • 

L K H ti s L H T D D T A R y y c A R LID 
CTTAAAAATGAACAGTCTGCAl:ACTGATGACACAGCCAGGTACTACTGTGCCAGAGAGRG 

• • t1t COR3 105 110 
I 0 v R L 0 YI u G Q G T T L T u s s 
AGATTATAGGCTTGACTACTGl3GGCCAAGGCACCACTCTCACAGTCTCCTCA 
-0---+ JH2 : -----~ 
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CHIMERIC IMMUNOGLOBULINS SPECIFIC FOR pSS TAC PROTEIN 
OF THE IL-2 RECEPTOR 

Field of the Invention 

· The present invention relates generally to the 

combi~ation ' of recombinant DNA and monoclonal antibody 

· technologies for developing novel therape~tic - ~gents and , 

more particularly, to the production of non-immunogenic 

antibodies and their uses . 

.. 

Background of the Invention 

-.-. -:- :· -Iri mammals, _ the immun~ response is mediated by two 
. . . .. 

types ·of cells that interact specifically with foreign 

material, · i ;'e. , antigens . One of. these .cell. types, B-cells, 

are resp.onsible for the production of antibodies. The second 

cell ciass, T-cells, include a wide variety of cellular 

subsets controlling th~ . in . vivo function ~f 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 ~Ymphokine k.no~n as interleukin-2 

{IL-2), originally named T-cell growth factor. IL-2's prime 

function "appe.ars to be tha' 'stimulation ··and maintenance of T-
.. ·- - . . 

cells. Indeed, some immu~ol~gists believe that IL-2 may be 

at 'the· cente'r o.f th.e entire immune respo~se (..§..gg, Farrar, J . · I 

et al~ ·,· Immunol ..... Rev : 63:129-166 (198.2) ·, .whic~ .. is 

.. -. _. incorjlc;rated herein by reference) . 

··:,·; !.. :~-. ..... . To exert- its biological effe~ts, ._IL~2 . interacts 
......... ' . : • . ... .. _. ••• :- • • <I . • • • • • ... • + • • • .. . . .... • • .. 

, _ ··' ·., with "a specific high-affinity meml:>ran_e . receptor (Greene, w., 
: .. : .- ef .. ai'·. - ~ Progress in He~:at~i~gy XIV, _ .E, •.. Brown,- ,_Ed. ·, .Grune anq 

30 . : ·· St°iltton, New" ¥ork (19.86) , · ~t- pgs. '2s'3 f .f) : .:·.·The human IL-2 

·_. · -receptor is - a· comple'x . mul t.ichai~ gl;~:op~ot~·in, .. wit~ ~ne 

35 

chain-, ·· kn.own as the Tac· peptide, ·being about 55kD in size 

· (§~, - Leonard ·, W., et ;-cii':., J. Bio·{ ..... ch~m. · 26·0;1872 (1985), 
.\. ' I •• • OI 

which · is i~corporated herei~ ·by refer~nce) . . A gene encoding 

this protein has been isolated, and predicts .. a 27.2 -~~ino acid 
. ' .. . 

peptide, including a 21 amino acid signal peptide (~, 

Leonard, w., et al., Nature 311 : 626 (1984 ) ). The 219 NH
2

-
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terminal amino acids of the p55 Tac protein apparently 

comprise an extracellular domain(~, Leonard, W., et al. , 

Science, 230:633-639 (1985), which is incorporated herein by 

reference). 
• ' 

5 ·· Much of the elucidation of the human IL-2 

receptor's structure an~ . function is due to the development 

of specifically re~ct~v~ -~onoclonal antib~dies. In . . 

particuiar, one · mouse monoclonal antibody, known as anti-Tac 

(Uchiya ma, et al., J. Immunol . .l2..§.:1393 (1981)) has shown 

10 that IL-2 receptors can be detected ~:>n ,T-cells, bu1: ~-~so on 

cells of the monocyte-macrophage · family~·· Kupffer cells ·of the . 

.. ·i· liyer, Langerhans·• ceils :oi ·the ~ki~ a~d, of ·course, 

activated ·T-ce],.ls· • .. ··Importantly, - resti.nq- T-cells, B-cells or 

circulating ~mach~ophages typically do not- display the IL-2 
J p • 

15 · ·· receptor·- (Herrmann, et · a1·. ~-. J. Exp. Med . . 162: 1111 (~9~5)). 
·.- 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 genera tion of cytotoxic and suppres sor T 
2 O lymphocytes in cell ··culture. Also, based on studies with 

2 5 

..... 
anti-Tac and other antibodies, a variety of disorders are now 

associated ·with . lmprope·r .·IL-2 receptor _ e~pr-ession by T-cells, 

in -particular adult. ~::c·~~:l· ieukemia .- .' ~ .. 

- ··- ·. · . ··More rec.ently; · the IL-2 receptor .has been shown to 
- '.. ' • . -.- - - . . ' - - -· - •• i - - • ·-

· be an ideal target for novel therapeutic approaches to T-cell 
mediated. ·diseases_.: - rt· ;~.~s -been propose·Ci_·-that .· IL-2 . 17-~ceptor·-
specific antibodies, such as the anti-Tac monoclonal 

. ~ -·.. . . . : ' .. -:: - ~. .. ' .. _., ·- . . .. · .. . 
·- -antibody·/ "·can be used either alone or as · an immunoconjugate 

..... ... -.. . _,, ... -· - .. .. · . ·~ :-,.--: -_ .. : 1~- .. , ... ,,· · . . i - · ·. .... . .. . -· . 

' . :. - (e~·g~ , ·with ·Ricin ·A, .... lsotopes· and the . l~ke) to effectively 
• • • .... • ' ":"' ' ·:·. ; ··: ··' 0w •• _ _ .. • :· ... - · · - ··-· - - - .:.._:?t;::::._~. ~-- -· .. . - ' : . -

j o - .:. ·'·- remove .. cells bearing ·the-- IL-2 receptor-• ... These agents can, 

-: -..:.·r. for ·examp.le, theoreticaily: ~liminate_ ii.:...2 ~~ceptor_-~~ressi~g 
leukemic ·cells, · ~~~ai~ · s:~ells, o~· a~tiv~ted T-cells . .. ..._ .. ,.,; 

.. involved in a disea~~ "state·: · yet allow the . retention of 
I ' ') - ' • ' I • • ., , ,.. o• - ' ' ~ ', .,; :• •:; • ' ' o o • ,:.. - ' - •• ' - ';. I 

· -~ ·,· mature normal T-cells"-·and -·their precursors to ensure the 

35 ···-· .. , :capability of mc:;;~~ti~~ -.~---. n~~al T--ceii · immun~ resp~n·~: as ')· · 

·· :needed. In ·g e neral ., .. ·most· 'other T-!=ell specific agents can 
.. .. 

destroy essentially all peripheral T-cells, which limits the 

agents' therapeutic efficacy. Overall, the use of 
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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, 

5 . e.g., anti-Tac antibodies (~, generally, Waldman, T., et 

10 

_al., cancer· Res. 45:625 (1985) and Wald.man, T., Science 
~:727-732 (1986), both of which are incorporated. herein by 

reference) • 

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 mono~lonal antibodies, for example·; ·· do not fix 
. human complement well, ' and lack· other important. 

immunoglobµl.in functional characteristics when used in 
15 humans. 

Perhap~ more importantly, anti-Tac. and 9ther non

human monoclonal. antibodies contain substantial ·stretches of 

amino acid sequences that will be immunogenic when injected 

into a human patient: Numerous studies have shown· that, 
20 ~~~er injection of a foreign antibody, the ·immune ·response 

elicited by a patient against an "antibody can be quite 

25 

. ·:..str<?.ng, essentially eliminating the antibody's therapeutic 
utility after an initial treatment. Moreover,· as . increasing 

, : . n~ers of different mouse . or other antigenic (to humans) 
monoclonal antibodies can be expected to be developed to 

.~reat various .diseases, after .the first and second treatments 

~~t~ : any different non-human antibodies, subsequent 
tre~tments even -for. unrelated therapies can ·b~ =ineffective or 

. .- - , .even dangerous . . in ~themselves. · ·· · · ·· ·.:, .. . ::: ··· :'..::.·-· . 
.. "" .... -

30 : ... : .. .;·----=· _ While the production of so~called "chimerfc 

'.-::: ·. a~~~bodies" . (e.q. ·,- · mouse variable regions jo~ned t·~ human 
... -, constant· regions) has proven somewhat successfuf~- · a - . . .. -· . - . . . 

.. .. . significant immunogenicity problem remains~ -.-~':rn · general, the .. ·· --·-- : 

production of human immunoglobulins reactive ·with ·the human 

3 5 :· -· -~-f'-? ~eceptor, .. _as . with many human antigens, ha·s be·~~ . 
extremely difficult using typical human morioclonal antibody 

production techniques. Similarly, utilizing recombinant DNA 
technology to produce so-called "humanized" antib-Odies (~, 

304 of 1033 BI Exhibit 1002



WO 90/07861 .--e PCT /US89/05857 

4 

~' EPO Publication No. 0239400), provides uncertain 

results, in part due to unpredictable binding affinities. 

Thus, there is a need for improved forms of human

like ~~unoglobulins, such as those specific for the human 

5 IL-2 receptor '·-···~hat are substantially non-immunogenic in 
humans, yet easily and economically produced in a manner 
suita?le for therapeutic formulation and other uses. The 

present invention fulfills these and other needs . 

10 

.• 

Summary of the Invention ..... 

-: _ 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 

15 of human IL-2 to its receptor and/ or capable ?f. binding to 
the p55 Tac protei n on human IL-2 receptors. The 

imm~noglobulins can have two pairs of. light chain/heavy chai n 

complexes, typically at least one pair having chains 

comprising mouse complementarity determining regions 

20 functionally joined to human framework region segments. For 

., .. , 
25 

example, ~ouse complementarity determining regions, with or 

wi thc:>ut addi_tional naturally-associated mouse amino acid 
.residues, can be used to produce human-like antibodies 

cap~~le . of binding to the human IL-2 receptor at affinity 

leve.~s stronger than about 108 M-1
• 

The immunoglobulins, including binding fragments 

and .~~her derivatives thereof, of the present invention may 

_ ,.be produced readily by a :variety. of recombin·ant ONA .· ~· . _; .:._· .. . ·-· 

30 

35 

techniques, with ultimate expression -in transfected cells, 
preferably immortalized eukaryotic cells, such as myeloma or - .. ... .... ~ . .. 
hybridoma cells. :.·Polynucleotides comprising a first sequence . ~ - . . 
coding f~r:. human-like immunoglobulin framework regions and a 

~~~ond ~eque~c~ set -coding for · the desired ·immunoglobulin 

compl~~e~~a~ity determining regions can be produced 

sY:"-t.heti.c::allY. or by combining appropriate cDNA and genomic 

. ONA segments. 
The human-like immunoglobulins may be utilized 

alone in substantially pure form, or complexed with a 
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cytotoxic agent, such as a radionuclide, a ribosomal 
inhibiting protein or a cytotoxic agent active at cell 

su1:faces. All of these compounds will be p a rticularly useful 

.. :. i~ _treating T-cell mediated disorders. The human-like 
5 iminunoglobulins or their complexes can be prepared in a 

10 

_ .Pharmaceutically accepted dosage form, which will vary 

depending on the mode of administration. 

The present invention also provides novel methods 
fo1~ designing human-like immunoglobulin chains having one or 

mo1~e complementarity determining regions (CDR's) from ·a donor 

inununoglobulin and a framework region from a human 

inununoglobulin, the preferred me thods comprising · first 

colinparing the framework or variable region amino ·acid 
sequence o_f the .donor immunoglobul in to corresponding 

15 sequ.ences in a collection of human immunoglobul iri. chains, and 

se1ecting as the human immunoglobulin one of- the more 
ho1m~logous. sequences from the col.lection. The human 

20 

. im.imunoglobulin, or acceptor immunoglobulin, sequence is 

ty]pically selected from a collection of at least 10 to 20 
imlmunoglobulin chain sequences, and usually will have the 

hiighest homology to the donor immunoglobulin sequence of any 

. seiquen~e in the .collection. The human immunoglobulin 

fr.C!:mew~rk sequence .will typically have about 65 to ·70% 
. ho:mology or more _to . the donor immunogl.obulin framework . . ... . . .. .. .~ 

25 sequ~nces. -The donor_immunoglobulin may be either a - heavy 

30 

cha~n or light chain (or both), and the human collection will 

_co:ntain the same . kind of chain.-- · A · humanized light and heavy -·. . . 
, .. ,chain can be used to · form a complete humanized immunoglobulin 
• z ... .. ... 

or antibody, having two light/ heavy chain pairs, with or 

without partial or full-length human constant regi ons and 

other proteins. 

In another embodiment of the present invention, 
either in conjunction with the above comparison step or 

separately, additional amino acids in an acceptor 

35 immunoglobulin chain may be replaced with amino acids form 

the CDR-donor immunoglobulin chain. More specifically, 
further optional substitutions of a human framework amino 

acid of the acceptor immunoglobulin with a corresponding 
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10 . 

6 

amino acid from a donor immunoglobulin will be made at 

positions in the immunoglobulins 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 

- (b) the amino acid is immediately adjacent to one 

of the COR's; or 

· (c) the amino acid. is· predicted. to be within about 

3A of t~e COR's. in a three-dimensional immunoglobulin model 

and._capable . of in~eracting with the antigen or with -the- CDR' s 
of the humanized immunoglobulin• 

The humanized immunoglobulin chain will typically. 

15 comprise at least about 3 amino acids from the donor 

immunoglobulin in addition to the CDR's, usually at least one 

of which is immediately adjacent to a CCR in .the. donor 

immunoglobulin. The heavy and light chains may· each be 

designed by using any one or all three of the position 

20 criteria. 

25 

, . I 

- " r. ; ... 
~ -· _, . .... · . 

.. -. . 

When combined into an intact. antibody·, the 

humanized light and heavy chains of the present- invention 

~il~ be substantially non-immunogenic in ' hunians and retain 
s~stantially the same affinity ·as the donor iniinunoglobulin 

to the antigen (such as a · protein or other conip'ound 

c~ntaining an epitope). :.These affinity " levels : can vary from 

about 108 M-~: _or higher, .and may be within about 4 fold of the 

donC?;:_ immunogl.obulin' s ;original ' affinity to the anti-gen. 

: .:. '.1 . . . . -= . • .,. ~ 

,, .. .. ~ , t :.~ :.~ i . . :.,,-·:.l _ ~ ·· ·.-· 

. · . .. .: ··: :·"! .~.· · :: _ .. '.: . 

. . . :~.~- : 

·-:.:. ; ·. ":: · .. · 
. .. - . . !. - ... 

i. ::-~:-~ ' .. -

. ... .. -. : .. . , --

;·.: . .... 

· • I-· .. . . .. ~ ... . 
. '· :.:··~ : -~ 

, . .. " .. 

, . . . 
~ -... ·" _, 

... - ., . .: .. ._• - ... 

-. 

·-
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1. Comparison of sequences of anti-Tac 

hea.vy chain (upper lines) and Eu heavy chain (lower lines}. 

Thet 1-letter code for amino acids is used. · - The first amino 

5 acid on each line is numbered at the left. Identical amino 

acids in the two sequences are connected by lines . The 3 

CDF~ are underlined. Other amino acid po~itions for which 
the~ antj.-Tac amino acid rather than the Eu amino acid. was 

use~d in the humanized anti-Tac heavy chain are denoted by 

10 an *· 
Figure 2. Comparison of sequences of anti-Tac 

li~Jht 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 

15 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 

usE~d in the humanized anti-Tac heavy chain are denoted by 

an *· 
20 Figure 3. Nucleotide sequence of the gene for the 

hwnanized anti-Tac heavy chain variable region gene. The 
translated amino acid sequence for the part of the gene 
encoding protein is shown underneath . the .nucleotide sequence . 

- . Tht~ nucleotides TCTAGA at ·the beginning :and end of the gene 

25 art:! Xba r sites. The mature heavy chain sequence begins with 

amino acid #20 Q. 

... 
30 . 

· Figure · 4. Nucleotide sequence -of the gene for the 

hwnanized ··anti-Tac light chain variable region ·:·gene. The 

trans~.~~ed a~ino acid sequence for the part of--the gene __ 

. .. enc:::oding· _protein is shown underneath -the '"nucleotide· sequence. 

Tht~ nucleotides :TCTAGA at .··the beginni"ng and end of the gene 
aria Xba I sites. The mature light chain sequ.ence begins with 

amino acid #21 D. 

Figure 5. A. Sequences of the four 
35 ol.igonucleotide:s used to synthesize the humanized anti-Tac 

heavy chain gene, printed 5' to 3 1 • B. Relative positions 

of the oligonucleotides. The arrows point in the 3' 

direction for each oligonucleotide. 
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Figure 6. (A) Sequences of the four 

oligonucleotides used to synthesize the humanized anti-Tac 

light chain gene, printed 5' to J'. (B) Relative positions 

of the oligonucleotides. The arrows point in the· J' 

5 direction for each oligonucleotide. The position of a Hind 

III site in the overlap of JFD2 and JFDJ is shown •. 

10 

Figure 7. Schematic diagram of the plasmid 

pHuGTAC1 used to express the humanized anti-Tac heavy chain. 

Relevant restriction sites are shown, and cod.ing regions of 

the heavy chain are displayed as boxes. The direction of 

transcription from the immunoglobulin (Ig) promoter is shown 

by a~ arrow. · EH =heavy _chain enhancer, · Hyg = hygromycin 

resistance gene. 

Figure 8. Schematic diagram of the plasmid pHuLTAC 

15 used to express the humanized anti-Tac light chain. Relevant 

re·striction sites are shown, and coding regions of the light 

chain are displayed as boxes. The direction of transcription 

from the Ig promoter is shown by an arrow. 

Figure 9. Fluorocytometry of HUT-102 and Jurkat 

20 cells stained with anti-Tac antibody or humanized anti-Tac 

: l ~ ' ~.; , .. 

. 25 

antibody · followed respectively by fluorescein-conjugated goat 

anti-mouse Ig antibody or goat anti-human Ig 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 

~t~~ned with 0-40 ng of anti-Tac .as indicated,· then with 

. biotinylate~ anti-Tac, and ~hen with phycoerythrin-conjugated 
... . ·- ·:- . . -

30 . avidin. _-_. , .(B) F_'luorocytometry of HUT-102 cells stained with 
-~- .. .-;:...,. . . - . · -· -- ·· 

the indicated antibody, then with biotinylated anti-Tac, and 
-.-. t f ;;. :,:_--. • •• ••• • ' • 

. . .then with phycoerythrin-conjugated avidin . 

' . 

.. , .. - ... .. 

. .. . . : ... ~ .: ... . 

309 of 1033 BI Exhibit 1002



WO 90/07861 9:-r /US89/05857 

9 

DETAILED DESCRIPTION OF THE INVENTION 

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 

5 human T-cells, are provided. These immunoglobulins, which 

have ~inding ?ffini ties of at least about 108 M-1
, - -and 

prefera.bly 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 immunoglobulins will have a human-like 

10 framewor~ 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 

15 use, for example, ·in the treatment of T-cell mediated 

disorders in human patients by a variety of techniques. 

The basic antibody structural unit is known to 
comprise a tetramer. Each tetramer is composed of two iden

tical pairs of polypeptide chains, each pair having one 

20 11 1.ight" (about 25kD) and one "heavy" chain (about 50-70kD). 

25 

__ Th~ N~2 -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 :eacti. -"chain 

defines a constant region primarily responsible for effector 
.function. 

Light chains are classified as either kapp·a or 

lambda. Heavy chains are classified (and sllbclassified) as 

.::·. ga~a, mu, .alpha,-,·delta, or epsilon, and 'define -·th~ -

_ . . .. · ~i ~~tibody' s isotype as ~IgG, IgM, ·:rgA·, :IgO ·and IgE, - . : j 
. . . - ·' 

3 O . , ·. 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, 

.... . -- • , 1 •• 

.... Fundamental Immunology, Paul,·- W. ·, Ed., Chapte.r 7 . ~ pgs. 131-

35 . 1~6, . Raven Press, N. Y. · ( 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 
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same general structure of relatively conserved framework 

regions joined by three hypervariable regions, a1so called 

CDR's (~, "Sequences of Proteins of Immunological 

I~.~ere.st, ·~ Kabat, E., et al., U.S. Department of. Health and 

5 Human Services, (1983): and Cholthia and Lesk, J. ··Mal . Biol., 

10 

.l.2§:90+-917 {1987), which are ·incorporated herein by 

· ·.!~ference). The .CDR' s from the two chains of each pair are 

aligned _ by the framework regions, enabling binding to a 

~pecific epitope . .. -.... 

As used herein, · the term "immunoglobulin" refers to 

a protein consist~ng of one or more polypeptides 

'. substantially . encoded by -immunoglobulin genes. The 

recognized _imm.unoglobulin genes. include the kappa, lambda, .. . 
alpha , gamma, delta, epsilon and mu constant regi·on genes, as 

15 . w~ll_ as the myriad immunoglobulin variable region genes. The 

·: ~~unoglobulins may exist in a variety of forms --besides 

antibodies; including, . for example, Fv, Fab, and F(ab)
2

, as 

well as in single chains(~, Huston , et al., Proc. Na t . 

Acad . Sci. U.S.A., 85:5879-5883 (1988) and Bird, et al., 

20 Science, 242:423-4.26 {l.988), which are incorporated herein by 

ref~rence). {See, · generally, Hood, et al., "Immunology", 

Be~~~min, N.Y . , 2nd ed. · (1984), and Hunkapiller and Hood, 

25 

_ .. Nature, 323:15-16 {1986), which are incorporated herein by . . . . . . . . 

. . ·-

-' 

Chimeric antibodies are antibodies whose ·-light and 

heavy chal:n genes have been constructed,· -typically by genetic 
· --.; . 

.. . engineering, from iltUTlunoglobulin gene segl'Ilents belonging to - . ... . . . :· 

· · different .sp~cies . .. :: .For . example, ... the variable {V) ·segments of .. _, . . - . -

the genes .from _a .mouse monoclonal antibody may be : joined to 

3~·-· -:. ::-. ·.-_~wn~n .. c.on~t:_ant (_C).. segments, · such ·a 's · ~1 and ;.~:· : '-A·-typicat =

- _ J' _ :; l~~rap~utic. chimeric antibody is thus. ·a hybrid pr~tein 

. _ .. c~nsisting of :the V- .or antigen-binding domain from a.- mouse ., .. - ..... - ,.. . ... 
_. : . . · .. antibody and the .c . or . effector domain from a human· antibody 
_;__ : :- ·;,;. .. · . .;..J...J.::::-'.- : - • • - · - • ... 

{e.g. -, A . T.c.c . Accession No. CRL 9688 secretes··:.an ·anti-Tac .. . 
35 . . ·: C?~~~~~ic antibody), although ·other mammalian species may be 

used . 

As used herein, the term "framework region" refers 

to those portions of immunoglobulin light and heavy chain 

... .. 

•· 
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variable regions that are relatively conserved (i.e., other 

than the CDR's) among different immunoglobulins in a single 

species, as defined by Kabat, et al., .QQ. cit. As used 

herein, . a "human-like framework region" is a framework region 

5 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. 

10 

As used herein, the term "human-like 
immunoglobulin" refers to an immunoglobul.in comprising a 

. human-like framework and in which any constant region present 

is substantially homologous to a human immunogl.obulin 
.. constant region, i.e. ·, at least about 85-90%, ·preferably 

about . 95% iden~ical. Hence, all parts of a human-like 

inununoglobulin, except possibly the CDR's, are substantially 
15 homologous to corresponding parts of one or more · nativ~ human 

immunoglobulin sequences. For example, a human-like · 

immunoglobulin would not encompass a chimeric mouse variable 

region/human constant region antibody. 
In accordance with another general aspect of the 

20 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 Ig 

rather than . in the acceptQr Ig, in order -to increase the 
25 affinity of an antipody comprising the humanized 

immunoglobulin chain. 

30 

This aspect of the present invention is based in 
. 

. part· on the model that two contributing causes of the loss of 

affinity in prior means of producing human1zed· antibodies 

(using as examples .mouse antibodies as the· source of CDR's) 
are: 

(1) When the mouse COR'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 
35 to be bound by theory, we believe that · these changed amino 

acids may slightly distort the CDR's, because they create 
different electrostatic or hydrophobic forces than in the 
donor mouse antibody, and the distorted CDR's may not make a s 
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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 CDR's (i.e., 

5 still part of the framework), may make c~ntacts .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. 

·To avoid these problems, and to produce humanized 
. 10 . antibodies that have a very strong affinity for a desired 

15 

antigen, the present invention uses the following four 

criteria fpr . d~signing humanized immunoglobulins. These 

criteria may be used singly, or when necessary in 

combinati~n, to achieve the desired. affinity or other 
characteristics. 

Criterion I: As acceptor, use a framew?rk from a particular 
human immunoglobulin that is unusually homologous to the 
donor irnmunoglobulin to be humanized, o·r use a consensus 

20 framework from many human antibodies. For example, 
comp~ri_son of the sequence of a mouse heavy (or light) chain 

.. variable region against human heavy (or light) variable 

~~gions in a data bank (for example, the National Biomedical 
Research Foundation Protein Identification Resource) . shows 

25 that _the .. extent of homology to different human regions varies 
greatly, typically from about 40% to about· 60-70%. By 

.. . ch?osing as the acceptor immunoglobulin one of the human 
~~avy (re~pectively . light) chain variable regions that is 

·'!. : ~ . 

. .,_ . most. homologous-. to the heavy (respectively light)° chain - - . .. . - .. ... 
3 o · . 

1 
_ va_ri~ble -region of, the donor immunoglobul in, fewer amino 

" -

35 

acids will be changed in going from the donor immunoglobulin 
to the .humanized immunoglobulin. Hence, and again without - . ,. . ... 

inte~~ing _ to be bound. by· theory, it is believed that · there is 
.~ . ~mal.J.er _ chance of changing. an amino acid near the · CDR's 

that distorts their conformation. Moreover, · the precise 

~verall shape of a humanized antibody comprising the 

humanized immunoglobulin chain may more closely resemble the 
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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 representative 

5 collection of at least about 10 to 20 distinct.human heavy 

chains will be chosen as acceptor to provide the heavy chain 

framework, an? ~imilarly for the light chain. Preferably, 

one of_~he 1-3 most homologous variable regions will be used . 

The selected acceptor immunoglobulin chain will most 
10 preferably have at least about 65% homology in the framework 

region ·to the donor· immunoglobulin. 

Regardless of how the acceptor immunoglobulin is 
chosen, higher affini~y may be achieved by selecting · a small 

number of amino acids in the frame~ork of the humanized 

15 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 ·a11 amino acid positions 

satisfying one of these criteria, the donor amino acid will 
20 in fact be selected . 

Criterion II: If an amino acid in the framework of the human 
acceptor immunoglobulin is unusual (i.e. , "rare", which as 
used herein indicates an amino· acid occurring at that 

25 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", 

30 

.:.which as used herein indicates an· amino acid o~c~rri~g. in ~~ 

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 that an atypical amino 
acid in the human framework does not disrupt the antibody 

structure. Moreover, by replacing an unusual .amino acid with 

35 an amino acid from the donor antibody that happens to be 
typical for human antibodies, the humanized antibody may be 

made less immunogenic. 
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Criterion III: 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 particularly likely to interact with 

5 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 inter~ct dir~ct~y with 

the antigen (Amit et al., Science, 233, 747-753 (1986), which 

10 

15 

is inc~rporated herein by reference) and se.lecting these 
_amino acids from the donor may be desirable to. keep all the 

antigen contacts that provide aff~nity in the original 

ant:-il~ody. 

.· ., .. . ~ - -· ---tr-- __ .. 
criteri..on. 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 go~d 

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 

20 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 angstrom 

units of some site in the CDR's and must . contain atoms that 
.~ . -

co~ld interact with th~ CDR atoms according to . established 

25 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 .. ('™, · Loew et al., Int. J. Quant. Chem., Quant. Biol . . - ·· . . . 
Svmp . .' .. : ~:55-66 (1988); Bruccoleri et al., . Nature, 335, 

30 564-568 (198~); ~hothia et al,, Science, 233:755-758 (1986), 
. ·~~ - - . 

all of ~hich are incorporated herein by reference) • . These do 
not form part of ~he inyention. Indeed, because all 

antibodies have similar . structures, the known antibody 

structures, which are available from the Brookhaven Protein . . . 
35 Data Bank, can be used if necessary as rough models of other 

• 4.. ...... . • 

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 

•' 
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likelihood of different amino acids interacting (~, Ferrin 
et al., J . Mel. Graphics, 6:13-27 (1988)}. 

Humanized or human-like antibodies generally have 

at· least. three potential advantages over mouse or in some 

5 cases chimeric antibodies for use in human therapy: 

10 

1) Because the effector portion is human, it may 
interact better with· the other parts of the human immune 

system __ (e.g., destroy the target cells more efficiently by 

complement- dependent cytotoxicity (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 

15 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 shorter 

than the half-life of normal antibodies (D. Shaw et al., J. 

20 Immunol., 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. 

The present invention is specifically directed to 

25 improved humanized immmunoglobulins (e . g., capable of binding 

the human IL-2 receptor) with respect to those described in 

30 

EPA publication no. 0239400. That application, the 
disclosure of which is excluded -from coverage-herein, 

de_scribes, .for certain i~unoglobul ins, subs ti tl.iting CDR' ~ 
i;egions in th.e light or heavy ··chain variable ·domains of an 

_ acceptor 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 
35 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., 
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Science ~: 747-753 (1986) or perhaps residues essential for 

inter-chain interactions - but for the selection of which 

insufficient guidance is provided in that application) . 

Thus, for example, a preferred embodiment of the present 

5 invention entails substituting entire CDR's and framework 

amino acids immediately adjacent one (or preferably each) of 

the CDR's. In general, any framework residue that also makes 

contact with the COR's to, · e.g., maintain their conformation 

(and usually their antigen binding specificity) are 

10 specifically included within preferred embodiments of the 

present invention as described in detail, supra. 

In o~e aspect, the present invention is directed to 

recombinant DNA ~egments encoding the heavy and/or light 

chain CDR's (typically with other amino acid residues as 

15 . described above) from an immunoglobulin capable of binding to 

20 

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, 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 . -... . . . . . 
25 am~n~-acid ~ubstitutions, other DNA sequences can be readlly 

; ; .. : . . · . · _substituted _for ·_those sequences,· as detailed below. 

_ .. . ~he DNA segments will typically ·_further ·include an 

exp~e_ssion. ,control .DNA ·· sequence operabl·y linked to the human

li_ke ~ntibody coding .sequences, . . including natur'ally

30 ... . -~-~~o_ci:ated :<?:C: ... heterologous . promoter regions. ::.; ·Preferably, the 

expre~sl:_on .. control. sequences. will be eukaryotic .. pro.meter 

syst_ems_ i_n_~ vectors capable. of. transforming 'or""transfecting 

e~aryotic ~post cells, bu~. control sequences for prokaryotic 

• • :- . .. 4 

- .. .. -

35 

hos_ts .may also be ·.used.- · once ·the vector has· been 

.... _._incorporate~ 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 purification of the light chains, heavy 
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cha.ins, 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 

5 hwnan cells, but preferably immortalized B-cells (see, Kabat 

QR· cit. and WP87/02671). For example, the human kappa 

i:minunoglobulin constant and J region genes and sequences are 

de::;crib~d in Heiter et al., Cell 22: 197-207 (1980) and the 

nuc:leotide sequence of a human inununoglobulin c gene is 
. ~ 

10 de~•cribed in Ellison et al . , Nucl. Acid . Res. 10:4071 (1.982) , 

both of which are incorporated herein by reference . The 
CDFt's for producing· the ·immunoglobulins of the present 

in~rention will be similarly derived from monoclonal 
antibodies capable of binding to the desired antigen (e . g., 

15 the~ human IL-2 receptor) and produced in any convenient 

mammalian source, including, mice, rats, rabbits, or other 
vet:erbrate capable of producing antibodies by well known 

methods. Suitable source cells for the DNA sequences and 
host cells for imm.unoglobulin expression and secretion can b e 

20 obtained from a number of sources, such as the American Type 

Cul.ture Collection ("Catalogue of Cell Lines and Hybridomas," 

Fit:th edition (1985) Rockville, Maryland, U.S.A., which is 
inc:orporated herein by reference) • 

In addition to the human-like immunoglobulins 

25 spe~cifically described herei n , other "substantially 

hon11o"iogous" modified immunoglobulins can be readily designed 

and manufactured utilizing various recombinant DNA techniques 
wel.l known to those skilled in the art. For example, for the 

IL-· 2 receptor immunoglobulins the framework regions can vary 

30 frc>m 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 1ike. 

Moreover, a variety of different human framework regions may 

be used singly or in combination as a basis for the human-

35 li~:e 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 (~, Gillman and Smith, Gene ~:81-97 (1979) and 

318 of 1033 BI Exhibit 1002



WO 90/07861 PCT /US89/0S857 

18 

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, 

5 which fragments possess one or more immunoglobulin ·activities 

10 

15 

• .. 
(e.g., complement fixation activity). Also because like many 

,. genes, the immunoglobulin-related genes contain separate 

,• 

. . . 
functional regions, each having one or more distinct 

biolog"ical activities, the genes may be fused to functional . . .. . -

regions from other genes {~, enzymes ~ ~' commonly . . .. . . . .... 
. assigned U. s. s. N. 132·, 387, . filed Dec •. 15, 1987 , - which is 

::: inco;;;~rated herein by ref·e~en~e) to pr~d~ce fusion proteins · 
' . 
·-(e.g . , i!1'1Ilunotoxins) having novel properties. 

The ~ucleic acid sequences. of the present invention 

capable of uitimately 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 different techniques. 

20 Joining appropriate genomic sequences is presently the most 

common method of production, but cDNA sequences may also be ... . . . .. -
utilized (~, European Patent. .Publication No: 023?~00 and 

Reichmann, L., et al., Nature 332:323-327 (198S); · both of 

which _are . ~ncorporated herein by reference). 

25 As _ ~~ated previously, the DNA sequences will be 

'::.. . 
an 

expr~s~ed in hosts after .the sequences have been operably 

linked to (i.e., positioned to ensure the .functioning of) 

,_ .... .. __ ~,··e~ression contra~. sequence • .. These e)cpression vectors are 
... ·.· .tyPi·c~ily replicabl.e .in the host ~:·organisms either -as· episomes 

30·-- ::...-~r -~-~ ··a:n inte.gi;:ai'. p:art of the. host chromosomar ·DNA·;:·~ .: · .-

. .. _Commonly, expr:~.ssJ~i:t. vectors will -::contain selectiori-=-m-arkers, 
:,,..,:_. .. .- I • • • 

. 7 . g., tetr~cycli~~ or .neomycin, to permit detection of those 

_ cells ·transformed with the desired DNA sequences ·csee: ~' 
... ! ·: ~ \ ... - . • - - • • • . . • -

u."s. Patent 4,704,362, . which is incorporated herein by 
. . ! .. ~ . .. . . - - . . . 

35 . __ reference). . _ ....: _; ··<· _ .: · · ··· ,.,__ 
• _.; I .~ ~.· •. • . , .. _ ·· - • 

~. coli is one prokaryotic host useful particularly 

for cloning the D~A sequences of the present invention. 

Other microbial hosts suitable for use include bacilli, such 
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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 

5 sequences compatible with the host cell (e . g., an origin of 

replication). In atldition, any number· of a variety of well

known promoters will. be present, such as the lactose promoter 

systeJ!l_, ·· a tryptophan (trp) promoter system, a beta-lactamase 

promoter system,· or a promoter. system from phage lambda. The 

1.0 promoters will. typically control expression, ·optionally with . 
. an opera-~or. sequence, . and have" r -ibosome.-bind.ing site 

sequences -and . the like , for initiating and completing 

transcription and translation. 
Other microbes, such as yeast; :·may also be used for 

1.5 . expression. Saccharomyces is a preferred host, with suitable 

vectors having expression control sequences, such as 

promoters, inciuding 3-phosphoglycerate kinase or other 

glycolytic enzymes, and an origin of replication, termination 

sequences and the like as desired. 

20 In addition to microorganisms, mammalian tissue 

25 

' ..... ...... . 
30 

35 

cell culture may also be used to express and produce the 

_polypeptides of the present invention ' (~, .. Winnacker, "From 

Genes .to Clones," VCH .. Publishers, N.Y;, N.Y~ (1987), which is 

.incorporated herein by reference). Eu.karyotic cells are 
. . 

... actually preferred, because a number of suitable host. cell 

- _0 _._lines capable of ·secreting intact immunoglobulins have been 

.. developed in the art, and include the CHO cell lines, various -.· . 
. -.,.: __ ,~os _cell ::-~lines, HeLa.' cells, . myeloma ~cell l~nes,,. etc, but 

. :-.:preferably .. transformed -.B-cells ·"or hybrid·omas ; · · Ezj:iression 

vectors for these cells can include expression control 

. _- . ._sequences, such as ·an origin ·of replication, a promoter, an 

.. _ .::.:enhancer · (Queen, · c ... ; · et al., Immunol. :Rev." :ag: 49-68 - ( 1986), 

_ · w.hich is incorporated herein by reference) ; ~·and necessary 

·processing information 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 
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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 

(~, the heavy and light chain encoding sequences and 

5 _., 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 

10 used for other cellular hosts. (See, generally, Maniatis, et 

al., Molecular Cloning: A Laboratory Manual, Cold Spring 

- ~arbor Press, (1982), which is incorporated herein by 

reference. ) 

:Once expressed, the whole antibodies, their dimers, 

15 . .. 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 (.§gg, generally, Scopes, R., 

20 

25 

Protein Purification, Springer-Verlag, N.Y. (1982)). 

Substantially pure immunoglobulins of at least about 90 to 

95% homoge~~ity are preferred, and 98 to 99% or more 

homogeneity most preferred, for pharmaceutical uses. Once 

purified, partially or to homogeneity as desired, the 

_polypeptides may- then be .us.ed therapeutically .. (including 

___ extracorporeally) or in developing and perf arming assay 

.. '• .. : .procedures, .immunofluorescent stainings,· and the like. (See, 

generally, Immunological Methods, Vols . -I .-arid ·II,-· Lefkovits 

. . :- .:.. .. ; : ·Ja.nd _Pernis, · eds., Academic Press,. New ·York, ·. N ~ Y •. ( 1979 and 
30 .... . 1981)). .. .... . ,, - - . ,; :·:;:: .. ·:..· ~ 

- >. . f •• ,,_ . .. .... \. 

J : 

• .~ l 

. :. 

:35 

The :IL-2 receptor specific antibodies exemplified 

in the pre~i::.1!1: inver>:ti_on will typically · find use .. individually 

. in_ ~reating _a _T~ce11 .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 (~, u.s.s.N. 085,707, entitled -"Treating Human 

Malignancies and Disorders," which is incorporated herein by 
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r4aference). For example, typical disease states suitable for 

tJ~eatment include graft versus host disease and transplant 

r1:jection in patients undergoing an organ transplant, such as 

h1:art, ·lungs, kidneys, liver, etc. Other diseases include 

5 a1.ltoimmune diseases, such as Type I diabetes, multiple 

s1::1.erosis, rheumatoid arthritis, systemic lupus 

e :cythematosus, and myasthenia gravis. 

The human-like antibodies of the present invention 
may al.so be used in combination with other antibodies, 

10 particul.arly human monoclonal antibodies reactive with other 

markers _on cells responsible for the disease. For example, 

s·uitable T-cell markers can include those grouped into the 

so-called "Clusters of Differentiation," as named by the 

First International Leukocyte Differentiation Workshop, 

15 Leukocyte Typing, Bernard, et al., Eds., Springer-Verlag, 
N.Y. (1984), which is incorporated herein by reference. 

The antibodies can also be used as separately 

administered compositions given in conjunction with 

chemotherapeutic or immunosuppressive agents. Typically, the 
20 agents will include cyclosporin A _or a purine analog (~, 

m.ethotrexate, 6-mercaptopurine, or the like), but numerous 
additional agents (e.g., cyclophosphamide, prednisone, etc.) 
well-~nown to those skilled in the ·art may also b~ utilized. 

A preferred pharmaceutical composition of the 

25 present invention comprises the use of the subject antibodies 

.- in immunotoxins . Immunotoxins are ch~racterized by. two 

components and are particularly useful for killing selected 
c:ells in vitro or in yivo . .. One component is a cytotoxic 

a.gent which is usually fatal to a cell when attached .or 

30 _ _ a.bso~bed. The second component, : known as th·e "delivery 

v·e:hicle, " provides a means for delivering the toxic agent to 
a particular cell type, such as cells comprising a carcinoma. 

: ~'he_ two components are commonly chemically bonded together by 
alny of a variety of well-known chemical procedures. For 

35 . e~xample, when the cytotoxic agent is a protein and the second 

c:omponent is an intact immunoglobulin, the linkage may be by 

way of heterobifunctional cross-linkers, ~, SPDP, 

c:arbodiimide, glutaraldehyde, or the like. Production of 
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various immunotoxins is well-known with the art, and can be 

found, for example in "Monoclonal Antibody-Toxin Conjugates: 
Aiming the Magic Bullet," Thorpe et al, Monoclonal Antibodies 

in Cli~ical Medicine, Academic Press, pp. 168-190 (1982), 

5 which is incorporated herein by reference. 

A variety of cytotoxic agen~s are suitable for use 

in immunotoxins. Cytotoxic agents can include 

radionuclides, such as Iodine-131, Yttrium-90, Rhenium-188, 

and Bismuth-212; a number of chemotherapeutic drugs, such as 
10 vindesine, methotrexate, adriamycin, and cisplatinm; and 

cytotoxic proteins such as ribosomal inhibiting proteins like 

pokeweed_ antiviral protein, Pseudomonas exotoxin A, ricin, 

diphtheria toxin, ricin A chain, etc., or· an agent active at 

the cell surface, such as the phospholipase enzymes (e.g., 
15 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 
20 (1985), all of which are incorporated herein by reference.) 

The delivery component of the immunotoxin will 

include the human-like immunoglobulins of the present 

invention. Intact immunoglobulins or their binding 
fragments, such as Fab, are preferably used. Typically, the 

25 antibodies in the immunotoxins will be of the human IgM or 
IgG ~sotype, but other mammalian constant regions may be 

utilized as desired. 

The human-like antibodies and pharmaceutical 

compositions thereof of this invention are particularly 

30 useful for parenteral administration, i.e., subcutaneously, 

intramuscularly or intravenously. The compositions for 

parenteral ad.ministration will commonly comprise a solution 

of the antibody or a cocktail thereof dissolved in an accept
able carrier, preferably an aqueous carrier. A variety of 

35 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 
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sterilization 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, 

5 for example sodium acetate, sodium chloride, potassium 

chloride, calcium chloride, sodium lactate, etc. The 

concentration of antibody in these formulations can vary 

10 

.. . 
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 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 

15 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 

20 skilled in the art and 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. 

25 

• .. ~ ,. 

30 

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-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 (e.g., with conventional immune globulins, IgM 

antibodies tend to have greater activity loss than IgG .. .... 
antibodies) and that use levels may have to be ·adjusted to 

compensate. 

35 The compositions containing the present human-like 

antibodies or a cocktail thereof can be administered for 

prophylactic and/or therapeutic treatments. In therapeutic 

application, compositions are administered to a patient 
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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 

5 effective for this use will depend upon the severity of the 

infection 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 

10 -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 

lowe~ probability of 11 foreign substance" rejections which are 

15 achieved by the present human-like antibodies of this in-

vention, it is possible and may be felt desirable by the 

_treating physician to administer substantial excesses of 
these antibodies. 

In prophylactic applications, compositions 

20 containing the present antibodies or a cocktail thereof are 

administe~ed 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 patient's state of 

25 health and general leyel of immunity, but generally range 

from 0.1 to 25 mg per dose, especially 0.5 to 2 . 5 mg per 

p_~_t.ient. A preferred prophylactic use· is for the ·prevention 

-. ~""' .. . 

.- : . of. :kidney ~rans plant '."rejection. · - .-·,.. , : -·- .... ... ·- . 
. Single .. or; multiple administrations of· the 

30 . . ·_. -~. c_?mposi:tions can · ~e carried out with dose levels and pattern 

.. -~ _}?_ei~q selected .PY _:the .treating· physician. · In any ·event, the 

. ·-. ph~rmaceutical formulations should provide a quantity of the 

.... . ~_pt_i:body(ies) of this .invention sufficient to effectively 

treat the patient. 

35 , _ .... ~ . . : .. _ Human-like antibodies of the present invention can 

further find a wide variety of uti1ities in vitro. By way of 

example, the exempl.ary antibodies can be util.ized for T-cell 

typing, for isolating specific IL-2 receptor bearing cells or 
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fragments of the receptor, for vaLccine prepa ration, or the 

like. 

For diagnostic purposes , the antibodies may either 

be labeled or unlabeled. Unlabeled antibodies can be used in 

5 combination with other labeled antibodies (second antibodies) 

that are reactive with the human-· like antibody, such as anti

bodies specific for human immuno9lobulin constant regions. 

Alternatively, the antibodies can be directly labeled. A 
wide variety of l.abels may be employed, such as 

10 radionuclides, fluors, enzymes, E~nzyme substrates, enzyme co

factors, enzyme inhibitors,- ligands (particularly haptens) , 

etc. '. Numerous types of immunoassays are available and are 
well known to those skilled in the ·art. 

Kits can al.so be supplied for use with the subject 
15 antibodies in the protection against or ·detection ·"of a 

cellular activity or for the presence of a s elected antigen. 

Thus, . the subject' antibody compo::;i ti on of the prese nt 

invention ll\ay be provided, usually in a lyophilized form in a 

container, either alone or in conjunction with addi tional 

20 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, phosphate, carbonate, etc.,. stabil.izers, biocides, 

· inert proteins, · e.g., serum albWJiin, or the like, and a set 

25 of instructions for use. General ly, ·· these material.s will be 

present in less than about 5% wt .. based on the amount of 

active antibody, and usual.ly present in total amount of at 
least about o. 001% wt ; .based agai n · 'on the antibody 

·concentration. Frequently, - it wi ll be desirable to include 
30 an · inert extender or excipient tc)dilute the active 

ingredients, where the excipient may be present in from about 

-: l · to . 99% wt. of the total · composi tion. Where a second 

.x- .. antibody capable · of binding to the chimeric antibody is 
employed in an assay~ this will usually be present in a 

35 separate vial. The second antibc,dy is typically conjugated 

to a label and formulated in an ·analogous manner with the 

antibody formulations described above. 
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The following examples are offered by way of 

illustration, not by limitation. 

EXPERIMENTAL 
5 Design of genes for human-like light and heavy chains 

10 
. -· 

Th~ sequence of. the human antibody Eu (Sequences of 

Proteins of Immunological Interest, Kabat, E., 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 -

... _ho~ologous to _the heavy chain of this antibody than to any 
other heavy chain .sequence in the National -Biomedicai 

Foundation Protein Identification Resource. 
~o select _ ~he sequence of the humanized heavy 

15 chain, the anti-Tac heavy chain sequence (~, commonly 
assigned u.s.s.~.'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 

20 sequence, unless .~hat position fell in any one of ~he 
following categories, .in which case the anti-Tac amino acid 

., . . . was selected. , .-. . : 

-· : !.- .• • '.. • 

25 - ... : . .. -; ::. "' -

~·. : .. : 

- :..· :_ ... : ... : .... ·.:= -:· .. 
30 ·yv· :.. _ ... 

:.. :..:· ...... . . . ; 

... :.L e .. . ·· .. J •• 

_( 1) 

(2) 

The position fell .within a complem~ntarity 

. . det~r:mining region .. (CDR), as defined by Kabat, 

.. et . a~., .QR. cit. (amino acids . 31-35, 50-66, 

' 9~-106) : . '. . . . ,.. :·· 

The Eu amino acid. was unusual for human heavy 
chains _at that. position, whereas the . anti-Tac 

.' .. ... _ ~ ·,,,:> _. ~i~~ acid was typical for human heavy chains 
•i ~~ - that position (amino acids · 21, 93; 95, 98, 

·•. . _, . 107. -J.09 I . 1_ 11) : t' ' i' • 7..'=- ~ .-;, .'. c"'. .::_ 

: (3) The . posi~ion ~as immediately adjacent to a CDR - --·· - .... --.... •· . 
. · :: .. :r_ Ai:t t;h~ amino acid sequence of the· anti-Tac 

: ~e-~yy cl:lain .(amino acids 30 and ·67); 

(4) . ~-~ime~sional modeling of the anti-Tac 
- antibody suggested that the amino acid was 

physically close to the antigen binding region 

(amino acids 48 and 68). 
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Some amino acids fell in more than one of these categories 

but are only listed in one. 

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) CORs (amino acids 24-34, 50-56, 89-97). 

(2). Anti~Tac amino acid more typical than Eu 

(amino acids 48· and 63). 
( 3) Adjacent to -CDRs- .(no am.inc)° acids ; Eu and 

· anti-Tac were already the same at all these 

positions) • 

(4) Possible 3-dimensional 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: 

.... ...... 

.· 

(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 fight chain of the 

antibody MOPC 63 and the leader of the heavy 

chain of the antibody PCH lOSA (Kabat et al., 

QR. cit.) ·; : These leader~ sequences were chosen 
as typica1-:of antibodies·:; ; · 

,_, ~- (3) · 3 •·· of the coding sequences-, the nucleotide 

... 

... - -.:. ·.-: ·:: ·:· :·: -

sequences are the sequences that follow the 
mouse light 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 r site of a vector. 
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Construction of humanized liaht and heayy chain genes 

To synthesize the heavy chain, four 

oligonucleotides HES12, HESlJ, HES14, HES15 (Figure 5A) were 

synthe.sized using an Appl.ied Biosystems 380B DNA synthesizer. 

5 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 allow annealing (Figure SB) . 

10 

Together, the oligonucleotides cover the entire humanized 
-· 

heavy chain (Figure 3) with a few extra nucleotides at each 

e~d to .allow cutting at the Xba I sites. The 

oligonucleotides were purified from polyacrylamide gels . . 

Each oligonucleotide. was phosphorylated using ATP. 

and ~4 polynucleotide kinase by standard procedures {~, 

~aniatis, ..Ql2. cit.). To anneal the phosphorylated 

15 oligonucleotides, they were suspended together in 40 ul of TA 

(33 mM Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM 

magnesium .acet~te) 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 
20 synthesizing the opposite strand of each oligonucleotide 

·_-.. :_(Figure . SB), the following .. components were added in a final 
volume of lOOul: 

. · ::· .. · 
. . .. 

25 . . •. : .. . 

. . . . 

.. -.. -~· . ·.~ .. · 

... , --. . 
.:: ~,.., . '" ~ 

30. ~ . 

... . . 

...... 
-: . .. ~ ..... . 

~ . • .- r ·• 

- ......... . ,. -
35 

.-

.. 

10 ul annealed oligonucleotides 
0.16 mM each 

0.5 mM 

deoxyribonucleotide 

ATP 

0.5 mM ' " 
100_,ug/ml 

_3 • 5 . ugf.ml 

25 ,ug/ml 

.. :· ---~ -- ... 
25 ug/ml 

........ -.. 

OTT 

BSA ·;_:: 

T4 g43 protein (DNA polymerase) 

·· · .T4 g44/62 protein (polymerase 

· , ~- accessory protein) 

.. ~ . · 45 . protein (polymerase 

protein) 

accessory 

The mixture was incubated . at 37 deg for 30 min. 

Then 10 u of T4 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 
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15 min. To digest the gene with Xba I, to the reaction was 
added 50 ul of 2x TA containing BSA at 200 ug/ml and DTT 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 

5 b~ 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 

. dideoxy. method. 
(Figure 3). 

were purified and sequenced using .. the 

one of these had the correct sequence 

10 To synthesize the light 'chain, four 

·15 

o1igonucleotides 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 6B)-. 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 s.ites . . The 
oligonucleotides were purified from polyacrylamide gels. 

The light chain gene was synthesized from these 
2 O olignucl.eotides in two parts. O. 5 ug each of JFD1 ·and JFD2 

- were combined in 20 ul sequenase b~ffer (40 mM Tris-HCl, 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 
25 :_treated ·in the same. way. Each reaction was made 10 mM in OTT 

.. and 0.5 mM in each deoxyribonucleotide and ·5;5 u of sequenase 

(US Biochemicals) was added, in a final volume of 24 ul, and 

·.;··.:incubated for 1.. hr "at 37 deg to syrithesize the .. opposite 
. ·:: .. s~r~nds of· the ·oligonucleotides. Xba .. I and ·Hind. III were 

30 -.:.. added to each .. reaction to digest the DNA ... (there i's~ .,a Hind III 

~ ·: site - in the region. where JFD2 and JFD3 overlap ·and ' therefore 

· - :in: each -of the synthesized ONAs ~ · Figure 6B) .::The reactions 

· =: w~re run on polyacrylamide gels, - and the ·Xba I - · Hind III 
.. fragments were .purified and cloned into pUC18 by standard 

35 :. methods. several· plasmid isolates for each fragment were 
sequenced by the dideoxy method, and correct ones chosen. 
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Construction of plasmids to express humanized l ight and heayy 

chains 

The heavy chain Xba I fragment was isolated from 
the pUC19 plasmid in which it had been .inserted and then 

5 inserted into the Xba I site of the vector pV~l (see, 

~ommonly 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 transf ected into an 

10 

" 

appropriate host cell. ~ 

. .. The two light chain Xba I - Hind III fragments were 

isolated from the pUCl~ plasmids in which they had been 

inserted. ~he vector plasmid pV~1 (~, commonly assigned 
u.s .. ~.N •. 223,037) was cut with Xba I, dephosphorylated and 

15 ligated with the two fragments by standard methods. The · 

desired reaction product has the circular form: vector - Xba 

I - fragment 1 - Hind III - fragment 2 - Xba I - vector. 
Severa~ plasmid isolates ·were analyzed by restriction mapping 

and sequencing, and one with this form chosen. This · plasmid, 
20 pHuLTAC (Figure 8), therefore contains the complete humanized 

light chain (Figure _4) and will express high levels of the 
lig~t chain __ when transfected into an appropriate host cell.. 

~ .. 
,· ' ·- -· . :.: -:: ~ . 

Synthesis and affinity of humanized antibody ~ 
25 

·~ ;"_; ·: ... 

The plasmids pHuGTAC1 and pHuLTAC were transfected 

into mouse · sp2/0 cells, and. cells that integrated the 

plasmids ~ere .~elected on ~the basis of resistance to 
... , mycophenolic acid -and/ or hygromycin B conferred by ·the gpt ---- ·- . . .: . . .. . - . . ·~- . . 

'.n ... ., .... and hyg 9~.n.~.s _on. the plasmids (Figures T, 8) by'-. standard 
-::: --30,,- _._ .--: ~etp.od~.· .:." ·To._.yerify that these cells secreted · antibody th.at 

·- ··.., " .. _ ' · .. 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 ~ashing, . the cells were 'incubated with .. - .. ~- . - .. . . . .. 

f~uorescein-conjugated goat anti-human antibody, washed, and 

35 _,.._, analyzed . for_ fluorescence . on. a FACSCAN cytofluorometer. The 

~esults (Figure 9A), clearly show that the humanized antibody 

binds to these cells, but not to Jurkat T-cells that do not 
express the IL-2 receptor (Figure 90). As controls, the 
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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 

5 ascites· collected. Humanized antibody was purified to 

substantial. homogeneity from the ascites by passage through 
an af~inity column of goat anti-human immunoglobulin 

antibq~y, prepared on an Affigel-10 support (Bio-Rad 
Laboratories, Inc., Richmond, . CA) according to standard 

10 tech~iques. To determine the affinity of the humanized 
antibody relative to _the original anti-Tac antibody, a 

·competitive binding experiment 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 

15 antibo_dy 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 been 

determined to be sufficient to saturate the binding sites on 

20 

25 

. ·. - .. .. 

30 
:', ... 

the cells, but not to be in large excess. Then the cells 
were washed twice with 2 ml of phosphate buffered saline 

(~B_S) . -~~ntaining O. 1% sodium azide. The cells were then 
inc~ated for 30 min at 4 deg with 250 ng of 

phyco~rythrin-conjugated avidin, which bound to ~he 

bi~tinylated anti-Tac already bound to the cells. - The cells 

; we~~ wa~hed again as above, fixed in PBS containing 1% 

para~ormaldehyde, -and analyzed for fluorescence on a FACSCAN 

c~C?_fluorometer • ... . ,_, .. -=- - -~.:, ~.: 

- . · , 7 •.. _Use o~ . _increasing amounts ( 10 - 4 O 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 i and therefore the amount of ... .. . .. 
phycoerythrin-conjugated avidin that bound in the last step, 
thus decreasing fluorescence (Figure lOA). Equivalent 

amounts (20 ng) of anti-Tac, and humanized anti-Tac used as 

35 competitor decreased the fluorescence to approximately the 

same degree (Figure 10B). 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 

332 of 1033 BI Exhibit 1002



WO 90/07861 • PCT/US89/05857 

32 

effectively competed with the biotinylated anti-Tac, thus 

decreasing fluorescence more. 

Biological properties of the humanized antibody 

5 For optimal use in treatment of human disease, the 

humanized antibody should be able to destroy T-cells in the 

body that express the IL-2 receptor. One mechanism by which 

antibodies may destroy target cells is antibody-dependent 

cell-mediated cytotoxicity, abbreviated ADCC (Fundamental 

10 Immunology, Paul, W., Ed., Rayen Press, N~w 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 

15 ADCC, a chromium release 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 

20 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 haQ been activated by incubation for · about 20 hrs 
with human recombinant IL-2. Release of 51Cr, which indicated 

25 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 lyse a 

significant number of the target cells (less than 5%), while 

.~he humanized antibody did (more than 20%). Hence, the 

30 humanized antibody is likely to be more efficacious than the 

original mouse antibody in treating T-cell leukemia or other 
T-cell mediated diseases. 
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TABLE 1 

Percent 51cr release after ·ADCC 

Effector: Target ratio 
30 : 1 100:1 

4% 

24% 

< 1 % 

23 % 

From the foregoing, it will be appreciated that the 

hwnan-iike immunoglobulins of the present invention offer 

nwnerous advantages of other antibodies . For example, in 
coinparison to anti-Tac mouse monoclonal. antibodies, the 

20 pr1esent human-like IL-2 receptor immunoglobulins can be more 

ec1onomically produced and contain substantially less foreign 

am.inc acid sequences. This reduced l.ikelihood of 

antigenicity after injection into a human patient represents 
a :significant therapeutic improvement for im.munogl.obulins 

25 de:signed in accordance with the above criteria. 

·- Although the present invention ba s been described 

1n some detail by way of illustration and example for . . 
pu.rposes of clarity and understanding, it will be apparent 

that c.ei"tain changes a~~- m~difi~ati~ns may be practiced 
30 within the scope of the appended claims • 

.. - . 
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WE CLAIM: 

1. A composition comprising a substantially pure 

human-like inununoglobulin specifically reactive with p 55 Tac 

s protei!1· 

2. A composition according to Claim 1, wherein 

the immunoglobulin comprises two pairs of light/ heavy chain 

dimers, wherein each chain comprises· a variable- region and a 

10 constant region . 

· · ·1 s 

. 3. A composition comprising a substantially pure 

human-like immunoglobulin capable. of inhibiting- binding of .· 

human interleukin-2 (IL-2) to a human IL-2 re~eptor. 

·· 4. A composition according to Claim 1, wherein 

the immunoglobulin exhibits a binding affinity to a human IL

. 2 receptor of about 108 M- 1 or stronger. 

2 0 s . A composition according to Claim 1, wherein 

2 5 

30 

the· immunoglobulin comprises complementarity'··a.etermining 

.·. ~ · ... ' :. ·1east · orie different · immunogl-obulin: 

regions from one immunoglobulin and 
0

framew~rk ._regions from at 
: :.: ~- . . 

. ~ . - • . . . ... - - ... - ... · . . 
· - .. ... ··-·· .... . 

' 6 : . ::-.· A recoxDbinant im.munoglobulin co'~~·os .. ition 

.. --:=:: ..:·comprising ··a huma·n-fike :framework and· one 'or more foreign 
~- .. 

.. complementarity determining regions not naturaliy associated 
• ' •• •• I' • ••• : • • · - . ...'~ • • C," : . !'°'' - .. 

· ::.·· :B~·with the framework /-wh·e.rei'n said immurioglobul'in ' is .c.apable of 
: .. ~-=binding ' to a .. hwna·n :~fnt~·r:Le\i1tin~:2 -=:t~c~ptof:: ..... :-.:,~~-- -- · .. ·<; ::. 

~-;:£.. 5:..:J .. :.;..:. · --:: :~:~ .:.:·:· : -· ... • .. :. <.~ .:";,~ .;· , . .1. .::_ .. r. ....... : 

7. A composition according to Claim 6, wherein 

the im.munogl_~bulin is an IgG
1 

immunoglobulin isotype. 

a. A composition according to Claim 6, wherein 

35 the mature light and heavy variable region protein sequences 

are substantially homologous to the mature protein sequences 

in Figures 3 and 4. 
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9. A human-like immunoglobulin having two pairs 
of l i ght chain/heavy chain dimers and capable of specifically 

reacting with an epitope on a human interleukin-2 receptor 
with an .affinity of at least about 108 M-1 , said light and 

5 heavy chains comprising complementarity determining regions . - - . - ( 
(CDR'' s) and human-like framework regions, wherein the CDR' s 

are from different immunoglobulin molecules than the 

framewprk regions . 

10 10. An immunoglobulin according to Claim 9, which 

ia capable of blocking the binding of interleukin-2 (IL-2 ) to 

human ~L-2 recept9rs. 

11. A humanized immunoglobulin capable of binding 
15 ... . to human interleukin-2 receptors, said immunoglobulin 

comprising- one or more complementarity determining regions 
(CDR's) from anti-Tac .antibody in a human-like framework, 

wherein the hum.an- like framework region comprises at least 
one amino acid chosen from the anti-Tac antibody. 

20 

. . ~ . . ... 
25 

~ -·:12. A humanized immunoglobulin according to Claim 
11, having a mature heavy chain variable sequence as shown in 
Figure 3, and a mature . light chain sequence as shown in 
Figure 4 • 

~- . _,.. ...... ' . . •. 

-· 13. -' A humanized · immunoglobuiin .:according to Claim 

.. _ - 11, wherein an additional .. amino acid from the anti-Tac 
·: .. antibody .is immediately .. adjacent a CDR.· .. -·:;· ~ .. : .. : ~: - :. -· 

-.. 30 ; · ~-. ~ .. ....... ' ... .. 

: · ... : . ... ':~. ~ 

" :; ·.·_.,: :. ..:.-. ~ ·:14. A method ·of ·treating T-cell mediated disorders 

in a human patient, said method comprising administering to 
said patient a therapeutically effectiv e 'dose of an 

. . 
' .. : 
- I _, 

- .. _ .immunoglobulin according :to Claim ·1. 
- ·.. ': . •• !' ~ 

i . 

35 
. 

15. · An immunoglobulin according to Claim 1 which 
was produced in a myeloma or hybridoma cell. 
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16. A polynucleotide molecule comprising a first 

sequence coding for human-like immunoglobulin fralI\ework 

regions and a second sequence coding for one or more mouse 

immunoglobulin complementarity determining regions, wherein 

5 upon expression said polynucleotide encodes an immunoglobulin 

specifically reactive with p55 Tac protein and capable of 

blocking the binding of interleukin-2 (IL-2) to the IL-2 

receptor on human T-cells. 

10 17. A cell line transfected with a polynucleotide 

of Claim 16. 

18. A method of designing a humanized 

immunoglobulin {Ig} chain having one or more complementarity 

15 determining regions (COR's) from a donor Ig and a framework 

region from a human Ig, said method comprising: comparing 

the framework or variable region amino acid sequence of the 

donor Ig light or heavy chain with corresponding sequences in 

a collection of human Ig chains; - and selecting to provide the 

20 human Ig light or heavy chain framework one of the about 

three most homologous seCJ¥ences from the collection. 

19. A method of designing a humanized 

immunoglobulin chain having a framework region from a human 

25 acceptor immunoglobulin and complementarity determining 

regions (COR's) from a donor immunoglobulin capable of 

binding to an antigen, said method comprising the steps of 

substituting at least one human frame¥ork amino acid of the 

acceptor immunoglobulin with a corresponding amino acid from 

30 the donor immunoglobulin at a position in the immunoglobulins 

where: 

(a) the amino acid in the human framework region 

of the acceptor immunoglobulin is rare for said position and 

the corresponding amino acid in the donor immunoglobulin is 

35 common for said position in human immunoglobulin sequences; 

or 

(b) the amino acid is immediately adjacent to one 

of the CDR's; or 

.·. 
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(c) the amino acid is predicted to have a side 

chain atom within about 3A of the CDR's in a three
din1ensional immunoglobulin model and to be capable of 

interacting with the antigen or with the CDR's of the 

5 hW11anized immunoglobulin. 

20. · A method according to Claim 19, wherein the 

hw~aniz~d immunoglobulin chain comprises in addition to the 
con•s at least three amino acids from the donor 

10 immunoglobulin chosen by criteria (a), (b) or (c). 

15 

21. ·A method according to Claim 20, wherein at 

least one of the amino acids substituted from the donor is 

iminediately adjacent a CDR. 

22. A humanized immunoglobulin designed according 
to Claims 18, 19, or 20. 
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10 20 30 40 50 60 
TCTAGATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGTACCGCGGGCGTGCACT 

MG WSW IF L FL LS GT AG V H 
70 80 90 100 110 120 

CTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTCGAGCGTGAAGG 
SQ V Q l V Q 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 
AP G ' Q GLEW I G YIN PST G YT E 

250 260 270 280 290 300 
ACAATCAGAAGTTCAAGGACAAGGCAACAATTACTGCAGACGAATCCACCAATACAGCCT 
Y N 0 K F K DK AT IT ADES TNT A 

310 . 320 330 340 350 360 
ACATGGAACTGAGCAGCCTGAGATCTGAGGACACCGCAGTCTATTACT6TGCAAGA66GG 
Y M E l S S L R S E 0 T A V Y Y C A R G 

370 380 390 400 410 420 
GGGGGGTCTTTGACTACTGGGGCCAAGGAACCCTGGTCACAGTCTCCTCAGGTGAGTCCT 
G ·G V F D Y W G 0 G T L V T V S S 

430 
TAAAACCTCTAGA 
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I 0 20 30 40 50 60 
TCTAGATGGAGACCGATACCCTCCTGCTATGGGTCCTCCTGCTATGGGTCCCAGGATCAA 

M E -r 0 T L L L W V L L L W V P G S 
70 80 90 · 100 110 120 

CCGGAGATA TTC AG AT GA CCCAGTCTCCAT CTACCCTC TCTG CTAGCG TCG GG:G ATAG GG 
T G 0 IQ MT 0 SP ST LS AS VG 0 R 

130 140 150 160 170 180 
TCACCATAACCTGCTCTGCCAGCTCAAGTATAAGTTACATGCACTGGTACCAGCAGAAGC 
VT ITC SASS SIS Y M HWY Q Q K 

190 200 210 220 230 240 
CAGGCAAAGCTCCCAAGCTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTCCCTG 
PG KAP KL LI YT TS NL AS G VP 

250 330 270 280 290 300 
CTCGCTTCAGTGGCAGTGGATCTGGGACCGAGTTCACCCTCACAATCAGCTCTCTGCAGC 
AR F SGS GS GTE FT LT IS S l Q 

310 320 330 340 350 360 
CAGATG ATTT CGCCA CTTA TTA CTGC CATCAAAGGAGTA CTTACCCACT CAC t>TTC GG TC 
PD D FAT Y Y CH 0 RS TY PL T F G 

370 380 390 400 
AGGGGACCAAGGTGGAGGTCAAACGTAAGTACACTTTTCTAGA 
Q GT KV EV K 

FIG._4. 
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HES12 AGCTTGTAGATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCA~GTACCGCGGGCGTG 
CACTCTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTCGAGCGTG 
AAGGTC . 

HESl3 CCCAGTCGACGGATTAATATATCCAATCCATTCCAGACCCTGTCCAGGGGCCTGCCTTAC 
CCAGTGCATCCTGTAGCTAGTAAAGGTGTAGCCAGAAGCCTTGCAGGAGACCTTCACGCT 
CGAGCCAGG 

HES14 TATA TT AA TC CG TCGA CTGG GTATA C TGAATAC AATCA GAAG TTCAA GGA CAAG GCAA CA 
ATTACTGCAGACGAATCCACCAATACAGCCTACATGGAACTGAGCAGCCTGAGATCTGAG 
GACA 

HESl5 ATATCGTGTAGAGGTTTTAAGGACTCACGTGAGGAGACTGTGACGAGGGTTCCTTGGGCC 
CAGTAGTCAAAGACCCCCCCCCCTCTTGCACAGTAATAGACTGCGGTGTCCTCAGATCTG 
AGGCTGCT 

e 

HES12 HESl4 

HES13 HESl5 

FIG._5. 
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JFOI CAAATCTAGATGGAGACC6ATACCCTCCTGCTATGGGTCCTCCTGtTAT6GGTCCCAGGA 
TCAACCGGAGATATTCAGATGACCCAGTCTCCATCTACCCTCTCTGCTAGCGTCGGG~AT 

~ t 

Jf 02 ATAAATTAGAAGCTTGGGAGCTTTGCCTGGCTTCTGCTGGTACCAGTGCATGTAACTTAT 
ACTTGAGCTGGCAGAGCAGGTTATGGTGACCCTATCCCCGACGCTAGCAGAGAG 

JFD3 GCTCCCAAGCTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGCTTC e 
AGTGGCAGTGGATCTGGGACCGACTTCACCCTCACAATCAGCTCTCTGCAGCCAGATGAT 
TTC 

Jf04 TATATCTAGAAAAGTGTACTTACGTTTGACCTCCACCTTGGTCCCCTGACCGAACGTGAG 
TGGGTAAGTACTCCTTTGATGGCAGTAATAAGTGGCGAAATCATCTGGCTGCAGAGAGCT VI .... 
GA co 
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Eco RI lg Promoter 

FIG._7. 
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