
106. (TWICE AMENDED) {An) A humanized amibo<ly wnicn lacks immunogeni,5it{compared to 

a non·human parent antibody upon repeated administration to a numan pa11ent1in order to treat a 
/ 

chronic disease in tnar patient[ and! wnereio ~n~ numanized ~nt1l)Ody /prises _a co~sens~s 
. tiuman variaote domain of a numan neavy cna1n 1mmunoglobulin subg~up, wnere1n amino acid 

' residues forming Complementarity Determining Regions (CDRs) thef~ot comprise non·human 

57
/ antibOdy amino acid res~ues, and further [comprising) comprjsef a Framework Region (FA) 

substitution where me substituted FA residue: (a) noncovalenttyJ.lds antigen Chreetly; (b) !.!!!_~ 
with a CDA; (c) [comprises) introduces a glycosylation site which affecis ltle antigen binding or 

aftinity of the antiOOdy; or (d) participates in the VL·zi1'er1ace t>y affecting the pro,Jt1mity or 

orientation of the V ~ and V" regions with respect to one another. 
/ -- --·-··. 

107. (AMENDED) The numanized antibody o claim l 06 comprising· a non-human FR residue 

which noncovalenuy binds antigen direcdy. 

108. (AMENDED) Tne hymaoji7d an oay of claim 106 comprising a non-human FR residue 

which interacts with a CDR. 

109. (AMENDED) TM hymaojzed antil)Ody of claim 106 compnsmg a non-human FR residue 
I 0 (/" whdl (compOSH) 7,,_'°n Sile wh<I> altecis the antigen bind;ng o<.affin;1y ot "'' 

_) D antibOdy. 

11 o. (AMENDED) Jihe oumanjzeg anlibody of claim 106 comprising a non-nu man FR residue 

which participates inifue vl°v" interlace by affecting me proximity or orientation of me VL·V" regions 
I 

wilh respect /e another. 

1l1. (A1NDEO) A humanized antit>ody comprising a consensus human variable domain of 

human v ubgrO\Jp Ill. wherein amino acia res1aues forming Complementarity Determining Regions 

(CDRs thereof comprise non-numan amil>Ody amino acid residues. and turtner comprising a 

Fram work Region {FR) substitution where the substituted FA residue: (a) noncovalently binas 

ant en directly; (b} interacts with a CDR; {e) (comprises} inrcoauces a glycosytation site which 

at ects the antigen bindtng or affinity of the antibody; or (d) panicipates in the V,·V" intefface lly 

affecting the proiumity or oriemation of the V, and V" regions with respect to one another. 

7 
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112. (Reiteratea) The humanized anlil>Od~1m 111 wh1cn lacks immunogenicity comparea 

to a non-human parent antil>OC!y upon re7e ed aaminlstrat1on to a human patient in order to treat 

a chronic disease 1n that patient 

113. (AMENDEDJ A humanized variant of a non-numan parent antibooy wnich Dinos an antigen 

witl"I t>ener affinity U'lan the parent antibody and comprises a consensus numan variaole domain ot 

a human neavy chain immunog10Dulin subgroup wherein amino acia residues forming 

Complementarity Determining Regions (CORs) thereof comprise non-human an11booy amino acio 

residues. and furtner [eompri.sing] comgrises a FrameworK Region (FR) substitution where the 

substituted FA residue: (a) noncovalenuy binds antigen direclf}'; (b) interacts with a CDR; (c) 

[comprises} introduces a glycosylalion site Which affects the antigen Oinding or affinity of me 

antibody; or (d) participates in 1he V,-V,, interface by affecting the proximiry or orientation of tne V._ 

and v .. regions witn respect to one anomer. 

l 14. (AMENDED) The humanized variant of claim 1 13 which binds the antigen at least about 

3-roia more tigh1ly man the parent antibody binds antigen. 

Please add the fo!lowjog c1a1ms to me above-identified application: 

- 115. (NEW) A humanized antit>oay heavy chain variable domain compnsing non· human 

Complementarity Determining Region (COA) amino acid residues wtiicn Dind amigen incorporated 

into a human antit>oay variable domain, and further comprising an amino ac1a substitution at a site 

selec1ed from tne group consisting of: 24H, 73H. 76H, 78H, and 93H. utiliZing !he numbering system 

set forth in Kabat 

116. (NEW) The humanized variable aomain of claim 115 wherein U"le subStJMed residue is the 

res1aue found at the corresponding 1ocalion ol tl"le non-human antibOdy from which the non-numan 

CDR amino acid residues are obtainea. 

117. (NEW) The numani2ed vanaDle domain or claim 115 wherein no human Framewo<K Region 

(FR) residue omer man tnose set forth in the group nas been sutistituted. 

1 18. (NEW) The humanized varia.Dle aomain of c1aim 115 wherein the human antibody vanabte 

domain is a consensus human variaDle oomain. 

8 
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119. (NEW) The humanized variable domain of claim 115 wnerein the residue at site 24H has 

been suDs!ituted. 

120. (NEW) The numanized variable domain of claim 115 wtlerein ltle residue at site 73H has 

Deen substituted. 

121 . (NEW) The numanized variable domain of claim 115 wherein the residue at sit.e 76H has 

been subsrituted. 

122. (NEW) The humanized vanabJe domain of claim 115 wherein ma residue at site 78H has 

been substituted. 

123. (NEW) Tne humanized variable domain of claim 115 wnerein the residue at site 93H tias 

been substituted. 

124. (NEW) The humaniZ.ed variable domain of claim 115 which fuMer comprises an amino acid 

substitution at site 71H. 

125. (NEW) Ttle humanizea variable domain ol claim 115 wnicn funner comprises amino acid 

substitutions at sites 71 Hand 73H. 

126. (NEW) Tne numanized vanable domain of claim 115 which funner compri~es amino acid 

substitutions at snes 71 H, 73H and 78H. 

127. (NEW) An antibody compnsing the humanized variable domain of claim 115. 

128. (NEW) A humanized variant of a non-human parent antibody which Dinas an antigen. 

wherein ltle humant2e0 variant comprises Comptementatfty De1ermining Region (CDA) amino acid 

residues of lhe non-human parent an11body incorporatea into a human antibody variable domain, 

and further comprises a Framework Region (FA) suoslitulion where tne suos1itu1ed FR residue: (a) 

noncovalently Dinds antigen directly; (b) interacts with a COR; or (c} participates in the V"-V" 

interface by atfec11ng the pro~m1ty or orientation of tne v ... and \(, regions wittl respect to one 

anonier. and wMrein the humanized variant binas the antigen more tightly than the parem antibOdy 

b1 !'It~ o'J . 
9 
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Patent Docket P0709Pl 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: 1642 

'999 
Paul J. Carter et al. Examiner: J. Reeves 

MATRIX Ci.J r0:v°1li 

Serial No.: 08/146,206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

COMMUNICATION 

ENTER 

"!" ..... , 

RECEIVED 
FER - ' f999 

I~ TECH CENTER 1600/2900 
Further to the Supplemental Amendment fax-filed on January 15, 1999, please."~nd encloseel:f)fipr.Ltv 

documents USSN 07 /290, 97 5 and USSN 07 /310,252 for the "POL Patents" as promised on page 11 of 

that amendment. 

Applicants further submit herewith a Supplemental Information Disclosure Statement. In this respect 

Applicants bring to the Examiner's attention a Celltech press release entitled: °Celltech Antibody 

Technology Platform Further Strengthened Through New Patents in US and Europe." (Exhibit A 

attached) This press release refers to on allowed US "Adair" patent application. Applicants believe 

this US Adair patent application corresponds to W091 /09967 (of record) and EP 460, 167 Bl (copy 

attached). 

Should the Examiner have questions concerning this communication, she is invited to call the 

undersigned. 

Date: January(iL 1999 

l DNA Way 
So. San Francisco, CA 94080-4990 
Phone: (650) 225-1994 
Fax: (650) 952-9881 

G 

By:-+-+--"""--"'-"=~---
Wenay M. Lee 
Reg. No. 40,378 

'~ 
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Celltech Antibody Technology Platform Further Strengthened Through New Patents in US and Europe 
' 

SLOUGH, U.K., Sept. 26 /PRNewswire/ ·- Celltech announced today that the U.S. 
Patent Office has allowed one of its key patent applications covering engineered 
human antibodies. The grant of this "Adair" patent will occur in early 1997 and 
will expire in 2014. This broad product patent covers a key approach to the 
construction of new human antibodies which is essential in order to achieve full 
therapeutic activity. It covers all antibodies which have been constructed 
using this approach. A corresponding patP.nt has already been granted in Europe, 
although it is anticipated that the financial benefit to Celltech from the U.S. 
patent will be more significant in the near term because of the numbers of 
antibodies in late-stage development in the U.S. 

The •Adair" patent is an important new element in Celltech's technology 
platform, and complements previous Celltech patents in the field of antibody 
engineering. It covers all of Celltech's own antibodies currently in clinical 
development, thus substantially extending their period of patent protection. In 
addition the patent covers a range of antibodies under development by other 
companies. This would result in royalty revenues should these products reach 
the market. 

There are already a number of process patents covering the manufacture of 
engineered antibodies including those granted to Celltech, Genentech, the 
Medical Research Council and Protein Design Laboratories. Celltech has 
agreements in place with Genentech and the Medical Research Council relating to 
the commercial exploitation of some of these patents. Celltech pursues the 
strategy of licensing its existing antibody patents to any interested party for 
products which are not directly competitive with Celltech's own products. This 
policy will be pursued with the new "Adair" patent and all licensees who have 
directly licensed pre-existing patents from Celltech (in particular the "Boss" 
antibody engineering patents) will be offered favorable terms for the "Adair" 
patent. 

Commenting on the news today, Dr. Peter Fellner, CEO, said, "Celltech has 
built a very valuable platform technology in the field of antibody engineering 
and the grant of this patent will further strengthen our position. We expect a 
continued growth in royalty revenues from our licensed patents ·which will make a 
significant contribution to the profitability of the company. The potential in 
this area can be seen from the growing success of AeoPro(TM) (lilly/Centocor). 
Royalties on the sales of this product are paid to both Genentech and Celltech." 
SOURCE Celltech Therapeutics Ltd. 

/NOTE TO EDITORS: 

1. The Adair product patent covers any antibody in which the antigen binding 
regions from a donor antibody have been tra~sferred to the framework of a human 
antibody, and specifies certain requirements in specific amino acid residues 
within the product which are necessary to recover full antigen binqing activity 
of the newly created antibody. 

2. Antibodies are natural proteins which bind tightly and specifically to 
antigens. This binding property is particularly important in providing a 
defense mechanism against infectious organisms such as bacteria and viruses. 
For some time, scientists have been able to produce antibodies in the 

9/26(96 EXHIBIT A 1 
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laboratory and their availability has had a profound impact on diagnostic 
medicine. In contrast, they have had little impact on therapeutic medicine. 
The reason for this is that the first antibodies were derived from animal 

" 
sources. When these animal antibodies were injected into humans they induced · a 
significant immune response which led to either adverse reactions or a rapid 
loss of therapeutic efficacy. More recently techniques have been developed to 
produce engineered human antibodies which are virtually identical to natural 
human antibodies. The main advantage of these antibodies is that they do not 
cause a significant immune response in man and they are very well tolerated. 
Because of their good tolerance, their binding properties are being used in a 
wide variety of therapeutic applications in areas such as blockade of receptor 
functions in heart disease, neutralization of cytokine in rheumatoid arthritis 
and killing of cancer cells./ 

/CONTACT: Dr. David Bloxham, Chief Executive of CelltechTherapeutics 
Ltd., or Peter Allen, Finance Director of Celltech Group pie, 0-1753-534655; 
or Jon Coles of Brunswick, 0-171-404-5959; or Rich Tamrnero of Noonan/Russo 
Communications, Inc., 212-696-4455 ext. 222, e-mail: news@noonanrusso.com/ 
08:52 EDT 

0624 09/26/96 08:52 EDT HT 
:TICKER: CEL.GB 
:SUBJECT: BIOT PTNT ENGL USA 
Copyright (c) 1996 PR Newswire 
Received by NewsEDGE/LAN: 9/26/96 6:50 AM 
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NOVEL lL-2 SECEPIOR-SPECifIC HUMAN 1Mffi)NOGLQ8ULINS 

Field o f the Invention 

The present invention relates generally to the 

combination of recombinant DNA and monoclonal antibody 

technologies for developing novel therapeutic agents and, 

more particularly, to the proauction of non-imrnunogenic 

antibodies specific for the human interleukin-2 receptor and 

their uses. 

Background of the Invention 

In mammals, the immune response is mediated by two 

types of cells that interact specifically with for~ - 3~ 

material, ~. antigens. one of these c ell types, B-cells, 

are responsible for the production of antibodies. The second 

cell class, T-cells, incl~de a wide variety of cellular 

subsets controlling the ill vivo function of both a-cells and 

a wide variety of other hematopoietic cells, including T

cells. 

One way in which T-cells axert this control is 

through the production of a lymphokine known as interleukin-2 

(IL-2), originally r.amed T-cell growth factor. IL-2's prime 

function appears to be the stimulation and mainten~nce of T

cells. Indeed, ~ome immunologists believe that IL-2 may be 

at the center of the entire ir:unune respo~se (see, :arrar, J., 

et al., Immunol. Rev . .§.1:123-166 (1982) , which is 

incorporated herein by reference). 

To exert its biological effects, IL-2 interacts 

with a speciric high-affinity ~embrane receptor (Greene, W., 

Ja et al., Progress in Hematology XIV, E. Brown, Ed., Grune and 

Statton, New York (1986), at pgs. 28J ff). The human IL-2 

35 

receptor is a complex roultichain glycoprotein, with one 

chai~, known as the Tac peptide, being about SSkD in size 

{~, Leor.ard, w., et al., J. Biol. Chem. 260:1872 (1985), 

which is incorporated herein bf reference). A gene encoding 

this protein has been isolated, and predicts a 272 amino acid 

peptide, including a 21 amino acid signal peptide (~, 
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Leonard, W., et al . , ~ature l.ll: 626 (1984)). The 219 NH~

terminal amino acids of the p55 Tac protein apparently 

comprise an extracellular domair. (see, Leonard, W., et al., 

Science, 230:633-639 (1985), which is incorporated he~ein by 

reference). 

Much of the elucidation of the human IL-2 

receptor's structure and function is due t~ the development 

of specifically reactive monoclonal antibodies. In 

particular, one mouse monoclonal antibody, known as a~ti-Tac 

(Uchiyama, et al. , J. !mmunol. 11..§.:1393 (1981)) has showo 

10 that IL-2 receptors can be deter.ted on T-cells, but also on 

cells of t~e monocyte-macrophage family, Kupffer cells of the 

liver , L<lngerhons' cells of the skin and, of course. 

activated T-cells. Importantly, resting T-cell~. B-cells or 

circulating machrophages typically do not displrt the IL-2 

15 receptor (Herrmann, et al., J. Exp. Med. 162:1111 (1985)). 

The anti - Tac monoclonal antibody has also been used 

to define lymphocyte functions that require ·rL-2 interaction, 

and has been shown to inhibit v~rious T- cell functions, 

including the generation of cytotoxic and suppresso~ T 

20 lymphocytes in cell culture. Also, based on studies with 

anti-Tac and other antibodies, a variety of disorders a~e now 

associated with imprope~ IL-2 receptor expression by T-cells, 

in particular adult T-cell leukemia. 

Hore recently, the IL-2 receptor has been shown to 

25 be a n ideal target fo~ novel therapeutic approaches to T-cell 

mediated diseases. It has been proposed that IL-2 receptor 

specific antibodies , such as the anti-Tac monoclonal 

antibody, can ue used either alone or as an ir.ununoconjugate 

(~, vith Ricin A, isotopes and the like) to ef:ec~ively 

30 remove cells bearing the IL-2 receptor. These agen~s can, 

for example, theoretically eliminate IL-2 receptor-expr~ssing 

leukemic cells, certain B-cells, or activated T-cells 

involved in a disease state, yet allo~ the reten~ion of 

mature normal T-cells and their precursors to ensure the 
35 capability of mounting a normal T-cell immune response as 

needed . In general, most other T-cell specific age~ts can 

destroy essentially all peripheral T-cells, which li~its the 

.• 
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agents' therapeutic efficacy. Overall, the use of 

appropriate monoclonal antibodies specific for the IL-2 

receptor may have therapeutic utility in autoimmune diseases, 

organ transplantation and any un~~nted response by activated 

T-cells. Indeed, clinical trials have been initiated using, 

S ~. anti-Tac ~ntibodies (~, generally, Waldman, T., et 

al., Cancer Re~ . .1_2:625 (1985) and Waldman, T., Science 

232:727 - 732 (1986), both of wh:ch are inco~porated herein by 

reference). 

Unfortunately, the use of the anti-Tac and other 

IO non-~uman rnonoclonal antibodies have certain drawbacks, 

particularly in repeated therapeutic regimens as explained 

below. House monoclonal antibodies , for example, do not fix 

human complement well, and lack other important 

immunoglobulin functional characteristics when used in 

15 humans. 

ferhaps more importantly, anti-Tac and other non

human monoclonal antibodies contain substantial stretches of 

am.\.no acid sequences that will be immunogenic when injected 

into a human patien~ . Numerous studies ha~e shown that, 

20 after injec tion of a foreign antibody, the immune response 

elicited by a patient against an antibody can be quite 

strong, essentially eliminating the antibody ' s therapeutic 

utility after an initial treatment . Moreover, as inc~easing 

numbers of different mouse or other antigenic (to humans) 

25 monoclonal antibodies can be expected to be developed to 

treat various diseases, after the first and second t~eat~ents 

with any different non-human antibodies, subsequent 

treatments even ~or unrelated therapies can be ineffective or 

30 

:3 s 

even dangerous in themselves. 

While the production of so-called " chimeric 

antibodies" (~, mouse variable regions joined to human 

constant regions) has proven somewhat successful, a 

significant illllllunogenicity problem remains. In general, the 

production of human imrnunoglobulins reactive vith the human 

IL-2 receptor, as with many human antigens, has been 

extremely difficult using typical human monoclonal antibody 

production te~hniques. Similarly, utilizing recombinant DNA 
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technoloc;y to· produce so-called "humanized" antibodies (~. 

~. EPO Publication No. 02~9400). provides cncertain 

results, in part due to unpredictable binding affinitiP3. 

Thus, there is a need for improv~d !onns of human

like immunoglobulins specific for the human IL-2 receptor 

5 that are substantially ncn-immunogenic in humans, yet easily 

and economically produced in a manner suitable for 

therapeutic formulation and other uses. The present 

invention fulfills the~e and other needs. 

TO Summary of the Invention 

The present invention provides novel compositions 

useful, for ~xample, in the treatment of T-cell mediateci 

human diso~ders, the compositions containing human-like 

immunoglobulins specifically capable of blockins the binding 

15 of human IL-2 to its receptor and/oc capable of binding to 

the pSS Tac protein on human IL-2 receptors. The 

im.munoglobulins can have two pairs of lighc chain/heavy c hain 

complexes, typically at least one pair having chains 

corn;Jrising mouse complementarity determining regions 

20 

25 

3.0. 

35 

functionally joined to human fr~mework region seginents. For 

exomple, mouse c~mplementarity determining regioos, with or 

without additional naturally-associated mouse amino acid 

residues, can be used to produce human-like antibodies 

ca?able of binding to tile human IL-2 rece~tor at affinity 

levels strcnger than about 108 M-1
• 

The illUllunoglobulins, including bindi~g fragments 

and other derivatives thP-reof, of the present invention nay 

be prcduced readily by a variety of recol!l.binant DNA 

techniques, with ultimate expression in transfected cells, 

preferably iwnortalized eukaryotic cells, such as myelo~a or 

hybridoma cells. Polynucleotides comprising a first sequ:nce 

codi11g for human-1 ike immunoqlobul in framework regions and a 

second sequence set coding for the desired immunoglobulin 

complementarity determining regions can be produced 

synthetically or by combining appropriate cDNA and ge~omic 

ONA segments. 

.• 
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The human-like immunoqlobulins may be utilized 

alone in substantially pure form, or complexed with a 

cytotoxic agent, such as a radionuclide, a ribosomal 

inhibiting protein or a cytotoxic agent .acti·re at cell 

surfaces. All of these compounds will be partic~larly useful 

5 in treating T-cell mediated disorders. The human-like 

IO 

15 

2D 

25 

immunoglobulins or their complexes can be prepared in a 

pharmaceutically accepted dosage form, which will vary 

depending on the mode of administration. 

' 1 '"'4l 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1. Comparison of sequences of anti-Tac 

heavy cha:n (upper lines) and Eu heavy chain (lower lines). 

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

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

S acids in the two sequences are connected by lines. The J 

CORs arc underlined. Other amino acid positions for which 

the anti-Tac amino acid rather than the Eu amino acid was 

used in the humanized anti-Tac heavy chain are denoted by 

an '* 
lO Figure 2. Comparison of s2quences of anti-Tac 

light chain (u~per lines) and Eu light chain · (lower lines). 

The single- letter code for amino acids is used. The first 

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

amino acids in the t wo sequences ar~ connected by lines. The 

15 3 CDRs are underlined. Other amino a~id positions for which 

the anti-Tac amino acid rather than the Eu amino acid was 

used in the huma~ized anti-Tac heavy chain are denoted by 

20 

an * 
figure J. Nucleotide sequence of the gene for the 

humanized anti-Tac heavy chain variable region gene. The 

translated amino acid sequence for the part of the gene 

encoding protein is shown underneath the nucleotide sequence . 

The nucleotides TCTAGA at tte beginning and end of the gene 

are Xba I sites. The mature heavy chain sequence begins with 

25 amino acid #20 Q. 

30 

3S 

Figure 4 . Nucleotide sequence of the gene for the 

humaniz~d anti-Tac light chain variable region gene. The 

translated amino acid sequence for the part of the gene 

encoding prote:n is shown underneath the nucleotide sequence. 

The nucleotides TCfAGA at th~ beginning and end of the gene 

are Xba I sites. The mature light chain sequence begins with 

amino acid #21 D. 

Figure 5. A. Sequences of the fou r 

oligonucleotides used to synthesize the humanized anti- Tac 

heavy chain gene, printed 5 ' to J'. B. Relative positions 

of the oligonucleotides. The arrows point in the 3 1 

direction for each oligonucleotide. 

, .• 
, -. 
. ·· 
~~·~ 
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Figure 6. (A) Sequences of the four 

oligonucleotides used to synchesi2e the humanized anti-Tac 

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

of the oligonucleotides. The arrows point in the J' 

direction for each oligonucleo~ide. The position of a Hind 

5 lII site in the overlap of JFD2 and J:OJ is s~own. 

Figure 7. Schematic diagram of the plasmid 

pHuGTACl used to express the hu~anized anti-Tac heavy chain. 

Relevant r~striction sites are shown, and coding regions of 

the hea·.ry chain are displayed as boxes. The direction of 

10 transcription from t!:~ immunoglo!:lulin (Ig) promoter is shown 

by an arrow . E~ = heavy chain enhancer, Hyg = hygromycin 

resistance gene. 

15 

2C 

Figure 8 . Schematic diagram of the plasmid pHuLTAC 

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

restriction sites are shown, and coding regions of the light 

chain are displayed as boxes. The direction of transc~iption 

from the Ig promoter is shown by an arrow. 

Figure 9. Fluorocytometry of HUT-102 and Jurkat 

cells stained vith anti-Tac antibody or humanized anti-Tac 

antibody followed respectively by fluorescein- conjugated goat 

3nti-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 tr~ solid curve the 

results when first and second (conjugated) antibodies we:-e 

25 included as described. 

Figu:-e 10. (A) Flnorocytometry of HUT- 102 cells 

stained with 0-40 ng of anti-Tac as indicated, then with 

biotinylated anti-Tac, and then with phycoerythrin-conjugated 

avidin. (B) Fluorocytometry of HUT-102 cells s~ained with 

30 the indicated antibody, then ~ith biotinyl~ted an~i-Tac, and 

then with phycoerythrin-conjugated avidin. 

35 

· .... : ... " : . '°''<·· 
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DETAILED DESCRIPTION OF TH: Ih"VENTION 

In accordance with the present invention, human-

1 ike immunoglobulins specifically reactive with the IL-2 

receptor on human T- cells are provid~d. These 

ill\J:lunoglobulins, which have binding affinities of at least 

5 about 105 H·t, and preferably 109 
}(

1 to 1010 H. 1 or strange:::, 

are capable of, !L:..SL., blocking the binding cf IL-2 to human 

IL-2 receptors. The human- like imrnunoglobulins will have ~ 

human-like framework and can have compl~mentarity determining 

regions (CDR's) from an immunoglobulin, typically a mouse 

10 irn.-•moglobnlin, specific.ally reactive with a n epitope on pSS 

Tac protein. The immuno~lobulins of the present invention, 

which ca~ be produced economically in large quantities, ~ind 

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

disorde:::s in human patients by a variety of techniques. 

15 The basic antibody structural unit is known to 

comprise a tetramer . Each tetramer is .:omposed of two iden

tical pairs of polypeptide chains, each pair having one 

•: light" (about 25kD) and one "heavy" cr,ain (about S0- 70kD). 

The NHz-terminus of each chain begins a variable region of 

20 about 100 to 110 or more amino acids primarily responsible 

for antigen recognition. The. COOH terminus of each chain 

defines a constant region primarily responsible for effec~or 

function. 

Light chains are classified as either kappa or 

25 lambda. Heavy chains are classified (and subclassified) as 

gamma, ~u, alpha, delta, or epsilon, and defir.e the 

antibody's isotype as IgG, IgM, IgA, IgD and IgE, 

respectively. Within light and heavy c~ains, the variable 

30 

35 

and constant regions are joined by a "J'' cegion of about 12 

or more amino acids, with the heavy chain also including a 

"0" region of about 12 more amino acids. (See, generallv, 

Fundament~l Immunology, Paul, w., Ed., Chapter 7, pgs. 131-

166, Raven Press , N.Y . (1~84), whic~ is incorporated he~ein 

by reference..} 

The variable regions of each light/heavy chain ?air 

form the antibody binding site. The chains all exhibit ~~e 

same general structure of relatively conser"ed framework 

·- ~··-
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regions joined by three hypervariable regions, also cali~d 

CDR's (see, "Seq\lences of Proteins of Immunological 

Interest," Kabat, E., et al., U.S. Department of Health and 

Hu~an Services, (1983); and Cholthia and Lesk, J. Mol. Biol., 

196:901-917 {1987), which are incorporated herein by 

s reference). The CDR's from the two chains of each pair are 

aligned by the fra~ework regions, enabling binding ~o a 

specific epitope. 

As used herein, the term "immunoglobulin" refers to 

a protein consisting of one or more polypeptides 

10 substan~ially encoded by immunoglobulin genes. The 

recognized immunoglobulin genes include the kappa, lambda, 

alpha, gamma, delta, epsilon and mu constant region genes, as 

~ell as the myriad immunoglobulin variable region g~nes . The 

immunoglobulins may exist in a variety of forn:.s besides 

15 antibodies; including, for example, Fv, Fab, and f \ab) 2 , as 

well as in single chains (g_,_g_._, Huston, et al., Proc. Nat. 

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

Sci2r.c~, 242:423-~26 (1988), which are incorporated herein by 

reference). (See, aenerally, Hood, et al., "Immunology", 

20 Benjamin, N.Y., 2nd ed. (1984), and Hunkapiller and Hood, 

Nature, 323:15- 16 (1986), which are incorporated herein by 

reference). 

Chimeric antibodies are anticodies whose light and 

heavy chain genes have been constructed, typically by genetic 

25 engineering, free immunoglobulin gene segment~ belonging to 

different species. For example, the variable (V) segments of 

the genes from a mouse monoclonal antibody may be joined tu 

human constant (C) segments, such as 1 1 and IJ· A typical 

therapeutic chioeric antibody is thus a hybrid protein 

30 consisting of the V or antigen- binding domain from a mouse 

antibody and the C or effector domain from a human antibody 

(~, A.T . C.C. Accession No. CRL 9688 secretes an anti-~ac 

chimeric antibody), although other mammalian species may be 

used. 
35 As used herein, the term "framework regiou" refers 

to those portions of immunoglobulin light and heavy c~ain 

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

. :~ . ."- · .... ;_' : . ·:." . 
; '• 
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than the CDR's) among different inununoglobulins in a single 

S?ecies, as defined by Kabat, et al., Q.Q. £1..t. As used 

h~rein, a "human-like framework region" is a framework region 

that in each existing chain comprises at least about 70 ~r 

more acino acid residues, typically 75 to as or more 

5 r esidues , identical to those in human irrununoglobulins. 

As used herein , the term "human-like 

inununoglobulin" refers to an immunoglobulin comprising a 

human-like framework and in which any constant region present 

is substantially homologous to a hu~an inununoglobulin 

10· constant region, ~. at l~ast about 85-90%, p=eferably 

about 95\ ide ntical. Hence, all parts of a human-like 

immunoglobulin, except possibly the CDR ' s, are substantially 

homologous to corresponding parts of one or more native human 

imrnunoglobulin sequences . for example, a human-like 

15 immunoglobulin would not encompass a chimeric mouse variable 

region/human constant region antibody. 

20 

25 

3.0 

35 

Human-like antibodies have at least three potential 

advantages over mouse or and in some cases chimeric 

antibodies for use in human therapy: 

1 • •• - ••• 

l) 

2) 

3) 

because the effector portion is human, it ~ay 

interact better with the other parts of the 

human immune system (~, destroy the target 

cells more efficiently by complement-depencent 

cytotoxicity (CDC) or antibody- dependent 

cellular cytotoxicity (AOCC)) . 

The human immune system should not recognize 

the framework or C region of the human-like 

antibody as foreign, and therefore the 

antibody response against such an injected 

antibody should be less than against a totally 

foreign mouse ancibody or a partially foreign 

chimeric antibody. 

Injected mouse antibodies have been reported 

to have a half- life in the human circulation 

much shor.ter than the half-life of normal 

antibodies (Shaw , D., et a l ., J. Im.munol. 

~:4534-4538 (1987)). Injected human-like 

;..· -. ·. •""'.: :""' .' . ·-=-
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antibodies will presumably h&~a a halt-lifP 

essentially identical to naturally occurring 

human antibodies, allowing smaller and l~ss 

frequent doses to be given. 

In one aspect, the present invention is directed to 

5 recombinant DNA segments encoding the heavy and/or light 

chain COR's from an immunoglobulin capable of binding to a 

desired epitope on the human IL-2 receptor, such as the anti

Tac monoclonal antibody . The DNA segments encoding these 

regions will typically be joined to DNA segments e~~~ding 

10 appropriate human-like framework regions. The preferred ONA 

sequences, which on expres"ion code for the polypeptide 

chains comprising th2 anti-Tac heavy and light chain 

hypervariable regions (with human-like framework regions), 

are shown in Figures 1 and 2, respectively. Due to codon 

15 degeneracy and non-critical amino-acid substitutions, other 

DNA sequences can be readily substituted for those sequences, 

as detailed below. 

The DNA segments will typically further include an 

expression control ONA sequence operably linked to the human-

20 like antibody cvding sequences, including naturally

associated or hete~ologous promot~r regions. Preferably, t~e 

expression control sequences will be eukaryotic promoter 

systems in vectors capable of transforming or transfecting 

eukaryotic host cell~, but control sequences for prokar1otic 

25 hosts may also be used. Once the vector has been 

incorporated into lhe appropriate host, the host is 

maintained under conditions suitable for high level 

expression of the nucleotide sequences, and, as desired, tne 

collection and pu=ification of the light chains, heavy 

~O chains, light/heavy chain dimers or intact antibodies, 

binding fragments or other itr1Jnunoglobulin foilils may follow. 

35 

Human constant region ONA sequences can be isola~eci 

in ~ccordance with well known procedures from a variety of 

human cells, but ?referably itnmortalized B-cells (~, Kabat 

Q.Q. cit. and WP87/0267l). Th~ COR ' s for producing the 

immunoglobulins of the present invention will be similarly 

derived from monoclonal antibodies capable of binding to the 

-.... _ .. -· :- ·~.: · . 
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hur..ar. · 1r.-1 reC"ept.-:r and produced in any conver1ient mall\1llal ian 

sourc~, including, mice, rats, rabbits, or other veterbrate 

capabl~ of producing antibodies by well known methods . 

Suitable source cells for the DNA sequences and host cells 

for inununoglobulin expression and secretion can be obtained 

5 from a number of sources, such as the American Type Culture 

10 

Collection ("Catalogue of Cell Lines and Hybridomas," Fifth 

edition (1985) Rockville, Maryland, U.S.A., which is 

incorpQrated herein by reference). 

In addition to the human-like inununoglobulins 

specifically described herein, other "substantially 

homologous" modified illU!1unoglobulins can be readily designed 

and manufactured utilizing various recombinant DNA techniques 

well known to those skilled in the art. For example, the 

framework regions can vary from the sequences in Figures 3 

15 and 4 at the primary structure level by several amino acid 

substitutions, terminal and intermediate additions and 

celetions , and the like. Moreover, a variety of different 

hurnan framework regions may be used singly or in combination 

as a basis for the human-like im.munoglobulins of the present 

ZU invention. In general, modifications of the genes may be 

readily accomplished by a variety of well-known techniques, 

such as site-directed mutagenesis (see, Gillman and Smith, 

Gene ~:81-97 (1979) and Roberts, S . et al, Nature 328 : 731-734 

(1987) 1 both of ~hich are incorporated herein by reference). 

ZS Alternatively, polypeptide fragments comprising 

only a portion of the primary antibody structure m~y be 

produced, which fragments possess one or more immunoglobulin 

activities (~, complement fixation activity). Also 

because like many genes, the i rn.munoglobulin-related genes 

30 contain separate functional regions, each having one or more 

distinct biological activities, the genes may be fused to 

functional regions from other genes 1 e .a., enzymes,~, 

corumonly assigned U.S.S.N. 132,387, filed Dec. 15 , 1987, 

35 
~hich is incorporated herein by reference) to produce fusion 

proteins (g_,_g_,_, immunotoxins) having novel properties. 
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The nucleic acid sequences ct the P~*;?:::en<: iov~1 1tioil 

- capable of ultimately expressing the desired human-lik~ 

antibodies can be fanned from a variety of different 

polynucleotides (genomic or cDNA, RNA, synthetic 

oligonucleotides , etc . ) ar.d components (~, V, J, D, and C 

5 regions), as well as by a variety of different techniques. 

Joining appropriate genomjc sequences is presently the most 

com.man method of production, but cDNA secp.:ences may also be 

utilized (see, European Patent Publication No. 0239400 and 

Reichmann, L., et al., Nature .J.2-'_:323-327 (1988), both of 

10 ~hich are incorporated herein by reference) . 

15 

20 

25 

As stated previously, the DNA aequences will be 

expressed in hosts after the sequences have been operably 

linked to {.i..:.JL., positioned to ensure the functioning of) an 

expression c~ntrol sequence. These expression vectors are 

typically replicable in the host organisms either as episomes 

or as an integral part of the host chromosomal DNA. 

Com1T1only, expression vectors will contain selection markers, 

~. tetracycline or neomycin, to permit detection of those 

cells transformed with the desired JNA sequences (~, ~. 

U.S. Patent 4,704,J62, #hich is incorporated herein by 

reference). 

~. coli is one prokaryoti~ host useful particularly 

for cloning the DNA sequences of the present invention. 

Other microbial hosts suitable for use include bacilli , such 

as B~cillus subtilus, and other enterobacteriaceae, such as 

Salmonella, Serratia, and various Pseudomonas species. In 

these prokaryotic hosts, one can also make expression 

vectors, which will typically contain expression control 

sequences compatible with the host cell (~, an origin of 

30 replication). In addition, any number of a variety of vell

known promoters will be present, such as the lactose promote~ 

35 

system, a tryptophan (trp) promoter system, a beta-lactamase 

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

promoters will typically control expression, optionally with 

an operator sequence, and have ribosome binding site 

sequences ~nd the like, for inittating and completing 

transcription and translation. 

.• 
:;: 

·~ . ,, ., .-

•. 
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Other microbes, such as yeast, may also be used for 

expression. Saccharomyces is a preferred host, with suitable 

vectors having expression control sequences, such as 

promoters , including J-phosphoglycerate kinase or other 

glycolytic enzymes, and an origin of replication, te:111ination 

S sequences and the like as desired. 

In addition to microorganisms, mammalian tissue 

cell culture may also be used to express and produce the 

polypeptides of the p.>:esent invention (see, Winnac:ker, "From 

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

incorporated herein by refere~ce). Eukaryotic cells are 

actually preferr~d , because a number of suitable hos~ cell 

lines capable of secreting intact immunoglobuli~s have been 

developed in the art, and include the CHO cell lines, various 

cos cell li~es, HeLa cells, m~eloma cell lines, etc, but 

preferably transformed B-cells or hybridomas. Expression 

vectors for these cells can include expression control 

sequences, such as an origin of replication , a pro~oter, an 

enhancer (Qu2en, c., et al . , Immunol. Rev. 89:49-68 (1986), 

which is incorporated herein by refere~ce), and necessary 

processing information sites, such as ribosome binc:ng sites, 

RNA splice sites, polyadenylation sites, and transc~:ptional 

termir.ator sequences. Preferr~d expression control sequences 

are promoters derived from immunoglobulin genes, SV4 0 , 

Adenovirus, Bovine Papilloma Virus, and the like . 

The vectors containing the DNA segments of interest 

(~, the heavy and light chai? _ ~ncoding sequen~es and 

expression control sequences) can be transferred into the 

host cell by well-known methods, which vary depending on the 

type of cellular host. For example, calcium chloride 

transfection is co~~only utilized for prokaryotic cells, 

whereas calcium phosphate treatment or electroporation may be 

used tor other cellular nests. (~, generally, Maniatis, et 

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

Harbor Press, (1982), which is incorporated herein by 

reference.) 

Once expressed, the whole antibodies, thei~ dimers . 

individual light and heavy chains, or other immunoglobulin 

. ~·.:·z·1'i· •. ·~·· · ·-;: ... '•, : - ... ,~ .. -. ·. •; . 
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fonas of the present invention can be purified according to 

standard procedures of the art, including ammonium sulfate 

precipitation , affinit'' columns, column chromatography, gel. 

electrophoresis and the like ~see, generally, Scopes, R., 

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

5 Substantially pure immunoglobulins of at least about 90 to 

95% homogene 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 used therapeutically (including 

10 extracorporeally) or in developing ar.d performing assay 

procedures, immunofluorescent stainings, and the like . (See, 

generally, Immunological Methods, Volz. I and II, Letkov ics 

and Pernis, eds., Academic Press, Nev York, N.Y. (197Y and 

1981)). 

15 The antibodies of the present invention will 

20 

25 

30 

35 

typically f ind use individual ly in treating a T-cell mediated 

disease state. Generally , where the cell linked to a disease 

has been identified as IL-2 receptor bearing , then the human

like antibodies capable of blocking the bindir.g 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 reference). 

For example, typical disease states suitable fo~ 

treatment include graft versus host disease and transplant 

rejection in patients undergoing an organ transplant, such as 

heart, lungs, kidneys, liver, etc . Other diseases include 

autoimmune diseases, such as Type I diabetes, multiple 

sclerosis , rheumatoid arthritis, systemic lupus 

erythematosus , and myasthenia gravis. 

The human-like antibodies of the present invention 

may also be used in combination with other antibodies, 

particularly human monoclonal antibodies reactive with othe r 

markers on cells responsible for the disease. For exa~ple , 

suitable T-cell markers can include those grouped into the 

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

First International Leukocyt e Differentiation Workshop, 
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Leukocyte Typing, Bernard, et al., Eds., Springer-Verlag , 

N.Y. (1984), which is incorporated herein by reference. 

The ~ntibodies can als~ be used as separately 

administered compositions given in conjunction with 

chemotherapeutic or immur.osuppr essive agents . Typically, the 

5 agents will include cyclosporin A or a purine analog (~, 

methotrexate, 6-mercaptopurine, or the li~e), but numerous 

additional agents {~, cyclophosphamide, prednisone, etc.) 

vell-known to those skilled in the art may also be utilized. 

A preferred pharmaceutical composition of the 

lC present invention comFrises the use of the subject antibodies 

in immunotoxins. Inununotoxins are characterized by t,·o 

corr.ponents and are particularly useful for killing selected 

cells in vitro or in vivo. One component is a cytotoxic 

agent which is usually fatal to a cell when attached or 

15 absorbed. The second component, known as the "delivery 

vehicle," provides a means for delivering the toxic :igent to 

a particular cell type, such as cells comprising a carci~oroa. 

The two components are commonly chemically bonded together by 

any of a variety of well-known chemical procedures. For 

20 example , when the cytotoxic agent is a protein and the second 

component is an intact imrnunoglobulin, the linkage ~ay be by 
way of heterobifunctional cross-linkers, ~. SPDP, 

carbodiimide, glutaraldehyde, or the like. Production of 

various imrnunotoxins is well-known with the art, and can be 

25 

30 

35 

found, for example in "Monoclonal Antibody-Toxin Conjugates: 

Aiming the Magic Bullet," Thorpe et al, Monoclonal Antibocies 

in Clinical Medicine, Academic Press, pp. 163-190 (1982), 

1.:hich is incorporated herein by reference. 

A variety of cytotoxic agents are suitable for use 

in illllllunotoxins . Cytotoxic agents can include 

radionuclides, such as Iodine-131, Yttrium-90, R..~enium-188, 

and Bismuth-212: a number of chemot;1erapeutic drugs, such as 

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 (~, 
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(~, generally, commonly assigned 

(Townsend and Townsend Docket No . 1182J-

7-2) filed concurrently herewith, »chimeric To~ins,'' Olsnes 

and Phil, Pharmac. T!)er., "2:355-JSl (1982), and "Monoclonal 

Antibodies for Cancer DetH~tion and Therapy," eds. Baldwin 

5 and Byers, pp. 159-179, 224 - 266, Academic Press (1985), all 

of which are incorporated herein by reference.) 

The delivery component of the immunotoxin will 

include the human-like inununoglobulins of the present 

invention. Intact imrounoglobulins or their binding 

!O fragments, such as Fab, are preferab~y used. Typically, the 

antibodies in the irnrnunotoxins will be ot the human IgM or 

IgC isotype, but other mammalian constant regions may be 

utilized as desired. 

The human-like antibodies and pharmaceutical 

15 compositions thereof of this invention are particularly 

useful for parenteral administration, ~. subcutaneously, 

intramuscularly or intravenously. The compositions for · 

parenteral admi~istration will co~monly comprise a solution 

of the antibody or a cocktail thereof di~solved in an accept-

20 able carrier, preferably an aqueous carrier. A .variety of 

aqueous carriers can be used, ~, water, buffered water, 

0.4\ saline, O.Jt glycine and the like. These solutions are 

sterile and generally free of particulate matter. These 

compositions may be sterilized by conventional, well known 

25 sterilization techniques. The compositions may contain 

pharmaceutically acceptable auxiliary substances as required 

to approxicate physiological conditions such as pH adjusting 

and buffering agents, toxicity adjusting agents and the like, 

fo~ example sodium acetate, sodium chloride, potassium 

30 chloride, calcium chloride, sodium lactate, etc. The 

35 

conce ~ration of antibody in these formulations can vary 

widely, 1..:_~, from less than about 0.5\, usually at or .at 

least about 1% to as much as 15 or 20% by weight and ~ill be 

selected p~imarily based on fluid volumes, viscosities, etc. , 

in accordance ~ith the particular mode of administration 

selected . 
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'thus, a typical pharmaceut ical co:nposition for 

intramuscular injection could be made up to contain 1 ml 

sterile buffered water, and 50 mg of antibody. A typical 

composition for intravenous infusion could be made up to 

contain 250 ml of sterile Ringer's solution , and 150 mg of 

5 antibody . Actual methods f o r preparing parenterally 

administrable compositicns will be known or apparent to those 

skilled in the art and are described in more detail in, fo~ 

example, Remington's Pharmaceutical Scienc~, 15th ed., Mack 

PUblishing Company, Easton, Pennsylvania (1980), which is 

10 incorporated· herein by reference. 

The antibodies of this invention can be lyophilized 

for storage and reconstituted in a suitable carrier prior to 

use. This technique has been shown to be effective with 

convention3l immune globulins a nd drt-known lyophilization 

15 and reconstitution techniques can be employed. It will be 

appreciated by those skilled in the art that lyophilization 

and reconstitution can lead to varying degrees of antibody 

activity loss (~, with conventional illllUune globulins, lgM 

antibodies tend to have greater activity loss than IgG 

20 antibodies) and that use levels may have to be adjusted ~o 

compensate. 

The compositions containi ng the ~resent human-like 

antibodies or a cocktail thereof can be admi1:istered for 

prophylactic and/ or therapeutic treatments. In therapeutic 

25 appl i cation , compositions are administered to a ?atient 

already sufferir.g from a dise~se, in an amount sufficient to 

cure or at least partially arrest the disease and its 

complications . An amount adequate to accomplish this is 

30 

35 

defined as a "the rapeutically effective dose." /\mounts 

effective for this use will depend upon the severity of t~e 

infection and the general state of the patient's own ili\J:'lune 

system, but generally range from about l to about 200 mg of 

a n tibody per dose, with dosages of from 5 to 25 mg per 

pati ent being more commonly 1Jsed. It must be kept in mind 

that the materials of this invention may generally be 

employed in serious disease stat~s, that is life-threatening 

o~ potentially life- threatening situations. In such cases, 

- .:.· ··~ :..~. - "" . . , 
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in view of the minimization o! extr~neous sub~tancas ~~d t~c 

lower probability of Hforeign substance" rejections which are 

achieved by the present human-like antibodies of this in

v~ntion, it is po~sible and may be felt desirable by the 

treating physician to administer substantial excesses of 

5 these antibodies. 

In prophylactic applications, compositions 

containing the present antibodies or a cocktail thereof a r e 

administered to a patient not already in a disease state to 

enhance the patient ' s resistance. Such an amount is defined 

10 to be a "prophylactically effective dose. ii In this use, the 

precise amounts again depend upon the patient ' s state of 

health and general level of immunity, but generally range 

from O.l to 25 mg per dose, especially 0.5 to 2.5 mg per 

patient. A preferred prophylactic use is for the prevention 

15 of kidney transplant rejection. 

Single or multiple administrations of the 

compositions can be carried out with dose levels and pat~ern 

being selected by the treating physician. In any event, the 

pha::inaceutical formulations should provide a quantity of thP 

20 antibody(ies) of this invention sufficient to effectively 

treat the patient. 

Human- l ike antibodies of the present invention can 

further find a wide variety of utilities in v i tro. By way of 

example , the ant i bodies can be utilized for T-cell typing, 

25 for isolati ng specific IL-2 receptor bearing cells or 

fragments of the receptor, for vaccine preparation, or the 

like. 

For diagnostic purposes, the antibodies may either 

be labeled or unlabeled . Unlabeled antibodies can be used in 

30 combination with other .labeled antibodies (second antibodi es~ 

that are reactiv e with the human-like antibody, suc h as anti

bodies specific for human im.munoglobulin constant regions. 

Alternatively, the antibodies can be d i rectly labeled. A 

wide variety of l abe l s may be employed, such as 

35 radionuclides , fluors , enzymes, enzyme substrates, enzyme co

factors , enzyme inhibitcrs , ligands (particularly haptens ) , 

:· .;:.::-··_.-... "'"'.·· .. , .. 
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_., etc. Numerous types ot immunoassays are available and are 

w~ll known to those skilled in the art. 

Kits can also ~e supplied for use with the subject 

antibodies in the protection against or detection of a 

cellul~r activity or for the presence of a selected antigen. 

5 Thus, the subject antibody composition of the present 

invention may be provided, usually in a lyophilized for:u in a 

container, either alone or in conjunction with additional 

antibodies specific for the desired cell type. The 

antibodies, which may be conjugated to a label or toxin, or 

10 unconjugated, are included in the kits with buffers, such as 

Tris, phosphate, carbonate, etc., stabilizers, biocides, 

inert proteins, ~, serum albumin, or the like, and a set 

of instructions for use. Generally, these materials will be 

present in less than about 5\ wt. based on the amount of 

15 active antibody, and usually present in total amount of at 

least about 0.001\ wt. based again on the antibody 

concentration. frequently, it will be desirable to include 

an inert extender or excipient to dilute the active 

ingredients, where the excipient may be present in from aoout 

20 1 to 99\ wt. of the total co1nposi ti on. Where a second 

antibody capable of binding to the chimeric antibody is 

employed in an assay, this will usually be present in a 

separate vial. The second antibody is typically conjugated 

to a label and formulated in an analogous manner with the 

25 antibody formulations described above. 

30 

35 

The following examples are offered by •ay of 

i llustration, not by limitation. 
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EXPERIMENTAL 

Design of ge~es for human-like light and heavy chains 

The 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 

5 the framework of the humanized antibody, because the amino 

acid sequence of the heavy chain of anti-Tac is more 

homologous to the heavy chain of this antibody than to any 

10 

other heavy chain sequance in the National Biomedical 

Foundation Protein Identification Resource. 

To select the sequence of the humanized heavy 

chain, th~ anti-Tac heavy chain sequence (see, coT11JT1only 

assigned u.s.S . N. 's 186,862 and 223,037, which are 

incorporated herein by reference) was aligned with the 

sequence of the Eu heavy chain (Figure 1). At each 

15 position, the Eu amino acid •as selected for the humanized 

20 

25 

sequence, unless that position fell in any one of the 

following categories, in which case the anti-Tac amino acid 

was selected . 

(1) The position fell within a complementarity 

determining region (CDR), as defined by Kabat, 

et al., QQ. cit. (amino acids Jl-35, 50-66, 

99 - 106); 

(2) The Eu amino acid was unus~al fo r human heavy 

chains at that position, whereas the anti-Tac 

amino acid was typical for human heavy chains 

at that position (amino acids 27, 9J, 95, 98, 

107-109 I 111) ; 

(J) The position was immediately adjacent to a CDR 

in the amino acid sequence of the anti-Tac 

JO heavy chain (amino acids 30 and 67). 

35 

(4) J-dimensional modeling of the anti-Tac 

antibody suggested that the amino acid was 

physically close to the antigen binding region 

(amino acids 48 and 68) . 

Some amino acids fell in more than one of these catego~ies 

but are only listed in one. 
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-.fC" ~'!Leet the sequence of the humani ze.d l i ght 

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 

5 replacing heavy chain in the category definitions): 

(l) CDRs (amino acids 24-34 , 50 - 561 89-97), 

(2) Anti-Tac amino aci d more typical than Eu 

(amino acids 48 and 63). 

{J) Adjacent to CDRs (no amino acids ; Eu and 

10 anti- Tar. were already the same at all these 

positions) . 

(4) Possible J-dimensional proximity to binding 

region (amino acid 60). 

The actual nucleotide sequence of the heavy 

15 (Figure l) and light chain (Figure 4) genes were selected as 

f o llows : 

20 

(1) the nucleotide sequenc es code for the amino 

acid sequences chosen as described above. 

(2 ) 5 1 of these coding sequences , the nucleotide 

sequences code for a leader (signal) sequence, 

namely the leader of the light chain of the 

antibody MOPC 6J and the leader of the heavy 

chain of the antibody PCH 108A (Kabat et al . , 

QQ. cit.). These leader sequences were chosen 

25 as typical of antibodies . 

30 

35 

( J ) 3' of the coding sequences, the nucleotide 

seqven~es are the sequences that follo'J the 

~ouse light chain JS segment and the mouse 

heavy cha i n J2 segment, which are part of the 

anti-Tac sequences. These sequences are 

i ncluded because they contain splice donor 

signals . 

( 4) ~t each end of the sequence is a n Xba I site 

to allow cut ting at the Xba I sites and 

cloning into the Xba I site of a vector . 
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Construction of humanized light and heavy cba~n ge~~ 

To synthesize the heavy chain, four 

oligonucleotides HES12, HESlJ, HES14, H£S15 (Figure SA) were 

synthesized using an Applied Biosystems JBOB DNA synthesizer . 

Two of the oligonucleotides are p~rt of each strand of the 

5 heavy chain, and each oligonucleotide overlaps the nex~ one 

by about 20 nucleot~des to allow annealing (Figure SB). 

Together , the oligonucleotides cover the entire hum~nized 

heavy chain (Figure J) with a few extra nucleotides at each 

end to allow cutting at the Xba I sites. The 

lO oligonucleotides were purified from polyacrylamide gels. 

Each oligonucleotide was phosphorylated using ATP 

and T4 polynucleotide kinase by standard procedures (~, 

Maniatis, ~- cit.). To anneal the phosphorylated 

oligonucleotides, they were suspended together in 40 ul of TA 

15 (33 mM Tris acetate, pH 7.9, 66 tnM potcssium acetate, 10 mM 

magnesium acetate) at a concentration of about J.75 uM each, 

heated to 95 deg for 4 min. and cooled slowly to 4 deg. To 

synthesize the co1nplete gene from the oligonucleotides by 

synthesizing the opposite strand of each oligonucleotide 

20 (Figure SB), the following components were added in a final 

volume of lOOul: 

25 

30 

35 Then 10 

resumed 

u 

10 ul 

0.16 mM each 

0.5 mM 

0.5 mM 

100 ug/ml 

J.5 ug/ml 

25 ug/ml 

25 ug/ml 

The mixt:ure 

annealed oligonucleotides 

deoxyribonucleotide 

ATP 

OTT 

BSA 

T4 g4J protein (DNA polymerase) 

T4 g44/ 62 protein (polymerase 

accessory protein) 

45 protein (polymerase accessory 

protein) 

was incubated at )7 deg for 30 min. 

of T4 DNA ligase was added and incubation at 37 

for JO min. The polymerase and ligase were 

inactivated by incubation of the reaction at 70 deg for 

.... ·~ \ 

deg 
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15 m.'.n •. Tc digest the gene with Xbcs I, to the reaction was 
• r ·• 

..- added 50 ul of 2x TA containing BSA at 200 ug/cl and OTT at l 

mM, 43 ul of ~ater, and 50 u of Xba I in 5 ul. The reaction 

was incubated for 3 hr at 37 deg, and run on a gel. The 431 

bp Xba I fragment was purified from a gel and cloned into the 

S Xba I site of the plasmid pUC19 by standard methods. Four 

plasmid isolates were purified and sequenced using the 

dideoxy method. One of these had the correct sequence 

(Figure 3). 

To synthesize the light chain, four 

10 oligonucleotides JFDl, JF02, JFDJ, JFD4 (Figure 6A) were 

synthesized. T'Jo 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 a n nealing 

(Figure 66). Together, the oligonucleotides cover the entire 

15 humanized light chain (Figure 4) with a few extra nucleo~ides 

at each end to allow cutting at the Xba I sites. The 

oligonucleotides were purified from polyacrylamide gels. 

ThP. light chain gene was synthesized from these 

olignucleotides in two parts. 0.5 ug each of JFOl and JFD2 

20 were combined in 20 ul sequenase buffer (40 mM Tris-HCl, pH 

i.S, 20 mM magnesium chlor ide, 50 mM sodium chloride), heated 

at 70 deg for 3 min and allowed to cool slo~ly to 23 deg in 

order for the oligonucleotides to anneal. JFDJ and JFD4 ~ere 

treated in the same way. Each reaction was made 10 mM in OTT 

25 and 0.5 rnM in each deoxyribonucleotide and 6.5 u of sequenase 

(US Biochemicals) was added, in a final volume of 24 ul, and 

incubated for l hr at 37 deg to synthesize the opposit~ 

strands of the oligonucleotides. Xba r · and Hind III were 

added to each reaction to digest the DNA (there is a Hind II! 

30· site in the region where JF02 and JFDJ overlap and therefore 

in each of the synthesized ONAs; Figure 68). The reactions 

were run on polyacrylamide gels, and the Xba I - Hind III 

fragments were purified and cloned into pUCl8 by standard 

35 
methods. Several plasmid isolates f~r each fragment we~e 

sequenced by the dideoxy method, and correct ones chosen. 

- ••• . ,.,! • . • .• 
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coostructioo of plasmids to express humanizeC liq1t jocL~~v_y 
~ chains 

The heavy chain Xba I fragment was isolated f com 

the pUC19 plasmid in which it had been inserted and then 

inserted into the Xba I site of the vector pV;l (~, 

S commonly assigned u.s.s.N. 223,037) in the correct 

orientation by standard methods, to produce the plasmid 

pHuGTACl (Figure 7). This plasmid will express high levels 

of a complete heavy chain ~hen transfected into an 

appropriate host cell. 

10 The two light chain Xba 1 - Hind III fragments ~ere 

isolated from the pUC18 plasmids in .which they had been 

inserted. The vector plasmid pv~1 (~, commonly assigned 

u.s.S.N. 223,037) was cut with Xba I, dept1csphorylated and 

ligated with the two fragments by standard methods. The 

15 desired reaction product has the circular form; vector - Xba 

I - fragment 1 - Hind III - fragn:ent 2 - Xha I - vector. 

Several plasmid isolatP.s were analyzed by restriction mapping 

and sequencing, and one with this form chosen. This plas~id, 

pHuLTAC (Figure 8), therefore contains the cooplete humanized 

20 light chain (Figure 4) and will express high levels of the 

light chain when transfected into an appropriate host cell. 

Synthesis and affinity of humanized antibody 

The plasmids pHuGTACl and pHuLTAC were transfec~ed 

25 into mouse Sp2/0 cells, and cells that ir.tegrated the 

pl~smids were selected on the basis of resistance to 

mycophenolic acid and/~~ hygromycin B conferred by the gpt 

and hyg genes on the plasm:ds (Figures -7,8) by standard 

methods. To verify that these cells secreted antibody that 

30 binds to the IL-2 receptor, supernatant from the cells was 

incubated with h-UT-102 cells that are known to express the 

IL-2 receptor. After washing, the cells were incubated with 

fluorescein-conjugated goat anti-human antibody, washed, and 

analyzed for fluorescence on a FACSCAN cytofluororoeter. The 

35 results (Figure 9A), clearly s how that the humanized anci~ody 

binds to these cells, but not to Jurkat T-cells that do noc 

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 98,C), giving similar results. 

For further experiments , cells producing the 

humanized antibody were injected into mice, and the rescltant 

ascites collected. Humaniz~d a ntibody was purified to 

substantial homogeneity from the ascites by passage through 

an affinity column of goat anti-human illllllunoglobulin 

antibody, prepared on an Affigel-10 support (Bio-Rad 

Laboratories, Inc . , Richmond, CA) according to standard 

techniques. To determine the affinity of the humanized 

10 antibody relative to the original anti-Tac antibody, a 

competitive binding experiment was performed. A.bout 5 x 10~ 

HUT-102 cells were incubated with known quantities (10 - 40 

ng) of the anti-Tac antibody and the humanized anti-Tac 

antibody for 10 min at 4 deg . Then 100 ng of biotinylated 

15 anti-Tac was added to the cells and incubated for JO min a~ 4 

deg. This quantity of anti-Tac had previously been 

detennined to be sufficient to saturate the binding sites on 

the cells, but not Lo be in large excess . Then the cel ls 

were washed twice with 2 ml of phosphate buffered saline 

20 (PBS) containing 0.1\ sodium azide. The cells were then 

incubated for 30 min at 4 deg with 250 ng of 

phycoerythrin-conjugated a v idin, which bound to the 

biotinylated anti-Tac already bound to the cells . The cells 

wer~ washed again as above, fixed in PBS containing 1% 

25 

30 

35 

paraformaldehyde, and analyzed for fluorescence on a FACSCAN 

cytofluorometer. 

Use of increasing amounts (10 - 40 ng) of the 

anti-Tac antibody as competitor in the first step decreas ed 

the amount of biotinylated anti-Tac that could bind to the 

cells in the second step, and therefore the amoun~ of 

phycoerythrin-conjugated avidin that bound in the last step , 

thus decreasing fluorescence (Figure lOA). Equi valent 

amounts (20 ng) of anti-Tac, and humanized anti-Tac used as 

competitor decreased the fluorescence to approximately the 

same degree (Figure 108). This shows that these antibodies 

have approximately the same affinity, because if one had 

greater affinity, it would have more effectively competed 

: .. ,,. ... 
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with the biotinylated anti-Tac, thus decreasing fluorescence 

more. 

eiological Q(OQerties Of the numaoi~ed aa!;ibQdy 

For optimal use in treatment of human disease, the 

humanized antibody should be able to destroy T-cells in the 

body that ~xpress the IL-2 receptor. One mechanism by which 

antibodies may destroy target cells is antibody-dependent 

cell-mediated cytotoxicity, abbreviated AOCC (f\;ndamental 

Immunology, Paul, w. , Ed., Raven Press, New York (1984), at 

pg. 681), in which the antibody forms a bridge between the 

target cell and an effector cell such as a macrophage that 

can lyse the target. To determine whether the humanized 

antibody and the original mouse anti-Ta~ antibody can mediate 

ADCC, a chromium release assay was performed by standard 

methods. Specifically, human leukemia HUT-102 cell~ 1 which 

express the IL-2 receptor, ~ere incubated with 51cr to allow 

them to absorb this r adionuclide. The H'JT--102 cells were 

then incubated with an excess of either anti-Tac or humanized 

anti-Tac antibojy. The HUT-102 cells were next incubated for 

4 hrs with either a JO:l or 100:1 ratio of effector cells, 

which were normal purified human peripheral blood mononuclea= 

cells that had been activated by incubation for about 20 hrs 

with human recombinant IL-2. Release of s1Cr, which i~dicated 
lysis of the target HUT-102 cells, was measured and the 

background subtracted (Table 1). The results sho# that at 

either ratio of effector cells, anti-Tac did not lysa a 

significant number of the target cells (less than 5%), while 

the humanized antibody did (more than 20\). Hence, the 

humani?.ed 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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Antibody 

Anti-Tac 

Humanized 
anti-Tac 

28 

TABLE l 

Percent 51cr release after ADCC 

Weeter: 

JO:l 

0 
24\ 

Target ratio 

100:1 

< lt 

2Jl 

;: • ~.: . · ;-~ "'7· :· ,.. , -... ....... - . :....:: .... - ·- ' • • .... , ~.'' '!° . ·' 
·:···· 
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From the foregoing, it will be appreciated that ~ne 

human-like inununoglobulins of the present invention offer 

numerous advantages of other human IL-2 receptor-specific 

a~tibodies . In c ompariso n to anti-Tac mouse monoc lonal 

antibodies, the present human-like immunoglobulin can be more 

:ccnomically produced and contain substan~ially less foreign 

amino acid sequenc es. This reduced likelihoon of 

antigenicity after injection into a human patient represents 

a significant therapeutic improvement. 

Although the present invention has been described 

10 in soce detail by way of illustration and example fo~ 

15 

20 

25 

3 0 

3S 

purposes of clarity and understanding, it will be apparenc 

that c ertain changes and modific ations may be practic ed 

within the scope of the appended claims. 

. : ..... ('.. .. •\ ..... ~ ·.· .. : .. "·. :-: ' 
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WE CI.AIM: 

l. A composition comprising a substantially pure 

human-like imrnunoglobulin specifically reactive with p55 Tac 

protein. 

2. A composition according to Claim l, wherein 

the inununoglobulin comprises two pairs of light/heavy chain 

dimers, wherein each chain comprises a variable region ·and a 

constant region. 

3. A compositio~ according to Claim 2, wherein a 

variable region of at le~st one chain comprises at least 

about 75 amino acids from a human immunoglobulin variable 

region framework. 

4. A composition comprising a substantially pure 

human- like immunoglobulin capable of inhibiting binding of 

human interleukin-2 (IL-2} to a human IL-2 receptor. 

20 5. A composition according to Claims l or 4, 

wherein the immunoglobulin exhibits a binding affinity to a 

human IL-2 receptor of about 108 M.1 or stronger. 

6. A composition according to Claims 1 or 4, 

25 wherein the imrnunoglobulin comprises complementarity 

determining regions from one immunoglobulin and framework 

regions from at least one different inununoglobulin . 

30 

35 

7 . A recombinant immunoglobulin compQsition 

comprising a human-like framework and one or more foreign 

complementarity determining regio~s not naturally associated 

with the framework , wherein said immunoglobulin is capable of 

binding to a human interleukin-2 receptor. 

~- t .:??tWJ.'iA!'i*!.?.t;;;+;.~~-'i'if44•.f¥+1wp;;~f¥¥b~-::.~w:111+.t?J¥£J!i!lffl/b#!.5¥%MAff:¥¥4*3~%fP 
-~=·~ . . ~. ~ . .. ; : .. ~ -:~ ... . . . . :' .:. . . . . .. \-. 
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.,,. 8. A ccmposition according to ~laim 7, #hc=ein 

5 

one or more of the foreign CDR's are substantially homologous 

to a CDR from an iDUDunoglcbulin reactive wi th human p55 Tac 

protein . 

9. A composition according to Claim 7, wherein 

all of the foreign CDR's are located on heavy chains of the 

il11Iilunoglobulin . 

10. A composition according to Claim 7 , wherein 

10 the ii:ununoglobulin is an IgG1 immunoglobulin isotyp4;l. 

15 

20 

25 

30 

35 

11. A composition according to Claim 7 , wherein 

the mature light and ~eavy variable region protein sequsnces 

are s ubstantially homologous to the sequences in Figures 3 

and 4. 

12 . A human-like immunoglobuli.n havL1g two pairs 

of light chain/heavy chain dimers ;.rnd capable of specifically 

reacting with an epitope on a human interleukin-2 receptor 

with an affinity of at least about 108 M· 1
1 said light and 

heavy chains comprising complementarity deterroi11ing regions 

(CDR's) and hUlllan-like framework regions, wherein the CDR's 

are from different immunoglobulin molecules than the 

framework regions. 

13. An immJnoglobulin according to Claim 12, which 

binds to an ~pitope located on a p55 Tac protein . 

14. An im.munoglobulin according to ~laim 12, which 

is capable of blocking the binding of interleukin- 2 (IL-2 ) to 

human IL-2 receptors. 

15 . An i11UDunoglobulin according to Claim 12 , 

wherein the hwoan-like framework regions comprise amino acids 

sequences from at least two human immunoglob!1l ins. 
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16. An immunoglobulin according to Claim 12, 

wherein the CDR ' s are from a mouse immunoglobulin . 

17. A humanized inununoglobulin capable of binding 

to human inter leukin-2 receptors, said irrununoglobulin 

comprising one or more complementarity determining regions 

(CDR's) from anti- Tac antibody in a human- like framework. 

18. A humanized immunoglobulin according to Claim 

17, wherein the human framework is substantially homologous 

10 to an Eu immunoglobulin frame•ork. 

15 

20 

25 

19. A humanized immunoglobulin according to Claim 

17, having a ~ature heavy chain variable sequence as shown in 

Figure J, ar. .: .: mature light chain sequence as shc. .. 'n in 

figure 4. 

20 . A humanized i:nmunoglobulin accor~ing to Claim 

17 which is capable of blocking t he binding ot IL-2 to 

interleukin-2 receptors on human T-cells. 

21. A method of treating T-cell mediated dis~rders 

in a human patient, said method comprising administering to 

said patient a ~herapeutically effective dose of an 

immunoglobulin according to Claims 1, 5, 12, or 17. 

22. An inun.unoglobulin according to Claims l, 5, 

12, or 17 which was produced in a myeloma or hybridoma cell. 

23. A human-like immunoglobulin heavy chain 

30 comprising a human-like heavy chain framework region and a 

hypervariable region which is substantially identical to a 

monoclonal antibody heavy chain hypervariable region sec reted 

by the cell line designated k . T.C.C. Accession No. CRL 9688. 

35 
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24. A. human-like ilnJllunoglobulir. _1.igH; c!J;:\in 

comprising a human light chain framework region and a 

hypervariable region which is substantially identical to a 

monoclonal antibody light chain hypervariable region secreted 

by the cell l i ne designated ~.T.C.C. Accession No. CRL 9688. 

25. A polynucleotide molecule comprising a first 

sequence coding for human-like immunoglobulin framework 

regions and a second sequence coding for one or more mouse 

immunoglobulin complementarity determining regions, wherein 

10 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-cel1s. 

15 

20 

25 

30 

35 

26. A cell line transfected with a polynucleotide 

of Claim 25. 

.- . ~·"' . . 
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. .~,J.~2 RECEPIOR-S?!:CifIC HUMAN IM11UNOGLOBULIHS 

ABSTRACT Of THE DISCLOSURE 

Human-like immunoglobulins specifically reactive 

with human IL-2 receptors are prepared employing recombinant 

DNA technology for use in, !1.:.S.:.., treatment of T- cell mediated 

disorders . 

WPSO/~OL/~ATAPP-8.PTO 

-~. ,._,,. -·~ -:-· ~ .. 
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V£P.J~tr..:O '!TATEMENT (DECLARATION) CI..AIMINC SMALL EITTITY STATUS 

• 37 CfR 1.9({) and 1.27:cl l - SMALL BUSINESS CONCERN 

Apphc-ai"!orPaten~: Cary L. queen and Harold Ed-wtn Selick 
$Pnal :O.:o. · fihn11 Dale: December 28. 1988 
Pat .. nt ~o.: Issued: ___________________ _ 

for: ~OVEL !L-2 R£CE?TOR- S?sc;nc HUMAN IMMUNOGLQBULiNS 

I h,.n-hy declare that I am 

thP ownf'r or the sma ll bwmeu concern ident1ril'd helo"': I I 
I XI an official of the small bus1neS1 concern empowned to act 0:1 ht'half or the conn•rn 1denuf1ed h'!low: 

~ .. ,.m; Of co~CERN ?rote in Design Labs. !nc., a Delaware Corporation 
ADORl::SS Of CO~CER.:-1_3.._1_3...._1 _o,,.o..._r_.,t..,e..-r_..Dur_;....;Vut:---------------------

Jalo Alto. California 94304 

I h .. ,...,,y dt'dare lhal the abovt> 1dtnt1ried small husineM concern qualiri .. s as a small hu~1nns con1·prn as dPflnl'd 1n l J 
Cf'R l~LJ-18. and reproduct"d in Ji CFR l.9ldl. for purposPS or pay1n11 reducPCI ff'es under st"O·tton ~ lial and 1h1 or 
T ttlf' 35. l "n1lPCI Statei Code. in that the numbf'r of employees of the concern. including thO$t' of tLS affiliates. do~ not 
•·:'l•·,.f'd 500 pt"rsons. for purposes of thu su~ment. ( 1 l lhe number of employees of lhe hu~1neu concf'm u the av..ra11e 
"""r th .. rar,.v1ous fiscaJ yeai of the concern of lhe persons employl."d on a full-time, part·ttme or l•mriorary has1s dunn11 
.. adr of the pay pPriods or thP fi5CaJ yu.r. and (2) concems ue affiliales of each othf't when l'tther. d111'(: tl)· or indir~tly. 
011., "Onl· .. rn l'Ontrols or ha.s the power to control the other, or a th1rd party or parties controls or has tne powrr to 
r'lnltol both. 

- l h"n'hy dPl'larP that ri11hu undPr contract or law have h~n conveyed lo and rPmam wnh the small hu~ml'ss concern 
1 1d .. nufit'd above with regard to the 1nvent1on. entitled NOVEi. tr.-2 RECF?TOR-S?ECIEIC ljflMA.._ ____ _ 

l IMMUNOGLOBULINS by anventortst 
-Ca~v L, Queen an-d-~-.a-~-o . ....,..ld-~-d-.-~-i-n_S_e_l_1_c_k _________________ ~ 

d.-scnh..d in 

the application filed hereW1th !XI 
l I appltl·atton senaJ no. _______________ , filed ______________ _ 

I I patent no. _____ _______ -----

If th,. niihts held hy :he above id ... :ittfied small business concem are not uclusive. each ind1vuJu~. coni.:ern or ornna· 
lat1on ha111n~·r:2nts to the 1n,·ent1on u listed below • and no n~ht.s to the mvf'ntion are hdd by any p .. rson. ot=-:er than 
th" 1n,·t>n1or . ... ·ho could not qualify as a small business concern under 37 CF"R l.91dl or hy :1ny l"Oncern "''n1ch would 
not qualify as a small business concern under 3i CFR l.9td) or a nonprofit org;inazauon undt'r Ji CFR 1.9teJ. 

• '.':OTE: Separate verified st.atemenu ue tl'quired from eac:h named person. coocem or or~aniution having nghts to 
thr 1n..-.. nuon avernn11 to their status a.s small entities. (37 C:FR 1.27) 

~A~F.-------~---------------------~~----------~--AOORESS ____________________ ~-~--~ ---------~ 
l ) l:SDJVIDU~L I S~tAI..L Bl.!Sl:>:ESS CONCER:S :SO:"PROfJT ORGA:SIZ . .:..TIOS 

>.~)tf. ___ ~-------------------------------
ADURESS __ ~---~----------------------------------I I ISOl\"IOL'.-i.L S~l.l.LL BCSl:SESS CO:"CER~ j :SO~PH0FIT ORGA:SIZATIOS 

I 31·knowled'?e thP duty to f:'e. in this application or patl'nt. nouficat1on of any chan111e in status ruul:1:i111 in lou o( 

.. nmli>m,.nt to small entity status pnor to paytn~. or at the time or paying. thP earliest or the issue ~ ... e or a!"ly 

m;unt1>nan1·e ree due after the dat.E' on which status as a small t'ntity IS no lon"er appropr::ll ... t:li crR 2 . 2~. ha I 

I h,.n>hy declare that all sr.att>ment.s madl' herein of my own knowledge are true ant.! tr:at all stltemenu rnadt> on 
1nf•1rm31;on and beltpf are i>l'lieved to be true: and further that thest:t statements were mad~ wtth the i<no•·.-i~ti1te that 
.. ·11 lful falst> statements and the like so made are punishable by fine or ampnsonment. or both. •Jnd~r s~ct1on I 00 I of 
T:tlf' 1.'l of :ht> l 'ntted Stites Code. and that suc:h willful false stat.ement.s may jeopard1z.e the validity or the appltca~1on . 
~}· patt>nt usu1n~ thereon. or V>Y pa~nt to which this verified statem~nt is directed. 

:-.: .~)t£ Of Pm.so:-: sic:-: 1 :-:c_r_a_..t:...,,.....;e......,n..,,c..,e_~J_.a._v,___.,K,_,o~r"-£Jn'-----------------------
Tl1' LI:: I) F PE RSO:S OTHER 7HA=-' ow:s E R--::Pc..;r-=-e=s-=i:..::d:..:e::.:n:..;..::.t __________________ _ 
.-\ 0 0 R £SS 0 F" PE RSO!'I SIG SI :S G_.:"\!....::..D.s..1l_O.:::..LoJ.Jr:__ .. ..:o~r:__.J..DL.r"-"-;.Joyue:...._.::;P.&.aL..l1.:ou_...1.6~l_.~-10..L..--C1....eaL..l1...-"-.J..oJ.Jr,_...,n:..ii_.,.=-..;;o;..;~:.' _.,u.0"'"'4"---
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FIGURE 1 
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• 
FIGURE 3 
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TCTAC-ATGGGATGGAGCTGGATCTTTCTCTTCC'l"CCTGTCAGGTACCGCG~GCGTGCACT 
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ACAATCAGAAGTTCAAGGACAAGGCAACAATTACTGCAGACGAATCCACCAATACAGCC~ 
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ACATGGAACTGAGCAGCCTGAGATCTGAGGACACCGCAGTCTATTACTGTGCAAGAGGGG 
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J 7C 380 ~90 400 4l0 ~lO 

GGG~GCTCT~TGACTACTGGGGCCAAGGAACCC'TGGTCACAGTCTCCTCAGGTGAGTCCT 
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? T ! T C S A S S S I S Y M H W Y Q Q K 

190 200 210 220 2JO 2~0 
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FIGURE 5 

HES 12 AGCTTCTAGATGGGATGGAGCTGGATC1TI'C1'CTTCCTCCTGTCAGGTACCGCGGGCGTG 
CACTCTCAGGTCCAGcrTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTCGAGCGTG 
AAGGTC 

P.ES13 CCCAGTCGA~GGATTAATATATCCAATCCATTCCAGACCCTGTCCAGGGGCCTGCC~TAC 

CCAGTGCATCCTGTAGCTAGTAAAGCTGTAGCCAGAAGCCTTGCAGGAGACCTTCACG~i 

CGAGCCAGG 

HESl~ TATATTAATCCGTCGACT~GGTATACTGAATACAATCAGAAGTTCA.AGGACAAGGC>..ACA 

ATTACTGCAGACGAATCCACCAATACAGCCTACATGGA.ACTGnGCAGCCTGAGATCTGAG 
GACA 

H~SlS ATATCGTCTAGAGGTTTTAAGGACTCACCTGAGGAGACTGTGACCAGGGTTCCTTGGCCC 
CAGTAGTCAA.AGACCCCCCCCCCTCTTGCACAGTAATAGACTGCGGTGTCCTCAGATC7C 
AGGCTGCT 

H£512 H~Sl~ 

-------------------~ -------------------~ 
f------------~----- ~------------------

HES 13 P.~515 
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F:iGURE 6 

JfDl CAAATCTAGATGGAGACtGATACCCTCCTGCTATGGGTCCTCCTGCTn TGGGTCCCAGGA 
TCAACCGGAGATATTCAGATGACCC~GTCTCCATCTACCCTCTCTGCTAGCGTCGGGGAT 

JFD2 ATA.AATTAGIV.GCTTGGGAGCTTTGCCTGGCTTCTGCTGGTACCP.~TGCATGTAACTTA~ 

ACTTGA~CTGGCAGAGCAGGTTATGGTGACCCTATCCCCGA~GCTAGCAGAGA~ 

Jf03 GCTCCCAAGCTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGCT7C 
AG1'GGCAGTGG;..TCTGGGACCGAGTTCACCCTCACAA7CAGCTCTCTGCAGCCAGATGA"!" 
TIC 

JFD~ Th~ATCTAG.vv\,\GTGTACTTACGTTTGACCTCCACCTTGG7CCCCTG;,.ccGA>.CGTGAG 

TGGGT;J..GTACTCCTT7GATGGCAGT1\ATAAGTGGCGAAATCATCTGGCTGC;,.c;,.c ;,.cc7 
GA 
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DESIGNI NG IMPROVED HtIMl\NlZED !!111UNQCl.P8ULINS 

C~OSS -REFERENCE TO R~LAT~O ~PPL~CATION 

T~is is a continuation-in- part application of 

commonly assigned patent application U.S.S.~- 290,975, filed 

Decembe r 28, 1988, which is incorporated herein by reference . 

~ield of ~r.e Inve~tion 

T~e ~resent invention relates generally to t~e 

combination of recombinant DNA and monoclonal antibocy 

technologies f~r developing novel therapeutic agents ~~e. 

core particularly, to the production of ~on-immunogenic 

antibodies having strong affinity for a predetermined 

antigen . 

9ackcround of ~~e Inv~ntion 

T~e advent of monoclonal a ntibody technology in tha 

cid l970 ' s he~alded a new age of medici~e. For ~~e fi=s~ 

time , researchers and clinicians had access to essentially 

unliraited quantities of unifor.n antibodies capable of binding 

to a predet.e:-;nined ant.igeni= sit.'? and having various 

immunological effector !unctions . These proteins, kncwn as 

''cionoclonal antibodies'' were thought to hold great promise 

in, ~. the removal of hannful cells in vivo. Inceec , t~e 

clinical value of monoclonal antibodies seemed li~i~~.ass for 

thi.s use alone. 

Unfortu~ately, the development of appropriate 

therapeutic p~oducts based on these proteins has been 

severely hampered by a number of drawbacY.s inherent i~ 

monoclonal antibcdy production. For example, mos~ ~onocloncl 

antibodies are mouse derived, and thus do no~ fix hu~an 

complement ~ell. They also lack other important 

ir.~unoglobulin functional characteristics when used in 

humans. 

Perhaps most importantly, non-human oonoclonal 

antibodies contain substant~al stretches of amino acid 

s.aquences that will be irrunu :1ogenic "lhen injected into a hu:!lan 
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patient . Numerous studies have shown tha~ after injection of 

a foreign antibody, the immune response mounted by a patient 

can be quite strong, essentially eliminating the antibody's 

therapeutic utility after an initial treatment. Moreover, as 

increasing numbers of different mouse or other antigenic (to 

5 humans) monoclo~al antibodies can be expected to developed ~o 

treat various diseases, after the first or second treatments 

~ith any non-h~man antibodies, subsequent treatments, even 

for unrelated therapies, can be ineff'ective or even dan·gerous 

in themselves. 
10 

20 

25 

30 

35 

While the production of so called "chimeric 

antibodies" (!L:..Q..._, mouse ·.1ariable regions joined to human 

constant regions) has proven somewhat successful, a 

significant immunogenicity problem remains. Moreover, 

efforts to immortalize human a-cells or generate human 

hybridomas capable of producing human immunoglobulins agai~s~ 

a desired antigen have been generally unsuccessful, 

particularly with many important human antigens. ~ost 

recentty, recor..binant DNA technology has been utilized to 

produce immunoglobul iris which have human framework regions 

combined with complementarity determining re~ions (CDR ' s) 

from a donor mouse or rat irnrnunoglobulin (see, ~. EPO 

Publication No. 0239400, which is incorporated herein by 

reference). These new proteins are called "humanized 

immunoglobulins" and the process by which the donor 

immunoglobulin is converted into a human-l ike ir.ununoglobulin 

by combining its CDR's with a human framework is called 

~humanization". Humanized antibodies are impor~ant because 

they ~ind to the same antigen as the original ant~bodt~s , ~u: 

are less immunogenic when injected into humans . 

However, a major problem with present humanization 

procedures has been a loss of affinity for the antigen, 

usually by at least 2 to J-fold (Tones et al., Nature, 

ll.1:522-525 (1986)) and in some instances as much as 10-fold 

or more , especially when the antigen is a protein (Verhoeyen 

et al., Science, 239:1534 - 1536 (1988)). Loss of any affinity 

is, of cour se, highly undesirable. At t he least, it means 

that more of the human ized antibody will have to be injected 
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into the patient, at higher cost and greater risk of adverse 

effects. Even QOre critically, an antibody with reduced 

affinity may have poorer biological functions, such as 

complement lysis, antibody-dependent cellular cytotoxicity, 

or virus neutralization. For example, the loss of affinity 

5 in the partially humanized antibocy HuVHCAMP may have caused 

it to· lose ail ability to mediate complement lysis (see, 

Riechmann et al. , ~ature, ~:323-327 (1988); Table 1). 

Thus, there is a need for improved means for 

producing humanized antibodies specifically reactive with 

10 s~ong affinity to a predetermined antigen. These humanized 

immunoglobulins should remain substantially non-immunogenic 

in· humans, yet be easily and economically produced in a 

manner suitable for therapeutic formulation and other uses. 

The present invention fulfills these and other needs . 

• 15 

• 

Summarv of. the rnvention 

The present invention provides novel methods for 

designing humanized immunoglobulin chains having one or :nore 

complementarity determining regions (CDR's) from a do~or 

20 immunoglobulin and a framework region from a human 

immunoglobulin, the preferred methods comprising first 

comparing the framework or variable region amino acid 

sequence of the donor immunoglobulin to corresponding 

25 

30 

35 

sequences in a collection of hu~an immunoglobulin chains, a~d 

selecting as the human irnmunoglobulin one of the more 

homologous, sequences. tram the collection. The human 

illll!lunoglobulin. or acceptor imrnunoglobulin, sequence is 

typically selected from a collection of at least 10 to 20 

im.muno~lobulin chain sequences, and usually will have the 

highest homology to the donor imrnunoglobulin sequence of any 

sequence in the collection. The hu~an immunoglobulin ~ 

framework sequence will typically have about 65 to 70% 

homology or more to the donor immunoglobul.in frameworl< 

sequences . The donor immunoglobulin may be either a heavy 

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

contain the same kind of chain. A humanized light and heavy 

chain can be used to form a complete humanized immunoglobul i n 
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or antibody, having two light/heavy chain pairs, with or 

without partial or full-length human constant regions and 

othe~ proteins . 

I~ another embodiment of the present invention, 

either in conju~ction with the above comparison step or 

5 se~arately, additional amino acids in an acceptor 

immunoglobulin chain may be replaced with amino acids forr.i 

t~e CDR-donor im.~unoglobulin chain. Hore specifically, 

further optional substitutions of a human framework amino 

acid of the acCe?~or im.~unoglobulin with a corresponding 

10 amino acid from a donor inununoglobulin will be made at 

positions in the irnrnunoglobulins where: 

1 5 

20 

25 

30 

35 

(a) t~e amino acid in the human framework region 

of an acceptor iwmunoglobulin is rare for that position and 

the cor~esponding amino acid in the donor imrnunoglobulin is 

common for that position in human immunoglobulin se~ences; 

or 

(b) the amino acid is immediately adjacent to or.e 

~f the CDR's; or 

(c) the amino acid is predieted to be within ace~~ 

JA of t~1e CDR's in a three-dimensional irn.r:1unoglobulin model 

and capable of i~teracting with the antigen or with the CDR's 

of ~he humanized inununoglobulin. 

The hu~anized imrnunoglobulin chain will typically 

comprise at least about 3 amino acids from the donor 

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

of which is immediate ly adjacent to a CDR in the donor 

immunogl obulin. The heavy and light chair.s may each be 

designed by using any one or all three of the position 

criteria. 

When combined into an intact antibody, the 

humanized light and heavy chains of the present invention 

will be substantially non-immunogenic in humans and retain 

substantially the same affinity as the donor immunoglobulin 

to the antigen {such as a protein or other compound 

containing an epitope). These affinity levels can vary from 

about io8 M-l or higher, and may be within about 4 fold of 

the donor immunoglobulin ' s orig~nal affinity to the antigen. 
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Once designed, the immunoglobulins, includin? 

binding f-::-agments and other immunoglob11l in forms , of the 

present invention may be produced readily by a variety of 

zecombinant DNA or other techniques. Preferably, 

polynucleotides encoding the ~esired amino acid sequences are 

produced synthetically or by joining appropriate nucleic acid 

sequences for expression in a suitable host (~, cell 

culture). The humanized immunoglobulins will be particularly 

useful in treating human disorders susceptible to monoclonal 

antibody therapy, but find a variety of other. uses as well. 

BRIEF DESCRI~TION OF THE FIGURES 

Figu~e l. Comparison of sequences of anti-Tac 

heavy chain {upper lines) and Eu heavy chain (lower lines). 

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

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

acids in the t1,10 sequences are connected by lines. The 3 

COR's are underlined. Other amino acid positions for which 

the anti-Tac amino acid rather than the Eu amino acid was 

used in th~ hu~anized anti-Tac heavy chain are denoted by 

an • 

Figu=e 2 . Comparison of sequences of ant i -Tac 

light chain (upper lines) and Eu light chain (lower li~es). 

The single-letter code for amino acids is used. The f i =st 

amino acid on each line is numbered at the left . Identicci 

amino acids in the two sequences are connected by li~es. The 

J CDR's are uncerlined. Other amino acid positions for which 

the anti-Tac amino acid rather than the Eu amino acid was 

used in the humanized anti-Tac heavy chain are de~oted by 

an. *·· 

Figure 3. Nucleotide sequence of the gene for the 

humanized anti-Tac heavy chain variable region gene. The 

transla~ed ~mine aeid sequence for the part of the gene 

encoding protein is shown underneath the nucleotide sequence . 

The nucleotides TC'!'AGA at the beginning and end of the gene 

are Xba I sites. The mature heavy chain sequence begins ~ith 

amino acid #20 Q. 
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Figure 4. Nucleotide sequence of the gene for the 

humanized anti-Tac light chain variable region gene . The 

translated amino acid sequence for the part of the gene 

encoding protein is shown underneath the nucleotide sequence·. 

The nucleotides TCTAGA at the beginning and end of the gene 

are Xba I sites. The mature light chain sequence begins with 
• 

amino acid #21 D. 

Figure 5. A. Sequences of the four 

oligonucleotides used to synthesize the humanized anti-Tac 

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

of the oligonucleotides. The arrows point in the J' 

direction for each oligonucleotide. 

Figure 6. (A) Sequences of the four 

oligonucleotides used to synthesize the humanized anti-Tac 

light chain gene, printed 5 1 to 3 1
• (B) Relative positions 

of the oligonucleotides. The arrows point in the 3 1 

direction for each oligonucleotide. The position of a Hind 

III site in the overlap of JFD2 and JFD3 is shown. 

Figure 7. Schematic diagram of the plasmid 

pHuGTA'Cl used to express the humanized anti-Tac heavy chain. 

Relevant restriction sites are shown~ and coding regions of 

the heavy chain are displayed as boxes. The direction of 

transcription from the immunoglobulin (Ig) promoter is shown 

by an arrow. EH = heavy chain enhancer, Hyg = hygromycin 

resistance gene. 

Figure 8. Schematic diagram of the plasmid pHuLTAC 

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

restriction sites are shown, and coding regions of the light 

chain are displayed as boxes. The direction of transcription 

from the Ig promoter -· is shown by an arrow. 

Figure 9. Fluorocytometry of HUT-102 t:1nd Jurkat 

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

antibody followed respectively by fluorescein-conjugated goot 

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 . 

• 
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Figure 10. (A) Fluorocytometry of HUT-102 cells 

stained with 0-40 ng of anti-Tac as indicated, then with 

biotinylated anti-Tac, and then with phycoerythrin-conjugated 

avidin. (8) Fluorocytometry of HUT-102 cells stained with 

the indicated antibody, then with biotinylated anti-Tac, and 

5 then with phycoerythrin-conjugated avidin. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, novel 

means of designing humanized irnmunoglobulins capable of 

IO specifically binding to a predetermined antigen with strong 

af~.inity are provided. These improved methods produce·- - -
-

immunoglobulins that are substantially non-imrnunogenic in 

humans but have binding affinities of at least about io8 M-1 , 

preferably io9 M-l to 1010 M- 1 , or stronger. The humanized 

LS immunoglobulins will have a human framework and have one or 

more complementary determining regions (CDR's), plus a 

limited number of other amino acids, .from a donor 

immunoglobulin specifically reactive with an antigen. The 

immunog1obulins can be produced economically in large , 
ZO quantities and find use, for example, in the treatment of 

various human disorders by a variety of techniques. 

In order that the invention may be more completely 

understood, several definitions are set forth. As used 

here-in, t:he term "immunoglobulin" refers to a protein having 

ZS ane er more polypeptides substantially encoded by 
immunoglobulin genes. The recognized immunoglobulin genes 

include the kappa, lambda, alpha, gamma, delta, epsilon and 

mu constant region genes, as well as the myriad 

30· 

35 

ilnmunoglobulin variable region genes. Full-length 

immunoglobulin "light chains" (about 25 Kd, about 211\ amino 

acids)' are encoded by a variable region gene at the 

NH2-terminus (about 110 amino acids) and a kappa or lambda 

canst~nt region gene at the COOH - terminus. Full-length 

immunoglobulin "heavy chains" (about 50 Kd, about 446 amino 

acids)., are similarly encoded by a variable region gene 

(encoding about 116 amino acids) and one of the other 
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aforementioned constant region genes, ~, gamma (encoding 
about 330 amino acids). 

One form of immunoglobulin constitutes the basic 

structural unit of an antibody. This form is a tetrarner and 

consists of two identical pairs of immunoglobulin chains, 

each pair having one light and one heavy chain. In each 

pair, the light and heavy chain variable regions are together 

responsible for binding- to an antigen, and the constant 

regions are responsible for the antibody effector functions . 

In addition to antibodies, imrnunoglobulins may exist in a 
variety of o.ther forms (including less than full - leng.th that 

retain the desired activities), including, for example, Fv, 

Fab, and F(ab')2, as well as single chain antibodies (~ .• 

Huston et al., Proc. Nat. Acad. Sci . U.S.A., 85:5879-5883 

(1988) and Bird et al., Science, 242:423-426 (1988), which 

15 are incorporated herein by reference). (See, ·generally, Hood 

et~, "Immunology", Benjamin, N . Y., 2nd ed. (1984), and 

Hunkapiller and Hood, Nature, 323:15-16 (1986), which are 

incorporated herein by reference). 

An immunoglobulin light or heavy chain variable 

region consists of a "framework" region interrupted by three 

hypervariable regions, also called CDR's. The extent of the 

framework region and CDR's have been precisely defined (see, 

"Sequences of Proteins of Immunological Interest , " E. Kabat 

et al., U.S. Department of Health and Human Services, (19BJ): 

25 which is incorporated herein by reference) . The sequences o f 

30 

35 

the framework regions of different light or heavy chains are 

relatively conserved within a species. The framework region 

of an antibody , that is the combined framework· regions of the 

constituent light and heavy chains, serves to position and 
align the COR's. The CDR's are primarily responsible for 

binding to an epitope of an antigen. 

Chimeric antibodies are antibodies whose light and 

heavy chain genes have been constructed, typically by geneti ~ 

engineering, from immunoglobulin variable and constant region 

genes belonging to different species . For example, the 

variable segments of the genes from a mouse monoclonal 
antibody may be joined to human constant segments, such as 
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~:?.::t.0ta l a:ici gai.i;;ia 3. A cypical t!1•:?::-apeutic chimeric ant.::;c.~y 

is c~us a hy~::-id prccein composed of the variable or 

2n:igen-binding domain from a mouse antibody and the consca~~ 

c= effec~or c:!cmain from a huir.an an·tibody (~, A.'!'. C. C. 

Ac::ession ~o. CRL 9688 sec=etes an anti-Tac chimeric 

=.,.~:ibady), al~~ough other ma~~alian ~pecies may b~ used. 

As :.1sed herein, t :1e term "humanized" irnmunoglcbuli:-: 

r efers ta an i;;ununoglobulin comprising a subsc~ntia1ly hu~an 

f =amework re~ion and one or more CDR ' s from a non-human 

(usually a mouse or rat) immunoglobulin. The non-human 

10 ir.u:runoc;lobulin providing the CDR's is called the "donor" and 

~ human im~uno~lobulin providing the framework is called t~e 

za. 

ZS 

30 

35 

.. a::cepcor". Constant regions neect not be present, but: if 

ti?ey are, they ~ust. be substantially homologous to hu~an 

i:ttl:tunoglobulin c~nstant regions, i.e., at least about 85-90% , 

?~eferably abou~ 95% o~ more ide~tical. P.ence, all ra!"~s c: 
a humanized iwrnunoglobulin, except possibly the CDR's, a!"e 

s~~stantially ho~ol0gous to corresponding par~s of natural 

h:.!Inan iir.munoglobulin sequence:::;. A. "humanized antibody" is a;-; 

a~ti~ady comprising a humanized light chain and a huwanized 

heavy chain in.~unoglobulin . 7cr example, a hu~anized 

an~ibody would not enco~pass a typical chimeric antibody as 

c:iefined above, ~' because the e~ntire variable !"P.gior. of a 

c~imeric antibody is non-human. One says that the donor 

antibody has bee~ "humanized", by the process of 

"tlwnanization" , because the rest:lt:ant humanized an~i!:iody is 

~?ected to bind to the same antigen as the donor anti~u~y 

t.~at provides the COR's. 

Hurnanized i:nmunoglobul ins, including hurna·ni zed 

antibodies, have been constructed by means of genetic 

engineering. Most h~manized inununoglobulins that have been 

previously descr i:ied (Jones et al._, Q.Q . cit.: Verhaeyen et 

?.l. ,. Q.E· cit.; Riechmann il al., £U2· cit.) ha•1e c~m::>rised a 

f:amework tha t is identical to thE~ framework of a pa!"ticul:!" 

human immunoglobulin chain, tha acce~tor, and three CDR's 

from a non-human donor il!lJ!lunoglobulin chain. In one case 

(Riechmann et al . , Q.Q . cit.), two additional amino acids in 

the f~amework were changed to be the same ·as amino acids in 
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other human f~amework ~egions. The present inven~ion 

includes c=::e=ia by which a limited nuraber of amino acics -·· 

:he fra~~work of a humanized i::ununoglobulin chain are chosen 

to be the same as the amino acids at those positions in the 

donor rather than in the acceptor, in order to increase the 

5 affinity of an antibody comprising the humanized 

i1UJT1unoglobulin cnain. 

!.O 

15 

20 

25 

30 

JS 

The present invention is based in part on the mode~ 

that t~o con:ri~u:ing causes of the loss of affinity in pric= 

means of producir.g hu~anized antibodies (using as examples 

mouse anti~odies as the source of COR's) are: 

(l) ~hen the mouse CDR's are combined ~ith the 

hurnan frane~ork, the amino acids in the framework close to 

the COR 's becorae human instead of mouse. Without in~ending 

~o be bound hy :~eory, we believe that these changed amino 

acics may slightly distort the COR's, because they crea:e 

different elec:rostatic or hydrophobic forces than in :h~ 

done= mouse anti~ody, and the distorted COR's ~ay ~ct ~a~e as 

effec:ive con:acts with the antige~ as the CDR's did in :he 

donor ?ntibody~ 

(2) Also, amino acids in the original mouse 

antibody t~at are close to, but not part of, the COR's (i.a . 1 

still par: of the framewor k), may make contacts ·.:ith the 

antigen that contribute to affinity. 
,,.. . . . 
~~ese amlno aclcs are 

lost when t~e antibody is humanized, because all f~a~e~o=k 

amino acids are ~ade human. 

To avoid these problems, and to produce h~na~~zed 

antibodies that have a very strong affinity fo~ a des i =ed 

antigen, the present invention uses the followi~g four 

criteria for designing humanized imrnunoglobulins . These 

criteria may be used singly, or when necessary in 

combination, to achieve the desired affinity or other 

cha=acte~istics. 

Criterion I: As acceptor, use a framework from a particula= 

human immunoglobulin that is unusually homologous to t~e 

donor itrullunoglobulin to be humanized, or use a consensus 

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

variable region against human heavy \or ligh~) variable 

regions in a ca~a bank (for ~xample, the National Bicmedic~l 

Research Foundation Protein Identi!ication Resour~e) shows 

~hat the ex~ent of homology to different human regions varies 

greatly, typically from about 40~ to about 60-70\. By 

choosing as the acceptor inununoglobulin one of the hu~an 

heavy (respec~ively light) chain variable regions that :s 

~o~t homologous to the heavy (respec~i~ely light) chain 

variable region of the donor immunoglobulin, fewer amino 

acids will be changed in going from the donor ir.ununoglobuli~ 

to the humanized immunoglobulin. Hence, and again wi~hout 

intending to be bound by theory, it is believed t~at there is 

a smaller chance of changing an amino acid near the CDR's 

that distorts thei= conformation. Moreover, the precise 

overall shape of a humanized antibody comprising the 

humanized irnrnunoglobulin chain may more closely ::-e·se:n.ble i:!:e 

s hape cf the donor a ntibody , also reducing the chanc~ of 

cisi:orting the CDR's. 

Typically, one of the 3-5 most homologous heavy 

chain variable region sequences in a represeni:ative 

collection of at least about 10 to 20 distinct human heavy 

chains will ~e chosen as acceptor to provide the heavy cha in 

framework, and similarly for the light chain. Preferably, 

o ne of the 1-3 most homologous variable regions will be used. 

The selected acceptor i:nrnunoglobulin chain wtll most 

preferably have at least about 65% homology in the framework 

region to the don0r immunoglobulin. 

Regardless of how' the acceptor irnmunoglobulin is 

chosen, higher affinity may be achieved by selecting a s~al l 

~umber of amino acids in the framework of the humanized 

inununoglobulin chain to be the same as the amino acids at 

those posi~ions in the donor rather than in the acceptor. 

The following criteria define what amino acids may be so 

selected. Preferably, at most or all amino acid positions 

satisfying one of these criteria, the donor amino acid will 

i n fact be selected. 

- ~-·- · · · · · ·- · ··- · --·· .. ~·-::···-··· .... '?"",,.. • ..,,._,.~-·~·.··--·- · · -· ·-···· · .. 
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If an a~ino acid in t~e framework of the hu~~n 

acce~tor i;:;r.1unoglobu!in ls unusual ( i.e., "rare", wh!ch a~ 

~sed herein incica~es an amino acid occurring at chat 

position in no more than about 10% of human heavy 

C=espect~vel~ lig~t) chain V =egion sequences in a 

representative data bank), and if t~e donor amino aci= at 

~hat position is typical for human sequences (i.e., "cornr.tor." 1 

which as used herein indicates an amino acid occurring in a~ 

l'eas t : about 25\ cf sequence~ in a representative data bank), 

then the donor amino acid rather than the acceptor may be 

selected. This criterion helps ens~re that an atypical amir.o 

acid in the hu~an fra~ework does not disrupt the antibody 

structure:. .Moreover, by replacirag an unusual amino aci= wi~~ 

an amino acid from the donor antibocy t~at happens to be 

typical fa= hu~an antibodies, the humanized antibody ~ay be 

made less ir.\munogenic. 

Criterion I~I: In the positions immediately adjacent to the 

3 CDR's in ~~e ~cmanized immu~oglobulin chain, the donor 

ami~a acid rather than acceptor amino acid may be selec~ed. 

These amino acics are particularly likely to interact with 

~he amino acids in the CDR ' s and, if chosen from the 

acceptor, distort the donor CDR ' s and reduce affinity. 

Moreover. tne adjacent amino acids may interact directly wi~~ 

~he antiger. (A..~it et al., Science, 233, 747-753 (1986), whic~ 

is incorporated herein by reference} and selecting t~esc 

amino acids from the donor ~ay be desirable to ke2p all the 

antigen c ontacts ~hat ?rovide a:finity in the original 

antibody. 

Criterion IV: A 3-dimensional model, typically of the 

original donor antibody, shows that certain amino acids 

outside of t.~e COR's are close to the COR 1 s and have a good 

probability of i~teracting with amino acids in the CDR's by 

hydrogen bonding, Van der Waals forces, hydrophobic 

interactions, etc. At those amino acid positions, the dono~ 

amino acid rather than the acceptor immunoglobulin amino ac.:.d 

may be selec~ed. A.~ino acids according to this criterion wil! 
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generally have a side chain atom within about 3 angstrom 

units of so~e site in the CDR's and must contain atoms that 

could interact with the CDR atoms according to established 

chemical forces, such as those listec above . Co~puter 

p~og=ams to c~eate models of proteins such as antibodies are 

ge~erally available and well known to these skilled in the 

a~t (~, Loew~ al., Int. J. Qua~t. Chem., Qea~t. 9iol. 

Sv';'ilc., 1.5:55- 66 (1988); Br~ccoleri et a!., Nat~re, 335, 

564-568- (1958); Chothia et al., Scie!1ce, 233:755-758 (1986). 

all of ··•hich are incorporated herein by reference) . These C.;) 

not form part of the invention. Indeed', · becaus~ all 

ant~~odies have similar structures, ~he known ar.~ibody 

st.!:"uc::ures, •hich are available from the Brookl1aven Protein 

Da~a Ba~k . can be used if necessary as rough models of othe= 

antibodies. Commercially available co~puter programs can =e 

used to display these models on a computer monitor, to 

calculate the dis~ance between atoms, and ~o es~imate tha 

likelihood of di::erent amino acids interacting (§.gg, Ferrin 

~. al.,, J . ~01. Graphics, §.:lJ-27 (1988)). 

~c~a~ized antibodies gene~ally have at least three 

potential advantages over mouse or in some cases chimeric 

antibodies fer use in human ther~py: 

1) aecause the effectoi p~rtion is human, it ~ay 

interact bet~er with the other parts of the human immune 

syste~ {~, c2stroy the target cells more efficiently by 

complement- dependent cytotoxicity (C~C) or 

antibody- dependent cellular cytotoxicity (ADCC)) 

2) The human immune systew. should not recoy~~ze 

t.he f:::amewo rk or constant region ::::f the humanized antibody :o.s 

foreign, and therefore the antibody response against such a~ 

injected antibody should be less than against a totally 

foreign ~ouse 2n~ib~dy or a partially foreign c~im~ric 

antibody. 

J) Injected ~ouse 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., ~ 

!nununol., 11.§,: 4534-4538 (1987)). Injected humanized 

an~ibodies ~ill presumably have a half- life mo~e similar t~ 
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na~~~ally occurring human antibodies, a l l owing smaller and 

less frequer.t coses to be given. 

In one aspect, the present inventiun is directed ~o 

designing humanized immunoglobulins that are produced by 

expressing ~~com.binant ONA segments encoding the heavy 3nd 

light chain CDR's from a donor immunoglobulin capable of 

binding to a desired antigen, such as the human IL-2 

receptor, to DNA segments encoding acceptor human framework 

cegions. Exemplary DNA sequences designed in accordance .,.·ith 

the present invention and, which on expression code for the 

polypeptide chai:-is comprising heavy and light chain CDR's 

with substan~ially h~man framework regions, are shown in 
figures J and 4, respectively. Due to codon degeneracy and 

non-critical amino acid substitutions, ether DNA sequer.ces 

can be ?:"eadily substituted for those sequences, as detai l ec 

below. In general, the criteria of the present invention 

find applicability to designing substantially any humanize~ 

immunoglobulin. 

The DNA segments will typically further include a~ 

expression control DNA sequence operably linked to the 

humanized ir.ununoglobulin coding sequences, including 

naturally-associated or heterologous promoter regions. 

Preferably, the expression control sequences will be 

eukaryotic promoter systems in vectors capable of 

transforming or transfecting eukaryotic host cells, but 

control sequences for prokaryotic hosts may also be ~sed . 

Once the vector has been incorporated into the appro9=ia~e 

host~ the host is maintained unde!"' cond-i tions. s1:1i table for 

high level expression of the nucleotide sequences, and , as 

desired, the collec~ion and purification of th~ hurnar.ized 

light chains, heavy chains, light/heavy chain dimers or 

intact antibodies, binding fragments or other im.rnunoglobulin 

forms may follow (~, s. Beychok, Cells of Immunoglobulin 

Synt~esis, Academic Press, N.Y., (1979), which is 

incorporated herein by reference. 

Human constant region DNA sequences =an be isola~ec 

in accordance with ~ell known procedures from a variety of 

human cells, but preferably immortalized B-cells {see, Kata~ 
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QQ. cit. and WP87/02671). The COR's for producing the 

immunoglobulins of the present invention will be similarly 

derived fro~ monoclonal antibodies capable of binding to t~e 

predete:::.-mined antigen, such as the human IL-2 receptor, and 

?reduced by well known methods in any convenient mammalian 

sou~ce includi~g, mice, rats 1 rabbits, or other verteb4ate 

capable of producing antibodies. Suitable source cells for 

the co~stant region and framework ONA sequences, and host 

cells for immunoglobulin expression and secretion, can be 

cb~ained from a nur.~er of sources, such as the A:merican Type 

Cul~ure Collection ("Catalogue of Cell Lines and Hybridoraas,'' 

Fifth edition (1985) Rockville, Maryland, U . S.A. , which is 

incorporated herein by reference). 

In addition to the humanized immunoglobulins 

specifically described herein, other "substantially 

hcmologous" ~edified immunoglobulins to the native sequences 

can be readily designed and manufactured utilizing various 

recombinant DNA techniques well known to those skilled in ~he 

art. For example, the framework regions can vary 

specifically from the sequences in Figures 3 and 4 at the 
primary structure level by several amino acid substitutions , 

terminal and intermediate additions and deleti0ns 1 and t~e 

like. Moreover, a variety of different human framework 

regions may be used singly or in combination as a basis :er 

the humanized irnmunoglobulins of the present invention. 

general, modifications of the genes may be readily 

accomplished by a variety of well-known techniques, such as 

site- directed mutagenesis (see, Gillman and Smith, Gen~, 

~:Sl-97 (1979) ands. Roberts et al., Nature, 328:731-734 

(1987), both of which are incorporated herein by reference ) . 

Alternatively, polypeptide fragments comprising 

only a portion of the primary antibody structure may be 

produced, which fragments possess one or more irnmunoglobulin 

activities (~, complement fixation activity) . Also 

because like many genes, the immunoglobulin-related genes 

contain separate functional regions , each having one or more 

distinct biological activities, the genes may be fused ~o 

functional regions from other genes (~, enzymes, see, 
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cammcnly assis~ed u.s.s . N. 132,387, filed Dec. 15, 1987, 

which is i~co=porated herein by reference) to produce f~sio~ 

proteins (e.c ., i~~u~otoxins) having novel properties. The 

nucleic acid sequences of the present invention capable of 

ultirna~ely ex~=essi~g the desired hu~anized antibodies ca~ =e 

fcrmed fr~m a variety of dif:erent ~olynucleotides (ger.ooic 

or cDNA, RNA, synt~etic oligonucleotides, etc.) and 

components (!L..£....:.., v, J, D, and C regions), as well as '::;y a 

variety of different techniques. Joining approp=iate ger.onic 

sequences is presently the most com.~on me~hod of procucticn, 

but cDNA sequences may also be utilized (~, E~~opean ?ate~~ 

?Ublication No. 0239400 and L. Reichmann et al., Nature, 

JJ2:32J-J27 (1988), bot~ of ~hich are i~corporatec herei~ =y 

reference). 

As sta~ed previously, the DNA sequences will be 

expressed in hosts after the sequences have been operably 

lin:i<ed. to (i.e., positioned to ensure the functicning c:) a:-: 

exp~ession control sequence. These expression vectors a=e 

~ypically replicable in t~e host organisms either ~s episc~es 

or as an integral part of the hos~ chromosomal DNA. Co~~cnly , 

expression vectors ••ill contain selection markers, ~, 

tet=acycline er neomycin, to pe:...iit detection o: ~~ose cells 

t::-ansformed with the desired DNA se~ences (see, ~ .. U.S. 

Patent 4,704,362, which is incorporated herein by =efere~ce) . 

E. coli is one proka::-yotic host useful pa=tic~l~=~ ! 

for cloning the DNA sequences of the present ir.vention. Oth er 

microbial hosts suitable for use inc!'Jde bacilli, such as 

Bacillus subtilus, and other enterobacteriaceae, such as 

Salmonella, Ser::-atia, and various Pseudomonas species. !~ 

t~ese prokaryotic hosts, one can also make expression 

vectors, which will typically contain expression cont~ol 

sequences compatible with the host cell (~. an origin of 

replication). In addition, any number of a variety of well

known promoters will be present, such as the lactose prc~ote~ 

system, a tryptophan (trp) prcrnoter system, a beta-lac~amase 

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

promoters ~ill typically control expression, cpcior.ally w i ~~ 

an operator seque~ce, and have ribosome binding site 
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se~uences and the like , for initiating and com~leti~g 

t=anscription and translation. 

Other ~icrobes, such as yeast , may also be usec :a= 

expression. Saccharomyces is a preferred host, ~ith sui~a~le 

vectors having expression control sequences, such as 

promoters, including 3-phosphoglycerate kinase or other 

glycolytic enzymes, and an origin of replication , te::lili~a~ion 

sequences and the like as desired. 

In add.i-;ion to mic::oorganisms 1 mammalian tiss:.;.:? 

cell culture may also be used to express and produce the 

polypeptides of the present invent.ion (see, Winnacker, "?row 

Genes to Clones," VCJ; Publishers, N . Y., N.Y. (1987), ;.·hich is 

incorporated herein by reference). Eukaryot.ic cells a=e 

actually preferred, ~ecause a number of suitable host cell 

lines capable of secreting intact irnrnunoglobulins have been 

developed in the art, and include the CEO cell lines, various 

cos cell lines , HeLa cells, myeloma cell lines, etc, but 

preferably transformed B-cells or hybridomas. Exp=essic~ 

vec~ors for these cells can include expression cor.trol 

sec;uences, such as an origin of repl i cation, a promote= , ar. 

e:.hancer (Queen et al., Immunol. Rev., 89 : 49-58 (1986), · .. ·;:1c.-: 

is incorporated herein by reference ) , and necessary 

processing infor.r:ation sites, such as ribosome binding s~~es, 

R.~A splice si~es, polyadenylation si~es, and transcript~~~al 

~erminator sequences. Prefer:-ed expression cont=ol seq~ences 

are promoters derived from immunoglobulin genes , SV40, 

Adenovirus, Bovine Papilloma Vir~s , and the like. 

The vectors containing the DNA segments of i~~e=es~ 

(e. cf., the heavy and light chain encoding sequ'ences and 

expression control sequences) can be transferred into t~e 

host cell by ~ell-known methods, which vary depending en ~r.e 

type of cellular host. For example, calcium chlcride 

~rans!"ection is commonly utilized for prokaryotic cells , 

whereas calcium phosphate treatment or electroporation ~ay be 

used for other cellular hosts. (See, generally, ~aniatis et 

al., ~olecular Cloning: A Laboratory Manual, Cole Spring 

Harbor Press, (1982), which is incorporated herein by 

:-eference.) 
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Once exp=essed, t~e •hole anciooJies, ~heir di~e~s, 

individual lisht and heavy chains, or other im~unoglobulin 

forms of the present invention, can b~ purified according ~o 

standard procecu:e$ of the art, including ammonium s~lfate 

precipitation, af~inity columns, column chromat~graphy, gel 

elec~rophoresis and the like (~, generally, R . Sccpes , 

""Protein Puz:ification", Springer-Verlag, N. Y. ( 1982)). 

Substantially pure immunoglobulins of ac least about 90 to 

95\ homogeneity are preferrt:::d, and 98 to 99% or more 

homogeneity mos~ p=eferred, for phar.naceutical uses. Or.ce 

purified, partially or to homogeneity as desired, th~ 

?olypeptides may then be used therapeutically (including 

extracorporeally) or in developing and perfo~ing assay 

procedures, ir.im~nof:uorescEnt s~ainings, and the like. (See, 

generally, I~rnunolooical ~ethods, Vcls . I and II, Lefkovits 

a1:d Pernis, eds. , Academic Press, Ne1.1 York, N.'i. (1979 and 

l.9 81) ) • 

The antibodies of the present invention will 

typically find use individually in treating substantially any 

disease susceptible ~o monoclonal a~tibody-based thera?Y· In 

particular, the immunoglobulins can be used for passive 

immunization or the removal of unwanted cells or antigens, 

such as by coraple~ent mediated lysis, all without subs~a~t.ial 

immune reac~ions (~, anaphylactic shock) associated ~i~h 

many prior antibodies. For example, where the cell li~kec to 

a disease has been identified as !L-2 ~eceptor bearing, ~~en 

humanized antibodies that bir:d to ~he hu:nan IL-2 recep-:.or a.:-2 

suitable (~, U.S.S.N. 085,707, entitled "Treatir.g ::u::ian 

Malignancies and Disorders, " which is incorpcrated herein by 

reference). :or such a humanized immunoglobulin, typical 

disease states suitable for treatme~t include graft versus 

host disease and ~~ansplant rejection in patients undergoing 

an organ transplant, such as heart, lungs, kidneys, liver, 

etc. Other diseases include autoimr.1ur.e diseases, such as 

Type I diabetes, multiple sclerosis, rheumatoid arthritis, 

systemic lupus erythematosus, and myasthenia gravis. 

The method of producing humanized antibodies of the 

present invention can be used to humanize a variety of donor 
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antibodies, especially monoclonal antibodies reactive #i~h 

~a=ke~s on cells responsible for a disease. For exa;;;p!.e, 

suitable antibodies bind to antigens on T - cells, such as 

those grou~e~ ~nto the so-called ttclusters of 

Different:.ia~::rn," as named by the Fi=st International 

~eu.~ccyte Oif:erentia~ion Workshop, Leukocyte Typing, 5er~a=~ 

~al .. , Eds- , Sp=inger- Verlag, N. Y. (1984), which is 

i.ncor:t;io~ated herein by reference. 

T~e an~i~odies of the present invention con also be 

~sed as sepa=ately administered compositions given in 

conju.<C1:ion ;.· i t!'l chemotherapeutic or i;;tmunosuppress i ve 

agents. Ty?icJlly, the ag~nts vill include cyclosporin A or 

a pu~ine anal~s {!L.£L., methotrexate, 6 - mercaptopurine, er t~e 

like). but nu~er~us additional agents (~. 

cyc!.ophos9ha:.-.i.ce, prednisone, etc.) well-k now-n to those 

ski~led in the a=t may also be utilized. 

A ~=efer=ed pharmaceutical com?OSit1on of t~e 

~resen~ ir.ve~tion com?rises the use of the subject a~tibcciies 

in i=ir:tunot:::xi::-:.s. Immunotoxins are characterized by t~o 

co~~onents . a~ci are particularly useful for killing selected 

cells in vi~ro or in vivo. One component is a cytotcxic 

agent ~hich is usually fatal to a cell when attached er 

absai::!:ied _ The second component, known as the "delivery 

vehicle,tt provicies a raeans for delivering the toxic ase~= ~::: 

a par ticular cell type, such as cells c~mprising a ca=~:~oma . 

The two components are commonly che:nically bonded toge-:'.":.er by 

any of a · variety of well-known chemi~al tJrocedures. ?c:

exampTe, •hen the- cytotoxic agent is a protein and ~:-ie sec:::r.ci 

component is an intact immunoglobulin, the linkage ~ay be by 

• ay. of heterobifunctional cross-linkers, ~, S?DP, 

carbodiiillicie, glutara ldehyde, or the like. Production o f 

various iI:l!llu~ctoxi~s is well - known with the art, and ca~ be 

fauod, fo r exa;n?le in "Monoclonal Antibody-Toxin Conjugates: 

Aiilling the ~agic Bullet," Thorpe et al., Monoclonal 

~ntibodies in Clinical Medicine, Academic ?ress , pp. 16S-~90 

(I~82) , which is incorporated herein by refe~ence. 

A variety of cytotoxic agents are suitable ~or cse 

in immunotoxins- Cytotoxic agents can include rad:o~~clices , 
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s~ch as iodine-131, Yttrium-90 1 Rhenium- 188, a nd Bisrnu~h- 2 1 2; 

a nwuoer of chemotherapeutic drugs, such as vindesine, 

methot~exate, adriamycin, and cisplatirun; and cy~otoxic 

proteins such as ::-ibosomal inhibiting proteins like poKeweec 

antiviral p=~~ein, Pseudomonas exotoxin A, ricin, diph~he= ia 

~oxin. ~ic~n A c~ain, etc ., er an agent active ~t the cell 

surface, such as the ph~spholipase enzymes (!L:..9...:.., 

phospholipase C). (See, generally, commonly assigned 

U.S.S.N. 290,968 (Townsend and Townsend Docket No. lla2J-

7-2) filed in U.S.P.T.O. on December 28, 1988, " Chime::- i c 

Toxins," Ols:-ies and Phil, Pharmac. The::-., 25: 355-381 (1982 ) , 

anc: "Monoclonal Antibodies for Cancer Detect'. ion and Therapy," 

eds. Baldwin and Byers, pp . 159-179, 224-266, Academic ?ress 

(1985), all of which are incorporated h~rein by referer.ce .) 

The celivery component of the immunotoxin will 

incl~de the hc~anized irrununoglobulins of the present 

ir.vention. I~~act immunoglobulins or their binding 

fragments , such as Fab, are preferably used. Typically, the 

antibodies in the immunotoxins will be of the human IgM or 

IgG isotype , buc other mammalian constant regions may be 

utilized as desired . 

For diagnostic purposes, the antibodies may either 

be labeled o r unlabeled. Unlabeled antibodies can ~e used in 

combination with o~~er labeled antibocies ( second anti~od ies } 

that are reac~ive v i th the humani zed antibody , such as a nt 1 -

bodies specific for human immunoglobul in ccnstant regions. 

Alternatively , ~he antibodies can be directly labelea. ~ 

~ide variety of labels may be employed, such as 

radionuclides, fluors, enzymes, enzyme substrates , enzyme co

fac~ors, enzyw.e inhibitors, ligands (particularly hap~ens), 

etc . . Numerous t ypes of imrnunoassays are available and are 

vell known to those skilled in the art. 

The following examples are offered by way of 

illustration, not by limitation. 

~'- I 
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Desic~ cf cenes fo~ humanized light and he?vV chains 

The sequence of the huoan antibody Eu (Sequences of 

Proteins of Ii~~nological Interest, E. Kabat et al., U.~. 

Dept_ of Healt:i aild Human Services, 1983) ..,as used to provice 

the framework of ~he humanized antibody, because the amino 

acid sequence of the heavy chain variable region of anti-Tac 

~s ~ere homologous to the h~avy chain of this antibody ~~an 

to any other complete heavy chain variable region sequence i~ 

the NationaL Bio~edical Foundation Protein Identification 

r.a· Re:: source -

~~ select the sequence of the humanized heavy 

chain, the anti-Tac heavy chain sequence (§.g,g, commonly 

assigned U.S . S.N.'s 186,862 and 223, 037, ~hich are 

i~corporated ~e~ein by reference) ~as aligned ..,ith the 

15 sequence of the Eu heavy chain (Figure 1). At eac~ 

~asition, the Eu amino acid was selected for the humanized 

sequence, unless that position fell in any one of the 

following categories, in which case the anti-Tac amino acid 

~as- sel.ected: 
zo 

25 

35 

(l} The position fell within a complementari~y 

determining region (C~R), as defined by Kabat, et al~ , oo. 

cit_. (amino acids Jl-JS, 50-66, 99-106); 

(2) The Eu amino acid w~s rare for hunan heavy 

chains at that position, whereas the anti-Tac amino ac~d ~as 

common for human heavy chains at thn~ position (amino acics 

2.7. 93, 95, 98 , 107-109, 111) i 

(J) The position was immediately adjacent ~o a CD~ 

in the amino acid sequence of the anti-Tac heavy chain (a~i~o 

acids. 30 and 67) : or 

(4) J-dimensional modeling of the anti-Tac 

antibody suggested that the amino acid was physically close 

to the antigen binding region (amino acids 48 and 68). 

Amino acid #27 is listed in category (4) because the acceptor 

Eu amino acid Gly is rare, and the donor anti-Tac amino acid 

Tyr is chemically similar to the amino acid Phe, which is 

common, but the substitution was actually made because i27 
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also fell in category (4). Although some amino acids ~ell in 

~ore than one of these categories, :hey are only listed in 

one. Categories (2) - (4) cor~espond to c=i:e=ia (2) - (4) 

described above. 

To select the sequence of the humanized li~ht 

chain, the anti-Tac light chain sequence was aligned ~i:h the 

se91ence of the E~ light chain (Figu=e 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) COR's (amino acids 24-34, 50-56, ~9-97); 

( 2) Anti-Tac amino acid more. typical than Eu 

(amino acids 48 and 63); 

(J) Adjacent to CDR's (no a~ino acids; Eu and 

anti-Tac were already the sawe at all ~hese positions); or 

(4)Possible J-dimensior.al proximity to binding 

4egion (amino acid 60). 

The actual nucleotide sequence of the heavy 

c=igure 3) and light chain (Figure 4) genes were selec:ed as 

follows: 

(1) The nucleotide sequances code for the amino 

acid sequences chosen as described above; 

( 2) S' of these codi:ig sequences, the nucleot.ice 

sequences code for a leader (signal) sequence:, namely -.:he 

leader of the light chain of the antibody ~OPC 63 ar:c! ~he 

leader of the heavy chain of the an~ibody PCH 108A (Ka~ac et 

al., oo . cit.). These leade~ sequences ~e~e c~osen as 

typical of antibodies; 

(J) J' of -.:he coding seqt.:ences, the n~cleo-.::ide 

sequences are the sequences that follow ~he mouse light. c~ai~ 

JS segment and the mouse heavy chain J2 segment., •hich are 

part of the anti-Tac sequences. These sequences are incl~de~ 

because they contain splice donor signals; and 

(4) At each end of the seGuence is an Xba I site 

to allow cutting at the Xba I sites and cloni~g into the X~a 

I site of a vector. 
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Const"~cticn of humanized light ar.d heavv che in crenes 

To synthesize the heavy chain, four 

oligonucleotides HES12, HESlJ, HES14, HES15 (Figure SA) ~ere 

synthesized using an Applied Biosys:ems JSOB DNA synthesizer. 

T"wo of the oligonucleotides are JPart of each st:r-and of the 

heavy chain, and each oligonucle•otide overlaps the nex: cne 

by about 20 nucleotides to allow annealing (Figure SB). 

Together, the oligonucleotides cover the ~ntire humanized 

heavy chain variable region (Figure 3) 1Jith a fe\J exc:r-·a 

nucleotides at each end to allow cutting at the Xba I sites. 

The oligonucleotides were purified from polyacrylamide gels. 

Each cligonucleotide \Jas phosphorylated using ATP 

and T4 polynucleotide kinase by standard prccedures (see, 

Maniatis, oc . cit.). To anneal the ?hosphuryl~ted 

oligonuclec:ides, they 1Jere suspended together in 40 ~l of TA 

(33 mM Tris acetate, pR 7.9, 66 mM pota~siun acetate, 10 ~~ 

magnesium acetate ) at a concentration of about J.75 L:.!'! each , 

heated to 95 deg for 4 min. and cooled slowly to 4 deg. To 

synthesize the ~ornplete gene from the oligonucleotides ~y 

synthesizing the opposite strand of each oli;onucleo~ide 

(Figure Sa), the following componencs we::-e added in . a ~inal 

volume of lOOul: 

10 ul 

0.1-6 mM each 

0 . 5 ra.'i 

0.5 mM 

100 ug/ml 

3 • 5· uc;/rn 1 

25 ug/ml 

25 ug/ rnl 

annealed oligonucleoti~es 

deoxyribonucleotide 

ATP 

DT'!' 

9SA 

T4 g4 J protein (ON~ ?olyme::-ase') 

T4 g44/62 protein (polymerase 

accessory protei~i 

45 protein (polymerase accessory 

protein) 

The mixture was incubated at 37 deg for JO rain. 

Then 10 u of T4 ONA ligase was added and incubation at 37 cie~ 

resumed for JO min. The polymerase and ligase ~ere 

inactivated by inc~bation of the reaction at 70 de~ 
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15 ~in. To digest the gene with Xba I, to the reaction was 

added 50 ul of 2x TA containing BSA at 200 ug/~l and OTT at l 

r.tM, 43 ul of •ater , and 50 u of Xba I in 5 ul. The reaction 

was incubated for J hr at 37 deg, and run on~ gel . T~e 4Jl 

~p Xba I fragment was purified from a gel and cloned into the 

Xba I site of the plasmid pUC19 by standard methods. Four 

plas~id isolates ~ere purified and sequenced using the 

diceoxy method. one a:· these had the correc~ sequence 

(Figure J). 

To synthesize the light ~hain, four 

oligonucleotices JFDl, JfD2, JFDJ, JF04 (Figure 6A) ~ere 

syr.thesized. Tt.Jo of the oligonucleotides are ?art of each 

strand of ~~e light chain, and each oligonucleotide overlaps 

the next one ~y about 20 nucleotides to allow annealing 

{Figure 6B). Together, the·oligonucleotides cover t~e entire 

humanized li;ht chain variable region {Figure ~) wit~ a few 

ext=a nuclec~ides at each end to allow cutting at the Xba I 

sites. The oligonucleotides were purified from 

polyacryla~ice gels. 

The light chain gene was synthesized f=om t~ese 

oligonuclectides in two parts . 0.5 ug each of JFDl a~d JFD2 

were combined in 20 ul sequenase buffer (~O mM Tris-nCl, ?H 

7.5, 20 nM ma~nesiurn chlcride, so~~ sodium chlo=ide}, heatec 

at 70 deg fo= J ~in and allowed to cool slowly tc 2J deg in 

order for t~e oligonuc l eotides to anneal. J?DJ and J?D~ we~e 

treated in ~he same way. Each reac~ion was made 10 :rL:~ in DTT 

and 0.5 r.~ in each deoxyribonucl~otide and 6.5 u of sequenase 

(US Bioche~icals} was added, in a final voluille of 24 ul , a~d 

incubated fer 1 hr at 37 deg to synthesize the opposi~e 

st=ands of ~he oligonucleotides. Xba I and Hind III ~e=e 

added to each ~eac~ion to digest the :~~A (there is a nind I I I 

site in ~he =egion where JFD2 and JF03 overlap and t~e=efore 

in each of ~he synthesized DNAs; Figure 6B). The ~eac~ions 

were run on polyac=ylamide gels , and the Xba I - Hind II! 

fragments were purified and cloned into pUClS by standa=d 

methods. Seve=al plasmid isolates for each f:agment were 

sequenced by the dideoxy method, and cor=ect ones chcsen. 
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Construction cf olasmids to express humanized li=ht and heavv 

chains 

The heavy chain Xba I fragment was isolated from 

the pUC19 plasmid in which it had been inserted and then 

inserted into the Xba I site of the vector pV1l ( see , 

s · commonly assigned u . s . s.N . 22J,OJ7) in the correct 

orientation by standard methods , to produce the plas~id 

pHuGTACl (Figure 7) . This plasmid wili express high levels 

of a complete heavy chain when transfected into an 

10 

15 

za 

25 

apprc?riate host cell. 

The two light chain Xba I - Hind III fragments were 

isolated from the pUClS plasmids in which they had been 

inserted. The vector plasmid pV~l (see, commonly assigned 

U. S.S.N. 223,037) was cut with Xba I, dephosphorylated and 

ligated wi~h ~he two fragments by standard methods. T~e 

desired reac~ion product has the circular for.:\: vec~or - x=a 

I - fragmen~ l - Hi~d III - fragment 2 - Xba I - vec~or. 

Sev~ral plasmid isolates were analyzed by restriction ma~~i~g 

and sequencins, and one with this form chosen. This plasmid, 

pHuLTAC (Figu re 8), t~erefore contai~s the complete humanizec 

light chain (?igure ~) and will express high levels o ~ t~e 

light chain ~hen t=ansfected into an appropriate host ce!! . 

svnthesis and affinitv of humanized anti~odv 

The 9lasmid~ pHuGTACl and pHuLTAC were t=2~sfec~ed 

into mouse Sp2/0 cells, and cells that integ=ated t~e 

plasmids were selected on the basis of resistance t o 

mycophenolic acid and/or hygromycin 9 confer=ed by ~~e ;pc 

and hyg genes on the plasmids (Figures 7,S) by standard 

methods. To ve=ify that these cells secreted antibocy tha~ 

binds to the IL-2 receptor, supernatant from t~e cells was 

incubated with h1JT-l02 cells that are kno~n to express the 

IL-2 rece?tor. After WJshing, the cells were incu=aced ~it~ 

fluorescein-conjugated goat anti-human antibody, washed, and 

analyzed for ~luoresccnce on a FACSCAN cytofluorometer. T~e 

results {Fig~re 9A), clearly she~ that the h~manized antibocy 

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 ~a stain these 

cells (Figure 98,C), giving similar results . 

For further experiments, cells producing the 

humanized antibody were injected into mice, and the resultant 

ascites collected. Humanized antibody was purified to 

5 substantial homogeneity from the asci~es ~y passage through 

an affinity colu~n of goat anti-human immunoglobulin 

antibody, prepared on an Affigel-10 support (Bio-Rad 

Laboratories, Inc., Richmond, CA) according to standard 

10 

15 

20 

25 

30 

35 

techryiques. Tc 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 

antibody for 10 min at 4 deg. Then 100 ng of biotinylated 

anti-Tac was added to the cells and incubated for JO rain at ~ 

ceg. This quantity of anti- Tac had previously been 

ceterr.iined to be .sufficient to saturate the binding sites on 

~~e cells , but not to be in large excess. Then the cells 

•ere washed twice with 2 ~l of phosphate buffered saline 

(PBS) contai~ing O.l\ sodium azide. The cells were then 

incubated for 30 min at 4 deg with 250 ng of 

phycoerythri~-conjugated avidin, which bound to the 

biotinylated anti - Tac already bound to the cells. The cells 

•ere •ashed again as above, fixed in PBS containing 1% 

paraformaldehyde, and analyzed for fluorescence on a FACSCAN 

cytofluorometer. 

Use of inc=easing amounts (10 - 40 ng) of the 

an~i-Tac antibody as competitor in the first step decreased 

the amount of biotinylated anti-Tac that could bind to the 

cells in the second step, and therefore the amount of 

phycoerythrin-conjugated avidin that bound in the last step , 

thus decreasing ~luorescence (Figure lOA) . Equivalent 

amounts (20 ng) of anti-Tac, and humanized anti-Tac used as 

cornpetitor decreased the fluorescence to approximately t~e 

same degree (Figure 108). This shows that these antibodies 

have approximately the same affinity, because if one had 

greacer affinity, it would have more effectively competed 
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with the bict.inylated anti-Tac, thus decreasing fluorescer.Ce 

more . 

9iolooical proae!:'ties of the humanized antibodv 

For cptimal use in treatment of human disease, the 

5 humanized antibody should be able to destroy T-cells in t~e 

body that express the IL-2 receptor. One mechanism by ~hich 

antibodies may destroy target cells is antibody- dependent 

cell-mediated cytotoxicity, abbreviated AOCC (Fundamental 

.!.O 

15 

20 

25 

30 

35 

Immunology, Paul, w., Ed., Raven Press, New York (1984), at 

pg. 681), in which the antibody forms a bridge between the 

target cell and an effector cell such as a macrophage that 

can lyse the ta=get. To determine whether the humanized 

antibody and the original mouse anti-Tac antibody can mediate 

AOCC, a chromium release assay was pe=fo:.-med by standa=d 

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 ~e=e 

then i~cubated with an excess o f either anti-Tac or humanized 

anti-Tac antibody . The HUT-102 cells we~e next incuba~ed for 

~ hrs with either a 30:1 or 100:1 ratio of effec~or cells, 

which were nor.;;al purified human peripheral blood monor.uclea~ 

cells that had been activated by incubation fo r about 20 h=s 

with hurnan recombinant IL-2. Rel~ase of 51c~. ~hich 
i ndicated lysis of the target HUT-102 cells , #as measurec a~d 

~he background subtracted (Table 1). The results show ~~at 

at either ratio of effector cells, anti-Tac did not lyse a 

significant number of the target cells (less than 5%), ~r.ile 

the humanized antibody did (more than 20%). Hence, the 

huma~ized antibody is likely to be more efficacious than ~~e 

original mouse antibody in treating T-cell leukemia or o~jer 

T-cell mediated diseases. 
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TABLE 1 

s Percent 51cr release after AOCC 

Effector : Target ratio 

30:1 100:1 

'· 
10 Antibody 

Anti-Tac 4% < 1% 
' 

~- Humanized 24% 2 3\ 

H 
anti - Tac 

~ 

15 

i 

~ 
~ 

20 

,, 
1 ~ 
t ' 
; { 

ll 25 
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Although the present invencion has been desc~~bed 

in some detail by way of illustration and example for 

purposes of clarity and understanding, it ~ill be apparer.t 

that cercain c~anges and modifications may be ?rac~iced 

within the scope of the appended claims. 

660 of 1033 BI Exhibit 1002



I 

.. 

1 
t 
; 
' 

JO 

WE CLAIM : 

1. A method of designing a huma nized 

immunaglobulin (Ig) chain having one or more complementarity 

determining regions (CDR's) from a donor Ig and a frame~ork 

region f rom a human Ig, said method comprising: compari~g 

the framework or variable region amino acid sequence of ~he 

dono r Iq with corresponding sequences in a collection of 

humarr Ig chains; and selecting to provide the human Ig 

framework one of the about three most homologous sequences 

10 from the collection. 

20 

: 5 

30 

35 

2 . A method according to Claim ~, wherein the 

human Iq sequence is selected from a col lect ion of at least 

about ten to t~enty Ig chain sequences. 

J. A method according to Claim 1, wherein t~e 

human rq chain sequence selected has the highest homology in 

t:he c ollection to the donor Ig sequence. 

4. A method according to Claim 1, wherein ~te 

human I g framework sequence selected is at least about 65'6 I 
homologous to the donor Ig framework sequence. 

s.· A method according to Claim l, wherein ~~e 

il!llitunoqlobulin chain is a heavy chain . 

6. k ~ethod according to Claim 1, wherein ~~e 

humanized Ig chain comprises a human constant region. 

7. An immunoglobulin comprising two light/teavy 

chain pairs, wherein at least one chain is designed i~ 

accordance with Claim l . 
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8. A method of designing a humanized 

imrnunoglobulin c~ain having a framework region from a hu~a~ 

acceptor ittununoglobulin and complementarity determinir.g 

=egions (CDR's) from a donor irnmunoglobulin capable of 

~indinq to an antigen, said method comprising the steps ~f 

substituting at least one human framework amino acid of ~~e 

acceptor immunoglobulin with a corresponding amino aci= :~orn 

the donor immunoglobulin at a position in the immunoglobuli~s 

lilh.ere; 

(a} the amino acid in the human framework ~eg:on 

of the acceptor inununoglobulin is rare for said posit~on ar.d 

tile corresponding amino acid in the donor imrnunoglobulin is 

common for said position in human immuno~lobulin se~ue~ces; 

or 

{b} the amino acid is irrunediately adjacent 

of the CDR's; or 

(c) the amino acid is predicted to have a 

c~ain a~om within about 3A of the CDR's in a three

ciimensional i~munoglobuliD model and to be capable of 

interacting wi~h the antigen or with the CDR's of the 

humanized immunoglobulin. 

9. A method according to Claim 8, wherein 

s:.ce 

humanized immunoglobulin chain comprises in addition ~o :~e 

COR's at least th:::-ee amino acids from the donor 

immunoglobulin c!"losen by c:::-iteria (a) / (b) or (c). 

10. A method accordi~g to Claim 9, wherein 2~ 

least one of the amino acids substituted from the done~ is 

immediately adjacent a CDR. 

11. A ~ethod according to Claim 9, wherein sa:c 
humanized im~unoglobulin chain is a heavy chain. 

12. An immunoglobulin comprising two light/heavy 

chain pairs. wherein at least one chain is designed in 

accordance w.i.th Clai:n a. 
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13 . An immunoglobulin according to Claim 12, ~hich 

is specifically reactive with an antigen at an af~ini~y of at 

least about 108 M-l or stronger . 

14. An immunoglobulin according to Claim 12, 

5 wherein the designed chain is a light chain comprising atout 

214 amino acids. 

15. An immunoglobulin according to Claim 12, 

wherein the designed chain is a heavy chain comprising a~out 

10 446 amino acids. 

20 

25 

30 

35 

16 . ~ DNA sequence which upon expression enccces a 

humanized irn~unoglobulin chain according to Claim l or 

claim 8. 

17. A met~od for improving the affinity of a 

humanized ir.~~noglobulin (Ig) to an antigen, by replaci~g 

amino acids of t he human Ig framework with amino acids f=~rn 

the donor lg framework at positions where: 

(a) the amino acid in the human framework =s~:=n 

of the first ir.ununoglobulin is rare for said position a~c ~he 

corresponding amino acid in the donor immunoglobulin is 

common for said position in hUma~ immunoglobulin seque~ces; 

or 

(b) the amino acid is immediately adjacenc ~~ c~et 

of the COR's; or 

(c) the amino acid is predic~ed to have a si=e 

chain atom within about 3A of the CDR's in a three

dimensional immunoglobulin model and to be capable of 

interacting with the antigen or the CDR's of the hu~a~i~ed 

immunoglobulin . 

18. A method according to Claim 17, ~herein t~e 

additional amino acids comprise up to three amino acics, each 

of ~hich is imrnedi~tely adjacent to one ~f the CDR 's i~ :he 

Gecond Ig. 
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19. A method according to Claim 17, wherein ~~e 

additional ami~o acids comprise one amino acid imraedia~e!y 

adjacent to a CDR. 

20. A method according to Claim 17, wherei~ ~~e 

5 additional amino acids comprise at least t~o amino acics fr~~ 

the donor Ig which are predicted by modelling to ~e ca~a=le 

cf interacting with the antigen or the CDR ' s . 

10 

!5 

2a 

ZS 

30 

JS 

21. A method according to Claim 20, wherein said 

~wo or more amino acids are predicted to be within abcu~ JA 

of the donor Ig CDR's. 

22. A ~ethod according to Claim 17 , where1~ ~~e 

humanized Ig has an affinity to the antigen within abou~ 2 ~o 

J fold of the donor Ig. 

23. A method according to Claim 17, where i n ~~e 

antigen is a protein. 

24. A method of producing a· humanized 

immunoglobulin containing a heavy chain and a light c~ai ~ 

designed in ac=ordance with Claim 17, s aid method comp~:s~~~= 

cultu=ing a host capable of expressing sa i d ~~~~y 

chain, said lighc chain, or both, under condit ions sui~a=le 

fer production of said chains; and 

recoveri ng from the culture said humanized 

immunoglobulin. 

25. A polynucleotide composition comprising a D~A 

sequence cocing for a humanized immunoglobulin designec : n 
accordance ~i~h Claim 17 . 

26. A method of producing an improved human: zec 

immunoglobulin comprising expressing the polynucleo~ide 

composition of Claim 25. 
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27. A cell transformed wi~h a polynucleotide 

composition according to Claim 25. 

28. A composition comprising a humanized 

im.munoglobulin secreted by a cell line according to Clai~ 24 . 
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11823-9 

DESIGNING IMPROVED HUMANIZED IMMUNOGLDBULINS 

ABSTRACT OF THE DISCLOSURE 

Novel methods for designing humanized 

immunoglobulins having one or more complementarity 

determining regions (COR's) from a donor imrnunoglobulin ar.d a 

framework region from a human immunoglobulin comprising :i=st 

comparing the framework or variable region amino acid 

sequence of the donor immunoglobulin to corresponding 

sequences in a collection of human immunoglobulin chains , and 

selecting as the human immunoglobulin one of the more 

homologou3 sequences from the collection. Each humanized 

immunoglobulin chain may comprise about 3 or more amino acids 

from th~ rlonor immunoglobulin in addition to the CDR's. 

usually at least one of which is imrnediately adjacent to a 

COR in the donor imrnunogloculin. The heavy and light chair.s 

may each be designed by using any one or all three additicnal 

position criteria. When combined into an intact anti~ocy , 

the humanized immunoglobulins of the present invention will 

be substantially non-immunogenic in humans and retain 

substantially the same affinity as the donor immunoglobulin 

to the antigen, such as a protein or other compound 

containing an epitope . 

WPSO/ PDL/ PA9.PTO 
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Patent Docket P0709Pl 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146.206 

Filed: November 17, 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Unit: 1642 

Examiner: J. Reeves 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
3/26/1999 TGRAY1 00000002 070630 08146206 

1 FC 
126 

Assistant Commissioner of Patents 
= w&M~~- D.c. 20231 

Sir: 

Applicants submit herewith patents. publications or other information (attach~d hereto and 

listed on the attached Form PT0-1449) of which they are aware, which they believe may be 

material to the examination of this application and in respect of which there may be a duty to 

disclose in accordance with 37 CFR § 1.56. 

This Information Disclosure Statement: 

(a) O accompanies the new patent application submitted herewith. 37 CFR § l .97(a). 

(b) O is filed within three months ofter the filing date of the application or within three 
months after the date of entry of the notional stage of a PCT application as set forth 
In 37 CFR§ 1.491. 

(c) O as far as is known to the undersigned. is filed before the moiling date of a first Office 
action on the merits. 

(d) O Is tiled after the first Office Action and more than three months after the application's 
filing date or PCT national stage date of entry filing but as far as is known to the 
undersigned. prior to the mailing date of either a final rejection or a notice of 
allowance, whichever occurs first and is accompanied by either the fee CS24Q) set 
forth in 37 CFR §1.17(p) or a statement as specified fn 37CFR§1.97(e), as checked 
below. Should any fee be due, the U.S. Patent and Trademark Office is hereby 
authorized to charge Deposit Account No. 07-0630 in the amount of $240.00 to cover 
the cost of this Information Disclosure Statement. Any deficiency or overpayment 
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should be charged or credited to this deposit account. A duplicate of this sheet is 
enclosed. 

(e) O is flied after the mailing date of either a final rejection or a notice of allowance, 
whichever occurrE?d first. and is accompanied by the fee ($130) set forth in 37 CFR 
§ l .170) and a statement as specified in 37 CFR § l .97(e). as checked below. This 
document is to be considered as a petition requesting consideration of the 
information disclosure statement. The U.S. Patent and Trademark Office is hereby 
authorized to charoe Deposit Account No. 07-0630 in the amount of $130.00 to cover 
the cost of this Information Disclosure Statement. Any deficiency or overpayment 
should be chargecl or credited to this deposit account. A duplicate of this sheet is 
enclosed. 

(f) (x) is filed after the mailing date of a final rejection. but a request to withdraw the 
finality thereof uncler 37 CFR § l. l 29(a) was submitted on August 24, 1998. The U.S. 
Patent and Trademark Office is hereby authorized to charge Deposit Account No. 
07-0630 to cover tr1e cost of this Information Disclosure Statement In the event that 
any fees are due. A duplicate of this sheet Is enclosed. 

(If either of boxes (d) or(e) is checked above. the following statement under 37 CFR § l .97(e) 

may need to be completed.) ThE~ undersigned states that: 

O Each Item of information contained in the information disclosure statement was 
cited in a commU1nication mailed from a foreign patent office in a counterpart 
foreign application not more than three months prior to the filing of this information 
disclosure statement. 

O No item of information conta.ined in this information disclosure statement was cited 
in a communication mailed from a foreign patent office in a counterpart foreign 
application and, to the knowledge of the undersigned after making reasonable 
Inquiry, was known to any individual designated in 37 CFR § l .56(c) more than three 
months prior to the tiling of this information disclosure statement. 

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

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

(x) each O none O only th,ose listed below: 

A concise explanation of relevance of the Items listed on PTO-1449 is: 

(x) not given 

O given for each JistE?d item 

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

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

The Examiner is reminded that a "concise explancition of the relevance" of the submitted 

prior art "may be nothing more than identification of thie particular figure or paragraph of the 

patent or publication which has some relation to the claimed invention," MPEP §609. 

While the information and references disclosed in this Information Disclosure Statement may 

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

publication or other information referred to therein is "prior art" for this invention unless specifically 

designated as such. 

In accordance with 37 CFR § l .97(g). the filing of this Information Disclosure Statement shall 

not be construed to mean that a search has been made or that no other material information as 

defined in 37 CFR § 1.56(a) exists. It is submitted that thE~ Information Disclosure Statement is in 

compliance with 37CFR§1.98 and MPEP §609 and the Examiner is respectfully requested to consider 

the listed references. 

Date: January 29, 1999 

1 DNA Way 
So. San Francisco. CA 94080-4990 
Phone: (650) 225-199LI 
Fax: (650) 952-9881 

TECH,pNC. 

By: QQJ 
Wendy M. Leie 
Reg. No. 40,a78 
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f~ED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

Serial No.: 08/146,206 

Flied: November 17. 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Unit: 1642 

Examiner: J. Reeves 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner of Patents 
C') 
;.o 
0 
c 

-! 

\.D ~ 
lO " :x ::z:::. 
:r:- 0 
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O"l Washington, D.C. 20231 
13/26/1999 TGRAY1 00000003 070630 08146206 _ 

11 FC: 126 Sir: 240, 00 CH ~ ~ ~ .' · ·-~ o c.:: .• ~ 
Applicants submit herewith patents, publications or other information (attached her~o Of"l.d 

.::- •, -

listed on the attached Form PT0-1449) of which they are aware, which they believe TROY ;i;e 
'--' 

material to the examination of this application and in respect of which there may be a dut-?to 

disclose in accordance with 37 CFR § 1.56. 

This Information Disclosure Statement: 

(a) O accompanies the new patent application submitted herewith. 37 CFR § 1.97(a). 

(b) O is filed within three months after the fillng date of the application or within three 
months after the date of entry of the notional stage of a PCT application as set forth 
in 37 CFR§ l .491. 

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

( d) O Is flied after the first Office Action and more than three months after the application's 
filing date or PCT national stage dote of entry filing but, as far as is known to the 
undersigned, prior to the moiling dote of either a final rejection or a notice of 
allowance, whichever occurs first, and is accompanied by either the fee ($240) set 
forth in 37 CFR § l. l 7(p) or a statement as specified in 37 CFR § l .97(e). as checked 
below. Should any fee be due. the U.S. Patent and Trademark Office is hereby 
authorized to charge Deposit Account No. 07-D630 in the amount of $240.00 to cover 
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the cost of this Information Disclosure Statement. Any deficiency or overpayment 
should be charged or credited to this deposit account. A duplicate of ttlis sheet is 
enclosed. 

(e) Q Is filed ofter the mailing date of either a final rejection or a notice of allowance, 
whichever occurred first, and is accompanied by the fee ($130) set forth in 37 CFR 
§l.17(i) and a statement as specified in 37 CFR §l.97(e), as checked below. This 
document is to be considered as a petition requesting consideration of ttle 
information disclosure statement. The U.S. Patent and Trademark Office is hereby 
authorized to charge Deposit Account No. 07-0630 in the amount of $130.00 to cover 
the cost of this Information Disclosure Statement. Any deficiency or overpayment 
should be charged or credited to this deposit account. A duplicate of ttlis sheet Is 
enclosed. 

(f) (x) is filed after the mailing date of a final rejection. but a request to withdraw the 
finallty thereof under 37 CFR § l. 129(0) was submitted on August 24, 1998. The U.S. 
Patent and Trademark Office. is hereby authorized to charge Deposit Account No. 
07-0630 to cover the cost of this Information Disclosure Statement in the event that 
any fees are due. A duplicate of ttli s sheet is enclosed. 

(If either of boxes (d) or (e) is checked above. the following statement under 37 CfR § l .97(e) 

may need to be completed.) The undersigned states that: 

O Each item of information contained In the information disclosure statement was 
cited in a communication mailed from a foreign patent office In a counterpart 
foreign applicat!on not more than three months prior to the filing of this information 
disclosure statement. · 

(X) No item of Information contained In this Information disclosure statement was cited 
in a communication moiled from a foreign patent office in a counterpart foreign 
application and, to the knowledge of the undersigned after making reasonable 
inquiry, was known to any individual designated In 37 CFR § l .56(c) more than three 
months prior to the filing of this information disclosure statement. 

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

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

{x) each O none O only those listed below: 

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

(x) not given 

O given for each listed item 

O given for only non-English language listed item(s) (Required) 
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0 In the form of an English language copy of a Search Report from a foreign patent 
office, issued in a counterpart application. w hich refers to the relevant portions of 
the references. 

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

prior art "may be nothing more than identification of the particular figure or paragraph of the 

patent or publication which has some relation to the claimed invention," MPEP §609. 

While the information and references disclosed in this Information Disclosure Statement may 

be "material" pursuant to 37 CFR § 1.56. It is nof intended to constitute an admission that any patent. 

publication or other information referred to therein is "prior art'1 for this invention unless specifically 

designated as such. 

In accordance with 37 CFR § 1 .97(g). the filing of tHis Information Disclosure Statement shall 

not be construed to mean that a search has b$en made or that no other material information as 

defined in 37 CFR § 1 .56(a) exists. It is submitted that the Information Disclosure Statement is in 

compliance with 37 CFR § 1.98 and MPEP §609 and the Examiner is respectfully requested to consider 

the listed references. 

Date: March t 1999 

l DNAWay 
So. San Francisco, CA 94080-4990 
Phone: (650) 225-1994 
Fax: (650) 952-9881 

Respectfully submitted, 

cN1xr&t6C By: l ) 
~ ..... 

endy M. Lee 
Reg. No. 40,378 
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APPLICATION NC). FILING DATE 

08/ 146,2(16 11/ 17/93 

GENENTECH, INC. 
1 DNA WAY 

UNITED STA. DEPARTMENT OF COMMERCE 
Patent and Trademark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, O.C. 20231 

A RST NAMEO INVENTOR ATTORNEY DOCKET NO. 

CARTER F' 709P1 

HM22/0329 I EXAMINER 

REEVES~J 

SOUTH SAN FRANCISCO CA 94080-4990 AAT UNIT PAPER NUMBER 

1642 

DATE MAILED: 03/29/99 

Please find b4alow and/or attached an Office communication concerning this application or 
proceeding. 

CommlHloner of Patents •nd Trademark• 

PTO·OOC (Rev 2195) 
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Application No. 

08 / 146,206 
Applicant(s) 

Carter et 111 

Office Action Summary Examiner 

Julie E. Reeves, Ph .D. 
Group Art Unit 

1642 

I&! 'Responsive to communication(s) filed on _A_u .... 9_2_6'""",_1_9_9_8 ________ ____________ _ 

0 This action is FINAL. 

D Since this application is in condition for allowance except for formal matters. prosecution as to the merits is closed 
in accordance with the practice under Ex parte Quayle, 1935 C. D. 11; 453 0. G. 213. 

A shortened statutory period for response to this action is set to expire zero month(s), or thirty days, whichever 
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the 
application to become abandoned. (35 u.s.c. § 133). Extensions of time may be obtained under the provisions of 
37 CFR 1.136(a). 

Disposition of Claims 

l&l Claim (s) 43-128 is/are pending in the application. -------------------------
Of the above, claim(s) ------- ---- --------is/are withdrawn from consideration. 

D Claim(s) is/are allowed. 
------------~-------------~ 

0 Claim(s) is/are rejected. 
--------------------------~ 

D Claim(s) is/are objected to. 

l&l Claims 43-128 are subject to restriction or election requirement. 

Application Papers 

D See the attached Notice of Draftsperson's Patent Drawing Review, PT0-948. 

D The drawing(s) filed on is/are objected to by the Examiner. 

D The proposed drawing correction, filed on is [Bpproved Olisapproved. 

0 The specification is objected to by the Examiner. -

D The oath or declaration is· objected to by the Examiner. 

Priority under 35 U.S.C. § 119 

D Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d). 

D All D Some" 0 None of the CERTIFIED copies of the priority documents have been 

D received. 

D received in Application No. (Series Code/Sedal Number) 
~------~ 

0 received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 

•certified copies not received:---------------~~---~--~-----~ 
D Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e). 

Attachment{s) 

0 Notice of References Cited, PT0-892 

D Information Disclosure Statement(s), PT0 -1449, Paper No(s). 

1&1 Interview Summary, PT0-413 ((>?. .( ~ ~ · 
0 Notice of Draftsperson's Patent Drawing Review, PT0-948 

0 Notice of Informal Patent Application, PT0-152 

----

- SEE OFFICE ACTION ON THE FOLLOWING PAGES -

U. S. Patent and Trodemark Oftu;e 

PT0-326 (Rev. 9-95) Office Action Summary Part of Paper No. 48 
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Application/Control Number: 08/146,206 

Art Unit: 1642 

I. Restriction is required under 35 U.S.C. 121 and 372. 

2. This application contains claims directed to more than one species of the generic 

Page2 

invention. These species are deemed to lack unity of invention because they are not so linked as 

to form a single general inventive concept under PCT Rule 13.1 . 

The species are as follows: 

Species A: 4L 

Species B: 38L 

Species C: 43L 

Species D: 44L 

Species E: 46L 

Species F: 58L 

Species G: 621 

Species H: 65L 

Species I: 66L 

Species J: 67L 

Species K: 68L 

Species L: 69L 

Species M: 731 

Species N 8SL 

Species 0: 98L 
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Application/Control Number: 08/146,206 

Art Unit: 1642 

Species P: 2H 

Species Q: 4H 

Species R: 36H 

Species S: 39H 

Species T: 43H 

Species U: 45H 

Species V: 69H 

Species W: 70H 

Species X 74H 

Species Y 75H 

Species z~ 76H 

Species AA: 78H 

Species BB: 92H 

Species CC: noncovalently binds antigen directly 

Species DD: interacts with a CDR 

Page3 

Species EE: comprises a glycosylation site which affects the antigen binding or affinity 

of the antibody 

Species FF: participates in the VL-VH interface by affecting the proximity or 

orientation of the VL and VH regions with respect to one another. 

Species GO 24H 
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Application/Control Number: 08/146,206 

Art Unit: 1642 

Species HH 73H 

Species II 76H 

Species JJ 78H 

Species KK 93H 

Page4 

Applicant is required, in reply to this action, to elect a single species to which the claims 

shall be restricted if no generic claim is finally held to be allowable. The reply must also identify 

the claims readable on the elected species, including any claims subsequently added. An argument 

that a claim is aJlowable or that all claims are generic is considered non-responsive unless 

accompanied by an election. 

Upon the allowance of a generic claim, applicant will be entitled to consideration of claims 

to addit~onal species which are written in dependent form or otherwise include all the limitations 

of an allowed generic claim as provided by· 37 CFR 1.141. If claims are added after the election, 

applicant must indicate which are readable upon the elected species. MPEP § 809.02(a). 

3. The claims are deemed to correspond to the species A-BB listed above in the following 

manner: Claims 47-70 and claims 76-103 are limited to one of Species A-BB, respectively. 

Claims 107-110 are limited to one of the species CC-FF, respectively. 

The following claim(s) are generic: 

Claims 43-46, 71-75, 104-105 are generic for Species A-BB. 

Claims 106, 111-114, 128 are generic for Species CC-FF. 
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Application/Control Number: 081146,206 

Art Unit: 1642 

Claims 115-118, 124-126 are gener.ic for Species GG-KK 

Page S 

4. The species listed above do not relate to a single general inventive concept under PCT 

Rule 13. l because, under PCT Rule 13.2, the species lack the same or corresponding special 

technical features for the following reasons: each of the particular amino acid substitution 

positions recited in Species A-BB or GG-KK or each of the functional definitions of amino acid 

substitution changes recited in Species CC-FF result in different primary amino acid structure 

which would result in different secondary, tertiary, and quaternary structure yielding a protein 

with different biological, physiological and immunological properties, including different 

immunogenicity and antigen binding functions. Further, species EE, for example, recites the 

addition of a glycosylation site, which would involve the presence of a carbohydrate moiety and 

its affect on amino acid structure. The examination of all species would require the consideration 

of different patentability issues. 

Applicant is advised that the reply to this requirement to be complete must include an 

election of the invention to be examined even though the requirement be traversed (37 

CFR 1.143). 

5. Applicant is reminded that upon the cancellation of claims to a non-elected invention, the 

inventorship must be amended in compliance with 3 7 CFR l .48(b) if one or more of the currently 

named inventors is no longer an mnventor of at least one claim remaining in the application. Any 

amendment of inventorship must be accompanied by a petition under 37 CFR l .48(b) and by the 

fee required under 3 7 CFR I. l 7(i). 
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