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immunoglobulin, wherein the sequence of the acceptor 

immunoglobulin heavy chain variable region framework 

consensus sequence of human immunoglobulin heavy chain 

variable region frameworks. 

40. First and second 

encoding heavy and light chain variable 

immunoglobulin having complementarity 

(CDRs) from a donor immunoglobulin and 

a humanized 

regions 

and light chain 

variable region frameworks from human ace ptor immunoglobulin 

heavy and light chains, which humanized mmunoglobulin 

specifically an affinity constant 

within about 

humanized immunoglob 

acids from the donor 

immunoglobulin, wherein said 

comprises one or more amino 

heavy chain framework 

outside the Kabat and Chothia wherein the donor amino 

acids substitute for in the acceptor 

immunoglobulin heavy chain f amework, and each of these said 

donor amino acids : 

( I ) is adjacent to 

or 

(II} contains an 

the donor immunoglobulin sequence, 

within a distance of 6 ANGSTROM of a 

CDR in said humanized mmunoglobulin. 
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41. A humanized immunoglobulin having complementa ity 

determining regions (CDRs) from a donor immunoglobuli 

heavy and light chain variableregion frameworks from 

acceptor immunoglobulin heavy and light chain framewo 

humanized immunoglobul in specifically binds to an 

which 

with an 

about 

sequence 

affinity constant of at least 107 M-1 and no 

four - fold that of the donor immunoglobulin, 

of the humanized i mmunoglobul i n 

framework is at least 65% identical 

immunoglobulin heavy chain variable 

n variable region 

sequence of the donor 

framework and 

identical to an 

variable region amino 

comprises at least 70 

acceptor human 

acid sequence . 

42. A h 

whi ch is an antibody 

dimers. 

43. 

heavy and l i ght 

immunoglobulin 

noglobulin according to claim 41 

two light chain/heavy chain 

immunoglobulin having complementarity 

from a donor immunoglobulin and 

ariable region frameworks from acceptor 

and light chain frameworks, which 

humanized i mmunoglo ulin spec ifically binds to an antigen with 

an affinity of at least about 108 W1 and no 
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greater than about four-fold that of the donor immunog 

wherein the sequence of the acceptor immunoglobul ' heavy 

chain variable region framework is a consensus of 

human immunoglobulin heavy chain variable region ameworks. 

44. A pharmaceutical composition co 

humanized immunoglobulin of claim 41 in a ph rmaceutically 

acceptable carrier. 

45 . A 

immunoglobulin of clai 

int roducing DNA seg humanized immunoglobulin 

heavy and light chains 

expressing the DNA segments 

and 

the cell to produce the 

humanized immunoglobulin. 

46 . A 

immunoglobulin, 

(1) comparing 

chain variable regio 

producing a humanized 

g the steps of: 

a donor immunoglobulin heavy 

against a collection of sequences of 

human heavy chain v riable regions; 

(2) selecting variable region from the 

collection of hum heavy chain variable regions to provide 

an acceptor heavy chai n variable region, wherein the selec ted 
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greater than about four—fold that of the donor immunog bulin,

wherein the sequence of the acceptor immunoglobul‘ heavy

chain variable region framework is a consensus sequence of

human immunoglobulin heavy chain variable region ameorks.

44. A pharmaceutical composition co prising a

humanized immunoglobulin of claim 41 in a ph rmaceutically

acceptable carrier.

  

 

 
45. A metho roducing t a humanized 

 

“0
immunoglobulin of clai 41 comprising

introducing DNA seg an s encodin the humanized immunoglobulin

heavy and light chains and

expressing the DNA segments the cell to produce the

humanized immunoglobulin.

46. A method of producing a humanized

immunoglobulin, compris' g the steps of:

(1) comparing the se ence of a donor immunoglobulin heavy

chain variable regio against a collection of sequences of

human heavy chain v riable regions;

(2} selecting a human heavy chain variable region from the

collection of hum n heavy chain variable regions to provide

an acceptor heavy chain variable region, wherein the selected
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variable region framework is at least 65% identical to 

donor immunoglobul i n heavy chain variable region 

framework; 

(3) synthesizing a DNA segment encoding a 

chain variable region , comprising CDRs from 

immunoglobulin heavy chain variable r egion 

r egion framework from the selected acceptor 

region; 

(4) introducing the DNA segment 

immunoglobulin heavy 

segment encoding 

variable region into 

heavy 

a variable 

the humanized 

and a DNA 

light c hain 

(5) expressing the in t he cell to produce the 

humanized immunoglobul i 

47. A method producing a humanized 

immunoglobulin , comprisin the steps of: 

(1) comparing a donor immunoglobulin light 

chain variable region a collection of sequences of 

human light chain var·able regions; 

(2) selecting variable region from the 

collection of human chain variable regions to provide 

an acceptor light c ain variable region , wherein the selected 

- 9 -
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variable region framework is at least 65% identical to t

donor immunoglobulin heavy chain variable region  

framework;

(3} synthesizing a DNA segment enCoding a humani ed heavy

chain variable region, comprising CDRS from the donor

immunoglobulin heavy chain variable region an a variable

region framework from the selected acceptor eavy chain variable

region;

(4) introducing the DNA segment en oding the humanized

immunoglobulin heavy chain variable region and a DNA

segment encoding a huma ze imm oglobulin light chain

variable region into a c 11- and

(5) expressing the NA eg nts in the cell to produce the

humanized immunoglobuli

4?. A method producing a humanized

immunOglobulin, comprisin the steps of:

(1) comparing the se nce of a donor immunoglobulin light

chain variable region against a collection of sequences of

human light chain var'able regions;

(2) selecting a h man light chain variable region from the

collection of human light chain variable regions to provide

an acceptor light c ain variable region, wherein the selected
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variable region framework is at least 65% identical to 

donor immunoglobulin light chain variable region framewo 

(3) synthesizing a DNA segment encoding a humanized 

chain variable region, compri s ing CDRs from the 

PATENT 

immunogl obulin ligh t chain variable region and 

region framework from the selected acceptor 

variable 

variable 

region; 

(4) introducing the DNA segment 

immunoglobulin light chain variable 

segment encoding 

variable cell; and 

( 5) DNA 

humanized i mmuno 

the humanized 

and a DNA 

heavy chain 

in the cell to produce the 

48. umanized noglobulin havi ng complementarity 

a donor immunoglobul in and 

le r egion frame works from acceptor 

light chain f rameworks, which 

specifically binds to a n antigen with 

determining regions (CDRs) 

heavy and ligh t chain 

immunoglobulin heavy 

humanized immunoglobuli 

an aff inity constant 

donor immunoglobulin , 

immunoglobulin heavy 

conse nsus sequence 

variable region fr 

about four -fold of that of the 

the s equence of the acceptor 

variable region framework is a 

human immunoglobulin heavy chain 
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variable region framework is at least 65% identical to the

donor immunoglobulin light chain variable region framewo

(3) synthesizing a DNA segment encoding a humanized ght

chain variable region, comprising CDRs from the demo

immunoglobulin light chain variable region and

region framework from the selected acceptor lig chain variable

region;

(4) introducing the DNA segment enco ng the humanized

immunoglobulin light chain variable I ion and a DNA

segment encoding a humanized immunog obulin heavy chain

variable region in cell; and 

 

{5} expressing the DNA segmen s in the cell to produce the

humanized immuno lobulin.

48. umanized im noglobulin having complementarity

determining regions (CDRs) rom a donor immunoglobulin and

heavy and light chain vari le region frameworks from acceptor

immunoglobulin heavy a light chain frameworks, which

humanized immunoglobuli specifically binds to an antigen with

an affinity constant within about four—fold of that of the

donor immunoglobulin, wherein the sequence of the acceptor

immunoglobulin heavy chain variable region framework is a

consensus sequence of human immunoglobulin heavy chain

variable region fr eworks.

-10-
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REMARKS 

Newly added claims 32-40 have been copied from claims 

in Queen et al., U.S. Patent No. 5,693,761. Claims 41-48 have 

been copied from claims in Queen et al., u.s. Patent No. 

5,693,762. Copies of both patents are enclosed. Applicants are 

i n compliance with 35 USC §135(b} since both Queen patents were 

issued on December 2, 1997. 

WOODCOCK WASHBURN KURTZ 
MACKIEWICZ & NORRIS LLP 

Respectfully submitted, 

, ~AM/~~rr~~ Vad.1s J.\. '~~tin 
Registration No. 19,386 

One Liberty Place - 46th Floor 
Philadelphia, PA 19103 
(215} 568-3100 
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A humanized antibody that binds to the interleukin 2 receptor 
(chimeric anlibody/antlbody llffinity/autoimmane d~) 

CARY QuEEN*, WILLIAM P. ScHNEIDER*, HAROLD E. SEL!CK .. t, PHILIP W. PAYNE\ 

NICHOLAS F. LANDOLFI*' )AM~S F. DUNCAN*~. NEVENKA M. AVDALQVIC*' MICHAEL LE.V!TT§, 
.RICHARD P. JUNGHANS1l, AND THOMAS A. WALDMANN'il 

•Protein l>esi&n Labs. 3181 Porter Dril'c. Palo Aho. CA 9430t; t~anment ofC.:II Biolo,y. S1anford University. Stanford. CA 94305: and ~Mct~bolism 
Branch, Na.lioR>I DACer lustiMe, Nationallnstilutes of Health, Bethesda. MD :10892 

Contributed by Thomas A . Waldmann, August JO, 1989 

ABSTRACT The anti·Tac monoclonal antibody is known 
to bind to lhep55 chain or the human interleukin2 receptor and 
to inhibit proliferation of T cells by blocking inter1eukin 1. 
binding. However, usc of anti-Tac as an immunosupprt:SSanl 
dl'llg would be Impaired by the human immtme responsf 

· agalnsl this murine antibody. We have tbe~rore coostrudcd a 
"bumanized" antibody by tombining the complementariiY· 
tlctermining regions (CORs) of the anli·Tllt antibody with 
human l'ramcwork and cons~.ant ~gions. The human rrame
worl< regions were choseu to maximize homology with the 
anti·Tac antibody sequence. In addition, a computer model of 
murine anti-Tae was used to identify several amino acids 
which, while outside lbe CORs, are likely to in teract with the 
CDRs or antigen. These mouse amino acids were also ret.ained 
In the humanized antibody. The humanized anli· Tac antibody 
bas an affinity for pSS of3 x 109 M- t,about l/3thatofmurine 
anti-Tac. · 

The cellular receptor for the lymphokine interleukin 2 (IL-2) 
plays an important role in regulation of the immune response 
(reviewed in ref. 1). The complete lL-2 receptor (IL-2R) 
consists of at least two IL-2-binding peptide chains: the p55 
orTac peptide (2, 3), and the recently discovered p75 peptide 
(4, 5). ldentification and characterization or the p55 peptide 
were facilitated by the development of a monoclonal ant i· 
body, antt-Tac, which binds to human p55 (2). The p55 
peptide was found to be expressed on the surface ofT cells 
activated by an antigen or mitogen but not on resting T-cells. 
Treatment of human T cells with anti-Tac antibody s1rongly 
inhibits their proliferative response to antigen or to IL-2 by 
preventing IL-2 binding (3, 6). 

These results suggested that anti-] Lr2R antilxtdies would 
be immunosuppressive when administered in vivo. Indeed, 
injection of an anli·lL-2R antibody into mice and rats greatly 
prolonged survival of heart allografts (7, 8). Anti-JL-2R was 
also effective in rats against experimental graft-versus-host 
disease (9). In animal models of autoimmune disease, an 
anti·IL-2R antibody alleviated insulitis in nonobese·diabetic 
mice and lupus nephritis in NZB x NZW mice (10). Anti·Tac 
itself was highly effective in prolonging survival of kidney 
allografts in cynomolgus monkeys (11). 

partial or complete remission in three or nine patients with 
Tac-expressing adult T-cell leukemia (14). However, as a 
murine monoclonal antibody, anti-Tac elicits a slrong human 
antibody response against itself. as does OKTl (15). This 
response would prevent its long-term use in treating autoim· 
m11ne conditions or suppressing organ transplant rejection. 

The immune response against a murine monoclonal anti
body may potentially be reduced by transforming it into a 
chimeric antibody. Such antibodies, produced by methods of 
genetic engineerine. combine the variable (V) region binding 
domain of a mouse (or ral) antibody with human antibody 
constant (C) regions (]6-18). Hence. a chimeric antibody 
retains the binding specificity of the original mouse antibody 
but contains less amino acid sequence foreign to the human 
immune system. Chimeric antibodies have been produced 
against a number or tumor-associated antigens (19-21). Jn 
some but not all cases, the chimeric antibodies have mediated 
human complement-dependent cytotoxicity (CDC) or anti· 
body-dependent cellular cytotoxicity (AOCC) more efficient· 
ly than the mouse antibodies (21}. 

When the murine an tibody OKTI is used in human pa· 
tienls. much of the resulting antibody response is directed 
against the V region of OKT3 rather than the C region (15). 
Hence. chimeric antibodies in which the V region is still 
nonhuman may not have sufficient therapeutic advantages 
oYer mouse antibodies. To furt her reduce the immunogenic· 
ity of murine antibodies. Winter and colleatues constructed 
..humanized" antibodies in which only the minimum neces· 
sary p:lrts of the mouse antibody, the complementarity· 
determining regions (CORs), were combined with human V 
region frameworks and human C regions (22- 25). We report 
here the construction of chimeric and humanized anti-Tac 
antibodies.D For the humanized antibody, sequence homo!· 
ogy and molecular modelin& were used to select a combina· 
lion of mouse and human sequence elements that would 
reduce immunogenicity while retaining high binding affinity. 

MATERIAlS AND METHODS 

Coostrudlon of Plasmids. eDNA cloning wlls by the 
method of Gubler and Hoffman (26), and sequencing was by 
the dideoxy method (27). The plasmid pVKl (Fig. lA) was 
constructed from the following fragments: an appr~ximately 
45~base-pair (bp) BamHl- EcoRl fragment from the plas-

In human palients, the specificity of anti-Tac for activated 
T cells might give it an advantage as an immunosuppressive 
agent over OKT3 (monoclonal anti-CD3), which is effective 
in treating kidney transplant r~ection (12), but which sup
presses the entire peripheral T-eell population. Jn fac:t, in 
phase I clinical trials for kidney transplantation, prophylactic 
administration ofanti-Tac significantly reduced1he incidence 
af early rejection episo~es, without associated toxicity (13). 
Funhermore, treatment with anti·Tac induced temporary 

A.bbreviatiD~s: tL-2R, interleukin Z receplDr; CDR, complcmentar· 
ity~etennining region; CDC, complemenl-dcpendenl cytotollicity; 
ADCC, antibody..Oepentlent cellular cytotoxicity; V. variable; J, 
joining: C, constant. · 

The publicalion costs of !his article were defrayed in part by p2S<: charge 
payment. This anicle must therefore be hen:by tna~lced "miv~tlistmtn.t" 
in accordance with lB U.S.C §1734 solely to indieale !his fact, 

111029 

tPrescnt addr~s: Biospan, 440 Chesapeake Dtin, Redwood City, 
CA 94063. 

;Present address: Beckman Instruments. 1050 Page Mill RDad, Palo 
Alto, CA 94304. 

liThe sequences reponetl in this paper have been deposited in lite 
GenBank data base (accession nos. M28250 a~d M28251). . 
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A humanized antibody that binds to the interleukin 2 receptor
[chimeric mlihody/antlhody affinity/autoimmune disease}

CAM QUEEH". WILLIAM F. SCHNEIDER“, Harman E- Sauce”. PHILIP W. PAYHE“,
Ntcfloma F. LANDOLFI“. James F- DUNCAN*i. Noumea M. Avonwvrc‘. Mrcnact Lawn-i.
RICHARD F. JUNGHaNsli, AND TI-lomas' A..- WALD'MANN“

cm of Cell Biology. Stanford University. Stomach Edmund indentation'Protc‘ln Dfliilll Labs. 3181 Porter Drive. Palo Alto. Cal. 94304: '
Blanch. Nflimfll Cancer lnslittl't't-1 National institutes of Health. Bethesfar MD mayo

Contributed by flame .ll. Woldmonn, Hogan 39., i939

ABSTRAET The anti—Tar: monoclonal antibody is Into-an
to bind to lhe p55 chain olthe humaninterleultiu-l receptorand
to inhibit prolilltmtion at T cells by blocking inter-tooth: a
binding. However, use or anti-Tao as an hummus-topan
drug would he hnpotrcd hy the human humane response

' agaltwt this murlne antibody. We have therefore constructed a
“humanized” antibody by combining the complementarity—
determining t-egions (£083) of the anti-Tao antibody wtth
human framework and constant regions. The human 'h-ame-
work regions more chosen to maximize homology with the
anti-Tat antibody sequence. In addition, a com puter model of
mudno. anti-Too was used to identify several amino acids
which; While Dulsiflé the CD‘RS. are lilter to interact with the
(IDES or antigen. These mouse amino acids were also retained
in the humanized antibody. The. humanized anti-Tao antibody
has anallinitrl'or p55 old at 10’ M“,ahotlt l/3‘tltatot'mtu'lne
null-Tao. '
 

The cellular reoe ptor'for the lympholcine interleukin 1 [IL-2}
plays an important role in regulation of the immune recpon so
{reviewed in ref. l}. The complete lb]! reccpwr {IL-ZR)
consists of at least two lL.2—binding peptide chains: the p55
or Tar: peptide [21. 3). and the rcoontly discovered 1575 peptide
(at, 5}. Identification and chamclonzalion of me 1:55 peptide
wart: facilitated by the development of at monoclonal anti-
body. anti-Tao, which binds to human p55 [2). The p55
peptide was found to be expressed on the surface 01"? cells
activated by an antigen or mftogen but not on resting Toells.
Treatment of human T cells with antflac antibody strongly
inhibits their proliferation response to antigen or to lL-Z by
preventing IL-2 binding {3. 5].

These results auggtfli that anti-leR antibodies would
be immunosuppressi-ve when administered in viva. Indeed.
injection ofan anti-iL-ZR antibody into mice and rats greatly
prolonged survival of heart: a'ilografia [7. 3], Ami-le was
also effectiVe in rats against experimental grail-versuarhost
dicease (9). In animal models of autoimmune disease: an
anti-IL-ZR antibody alleviated insulilis in nonohese'diahotir:
mice and lupus noph ritis in N23 X NEW mice Elli}. Anti—Tat:
itself was highly,I ell'ective in prolonging survival of kidney
allogmt‘ts in cynOmolgua monkeys {11].

In human patients. the specificity ofami-Tac for activated
T cells might give it. an advantage as an immunosflpprhsaivo
agent over GETS (monoclonal anti~CD3). which is effective
in treating kidney transclant ruiection (12}. but which sup—
presses the entire peripheral T-eoll population. in fact. in
phase I clinical trials for kidney transplantation. prophyiacfic
administration ofanti-Tac significantly roduced‘theirtcidcnoo
of early rejection episodes. with outassocialcd toxicity (13).
Furthermore. treatment with anti-Tar: induced temporary  

The ptmlioauon casts of this article. were defrayed!!! part by page charge
PWmt—ntJhis article must therefore be hereby marked "alive-rostrum"
in-acoontancc with 13 111.512. £1134 solely to indicate this fact.

partial or complete remission in three of nine patients with
Tao-expressing adult T—coll leukemia (14}. Howovor. as a
Notice monoclonal antihodr.anti-Tac ehcitsa strong human
antibody responso againSI itself. as does DKT3 {15}. This
reaper-roe. would prevent its long-term use in treating autono-
mtlne conditions or suppressing organ transplant rejection.

The immune response against a rrttln'he monoclonal anti-
body may potentially he reduced by transforming it into a
chimeric antibody. Su‘ch antibodies. produced by root had: of
genetic cnginecring..comhine the variable W) region binding
domain or a mouse {or rat} antibody with human antibody
constant (C) regions (lo-IE). Hence. a chimeric antibody
retains the binding specificity of the original mouse antibody
but contains less amino acid sequence foreign .to the human
immune system. Chimeric antibodies have been produced
again: a number of tumor-associated antigens (19—21]. In
some but out all cases, the chimeric antibodies have mediated
human comptemoot-depcndmt cytotoxic-fly {CDC} or anti-
bodywdependent cellular cytotoxicin lADCC) more efficient-
ly than the. mouse antibodies (21}.

When the marine antibody OKTJ is used in human pa-
tients. much or the resulting antibody response is directed
againSI the V region of BET! rathcrthan the C region {151.
Hence. chimeric antibodies in which [he V region is still
nonhuman may not. have sulficlerll therapeutic advantages
over mouse antibodies. To Further reduce the immunogonic-
fly or murinc antibodies. Winter and colleagues constmctod
"humanized" antibodies in which only the minimum neces-
sary ports or the mouse antibody. the complementarity-
determining regions {CUES}. were combined with human V
region Framework; and human C regions (22—25). We report
here the constructth of chimeric and humanized anti-Tao

antibodies.“ For the humanized antibody. sequence homoh
ogy and molecular modeling were used to select a combina-
tion of mouse and human sequence elements that would
reduce immunogenicity while retaining high binding affinity.

MATERIAIS AND METHGDS

Cnuslruolion of Plasmids. cDNA cloning was by the
method oifluhler and Hoffman (25). and sequencing was by
the dideoxy method (21). The plasmid pVKl (Fig. 1.4: was
constructed from the following fragments: an approximately
4550ba5o-puir {lip} BomHl—Ecolll fragment from the plus-

flbbreviatioua: lL-2R. 'trl‘tcl'lcultin 2. receptor; CUR. complementar-
tlyadelerurining region: CDC. corn meta-dependent cywtoaicitr:
:ApCC. antibody-dependent cello or cytotoxicltp: V. variable: 3.
Joining: C. cataract.
TPrescnl addrcss: Biospan. Ml] Chasm-leak: Brion, Flode City.Ch 94063.
3?!236111 address: Beckman lnalromento, lflStl Page Mill Roam-Polo

.Ptllt‘l.I CA 94304. .
“Th9 sequences repent-.11 in this paper hat'e been deposited in the

Gonfiank am has: [accession nos. M18250 and M23251).
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f1c . I. lA l Sch~:mati~ diusmm uf the pla~mKb pVKI und pL Tac. 
Lighl chain cxuns me shuwn :1s huxcs. An arruw indicates the 
direction of tmnscripliun from the K promutcr. E11 • heavy ctlain 
enhancer. Nut drawn 1o scale. llll Sch.:n,;uic di~b'Tam or the m(thml 
used 10 excise the V- J region. SD. ~plicc donor sequence: rev. 
primo:r. reverse primer. 

mid pSV2gpt C28) containing the amp :md ;:pr genes: an 
ltiOO·bp £mR I-Bg/ ll fragment from pKcatH (29} containing 
the heavy ch;~in cnh~mccr and K promoter; Md a 15()()-bp 
l:'coRl-Xh11 I fragment conlaining the hum:m C. region (30). 
Similarly. pVyl w<~s constructed starting from a 4850-bp 
BamHl-Ec.,Rl rrasment of I he plasmid pSV2hph (a gift of A. 
Smith. A. Miyajimu. and D. Strehlow. Slanford University). 
which is analogous to pSV2gpt except that the J!Pf gene is 
replaced by the l!y~: gene (31). This fragment was combined 
with the EwRI-Bg/11 fragment rrom pKcatH and a 2800-bp 
llindlll-PI'II II fragmenl containing the human -yl constant 
region. isolated from a phage kindly provided by L. Hood 
02). In each case. the fragments were combined by standard 
methods (ref. 33. pp. 390-401), with an Xbn I linker insened 
between the K promoter rragment and the 5' end of the C 
region fragment. 

Construction or Chimeric Genes. £mRI fragments contain
ing the anti-Tac Iicht and heavy chain cDNAs were sepa
rately insened into the £mRI site of the phage M13mpllD, 
a variant or M lJmpll (34) in which the EcoRI and Xba I sites 
of the polylinker were filled in and joined. T he resulting 
phage. in which the 5' ends of the cDNAs abutted the Xba I 
site, were respectively denoted M13Land Ml3H. The V-J (J, 
joining) segments of the cON As, followed by splice donor 
signals. were precisely excised from these phage, using a 
double-priming scheme (Fig. 18). For the light chain •• ~e 
following primer was synthesized (Applied BiosysteJ :s 
model 380B DNA synthesizer) and purified by gel elecuo
phoresis: 5' -CCAGAA TTCT AG AAAAGTGT ACTT AC· 
GTITCAGCTCCAGCTIGGTCCC-3'. From the 3' end, the 
first 22 residues of the primer arc the same as the last 22 
residues of the J~5 segment (noncoding strand). The next 16 
nucleotides are the same as the sequence that follows JK5 in 

Proc. Na t/. Acad. Sci. USA 86 (1989) 

mouse genomic DNA and therefore includes a splice donor 
signal. The tinallO nucleotides of the oligonucleotide include 
an Xba I site. 

We hybridized this oligonucleotide to M13L and extended 
it with the·Kienow fragment of DNA polymerase. The DNA 
was heat-denatured. hybridized with an excess of the "re· 
verse primer" 5'-AACAGCTATGACCATG·3', again ex· 
tended with Klenow DNA polymerase, and digested with 
Xba I. The digested DNA was run on a gel, and an approx
imately 4~bp fragment was excised and insened into the 
Xba I site of pVKl. Sequencing showed that the fragment 
consisted of the V-J region of the light chain eDNA followed 
by the splice donor "tail," as expected (Fig.lB), and pLTac, 
a clone with the appropriate orientation, was chosen. In an 
analogous fashion. the heavy chain V-J segment, followed by 
the mouse JH2 splice donor sequence, was excised from 
M13Handinsened into theXba I site ofpVyl to yield pGTac. 

Computer Analysis. Sequences were manipulated and ho· 
mology searches were performed with the MicroOenie Se· 
quence Analysis Software (Beckman). The molecular model 
of the anti-Tac V region was constructed with the ENCAD 

program (35) and examined with I he MIDAS program (36) on 
an IRIS 4D-120 graphics workstation (Silicon Graphics). 

Construction of Genes for Humaniud Antibody. Nucleolide 
sequences were selected that encoded the protein sequences 
of the humanited light and heavy chain V regions including 
signal peptide~ (Result.v), generally utilizing codons found In 
the mouse anti·Tac sequence. These nucleotide sequences 
also included the same splice donor signals used in the 
chimeric genes and an Xba I site at each end. For the heavy 
chain V region. four overlapping 120- to 130-nucleotide-long 
oligonucleotides were synthesized that encompassed the 
entire sequence on alternating strands. The oligonucleotides 
were phosphorylated with polynucleotide kinase, annealed, 
extended with T4 DNA polymerase. c•Jt with Xba 1, and 
ligated into the Xba I site of pUCl~ (34). using standard 
reaction conditions. An insert with the correct sequence was 
recloned in pVy1. The humanized light chain V region was 
construc1etl similarly. 

Transfections. For each antibody constructed, the light 
chain plasmid was first transfected into Sp2/0 mouse my· 
eloma cells (A TIC CRL 15811 by electroporation (Bio-Rad 
Gene Pulser) and cells were selected for RPI eKpression (28). 
Clone$ secreting a maximal amount or light chain. as deter· 
mined by ELISA. were transfected with the heavy chain 
plasmid and cells were selected for hygromycin B resistance 
(31). Clones secreting a maximal amount of complete anti· 
body were detected by ELISA. The clones were used for 
preparation of chimeric and humanized antibodies. 

Antibody Purlfic:ation. Medium from confluent cells was 
passed over a column of staphylococcal protein A-Sepharose 
CL-48 (Pharmacia), and antibody was eluted with 3 M 
MgCJ2• Antibody was further purified by ion-exchange chro· 
matography on BakerBond ABx (1. T. Baker). Final anti· 
body concentration was determined. assuming that 1 mg/ml 
has an A~ll3 of 1.4. Anti-Tac antibody itself was purified as 
described (2). 

Affinity Measurements. Affinities were determined by com· 
petition binding. HuT-102 human T· lymphoma cells (ATIC 
TIB 162) were used as source or p55 Tac antigen. Increasing 
amounts of competitor antibody (anti-Tac, chimeric, or hu· 
manized) were added to 1.5 ng of radioiodinated (Pierce 
lodo-Beads) tracer anti-Tac antibody (2 1-~Ci/flg; 1 Ci = 37 
GBq) and incubated with 4 x 10$ HuT cells in 0.2 ml of 
binding butTer (RPMI1040 medium with 10% fetal calf serum, 
human lgG at 100 ,ug/ml, 0.1% sodium azide) for 3 hrat room 
temperature. Cells were washed and pelleled, and their 
radioactivities were measured, and the concentrations of 
bound and free tracer antibody were calculated. The affinitY 
of mouse anti-Tac was determined by Scatchard plot analy· 
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FIG. I. tdtfichcmnlic dittgrnmul'thcplttsmids anl and pLTac.
Liqu chain csons rue shnwn in; boxes. nn arrow indicates the
direction of transcription from the it promoter. Eu. heavy chain
enhancer. Not drawn loscalc. [til Schematic diagram of the method
used to tsetse the V-J region. St). splice donor sequence: rev.
primr. reverse primer.

mid pSVJgpt {28) conutining the amp and gpi genes: on
lttUfl-bp Er‘oRl—Bpi ii fragment from chatH {29] containing
the heavy chain enhancer and it: promoter; and a 15mm
Er-nRI—Xbu l frog'mem containing the human C... region {30)-
Similarly. stI was constructed starting From it 485t-l-bp
BantHI-Ec-uR'I fragment of the plasmid pSV‘lhph to gift urn-
Smith. A. Miyttjima. and D- Strc'hlow. Stanford University}.
which is analogous to pSVngL accept that the grit gem: is
repluced by the iii-g gene Hill. This fragment was combined
with the Ele—Bgi [I fragment form-I pitith and a ZBDU-bp
Hindlll—Pru [I fragment containing the human 1d constant
region. isolttled from :1 phage kindly provided by L. Hood
[32). tn-each case. the fragments werecornbincd by standard
methods hot. 33. pp. 390-401}. With an Inn 1 linker inserted
between the it promoter fragment and the 5' end of the C.
region fragment.

Construction or Chimeric Genes. Erin fragments centain-
ing the anti-Tao light and heavy chain cDNAs were sepa-
rateiy inserted into the Ecoflt site of the phage MflmpllD.
a variant of M13mplt Bil) in which the E‘le and Xian] sites
of the polylinker were filled in and Horned. The rBsulting
phage. in which the 5' ends of the cDNAs abutted the Kim I
site. were respectively denoted M13Land MBH- The V—‘J (I.
ioining] segments of the cDNi’I-s. followed by splice donor
signals. were preciser excised from these phage. using a
double-priming scheme (Fig. 13). For the light chain. the
following primer was synthesiZed (Applied BiDSYSlEI ts
model 3803 DNA synthesizer). and purified by gel electio-
phoresis: S'ficAfinATTCTAU AAAAGTGTACTTMZ—
(-iI‘I ICAGCTCCAGCTTGGTCCC-T- From the 3' end. the
first 22 residues of the primer arc the same as the last 21
residues of the 1,5 segment {noncoding strand}. The heart 16
nucleotides are the same as the scqucuce that follows J I=5 in

Proc— Null. Acad— Sci. USA 36 “939]

mouse genomic DNA. and therefore includes a splice donor
signal; The final ldnucleotidcs ofthe otigonucleotide include
an X!) I site.

We hybridized this oligonucleotide to M131. and extended
it with t-hc-Klenow fragment of DNA polymerase. The DNA
was heat-denatured. hybridized with an excess of the "re—
trersc primer“ 5‘-MCAGCTATGACCA1‘G+3', again ex-
tended with chnow DNA polymerase. and digested with
Kim 1. The dichted DNA Was run on a gel. and an approx-
imately 400-bp fragment was excised and inserted into the
Xba ] site of pVirl. Sequencing Showed that the fragment
consisted of the V4 region of thciigbt chain cDN A followed
by the splice donor "tail." asenpected {Fig 13]. and pLTac.
a clone with the appropriate orientation. was chosen- In an.
analogous fishion. the heavy chain V—J Segment. Followed by
the mouse 1H2 splice donor scouenee. was cached from
MIN-[an dinse fled into thean lsite of pVyl to yield pG’l'ac.

Computer Analysis. Sequences Were manipulated and ho-
mology searches were performed With the Microflenie Se-
quence Analysis Software [Beckman]. The molecuiar model
of the anti-'I'ac V region was constructed with the ENcan
program {35) and examined with the MIDAS program (36] on
an lRtS 40-120 graphics workstation {Silicon Graphics].

Construction of Genes for Humanized Antibody. Nucleotide
sequences were selected that encoded the protein sequences
ofthe humanized light and heavy chain V regions including
signal peptides (Ra-stilts]. general'ly utilizing codons found in
the mouse anti-Tat: senuence. These nucleotide sequences
also included the some splice donor signals used in the
chimeric genes and an Kim I site nt each end. For the heavy
chain V region- four overlapping 12th to anucleotide—long
otigonuclcntides were synthesized that encompassed the
entire sequenc: on alternating. strands. The oligonucleotidcs
Worclphosphorylated with pol'ynucleotide kinuse. annealed.
extended with T4 DNA polymerase. cut with Kim I. and
ligated into the libs 1 site of pUCl9 [341. using standard
reaction conditions. An insert With the correct sequence was
recluan in pV-lrl. The humanized light chain V region was?
constructed similarly.

Transfeetions. For each antibody constructed. the light
chain plasmid was first lranstcted into Splfll muus: my-
elorna cells {ATTC CRL. 1581) by electroporation {Bio-Rad
Gene Pulsar: and cells were selected for gm expression [23]-
Clones secreting a maximal amount of light chain. as deter-
mined by ELISA. Were transfected with the heavy Chain
plasmid and cells were-selected for hygromycin B resistance
{31-}. Clones secreting a maximal amount of complete anti~
body were detecred by ELISA. The clones were used for
preparation of chimeric and humanized antibodies.

Antibody Purification. Medium from confluent cells was
passnd osera column of staphytOcoccal protein A'Scpharose
CL-rlB iPhan-nacia). and antibody was eluted with 3 M
Mgflz. Antibody was further purified by ion-exchange chro-
matography on Bakchond AB: U. T. Baker]. Final anti-
body concentration was determined. assuming that I. mgfn‘ll
has an A3”. of 1.4. Anti-Tilt: antibody itself Was purified as
described (2].

Affinity Measurements. Affinities were determined by com-
petition binding. HoT-IOZ human T-lyrnphoma cells (ATfC
NE 162! were used as source of p55 The antigen. Increasing
amounts. ofcompetitor antibody {anti-Tee. chimeric. or hue
manizcd} were added to 1.5 n; of radioiodinatcd {Pierce

lode-Beads} tracer anti-Tee antibody {2 uCimp; 1 Ci = 37
GBq) and incubated with 4 it 105 Hu‘l' cells In 0.2 ml or
binding bulTer(R,PMi 1M0 medium with 10% fetal caifserutn.
human lgfi at 100 113/ ml. (1.1% sodium aside} for 3 hr at room
temperature. Cells were washed and pelleted. and their
radioactivities were measured, and the concentrations of
bound and free tracer antihod y were calculated. The affinity
of mouse anti-Tat: was determined by Scatchard plot analY'
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Immunology: Queen et al. 

sis, using antt-Jac itself as the competitor. Then the affinities 
of the clllmeric and humanized antibodies were each calcu
lated according to the fonnula (XI - (anti-Tac] = (1/Kx) 
(1/ K.), where Ka is the affinity of anti-Tac (9 x 109 M-1), K. 
is the affinity of the competitor X, [ ) indicates the concen
tration of competitor antibody at which bound/free tracer 
binding is Ro/2, and R0 is maximal bound/free tracer binding 
(37). 

RESULTS 

Cloning or Light and Heavy Chain eDNA. A eDNA library 
in AgtlO was prepared from anti-Tac hybridoma ceUs and 
screened with oligonucleotide probes for the mouse K and y2a 
constant regions. The eDNA inserts from four K-positive and 
four y2a-positive phage were subcloned in Ml3mp19. Partial 
s~quencing showed that two of the K isolates had one 
sequence, and the other two had another sequence. In one 
pair, a V ~gene segment was joined to the J.2 segment out of 
its reading frame. In addition, the conserved cysteine at 
position 23 was absent from this V segment, and the se· 
quences of the two isolates differed slightly. Presumably, 
these clones were the result of an aberrant joining event in 
one K allele, which continued to undergo somatic mutation 
after the formation of the hybridoma. 

The V-J segments of the other pair of K clones were 
sequenced completely and were identical. This light chain 
uses the J.5 segment. Partial sequencing of the four y2a 
clones showed they were all from the same gene. The V-J 
segments of two were sequenced completely and were iden
tical. This heavy chain uses the JH2 segment and is of 
subgroup II (38). The DNA sequences have been deposited 
with GenBank; II the deduced protein sequences are shown in 
Fig. 2. As both alleles of the K light chain were accounted for 
and only one heavy chain sequence was detected, we tenta· 
tively assigned these sequences to the anti· Tac antibody 
genes. 

Construction of Chimeric Genes. Plasmid vectors were 
prepared for the construction and expression of chimeric light 
and heavy chain genes. The plasmid pVKl (Fig. lA) contains 
the human genomic C. segment. including 336 bp of the 
preceding intron and the poly(A) signal. It also contains the 
promoter sequence from the MOPC 41 K gene and the heavy 
chain enhancer sequence, which synergize to form a very 
strong transcriptional unit (29). There is a unique Xba I site 
between the promoter and the intron. A similar plasmid, 
pVyl, was prepared by using the human C.,l region in place 
of the c .. region. In that case, the region inserted between the 
Xba I and BamHl sites extended from about 210 bp 5' ofthe 
CHl exon to beyond the CH3 exon. 

Our strategy was to insert the V-J region from the anti-Tac 
K eDNA, followed by a splice donor signal, at the Xba I site 

A. v .. B 

Proc. Nat/. Mad. Sci. USA 86 ( 1989) 10031 

of p V ocl to ·construct the plasmid pL Tac. Doing sc created a 
chimeric K gene with a short synthetic intron between the 
mouse V-J and human c. segments (Fig. lA). For this 
purpose, we used a form o f double primer-directed mutagen· 
esis (Materials and Methods; Fig. 18). Similarly, the V- J 
region from the anti-Tac y2a heavy chain eDNA, followed by 
a splice donor signal. was inserted into theXba I siteofpVyl. 
The resulting plasmid, pGTac, contained a chimeric heavy 
chain gene, with a synthetic intron between the mouse V-J 
and human Cyl segments. 

Construclion oC a Humanized Anll-Tac Antibody. [n select· 
ing a human antibody to provide the variable region frame
work for the humanized anti-Tac an tibv:ty, we reasoned that 
the·ow.t.b.o1I_ipfogQIJ~J!l£.bPIJl3n antibody".\\-as to the origin-al' 
~tr~TaG:"antibo_fJY.~t~~.:tesslikel'i:"ffould,W.mbin.ing"the anti·' 
:rac-:toR:s:V:itll':tlie:human framework·be ·to introduce dis-: ·' 
toi1ions.Jn(o 'the CDI~s·. The anti· Tac heavy chain sequence 
was therefore compared by computer with all the human 
heavy chain sequences in the National Biomedical Research 
Foundation Protein ldentification Resource (release 15). The 
heavy chain V region of the Eu antibody (of human heavy 
·chain subgroup I; ref. 38) was 57% identical to the anti-Tac 
heavy chain V region (Fig. 2B); all other complete VH regions 
in the data bank were 30-52% identical. However. no one 
human light chain V region was especially homologous to the 
anti·Tac light chain. We therefore chose to use the Eu Iighi 
chain (of human light chain subgroup I; ref. 38) together with 
tlie Eu heavy chain to supply the framework sequences for 
the humanized a ntibody. The CDRs in the humanized anti· 
body were of course chosen to be identical to the anti· Tac 
CDRs (Fig. 2). 

A computer program was used to construct a plausible 
molecular model of the anti·Tac V domain (fig. 3). based on 
homology to other antibody V domains with known crystal 
structure and on energy minimization. Graphic manipulation 
shows that a number of amino acid residues outside of the 
CDRs are in fact close enough to them to either innuence 
their conformation or interact directly with antigen. When 
these residues differ between the anti· Tac and Eu antibodies, 
the residue in the humanized antibody was chosen to be the 
anti· Tac residue rather than the Eu residue. This choice was 
made for residues 27, 30, 48, 67, 68, 98, and 106 in the 
humanized heavy chain, and for 47 and 59 in the humanized 
light chain (Figs. 2 and 3; amino acids shown in blue in Fig. 
3), although we now consider the tight chain residue 59. 
which was chosen on the basis of an earlier model, to be 
doubtful. In this way, we hoped to better preserve the precise 
structure of the CDRs at the cost of possibly making the 
humanized antibody slightly less "human." 

Different human light or heavy chain V regions exhibit 
strong amino acid homology outside of the CDRs. within the 
framework regions. However, a given V region will usually 
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FIG. 2. Amino acid sequences ofthc humanized 
aoti·Tac light (A) and heavy (B) chains. The se· 
queoces of the Eu antibody light and heavy chains 
(upper lines) are shown aligned above lhe mouse 
anti-Tac light and heavy chain sequences (lower 
lines). with a I indicating identity of amino acids. 
The three CDRs in elteh chain are underlined, and 
the other mouse amino acids used in the humanized 

..!.f!libi?'IY.l!,I'C doub.le underlined. Hern:e, the human· 
ized sequences are the same as the upper (Eu) 
sequences. except where the amino acid is under
lined or double underlined. 
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sis. usingfanti—Iac itselfas the competitor. Then the affinitiesof the chtmerie and humanized antibodies were each calcu-

latcd according to the formula {X1 — [anti-Tat] = [1fo —
HIKE]. Where KI is the afiinity of anti-Tao (9 X 10Q M"), K;
is the affi nity of the competitor X, [l'indicates the concen-
tration of competitor antibody at which boundfl'ree tracer
binding is Rafi, and R9 is maximal boundffrec tracer binding
[37].

Peas. Netti. Ami. Sci. USA 36 H 93?) 1003-1

of pvtrl to'construcl the plasmid pLTac. Doing so created a
chimeric It gene with a short synthetic intron beIWeen the
mouse V—J and human C. segments (Fig. 1A}. For this
purposc.we used a form of double-prich-ditectcd mutagcn-
cs'ts (Mutation and Methods: Fig. 18). Silnilarly. the V4
region fnom the anti—Tat: 72a heavy chain cDNA, followed by
a splice do not-signall was insertedittto theJIfboi siteofpVyl.
The resulting plasmid, pGTac, contained a chimeric heavy
chain gene, with a synthetic intron between the mouse V4
and human C11 segments.

3': RESULTS Construction ol'a Humaniafli Antthac Antibody. In select-
t'd Cloning of Light and Heavy Chain cDNA. A cDNA library ing a human antibody to provide the variable region Fran-rc-
" in Agt-Itl was prepared from anti-Tao hybridorna cells and work forthe humanized antinac antibody‘ we reasoned that
:‘m screened with oligontlclcotide probes for the mouse re and 12a; the-Whologousgghm antibody'itas t6 the original"
“Y constant regions- The eDNA inscrts from four repositiIre and afiflfl‘afia‘fitjbodywhegtesflikely'yould‘cornbinirtg‘the anti-'r
1"“ four “flit—positive phage acre .subcloucd in Mumplm Partial ifa'ETCDlis‘Cw’ii‘lfithtifh‘uifian framework-beta introduce dis-r3
.c. sequencing showed that two of the x isolates had one tiiitiifit'tidiifdth'é CDRi-The anti-Tao heavy chain sequence
.‘1‘ sequence. and the other two had another sequence. In one was therefore compared by computer With all the human
a; pair. a V, gene segment wasjoined to the 1,2 segment out of heavy chain sequences in the National Biomedical Research
m its reading frame- In addition, the conserved cysteine at Foundation Protein Identification Resource (releasem. The

position 23 was absent from this V segment, and the se- heavy chain V region of the Eu antibody (of human heavy
9“ quences of the two isolates differed slightly. Presumably, "chain subgroup 1: ref. 38) was 57% identical to the anti-Tao
dc t-h ese clones Were the result of an aberrant joining event in heavy chain Vregittn (Fig. 23); all other complete VH regions

one K allele, which continued to undergo somatic mutation in the data bank were flit—52% identical. However. no one:
E's alter the formation of the hybridoma. human light chain V region was especially homologous to the
'55 The V—I segments of the other pair of tr clones were anti-Tat: light chain. We therefore chose to rise the Eu light
1” sequenced completely and were identical. This light chain chain (of human light chain subgroup 1; ref. 38) together win
1?: uses the LS segment. Partial sequencing of the four 72a. the Eu heavy chain to supply the framework sequences for

clones showed they were all from the same gene. The V—] the humanized antibody. The CDRs' in the humanized anti-
”? segments of two were sequenced completely and were idcn- ' body were of course chosen to be identical to the anti-Tac-

EE tical. This heavy chain uses the Jul segment and is of CDRs (Fig. 2].
[es subgroup {[138}. The DNA scqllcnces have been deposited A computer program was used to construct a plausible
id with GenBank; [I the deduced protein sequences are strewn in molecular model of the anti-Tee V domain (Fig. 3], based on
'mi Fig. 2.. As both alleles of the I: light chain were accounted for homology to other antibody V_ domains with known crystal
{id and only one heavy chain sequence was detected. we return structure and on energy minimization. Graphic manipulatiOn
Fas‘ lively assigned these sequences to the anti-Tau antibody shows that a number of amino acid residues ClLllBldB or the
__ genes. CDRs are in fact close enough to them to either influence
'35 Construction of Chimeric Genes. Plasmid vectors were theirconformation or interact directly with antigen. When
,1“ prepared for the construction and expression ofchi meric light these residues differ between the anti-Tee and En antibodies.

f' _ and heavy chain genes- The plasmid pVKl (Fig. 1A) contains the residue in the humanized antibody was chosen to be the
:d the human genomic (3.. segment, including 336 bp of the anti-Tat: residue rather than the Eu residual This choice was
L3) preceding mtron and the polytA] signal. It also contains the made for residues 2?, 30, 48.. 67, Its. 98, and 106 in the

. ' promoter sequence from the MDPC 41 re gene and the heavy humanized heavy chain, and for 4? and 59 in the humanized

:5; chain enhancer sequence. which synergize to l'orm- a very light chain (Figs. 2 and 3; amino acids shown in blue in Fig.
me strong transcriptional unit (29). There is aunique Xbrt I site 3). although we now consider the light chain residue 5'3.
“L Inet-ween the promoter and the intron. A similar plaSm'td. which was chosen on the basis of an earlier model. to be
rm PV‘yl, was prepared by using the human (2,1 region in place doubtful. In this way, we hoped to better preserve the precise

ot' the C“f region. In that case. the rcgloninserted between the structure or the CDRs at the cost or possibly melting the

{as Xba I and BomHI sites etitended from about 2H] bp 5‘ unit: humanized antibody Islightly less “human.” I _
35¢ CHI each to beyond the CH3 etton. Different human ltght or heavy chatn V regions eshibtt
M Our strategy was to insert the V—l regioni’rom the anti—Tao strongamtno acid homology outside of the CDRS, motion the

m_ l: cDNA, followed by 3 splice. donor Signal, at thexh 1 site framework regions. However, a given V region will usually

1;. - A vi. a I v.
as aw turnerosssruaoeveesrr' Eur: euetvollttltuttlttltecssvrltu

Ami-31km uieti‘dsrietniitinirttiri' hidintisciinsxi-eutitinr
Im— fltrcnnsosln‘rucnusnole zi-settttSossrsltsurruvttort

TC Iliiilgfilslgfili “noisilil urlillilgilzmuiiriu .
in: H- sltllrttLLIt‘ttIns Lsscvrs at renetnunestvenrerrnr E'G'z'-mm“acwsequenwsurthumammd
"'1‘ I I I L 'l I 5 t t I I t l' I. I I I I I I I I I ‘“"'T“ "31“ W mi he“? {5" Chm" 7'“ .5“

rue to rt r s r it 1. tr LYW c II t g at r s a c 1. tilt; awe; EIUBMEEE ortjhe Eu :fltlbO-Sly ugly-at: hcagy chantsu :- incs ares own ' no a vet cmotlse

i} 611:]???itll:strll_:ll:iSLnP u h?f§qcluf I'll-f”??? anfimlightandheavycfiainsequnnoesllowcr
im’ in argcscscvsrsuttsanut 51 may ulsssre‘r liiatettiilltttritl‘t2talll insli::;tli1rt{ghidEcntityoi:Tilt-normal:it];ti- - . E rce stn' canareu cm ,a

9'31 ‘1 "tttitrtnrnmttt" '1 mm”: twin“ theotherrnouseaminoaeidsusedinthence-tanned
tell? to it n. It r. 1 u- u g 1, a I I 1 3 a. r I i- t; -s at It a t’. s s r. r re. 3 r 11: it 5L éntibgdyarg double underlined. Hence. the human;- nod to u noes are the same as the it et- u

lit? in I.” if“: m i I I 3 I E H H I a L u i i “if sequel-relies? except when: the amino acidpiit under-
Ily- m Hirsute G) 100 LLLLLXEEQGZTH'” linedordoubluunderlined.
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FtG. 3. Model oft he mo~se anti-Tac untibody V region. generated with the ENCIID program and displayed with the MIDAS program. Amino 
acids in the CDRs are shown in red; amino acids poh:ntially interJcting with the CDRs are shown in blue; other mouse amino acids used in the 
humanized antibody are shown in yellow. as described in the text. Thus. all amino acids transferred It om the anti-Tac sequence to lhe humanized 
antibody ar~ shown in red, blue, or yellow. Re~idue I i~ lhe lir~t amino acid of V .; residue 301 is the first amino acid of VH. 

contain exceptional amino acid~. alypical of other human V 
regions. al sever-.11 framework positions. The Eu antibody 
contains such unusual residues at positions corresponding to 
93. 95. 98. 106. 107. 108. and llO of the humanized heavy 
chain and 47 and 62 of the light ch;tin (Fig. 2). as determined 
by visual compari!;on or. the Eu heavy and light chain V 
n:gions with other human V rcl!ions of subgroup I (38). The 
Eu antibody contains sc:vero~l other unusual residues. but at 
the listed positions,the murine anti·Tac antibody actually has 
a residue much more typical of human sequences than does 
Eu. At these positi~ns. we therefore chose to use the anti-Tac 
residue rather than the Eu residue in lhc: humanized antibody, 
to make the antibody more generically human. Some of these 
residues had already been selected because of their proximity 
to the CDRs. as described above (the remaining ones are 
shown in yellow in Fig. 3). 

These criteria allowed the selection of all amino adds in the 
humanized antibody V regions as coming from either anti-Tac 
or Eu (Fig. 2). DNA segl)'lents encoding the desired heavy 
and light chain amino acid sequences were synthesized. 
These DNA segments also encoded lypical imr.->unoglobulin 
s ignal sequences for processing and secretion, and they 
contained splice donor signals at their 3' end. The light and 
heavy chain segments were cloned, respectively. in p V K1 and 
pV')'1 to form the plasmid~ pHuLTac and pHuGTac. 

PToperlies or Chimeric lpld Humanized Antibodies. Sp2/0 
cells, a nonproducing mou,se myeloma line, were transfec ted 
sequentially with pLTac and pGTac (chimeric genes) or with 
pHuL Tac and pHuGTac · (humanized genes). Cell clones 
were selected first for a ntibiotic resistance and then for 
maximal antibody secretion, which reached 3 p.g/1f/' cells per 
24 hr. Sl nuclease mapping of RNA extracted from the cells 
lransfected with pLTac ana pGTac showed that the synthetic 
introns between the V and C regions (Fig. lA) were correctly 
spliced (data not shown). Antibody was purified from the 

culture medium of cells producing the chimeric or humanized 
antibody. When analyzed by reducing SDS/ palyacrylamide 
gel electrophoresis, the antibodies showed only two bands, 
having the expected molecular weights 50.000 and 25.000. 

Flow cytometry showed that the chimeric and humanized 
antibodies bound to Hut-102 and CRII.2 cells. two human 
T-celllincs lhat express the p55 chain of the IL-2R. but not 
to CEM and other cell lines that do not express the IL-2R. To 
determine the binding affinity of the chimeric and humanized 
antibodies. their ability to compete with labeled mouse 
anti-Tac for binding to Hut-102 cells was determined. The 
affinity of chimeric anti-Tac was indistinguishable from that 
or anti-Tac (data not shown), as expected from the fact that 
their entire V regions are identical. The affinity of humanized 
anti-Tac for membrane-bound p55 was 3 x 109 M -t , about 
1/3 the measured aflinity of 9 x 109 M- 1 of anti·Tac itself 
(Fig. 4). 

DISCUSSION 
Because monoclonal antibodies can be produced that are 
highly specific for a wide variety of cellular targets , antibody 
therapy holds great promise for the treatment of cancer, 
autoimmune conditions. and other diseases. However, this 
promise has not been widely realized, largely because most 
monoclonal antibodies, which are of mouse origin, are im- . 
munogenic when used in human patients and are ineffective 
at recruiting human immune effector functions such as CDC 
and ADCC. A panial solution to this problem is the use of 
chimeric antibodies (16), which combine the V region binding 
domains of mouse antibodies with human antibody C regions. 
(nitially. chimeric antibodies were constructed by combining 
genomic clones of the V and C region genes. However, this 
method is very lime consuming because of the difficulty of· · 
genomic cloning. especially from tetraploid hybridomas. 
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Model ofthe mouse anti-Tat: antibody ’V region. generated with the eucso program and displayed with the moss program. Amino

acids in the CDRs are shown in rcd;-nmino acids potentially interacting with the CDRs are Shown in blue; other mouse: amino acids used in the
humanized antibothr are shown in yoliow. as dcscribed in the text. Thus... all amino acids tron stern: d [tom the anti—Tat: scque one to the humanized

contain exceptional amino acids, otypicai of olher human \t
regions. at several framework positions. The Eu antibody
contains such unitsual res'idbes at positions corresponding to
93. 95. '98. 105. 107. 168. and 110 of the humanized heavy
chain and d? and 62 bfthe light chain [Fig 2], as determined
by visual comparison oi the Eu heavy and light chain V
regions with other human V regions of subgroup l {33}. The
Eu antibody contains several other unusual residues. but at
the listed positions.the murinc anti-Tit: antibody actually has
a residue much more typical of human sequences than does
Eu.At these positions. wetherefore chose to usethe antivTat:
residue rather than the Eu residue in the humanized antibody.
to make the antibody more generically human. Some of these
residues had already;. been selected because ot'theirtttroltirrtitltr
to the CDRs. as descdbed above (the remaining ones are
shown in yellow in Fig. 3].

These criteria allowed the selection ofall amino acids in the

humanized antibody V regions as coming from either an ti-Tac
or Eu (Fig. 2). DNA segments encoding the desired heavy
and light chain amino acid sequences were synthesized.
These DNA segments also encoded typical immunoglobulin
signal sequences for processing and secretion. and they
contained splice donor signais at their 3‘ end. The light and
heavy chain segments were cloned, respectively. in pVxl and
pVfl to form the plasmids pHuLTac and pHuGTac.

Properties of Chimeric and “unionized Antibodies. Split}
cells. a nonproducing mouse myeloma line, wore transfected
sequentially with pLTac and pGTac [chimeric genesi-or with
pHuLTac and pHuGTac (humanized genes). Cell clones
were selected first for antibiotic resistance and then for
ma xirna] antibody secretion .which reached 3 pg!10‘ cells per
24 hr. 51 nuclease mapping of RNA extracted from the cells
transfected with pLTac and pGTac showed that the synthetic

. introns between the V and C regions (Fig. 1A) were correctly
spliced (data not shown). Antibody was purified roam the

_
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antibody are shown in red. biue. or yellow. Residue] is the first amino acid of VI; residue 3011! the first amino acid of V“.

culture mediumofoelis pmducingihechimeric or humanized
antibody. When analyzed by reducing SDSfpolyacrylamide
gel electrophoresis. the antibodies showed only two bands.
having the expected molecular weights 50.000 and 25.000.

Flow cytometry showed that the chimeric and humanized
antibodies bound to Hot-102 and CEILZ cells. two human

T-cell lines that express the p55 chain of the lL-ZR. but not
to CEM and othcrcell lines that do not express the lL-2-R- To
determine the binding affinity of the chimeric and hu manized
hnlibodies. their ability to compete with labeled mouse
anti-Tao for binding-to Hut—102 cells was determined- The
affinity of chimeric anti-Tile was indistinguishable from that
ol' anti—Tat: (data not shown]. as expected from the fact thal
their entire V regions are identical. The affinity of humanized
anti-Tao for membmnobound p55 was 3 x 10" M". about
133 the measured affinity of 9 >t 109 M“ of anti-Tat: itself
(Fig. 4).

DISCUSSION

Because monoclonal antibodies can be produced that an:
highly specific for a wide variety or cellular targets. ttntibodtt
therapy holds great promise for the treatment of cancer,
autoimmune conditions. and other diseases. However. this
promise has not been widely realiZed. largely because most
monocional antibodies, which are of mouse origin. are im-
munogenic when used in human patients and are ineffective
at recruiting human immune effector ionctions such as CDC
and ADCC. A partial solution to this problem is the use of
chimericantibodiestlti). which combine theV region bi ndiflg
dominsofmouse antibodies with human antibody C regions.
initially. chimeric antibodies were constructed-by combining
genomic clones oithe V and C'rcgion genes. However, this
method is very time consuming because of the difficulty of-
genomic cloning, especially from letraploid hybridomas.
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FIG. 4. Competitive binding oflabeled anti-Tac I racer to Hul-102 
cells. Duplicate samples are shown. •· Mouse anti-Tac competitor; 
v,.humanized anti-Tac competitor. 

More recently, eDNA clones of the V and C regions have 
been combined, but this method is also tedious because of the 
need to join the V and C regions precisely (20, 21). Here we 
show that the V region from a readily obtainable eDNA clone 
can be easily joined toa human genomicCregion, which need 
only be cloned once, by leaving a synthetic intron between 
the V and C regions. When linked to suitable transcriptional 
regulatory elements and transfected into an appropriate host 
cell, such chimeric senes produce antibody at a high level. 

Chimeric antibodies represent an improvemenl over 
mouse antibodies for use in human patients, because they are 
presumably less immunogenic and sometimes mediate CDC 
or ADCC more effectively (21). For example, chimeric 
·anti-Tac mediates ADCC with activated human effector cells. 
whereas murine anti-Tac does not (unpublished data). How
ever, the mouse V region can itself be highly immunogenic 
(15). Winter and colleagues therefore took the further, inno
vative, ste p of combining the CDRs from a mouse (or rat} 
antibody with the framework region from a human antibody 
(22-25), thus reducing the xenogeneic elements in the hu
manized antibody to a minimum. Unfortunately, in some 
cases the humanized antibody had significantly less binding 
affinity for antigen than did the original mouse antibody. This 
is not surprising, because transferring the mouse CDRs from 
the mouse framework to the human framework could easily 
deform them. 

In humanizing the anti ·Tac antibody, which binds to the 
p55 chain of the human IL-2R, we have introduced two ideas 
that may have wider applicability. liiJ:i\~MI-frarne:. 
\~os~:£6.AAC.~fo.Pe.;ll!iiO'~!f~T~i~lt9J!Ie 
originarmouse ·antibody to redlice--any-deformatioil.of-the 
mouse- CDRs:·· Second, computer modeling was used to 
identify several framework amino acids in the mouse anti· 
body that might interact with the CDRs or directly with 
antigen, and these amino acids were transferred to the human 
framework along with the CDRs. T he resuhing humanized 
antibody has a high affinity, 3 x 109 M-1, for its antigen. 
Further work is needed to determine to what extent the 
choice of human framework and the preservation of partic
ular mouse amino acids in fact contributed to the affinity of 
the humanized antibody. The extent to which humanization 
eliminates immunogenicity will need to be addressed in 
clinical trials, where humanized anti-Tac will be administered 
to patients with Tac-expressing lymphomas or selected au
toimmune diseases or to patients receiving organ transplants. 
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Pro. 4. Competitive binding of labeledanli-Tao tracer to Hut-Jill
cells. Duplicate samples are shown. a. Mouse anti-Tat: competitor:
or humanized anti-Tar: competitor.

More recently. cDNA clonen of the V and C regions haue
been combined, but this method is also tedious because of the
need to join the V and C region: precisely 1‘20, 21). Here we
Show that the V region from a readily obtainable ell-NA clone
can be easilyj dined to a human genomic C region . which need
only be cloned once. by leaving a synthetic inn-on between
their and C regions. When linked to suitabletranscfiplional
regulatory elements and transfeeted into an appropriate host
cell. such chimeric genes produce antibody at a high Jewel.

Chimeric antibodies represent an improvement over
mOUSc antibodies ForuSe in human patients. because they are
presumany less immunogent'c and Sometimes mediate CDC
or ADCC more effectively £21]. For example. chimeric
anti—Tar: mediates ADCC with activated human effectorcells.
whereas marine anti-Tao does not (unpublished data}. How-
ever. the mouse V region can itselfbe highly immunogenic
[159. Winter and colleagues therefore tool: the further.1'nno
Votive. step of combining the CD35 from a mouse [or rat}
antibody with the fiame'wurlt region from a human antibody
(22-25), thus reducing the xenogeneic elements in the hu-
maniZed antibody to a minimum. Unfortunately. in some
cases the humanized antibody had significantly less binding
aflinity for antigen than did the original mouse antibody. This
is notsurprising. because transferring the mouse CDRS from
the mouse frameWorlt to the human framework could easily
deform them.

In humanizing the anti-Tat: antibody. which binds to the
p55 chain of the human lL-ZR. we have introduced two ideas

thatkntay haue whideringggajlitg. fligtheggmghmone: *‘fiaaehoi' ._ 4 _. hum. boon cameraman
confininuse -annbcnf’rb’redit:’é”.afi'f'.aerofii”an6n .of-lhe
fitéuh'rE'CDRe‘." Second , computer modeling was used to
identify several framework amino acids in the monse anti-
body that might interact with the CD85 or directly with
antigen. and theseamino acids were transferred to the human
framework along with the Chile. The resulting humanized
antibody has a high affinity, 3 at 10" M“, for its antigen.
Further work is needed to detennine to what extent the
choice of human framework and the preservation of partic-
ular mouse amino acids in fact. contributed to the ailinin of
the humanized antibody. The extent to which humanimtion

eliminates immunugenicity will need to be addressed in
Clinical trials, where humanized anti-Tao will be administered
to patients with Tacexpressing urmphomas or selected au-
IDlmmune diseases or to: patients receiving organ transplants.
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U.S. Patent Jan. 12, 1999 Sheet 1 of 18 5,859,205 

1 GAATTCCCAA AGACAAA~tg g~ttttc~~g tgc~gntttt cngcttcctg 
51 ctnntcngtg cctcngtcnt nntntccngn ggncnnnttg ttctcncccu 

101 gtctccngcn ntcntgtctg cntctccngg ggngnnggtc nccnt gncct 
151 gcngtgccng ctcn~gtgtn ngt t ncntgn ~ctggtnccn gcngnngtcn 
201 ggcncct ccc cc~n~~gntg gntttntgnc ~cntccnnnc tggc t tctgg 
251 ~gtccctgct cncttc~ggg gcngtgggtc tgggncctct tnctctctcn 
301 c~ntcngcgg cntgg~ggct gnngntgctg cc~cttnttn ctgccngcng 
351 · tggngt ngtn ~cc~ttcnc gttcggctcg gggncnnngt t ggnnntnnn 
401 ccgggctgnt nctgcnccn~ ctgtntcc~t cttccc~ccn tccngtg~gc 
451 ~gtt~ncntc tggnggtgcc tcngtcgtgt gcttcttgnn c~ncttctnc 
501 cccn~ngncn tc~ntgtcn~ gtggnngntt g~tggcngtg ~~cgncnnnn 
551 t ggcgtcctg nncngt tggn ctgntcnggn c~gcnnngnc ~gcncctncn 
601 gcntgngcng cnccct cncg ttgnccnngg ncgngtntgn ~cgncntnnc 
65 1 ngctntncct gtg~ggccnc t cncnngncn tcnncttcnc ccnttgt cnn 
701 gngcttcnnc nggnntg~gt gtTAGAGACA AAGGTCCTGA GACGCCACCA 
751 CCAGCTCCCA GCTCCATCCT ATCTTCCCTT CTAAGGTCTT GGAGGCTTCC 
801 CCACAAGCGC t TACCACTGT TGCG GT GCTC TAAACCTCCT CCCACCTCCT 
851 TCTCCTCCTC CTCCCTTTCC TTGGCTTTTA TCATGCTAAT ATTTGCAGAA 
901 AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA 
<SEQ ID N0 :4) 

FIG. Ja 

1 MDFQVQI FSF LL ISASV I IS RGOQIVLTQSP AIMSASPGEK VTMTCSASSS 
51 VSYMNWYQQK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME 

101 AEDAATYYCQ QWSSNPFTFG SGTKLEINRA DTAPTVS IFP PSSEQLTSGG 
151 ASVVCFLNNF YPKDINVKWK IDGSERQNGV LNSW TD QDSK DSTYSMSS TL 
201 TL TKDEYERH NSYTCEATHK TSTSPIVKSF NRNEC* <SEQ ID N0: 5) 

FIG. 1 b 
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U.S. Patent Jan. 12,1999 Sheet 2 of 18 5,859,205 

1 GAATTCCCCT CTCCACAGAC ACTGAAAACT CTGACTCAAC ATGGAAAGGC 
51 ACTGGATCTT TCTACTCCTG TTGTCAGTAA CTGCAGGTGT CCACTCCCAG 

101 GTCCAGCTGC AGCAGTCTGG GGCTGAACTG GCAAGACCTG GGGCCTCAGT 
151 GAAGATGTCC TGCAAGGCTT CTGGCTACAC CTTTACTAGG TACACGATGC 
201 ACTGGGTAAA ACAGAGGCCT GGACAGGGTC TGGAATGGAT TGGATACATT 
251 ATTCCTAGCC GTGGTTATAC TAATTACAAT CAGAAGTTCA AGGACAAGGC 
301 CACATTGACT ACAGACAAAT CCTCCAGCAC AGCCTACATG CAACTGAGCA 
351 GCCTGACATC TGAGGACTCT GCAGTCTATT ACTGTGCAAG ATAT TATGAT 
401 GATCATTACT GCCTTGACTA CTGGGGCCAA GGCACCACTC TCACAGTCTC 
451 CTCAGCCAAA ACAACAGCCC CATCGGTCTA TCCACTGGCC CCTGTGTGTG 
501 GAGATACAAC TGGCTCCTCG GTGACTCTAG GATGCCTGGT CAAGGGTTAT 
551 TTCCCTGAGC CAGTGACCTT GACCTGGAAC TCTGGATCCC TGTCCAGTGG 
601 TGTGCACACC TTCCCAGCTG TCCTGCAGTC TGACCTCTAC ACCCTCAGCA 
651 GCTCAGTGAC TGTAACCTCG AGCACCTGGC CCAGCCAGTC CATCACCTGC 
701 AATGTGGCCC ACCCGGCAAG CAGCACCAAG GTGGACAAGA AAATTGAGCC 
801 ACCTCTTGGG TGGACCATCC GTCTTCATCT TCCCTCCAAA GATCAAGGAT 
851 GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATGTGTGG TGGTGGATGT 
901 GAGCGAGGAT GACCCAGATG TCCAGATCAG CTGGTTTGTG AACAACGTGG 
951 AAGTACACAC AGC TCAGACA CAAACCCATA GAGAGGATTA CAACAGTACT 

1001 CTCCGGGTGG TCAGTGCCCT CCCCATCCAG CACCAGGACT GGATGAGTGG 
1051 CAAGGAGTTC AAATGCAAGG TCAACAACAA AGACCTCCCA GCGCCCATCG 
1101 AGAGAACCAT CTCAAAACCC AAAGGGTCAG TAAGAGCTCC ACAGGTATAT 
1151 GTCTTGCCTC CACCAGAAGA AGAGATGACT AAGAAACAGG TCACTCTGAC 
1201 CTGCATGGTC ACAGACTTCA TGCCTGAAGA CATTTACGTG GA GTGGACCA 
1251 ACAACGGGAA AACAGAGCTA AACTACAAGA ACACTGAACC AGTCCTGGAC 
1301 TCTGATGGTT CTTACTTCAT GTACAGCAAG CTGAGAGTGG AAAAGAAGAA 
1351 CTGGGTGGAA AGAAATAGCT ACTCCTGTTC AGTGGTCCAC GAGGGTCTGC 
1401 ACAATCACCA CACGACTAAG AGCTTCTCCC GGACTCCGGG TAAATGAGCT 
1451 CAGCACCCAC AAAACTCTCA GGTCCAAAGA GAGACCCACA CTCATCTCCA 
1501 TGCTTCCCTT GTATAAATAA AGCACCCAGC AATGCCTGGG ACCATGTAAA 
1551 AAAAAAAAAA AAAGGAATTC <SEQ ID N0 :6) 

FIG. 2a 
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U.S. Patent J an. 12, 1999 Sheet 3 of 18 5,859,205 

DKT 3 HEAVY CHAIN PROTEIN SEQUENCE DEDUCE D FROM DNA SEQUENCE 

1 MERH~ I FLLL LSVTAGVHSQ VQLQQSGAEL ARPGASVKMS CKASGYTFTR 
51 YTMH~VKQRP GQGLE~ I GYI NPSRGYTNYN QKFKDKATLT TDKSSSTAYM 

101 QLSSLT SEDS AVYYCARYYD DHYCLDY~GQ GTTLTVSSAK TTAPSVYPLA 
151 PVCGDTTGSS VTLGCLVKGY FPEPVTL T~N SGSLSSGVHT FPAVLQSDLY 
201 TLSSSVTVTS ST~PSQSITC NVAHPASSTK VDKKIEPRGP TI KPCPPCKC 
251 PAPNLL GGPS VF IFPPKIK O VL MI SLSP IV TCVVVDVSED DPDVQ I S~FV 
301 NNVEVHTAQT QTHREDYNST LRVVSALP IQ HQD~MSGKEF KCKVNNKDLP 
351 AP IERTI SKP KGSVRAPQVY VLPPPEEEMT KKQVTLTCMV TDF MP ED IYV 
401 EWTNNGKTEL NYKNTEPVLD SDGSYFMYSK LRVEKKNWVE RNSYSCSVVH 
451 EGLHNHHTTK SFSRTPGK~ CSEQ ID N0: 7) 

FIG. 2b 
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REI 

RES TYPE 
Okt3vl 
REI 
ID N0 :8) 

RES TYPE 
Okt3vl 
REivl 

Jan. 12, 1999 Sheet 4 of 18 5,859,205 

23 42 
NN N N N N 
SBspSPESssBSbSsSssPSPSPsPSsse*s*p*P iAI SsSe 
QIVLTQSPAI MSASPGEKVTMTCSASS .SVSYMNW YQQKSGT 
DI QMTQSPSSLSASVGDRVT ITCQASQDIIKYLN WYQQl PGK 
I I 

CDRl <LOOP) 
CDRl <KA BAT) 

56 

******* 
*********** 

85 
N NN 
*ls iPp leesesssSBEsePsPSBSSEsPspsPsseesSPePb 
SPKRWIYDTSKLASGVPAtlFRGSGSGTSYSL TISyMEAEDAAT 
APKLLIYEASNLQAGVPSRFSGSGSGTD1T[ TISSLQPEDlAT <SEQ 

I ? I ? ? 
******* CDR2 <LOOP/KABAT) 

1 02 1 08 
Pi PIPies**iPIIsPPSPSPSS 
YYCQQWSSNPFTFG~GTKLEI NR <SEQ ID N0:29) 
YYCQQYQSLPYTFGQGTKLQIIR <SEQ ID N0:9) 

? ? 
****** CDR3 <LOOP) 

********* CRD3<KABAT) 

FIG. 3 
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NN N 23 26 32 35 N39 43 
SESPsASBssSAsSSsSpSpSPsPSEbSBssBeP iAPlpiesss 
QVQLQQ~GAELARPGASVKMSCKASGYTF TRYTMNHWVKQRPGQ 
qvQLVESGGGYVQPGBSLRLSCSSSGFlFSSYAMYWVRQAPGK 

"' "'"' ****** CDRl <LOOP) 
***** CDRl <KABAT) 

52n 60 65 N N N 82nbc 89 
RES TYPE IIe ipppAssssssssApsApSSsbSpseSsSseSpApSpsSBssSAePb 
Okt3vh GLEWIGYINPSRGY TNTNQKFKRKATLTTDKSSSTAYMQLSSLTSEDSAV 
KOL GLEWV~ I IWDDGSDQHYADSVKGRFT I SRD~SKNTL[LQMDSLEPEDT~V 

RES TYPE 
Okt3vh 
KOL 

?? ? ? ? ? ? 

************ CDR2 <LOOP) 
******************* CDR2 <KABAT) 

92 N 1 07 113 
PiP IE i ssss i i i sssb i b i *E I PI P*spSBSS 
YYCARYYDDHY . .. . .. . CLDYWGQGTTLTVSS <SEQ ID N0 :30) 
Y[CARDGGHGFCSSASCFGPDYWGQGTEVTVSS <SEQ ID NO:l O> 

***************** CRD4 <KABAT/LOOP) 

FIG. 4 
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U.S. Patent Jan. 12, 1999 Sheet 6 of 18 5,859,205 

OKT 3 HEAVY CHA IN CDR GRAF TS 

1. gh341 nnd derivntives 

Dkt3vh 
gH341 
gH341A 

gH34IE 
gH34lliE 
gH341* 
gH341D 
gH34l liE 
gH341 C 

gH341* 
gH341liE 
gH341B 
gH341* 
gH341* 
gH341* 
KOL 

1 26 35 39 43 
QVQLQQSGAELARPGASVKMSC KASGYTFTRYTMHWVKQRPGQ 
QVQLVESGGGVVQOGRSLRLSCSSSGYT FTRYTMHWVRQAPGK 
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK 

QVQLVQSGGGVVQPGRSLRLSCKASGYTFT RYTMHWVRQAPGK 
QVQLVQSGGGVVQPGRSLRLSCKASGY TFTRYTMHWVRQAPGK 
QVQLVQSGGGVVQPGRSLRLSCKASGY TFTRYTMHWVRQAPGK 
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK 
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK 
QVQLV~SGGGVVQPGRSLRLSCKASGY TFTRYTMHWVRQAPGK 

QVQLVQS GGGVVQPGRSLRLSCSASGYT FTRYTMHWVRQAPGK 
QVQLVES GGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK 
QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK 
QVQLVQS GGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK 
QVQLVES GGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK 
QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK 
QVQLVESGGGVVQPGRSLRLSCSSSGFIFSSYAMYWVRQAPGK 

FIG. 5a 
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JA 178 
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JAI98 
JA207 
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GLEWIGYINPSRGYTNYNQKVKDRFTISTDKSKSTAFLQMDSLR 
GLEW IGYINPSRGYTNYNQKVKDRFT ISTDKSKNTAFLQMDSLR 
GLEWIGYINPSRGYTNYNQKVKDRFTISRDNSKNT8FLQMDSLR 
GLEWIGYINPSRGYTNYNQKVKDRFTISTDKSKNT[FLQMDSLR 
GLEWIGYINPSRGYTNYNQKVKDRFTISRDNSKNTLFLQMDSLR 
GLEWVAYINPSRGYTNYNQKFKDRFTI SRDNSKNTLFLQMDSLR 

GLEWIGYINPSRGYTNYNOKVKDRFT ISTDKSKSTAFLQMDSLR 
GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR 
GLEWIGYINPSRGYTNYNOKVKDRFT ISTDKSKSTAFLQMDSLR 
GLEW IGY INPSRGYTNY NOKVKDRFTISTDKSKSTAFLQMDSLR 
GLEW IGY INPSRGYTNY NOKVKDRFTISTDKSKSTAFLQMDSLR 
GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKNTAFLQMDSLR 
GLEWVA IIWDDGSDQHYADSVKGRFTISRDNSKNTLFLQ MDSLR 

FIG. 5b 
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84 95 102 113 SEQ ID NO : 
Okt3vh SEDSAVYYCARYYDDHY .... .. . CLDY WGQGTTLT VSS 
gH341 PEDTGVYFCARYY DDHY .... ... CLDYWGQGTTLTVSS JA178 30 
gH341A PEDT8VY1CARYYDDHY .... . .. CLDYWGQGTTLTVSS JA185 12 

gH341E PEDTG VYFCARYYDDHY .... ... CLDYWGQGTTLTVSS JA 198 13 
gH341• PEDTGVY FCARYYDDHY .... ... CLDYWGQGTTLTVSS JA207 14 
gH341D PEDTGV YFCARYYDDHY . ... ... CLDYWGQGTTLTVSS JA197 15 
gH341 • PEDTGV YFCARYYDDHY .... ... CL DYWGQG TTLTVSS JA209 16 
gH341 * PEDTGVYFCARYYDDHY .... ... CLDY WGQGTTLTVSS JA199 17 
gH34 1C PE DTGVYFCARYYDDHY ... .... CLDY WGQGTTLTVSS JA184 18 

gH341* PEDTAVYYCARYYDDHY . . . .... CLDYWGQGTTLTVSS JA203 19 
gH34 1* PE DT8VYXCARYYDDHY .... ... CLDYWGQGTTLTVSS JA2 05 20 
gH34 18 PEDT8VYXCARYYDDHY .... ... CLDYWGQGTTLTVSS JA183 21 
gH34 1* PE DTGVYFCARYYDDHY .... ... CLDYWGQGTTLTVSS JA204 22 
gH34 1• PEDTGVYFCARYYDDHY .... ... CLDYWGQGTTLTVSS JA206 23 
gH34 1• PEDTGVYFCARYYDDHY .... ... CLDYWGQGTTLTVSS JA208 24 
KOL PE DTGVYFCARDGGHGFCSSASCFGPDYWGQGTPVTVSS 1 0 

FIG. 5c 
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OKT3 LIGHT CHAIN CDR GRAFTING 

l. gL22l ond der ivat ives 

Okt3v l 
gL22l 
gL22lA 
gL22lB 
gL22lC 
REI 

Okt3v l 
gL22l 
gL22lA 
gL22lB 
gL22lC 
REI 

Okt3vl 
gL22l 
gL22l A 
gL22lB 
gL22lC 
REI 

1 24 34 42 
QIVLTQSPAOMSASPGEKVTMTCSASS .SVSYMNWYQQKSGT 
DIQMTQSPSSLSASVGDRVT ITCSASS.SVSYMNWYQQTPGK 
QIVMTQSPSSLSASVGDRVT ITCSASS.SVSYMNWYQQTPGK 
QIVMTQSPSSLSASVGDRVT ITCSASS.SVSYMNWYQQTPGK 
DIQMTQSPSSLSASVGDRVT ITCSASS.SVSYMNWYQQTPGK 
DIQMTQSPSSLSASVGDRVT ITCQASQDIIKYLNWYQQTPGK 

43 50 56 85 
SPKRWIYDTSK LASGVPAHFRGSGSGTSYSLTISGMEAEDAAT 
APKLLI YDTSK LASGVPSRFSGSGSG TDYTFTISSLQPEDIAT 
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFT ISSLQPEDIAT 
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFT ISSLQPEDIAT 
APKRWIYDTSKLASGVPSRFSGSGSG TDYTFT ISSLQPEDIAT 
APK0CI YEASNLQAGVPSRFSGSGSGTDYTFT ISSLQPEDIAT <SEQ ID N0 :8) 

86 91 96 108 
YYCQQWSSNPFTFGSGTKLEINR 
YYCQQWSSNPETFGQGTKLQITR 
YYCQQWSSNPETFGQGTKLQ ITR 
YYCQQWSSNPETFGQGTKLQ ITR 
YYCQQWSSNPETFGQGTKLQ ITR 
YYCQQYQSLPYTFGQGTKLQITR 

<SEQ ID N0:29) 
<SEQ ID N0:25) 
<SEQ ID N0:26 > 
(SEQ I D NO: 27> 
<SEQ ID N0 :28> 
<SEQ ID N0:9) 

CDR'S ARE UNDERLINED 

FRAMEWORK RESIDUES INCLUDED IN THE GENE ARE DOUBLE UNDERLINED 

FIG. 6 
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HUMANISED ANTIDODIES 

This is a continuation of application Ser. No. 07n43,329, 
filed Sep. 17, 1991, now abandoned. 

FIELD OF THE INVENTION 

The present invention relates to humanised antibody 
molecules, to processes for their production using recombi
nant DNA technology, and to their therapeutic uses. 

The term "humanised antibody molecule" is used to 
describe a molecule having an antigen binding site derived 
from an immunoglobulin from a non-human species, and 
remaining immunoglobulin-derived parts of the molecule 
being derived from a human immunoglobulin. The antigen 
binding site typically comprises complementarity determin
ing regions (CDRS) which determine the binding specificity 
of the antibody molecule and which are carried on appro
priate framework regions in the variable domains. There are 
3 CDRs (CDR1, CDR2 and CDR3) in each of the heavy and 
light chain variable domains. 

In the description, reference is made to a number of 
publications by number. The publications are listed in 
numerical order at the end of the description. 

BACKGROUND OF THE INVENTION 

Natural immunoglobulins have been known for many 
years, as have the various fragments thereof, such as the Fab, 
(Fab')2 and Fe fragments, which can be derived by enzy
matic cleavage. Natural immunoglobulins comprise a gen
erally Y-shaped molecule having an antigen-binding site 
towards the end of each upper arm. The remainder of the 
structure, and particularly the stem of the Y, mediates the 
effector functions associated with immunoglobulins. 

Natural immunoglobulins have been used in assay, diag
nosis and, to a more limited extent, therapy. However, such 
uses, especially in therapy, were hindered until recently by 
the polyclonal nature of natural immunoglobulins. A signifi
cant step towards the realisation of the potential of immu
noglobulins as therapeutic agents was the discovery of 
procedures for the production of monoclonal antibodies 
(MAbs) of defined specificity (1). 

However, most MAbs are produced by hybridomas which 
are fusions of rodent spleen cells with rodent myeloma cells. 
They are therefore essentially rodent proteins. There are 
very few reports of the production of human MAbs. 

Since most available MAbs are of rodent origin, they are 
naturally antigenic in humans and thus can give rise to an 
undesirable immune response termed the HAMA (Human 
Anti-Mouse Antibody) response. Therefore, the use of 
rodent MAbs as therapeutic agents in humans is inherently 
limited by the fact that the human subject will mount an 
immunological response to the MAb and will either remove 
it entirely or at least reduce its elfectiveness. In practice, 
MAbs of rodent origin may not be used in patients for more 
than one or a few treatments as a HAMA response soon 
develops rendering the MAb ineffective as well as giving 
rise to undesirable reactions. For instance, OKD a mouse 
IgG2a!k MAb which recognises an antigen in the T-cell 
receptor-CD3 complex has been approved for use in many 
countries throughout the world as an iromunosuppres.sant in 
the treatment of acute allograft rejection [ Chatenoud et al (2) 
and Jeffers et at (3)]. However, in view of the rodent nature 
of this and other such MAbs, a significant HAMA response 
which may include a major anti-idiotype component, may 
build up on use. Clearly, it would be highly desirable to 

2 
diminish or abolish this undesirable HAMA response and 
thus enlarge the areas of use of these very useful antibodies. 

Proposals have therefore been made to render non-human 
MAbs Jess antigenic in humans. Such techniques can be 

5 generically termed "humanisation" techniques. These tech
niques typically involve the use of recombinant DNA tech
nology to manipulate DNA sequences encoding the polypep
tide chains of the antibody molecule. 

Early methods for humanising MAbs involved production 

10 of chimeric antibodies in which an antigen binding site 
comprising the complete variable domains of one antibody 
is linked to constant domains derived from another antibody. 
Methods for carrying out such chimerisation procedures are 
described in EP0120694 (Celltech Limited), EP0125023 
(Genentech Inc. and City of Hope), EP-A-0 171496 (Res. 

15 Dev. Corp. Japan), EP-A-0 173 494 (Stanford University), 
and WO 86/01533 (Celltech Limited). This latter Celltech 
application (WO 86/01533) discloses a process for preparing 
an antibody molecule having the variable domains from a 
mouse MAb and the constant domains from a human 

20 immunoglobulin. Such humanised chimeric antibodies, 
however, s till contain a significant proportion of non-human 
amino acid sequence, i.e. the complete non-human variable 
domains, and thus may still elicit some HAMA response, 
particularly if administered over a prolonged period [Begent 

25 et al (ref. 4)). 
In an alternative approach, described in EP-A-0239400 

(Winter), the complementarity determining regions (CDRs) 
of a mouse MAb have been grafted onto the framework 
regions of the variable domains of a human immunoglobulin 

30 by site directed mutagenesis using long oligonucleotides. 
The present invention rela tes to humanlsed antibody mol
ecules prepared according to this alternative approach, i.e. 
CDR-grafted humanised antibody molecules. Such CDR
grafted humanised antibodies are much less likely to give 

35 rise to a HAMA response than humanised chimeric antibod
ies in view of the much lower proportion of non-human 
amino acid sequence which they contain. The earliest work 
on humanising MAbs by CDR-grafting was carried out on 
MAbs recognising synthetic antigens, such as the NP or NIP 

40 antigens. However, examples in which a mouse MAb rec
ognising lysozyme and a rat MAb recognising an antigen on 
human T-cells were humanised by CDR-grafting have been 
described by Verhoeyen et a! (5) and Riechmaon et al (6) 
respectively. The preparation of CDR-grafted antibody to 

45 the antigen on human T cells is also described in WO 
89/07452 (Medical Research Council). 

In Riechmann et al/Medical Research Council it was 
found that transfer of the CDR regions alone [as defined by 
Kabat refs. (7) and (8)] was not sufficient to provide sa tis-

50 factory antigen binding activity in the CDR-grafted product. 
Riechmann et at found that it was necessary to convert a 
serine residue at position 27 of the human sequence to the 
corresponding rat phenylalanine residue to obtain a CDR
grafted product having improved antigen binding activity. 

55 This residue at position 27 of the heavy chain is within the 
structural loop adjacent to CDIU . A further construct which 
additionally contained a human serine to rat tyrosine change 
at position 30 of the heavy chain did not have a significantly 
altered binding activity over the humanised antibody with 

60 the serine to phenylalanine change at position 27 alone. 
These results indicate that changes to residues of the human 
sequence outside the CDR regions, in particular in the 
structural loop adjacent to CDRl, may be necessary to 
obtain effective an tigen binding activity for CDR-graCted 

65 antibodies which recognise more complete antigens. Even 
so the binding affinity of the best CDR-grafted antibodies 
obtained was still significantly less than the original MAb. 
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Very recently Queen et al (9) have described the prepa
ration of a humanised antibody that binds to the interleukin 
2 receptor, by combining the CDRs of a murine MAb 
(anti-Tac) with human immunoglobulin framework and con
stant regions. The human framework regioos were chosen to 5 

maximise homology with the aoti-Tac MAb sequence. In 
addition computer modelling was used to identify frame
work amino acid re,.;idues which were likely to interact with 

4 
residues at at least one of positions 6, 23 and/or 24, 48 and/or 
49, 71 and/or 73, 75 and/or 76 and/or 78 and 88 and/or 91. 

In preferred embodiments, the heavy chain framework 
comprises donor residues at positions 23, 24, 49, 71,73 and 
78 or at positions 23,24 and 49.1be residues at positions 71, 
73 and 78 of the heavy chain framework are preferably 
either all acceptor or all donor residues. 

the CDRs or antigen, and mouse amino acids were used at 
these posit ions in the humanised antibody. 

In WO 90!07861 Queen et al propose four criteria for 
designing humanised immunoglobulins. The fust criterion is 
to use as the human acceptor the framework from a particu-

In part icularly preferred embodiments the heavy chain 
fram.:work additionally comprises donor residues at one, 

tO some or all of positions 6, 37, 48 and 94. Alw it is 
particula rly preferred that residues at positions of the heavy 
chain framework which arc commonly conserved across 
species, i.e. posi tions 2, 4, 25, 36, 39, 47, 93, 103, 104, 106 

lar human immunoglobulin that is unusually homologous to 
th.: non-human donor immunoglobulin to be humaoised, or 15 

to use a consensus framework from many human antibodies. 
'l11e second criterion is to use the donor amino acid rather 
than the acceptor if the human acceptor residue is unusual 
and the donor residue is typical for human sequences at a 
specific residue of the framework. The third criterion is to 20 

usc the donor framework amino acid residue rather than the 
acceptor at positions immediately adjacent to the CDRs. The 
fourth criterion is to use the donor amino acid residue at 
framework positioos at which the amino acid is predicted to 
bave a s ide cbain atom within about 3 A of the CDRs in a 25 
three-dimensional immunoglobulin model and to be capable 
o( interacting with the antigen or with the CDRs of the 
humanised immunoglobulin. It is proposed that criteria two, 
thn:t: or four may be applied in addition or alteroatively to 
cri terion one, and may be applied singly or in any combi- 30 
nation. 

WO 90!07861 describes in detail the preparation of a 
single CDR-grafted humanised antibody, a humanised anti
body having specificity for the p55 Tac protein of the IL-2 

35 receptor. The combination of all four criteria, as above, were 
employed in designing this humanised antibody, the variable 
n:gion frameworks of the human antibody Eu (7) being used 
as acceptor. In the resultant humanised antibody the donor 
CDRs were as defined by Kabat et al (7 and 8) and in 
addition the mouse donor residues were used in place of tbe 40 

human acceptor residues, at positions 27, 30, 48, 66, 67, 89, 
91, 94, 103, 104, 105 and 107 in the heavy chain SEQ ID 
N0:31 and at positions 48, 60 and 63 in the light chain, of 
the variable region frameworks. The bumanised anti-Tac 
antibody obtained is reported to have an affinity for p55 of 45 

3xl0~M-J, about one-third of that of the murine MAb. 

and 107, if not conserved between donor and acceptor, 
additionally comprise donor residues. Most preferably the 
heavy chain framework additionally comprises donor resi-
dues at positions 2, 4, 6 , 25, 36, 37, 39, 47, 48, 93, 94, 103, 
104, 106 and 107. 

In addition the heavy chain framework optionally com
prises donor residues at one, some or all of positions: 

1 and 3, 
72 and 76, 
69 (if 48 is different between donor and acceptor), 
38 and 46 (if 48 is the donor residue), 
80 and 20 (if 69 is the donor residue), 
67, 
82 and 18 (if 67 is the donor residue), 
91, 
88, and 
any one or more of 9, 11, 41, 87, 108, 110 and 112. 
In the first and other aspects of the present invention 

reference is made to CDR-grafted antibody products com
prising acceptor framework and donor antigen binding 
regions. It will be: appreciated that the invention is widely 
applicable: to tbe CDR-grafting of antibodies in general. 
Thus, the donor and acceptor antibodies may be derived 
from animals of the same species and even same antibody 
class or sub-e t as.~. More usually, however, the donor and 
acceptor antibodies arc derived from animals of different 
species. Typically the donor antibody is a non-human 
antibody, such as a rodent Mi\b, and the acceptor antibody 
is a human antibody. 

In the first and other aspects of the present invention, the 
donor antigen binding region typically comprises at least 
one CDR from the donor antibody. Usually the donor 
antigen binding region comprises at least two and preferably 
all thrt:t: CDRs of each of the heavy chain and/or light chain 

We have further investigated the preparation of CDR
grafted humaniscd an tibody molecules and have identified a 
hierarchy of positions within the framework of the variable 
regions (i .e. outs ide both the Kabat CDRs and structural 
loops of the variable regions) at which the amino acid 
identities of the residues arc important for obtaining CDR
grafted products with satisfactory binding affinity. This bas 
enabled us to establish a protocol for obtaining satisfactory 
CDR-grafted products which may be applied very widely 
irrespective of the level of homology between the donor 
immunoglobulin and acceptor framework. The set of resi
dues which we have identified as being of critical impor
tance does not: coincide with the residues identified by 
Queen et a! (9). 

50 varia bit: regions. l11e CDRs may comprise the Kaba t CDRs, 
the s tructural loop CDRs or a composite of the Kabat and 
structural loop CORs and any combinat ion of any of these. 
Preferably, the antigen binding regions of the CDR-grafted 
hearty chain variable domain comprise CDRs corresponding 

SUMMARY OF THE INVENTION 

Accord ingly, in a fi rst aspect the invention provides a 
CDR-grafted antibody heavy chain having a va.riable region 
domain comprising acceptor framework and donor antigen 
binding regions wherein the framework comprises donor 

ss to the Kabat COils at COR2 (residues 50-65) and CDR3 
(residues 95-100) and a composite of the Kabat and struc
tural loop CDRs at CDRJ (residues 26-35). 

The residue designations given above and elsewhere in 
the present application are numbered according to the Kaba t 

60 numbering [refs. (7) and (8)]. Thus the residue designations 
do not always correspond directly with the linear numbering 
of the amino acid residues. The aCtual linear amino acid 
sequence may contain fewer or additional amino acids than 
in the s trict Kabat numbering corresponding to a shortening 

65 of, or insertion into, a st ructural component, whether frame
work or CDR, of the basic variable domain structure. For 
example, the heavy chain va riable region of the anti-Tac 
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antibody described by Queen et al (9) contains a single 
amino acid insert (residue 52a) after residue 52 of CDR2 and 
a three amino acid insert (residues 82a, 82b and 82c) after 
framework residue 82, in the Kabat numbering. The correct 
Kabat numbering of residues may be determined for a given 5 

antibody by alignment at regions of homology of the 
sequence of the antibody with a "standard" Kabat numbered 
sequence. 

The invention also provides in a second aspect a CDR
grafted antibody ligbt chain having a variable region domain 10 

comprising acceptor framework and donor antigen binding 
regions wherein the framework comprises donor residues at 

6 
have a macrocycle, for chelating a heavy metal atom, or a 
toxin, such as ricin, attached to it by a covalent bridging 
structure. Alternatively, the procedures of recombinant DNA 
technology may be used to produce an immunoglobulin 
molecule in which the Fe fragment or CH3 domain of a 
complete immunoglobulin molecule has been replaced by, 
or has attached thereto by peptide linkage, a functional 
non-immunoglobulin protein, such as an enzyme or toxin 
molecule. 

Any appropriate acceptor variable region framework 
sequences may be used having regard to class/type of the 
donor antibody from which the antigen binding regions are 
derived. Preferably, the type of acceptor framework used is 
of the same/similar class/type as the donor antibody. 

at least one of positions 1 and/or 3 and 46 and/or 47. 
Preferably the CDR grafted light chain of the second aspect 
comprises donor residues at positions 46 and/or 47. 

The invention also provides in a third aspect a CDR
grafted antibody light chain having a variable region domain 
comprising acceptor framework and donor antigen binding 
regions wherein the framework comprises donor residues at 
at least one of positions 46, 48, 58 and 71. 

15 Conveniently, the framework may be chosen to maximise/ 
optimise homology with the donor antibody sequence par
ticularly at positions close or adjacent to the CDRs. 
However, a high level of homology between donor and 
acceptor sequences is not important for application of the 

In a preferred embodiment of the third aspect, the frame
work comprises donor residues at all of positions 46, 48, 58 
and 71. 

In particularly preferred embodiments of the second and 
third aspects, the framework additionally comprises donor 
residues at positions 36, 44, 4 7, 85 and 87. Similarly 
positions of the light chain framework which are commonly 
conserved across species, i.e. positions 2, 4, 6, 35, 49, 62, 
6~9, 98, 99, 101 and 102, if not conserved between donor 
and acceptor, additionally comprise donor residues. Most 
preferably the light chain framework additionally comprises 
donor residues at positions 2, 4, 6, 35, 36, 38, 44, 47, 49, 62, 
6~9, 85, 87, 98, 99, 101 and 102. 

20 present invention. The present invention identifies a hierar
chy of framework residue positions at which donor residues 
may be important or desirable for obtaining a CDR-grafied 
antibody product having satisfactory binding properties. The 
CDR-grafted products usually have binding affinities of at 

25 least 105 M- 1
, preferably at least about lOS M- 1

, or espe
cially in the range 108- 1012 M-1 . In principle, the present 
invention is applicable to any combination of donor and 
acceptor antibodies irrespective of the level of homology 
between their sequences. A protocol for applying the inven-

In addition the framework of the second or third aspects 
optionally comprises donor residues at one, some or all of 
positions: 

30 tion to any particular donor-acceptor antibody pair is given 
hereinafter. Examples of human frameworks which may be 
used are KOL, NEWM, REI, EU, lAY and POM (refs. 4 and 
5) and the like; for instance KOL and NEWM for the heavy 
chain and REI for the light chain and EU, LAY and POM for 

35 both the heavy chain and the light chain. 

1 and 3, 
60 (if 60 and 54 are able to form at potential sal !bridge), 

Also the constant region domains of the products of the 
invention may be selected having regard to the proposed 
function of the antibody in particular the effector functions 
whicb may be required. For example, tbe constant region 70 (if 70 and 24 are able to form a potentia l saltbridge), 

73 and 21 (if 47 is different between donor and acceptor), 
37 and 45 (if 47 is dilferent between donor and acceptor), 
and 

40 domains may be human lgA, lgE, JgG or lgM domains. In 
particular, lgG human constant region domains may be used, 
especially of the IgGI and lgG3 isotypes, when the huma
nised antibody molecule is intended for therapeutic uses, 

any one or more of 10, 12, 40, 80, 103 and 105. 
Preferably, the antigen binding regions; of the CDR- 45 

grafted light chain variable domain comprise CDRs corre
sponding to the Kabat CDRs at CDR! (residue 24-34), 
CDR2 (residues 50-56) and CDR3 (residues 89- 97). 

The invention further provides in a fourth aspect a CDR
grafted antibody molecule comprising at least one CDR- 50 

grafted heavy chain and at least one CDR-grafted light chain 
according to tbe first aod second or first and tbird aspects of 
the invention. 

The humanised antibody molecules and chains of the 
present invention may comprise: a complete antibody ss 
molecule, having full length heavy and light chains; a 
fragment thereof, such as a Fab, (Fab')2 or FV fragment; a 
light chain or heavy chain monomer or dimer; or a single 
chain antibody, e.g. a single chain FV in which heavy and 
light chain variable regions are joined by a peptide linker; or 60 

any other CDR-grafted molecule with the same specificity as 
the original donor antibody. Similarly the CDR-grafted 
heavy and light chain variable region may be combined with 
other antibody domains as appropriate. 

Also the heavy or light chains or humanised antibody 65 

molecules of the present invention may have attached to 
them an effector or reporter molecule. For instance, it may 

and antibody effector functions are required. Alternatively, 
IgG2 and IgG4 isotypes may be used when the humanised 
antibody molecule is intended for therapeutic purposes and 
antibody effector functions are not required, e.g. for simple 
blocking of lymphokine activity. 

However, the remainder of the antibody molecules need 
not comprise only protein sequences from immunoglobu
lins. For instance, a gene may be constructed in which a 
DNA sequence encoding part of a human immunoglobulin 
chain is fused to a DNA sequence encoding the amino acid 
sequence of a functional polypeptide such as an effector or 
reporter molecule. 

Preferably the CDR-grafted antibody heavy and light 
chain and antibody molecule products are produced by 
recombinant DNA technology. 

Thus in further aspects the invention also includes DNA 
sequences coding for the CDR-grafied heavy and light 
chains, cloning and expression vectors containing the DNA 
sequences, host celLs transformed with the DNA sequences 
and proces.ses for producing the CDR-grafted chains and 
antibody molecules co mprising expressing the DNA 
sequences in the transformed host cells. 

The general methods by which the vectors may be 
constructed, transfectioo methods and culture methods are 
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well known per se and form no part of the invention. Such 
methods are shown, for instance, in references 10 and 11. 

The DNA sequences which encode the donor amino acid 
sequence may be obtained by methods well known in the art. 
For example the donor coding sequences may be obtained 5 
by genomic cloning, or eDNA cloning from suitable hybri
doma cell Jines. Positive clones rna y be screened using 
appropriate probes for the heavy and light chain genes io 
question. Also PCR cloning may be used. 

DNA coding for acceptor, e.g. human acceptor, sequences 
10 may be obtained in any appropriate way. For example DNA 

sequences coding for preferred human acceptor frameworks 
such as KOL, REI, EU and NEWM, are widely available to 
workers in the art. 

The standard techniques of molecular biology may be 
used to prepare DNA sequences coding for the CDR-grafted l5 

products. Desired DNA sequences may be synthesised com
pletely or in part using oligonucleotide synthesis techniques. 
Site-directed mutagenesis and polymerase chain reaction 
(PCR) techniques may be used as appropriate. For example 
oligonucleotide directed synthesis as described by Jones et 20 
al (ref. 20) may be used. Also oligonucleotide directed 
mutagenesi~ of a pre-exising variable region as, for example, 
described by Verhoeyen et al (ref. 5) or Riechmann et al (ref. 
6) may be used. Also enzymatic filling in of gapped oligo
nucleotides using T4 DNA polymerase as, for example, 25 
described by Queen et a! (ref. 9) may be used. 

Any suitable host cell/vector system may be used for 
expression of the DNA sequences coding for the CDR
grafted heavy and light chains. Bacterial e.g. E. coli, and 
other microbial systems may be used, in particular for 30 
expression of antibody fragments such as FAb and (Fab')2 
fragments, and especially FV fragments; and single chain 
antibody fragments e.g. single chain FVs. Eucaryotic e.g. 
mammalian host cell expression systems may be used for 
production of larger CDR-grafted antibody products, includ-

35 
ing complete antibody molecules. Suitable mammalian host 
cells include CHO cells and myeloma or hybridoma cell 
lines. 

Thus, in a further aspect the present invention provides a 
process for producing a CDR-grafted antibody product 40 
comprising: 

8 
The DNA in the coding sequences for the light and heavy 

chains may comprise eDNA or genomic DNA or both. 
However, it is preferred that the DNA sequence encoding the 
heavy or light cbain comprises at least partially, genomic 
DNA, preferably a fusion of eDNA and genomic DNA 

The present invention is applicable to antibodies of any 
appropriate specificity. Advantageously, however, the inven
tion may be applied to the humanisation of non-human 
antibodies which are used for in vivo therapy or diagnosis. 
Thus the antibodies may be site-specific antibodies such as 
tumour-specific or call surface-specific antibodies, suitable 
for use in in vivo therapy or diagnosis, e.g. tumour imaging. 
Examples of cell surface-specific antibodie.~ are anti-T cell 
antibodies, such as anti-CD3, and CD4 and adhesion 
molecules, such as CR3, !CAM and ELAM. The antibodies 
may have specificity for in terleukins (including 
lymphokines, growth factors and stimulating factors), hor
mones and other biologically active compounds, and recep
tors for any of these. For example, the antibodies may have 
specificity for any of the following: Interferons ex, ~. r or a 
ILl, IL2, IL3, or IU, etc., TNF, GCSF, GMCSF, EPO, hGH, 
or insulin, etc. 

The the present invention also includes therapeutic and 
diagnostic compositions comprising the CDR-grafted prod
ucts of the invention and uses of such compositions in 
therapy and diagnosis. 

Accordingly in a further aspect the invention provides a 
therapeutic or diagnostic composition comprising a CDR
grafted antibody heavy or light chain or molecule according 
to previous aspects of the invention in combination with a 
pharmaceutically acceptable carrier, diluent or excipient. 

Accordingly also the invention provides a method of 
therapy or diagnosis comprising administering an effective 
amount of a CDR-grafted antibody heavy or light chain or 
molecule according to previous aspects of the invention to a 
human or animal subject. 

A preferred protocol for obtaining CDR-grafted antibody 
heavy and light chains in accordance with the present 
invention is set out below together with the rationale by 
which we have derived this protocoL lbi'S protocol and 
rationale are given without prejudice to the generality of the 
invention as hereinbefore de.~ribed and defined. 

Protocol 

(a) producing in an expression vector an operon having a 
DNA sequence which encodes an antibody heavy chain 
according to the first aspect of the invention; 

and/or 
(b) producing in an expression vector an operon having a 

DNA sequence which encodes a complementary anti
body light chain according to the second or third aspect 
of the invention; 

45 
It is first of all necessary to sequence the DNA coding for 

the heavy and light chain variable regions of the donor 
antibody, to determine their amino acid sequences. It is also 
necessary to choose appropriate acceptor heavy and light 
chain variable regions, of known amino acid sequence. The 

(c) traosfectiog a host cell with the or each vector; and 
(d) culturing the transfected cell line to produce the 

CDR-grafted antibody product. 
The CDR-grafted product may comprise only heavy or light 
chain derived polypeptide, in which case only a heavy chain 

50 
CDR-grafted chain is then designed starting from the basis 
of the acceptor sequence. It will be appreciated that in some 
cases the donor and acceptor amino acid residues may be 
identical at a particular position and thus no change of 
acceptor framework residue is required. 

or light chain polypeptide coding sequence i~ used to ss 
transfect the host cell~. 

For production of products comprising both heavy and 
light chains, the cell line may be transfected with two 
vectors, the first vector may contain an operon encoding a 
light chain-derived polypeptide and the second vector coo- 60 

taioing ao operon encoding a heavy chain-derived polypep
tide. Preferably, the vectors are identical, except in so far as 
the coding sequences and selectable markers are concerned, 
so as to ensure as far as possible that each polypeptide chain 
is equally expressed. Alternatively, a single vector may be 65 

used, the vector including the sequences encoding both light 
chain- and heavy chain-derived polypeptides. 

1. As a first step donor residues are substituted for 
acceptor residues in the CDRs. For this purpose the CDRs 
are preferably defined as follows: 

Heavy chain-CDR! : residues 26-35 
-CDR2: residues 5<Hi5 
-CDR3: residues 95- 102 

Light chain-CDR!: residues 24-34 
-CDR2: residues 50-56 
-CDR3: residues 89-97 
The positions at which donor residues are to be substi

tuted for acceptor io the framework are then chosen as 
follows, first of all with respect to the heavy chain and 
subsequently with respect to tbe ligbt chain. 
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2. Heavy Chain 
2.1 Choose donor residues at all of positions 23, 24, 49, 

71, 73 and 78 of the heavy chain or all of positions 23, 24 
and 49 (71, 73 and 78 are always either all donor or all 
acceptor). 

2.2 Check that the following have the same amino acid in 
donor and acceptor sequences, and if not preferably choose 
the donor: 2, 4, 6, 25, 36, 37, 39, 47, 48, 93, 94, 103, 104, 
106 and 107. 

2.3 To further optimise affinity consider choosing donor 
residues at one, some or any of: 

i. 1, 3 
ii. 72, 76 

iii. If 48 is different between donor and acceptor 
sequences, consider 69 

iv. If at 48 the donor residue is chosen, consider 38 and 46 

v. If at 69 the donor residue is chosen, consider 80 and 
then 20 

vi. 67 

vii. If at 67 the donor residue is chosen, consider 82 and 
then 18 

viii. 91 

ix. 88 

x. 9, 11, 41, 87, 108, 110, 112 
3. Light Chain 

3.1 Choose donor at 46, 48, 58 and 71 

10 
phenylalanine or tyrosine, residue 29 is a phenylalanine in 
most cases. Residues 28 and 30 which are surface residues 
exposed to solvent might be involved in antigen-binding. A 
prudent definition of the Hl CDR therefore would include 

5 
residues 26-35 to include both the loop region and the 
hypervariable residues 33- 35. 

It is of interest to note the example of Riechmann et al 
(ref. 3), who used the residue 31- 35 choice for CDR-Hl. [n 
order to produce efficient antigen binding, residue 27 also 
needed to be recruited from the donor (rat) antibody. 

10 2. Non-CDR residues which contribute to antigen binding 
By examination of available X-ray structures we have 

identified a number of residues which may have an effect on 
net aotigen binding and which can be demonstrated by 
experiment. These residues can be sub-divided into a num-

15 ber of groups. 
2 .1 Surface residues near CDR [all numbering as in Kabat 

et al (ref. 7)). 
2.1.1. Heavy Chain- Key residues are 23, 71 and 73. 
Other residues which may contribute to a lesser extent are 

1, 3 and 76. Finally 25 is usually conserved but the murine 
20 residue should be used if there is a difference. 2.1.2 Light 

Chain-Many residues close to the CDRs, e .g . 63, 65, 67 
and 69 are conserved. If conserved none of the surface 
residues in the light chain are likely to have a major effect. 
However, if the murine residue at these positions is unusual, 
then it would be of benefit to analyse the likely contribution 

25 more closely. Other residues which may also contribute to 
binding are 1 and 3, and also 60 and 70 if the residues at 
these positions and at 54 and 24 respectively are potentially 
able to form a salt bridge i.e . 60+54; 70+24. 

3.2 Check that the following have the same amino acid in 
donor and acceptor sequences, if not preferably choose 30 
donor: 

2.2 Packing residues near the CDRs. 
2.2.1. Heavy Chain- Key residues are 24, 49 and 78. 

Other key residues would be 36 if not a tryptophan, 94 if not 
an arginine, 104 and 106 if not glycines and 107 if not a 
threonine. Residues which may make a further contribution 
to stable packing of the heavy chain and hence improved 

2, 4, 6, 35, 38, 44, 47, 49, 62, 64-69 inclusive, 85, 87, 98, 
99, 101 and 102 

3.3 To further optimise affinity consider choosing donor 
residues at one, some or any of: 

i. 1, 3 
ii. 63 

iii. 60, if 60 and 54 are able to form potential saltbridge 

35 affinity are 2, 4, 6, 38, 46, 67 and 69. 67 packs against the 
CDR residue 63 and this pair could be either both mouse or 
both human. Finally, residues which contribute to pacJ.,;ng in 
this region but from a longer range are 18, 20, 80, 82 and 86. 
82 pack<; against 67 and in turn 18 packs against 82. 80 pack<; 

iv. 70, if 70 and 24 are able to form potential saltbridge 40 
against 69 and in turn 20 pack<; against 80. 86 forms an H 
bond network with 33 and 46. Many of the mouse-human 
differences appear minor e.g. Leu-lie, but could have an 
minor impact on correct packing which could translate into 
altered positioning of the CDRs. 

v. 73, and 21 if 47 is different between donor and acceptor 

vi. 37, and 45 if 47 is different between donor and 
acceptor 

vii. 10, 12, 40, 80, 103, 105 

Rationale 

In order to transfer the binding site of an antibody into a 
different acceptor framework, a number of factors need to be 
considered. 
1. The extent of the CDRs 

The CDRs (Complementary Determining Regions) were 
defined by Wu and Kabat (refs,. 4 and 5) on the basis of an 
analysis of tbe variability of different regions of antibody 
variable regions. Three regions per domain were recognised. 
In the light chain the sequences are 24- 34, S0-56, 89- 97 
(numbering according to Kabat (ref. 4), Eu Index) inclusive 
and in the heavy chain the sequences are 31- 35, 50-65 and 
95- 102 inclusive. 

When antibody structures became available it became 
apparent that these CDR regioos correspooded in the maio 
to loop regions which extended from the ~ barrel framework 
of tbe light aod heavy variable domains. Fm Hl there was 
a discrepancy in that the loop was from 26 to 32 inclusive 
and for H2 the loop was 52 to 56 and for l2 from SO to 53. 
However, with the exceptioo of H1 the CDR regions encom
passed the loop regions and extended into the p strand 
frameworks. In Hl residue 26 tends to be a serine and 27 a 

2.2.2. Light Chain- Key residues are 48, 58 and 71. Other 
45 key residues would be 6 if not glutamine, 35 if not 

tryptophan, 62 if not phenylalanine or tryosioe, 64, 66, 68, 
99 and 101 if not glycioes and 102 if not a threonine. 
Residues which make a further contribution are 2, 4, 37, 45 
and 47. Finally residues 73 and 21 and 19 may make long 

so distance packing contributions of a minor nature . 
2 .3 . Residues at the variable domain interface between 

heavy and light chains- In both the light and heavy chains 
most of the non-CDR interface residues are conserved. If a 
conserved residue is replaced by a residue of different 

55 character, e.g. size or charge, it should be considered for 
retention as the murine residue. 

2.3.1. Heavy Chain- Residues which need to be consid
ered are 37 if the residue is not a valine but is of larger side 
chain volume or has a charge or polarity. Other residues are 
39 if not a glutamine, 45 if not a leucine, 47 if not a 

60 tryptophan, 91 if not a phenylalanine or tyrosine, 93 if not 
an alanine and 103 if not a tryptophan. Residue 89 is also at 
the interface but is not in a position where tbe side chain 
could be of great impact. 

2 .3 .2 . Light Chain- Residues which need to be consid-
65 ered are 36, if not a tyrosine, 38 if not a glutamine, 44 if not 

a proline, 46, 49 if not a tyrosine, residue 85, residue 87 if 
not a tyrosine and 98 if not a phenylalanine. 
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2.4. Variable-Constant region interface-The elbow angle 
between variable and constant regions may be affected by 
alterations in packing of key residues in the variable region 
against the constant region which may affect the position of 

12 

V L and V H with respect to one another. Therefore it is worth 5 
noting the residues likely to be in contact with the constant 
region. In the heavy chain the surface residues potentially in 
contact with the variable region are conserved between 
mouse and human antibodies therefore the variable region 
contact residues may influence the V-C interaction. In the 

10 light chain the amino acids found at a number of the constant 
region contact points vary, and the V & C regions are not in 
such close proximity as the heavy chain. Therefore the 
influences of the light chain V-C interface may be minor. 

Hybridoma cells producing antibody OKT3 were pro
vided by Ortho (seedlot 4882.1) and were grown up in 
antibiotic free Dulbecco's Modified Eagles Medium 
(DMEM) supplemented with glutamine and 5% foetal calf 
serum, and divided to provide both an overgrown superna
tant for evaluation and cells for extraction of RNA The 
overgrown supernatant was shown to contain 250 ug/mL 
murine IgG2a/kappa antibody. The supernatant was negative 
for murine lambda light chain and IgGl, IgG2b, IgG3, IgA 
and IgM heavy chain. 20 mL of supernatant was assayed to 
coulirm that the antibody present was OKT3. 
2. Molecular Biology Procedures 

Basic molecular biology procedures were as described in 
Maniatis et al (ref. 9) with, in some cases, minor modifica-

2.4.1. Heavy Chain-Contact residues are 7, 11, 41, 87, 
108, 110, 112. 

2.4.2. Light Chain- In the light chain potentially contact
ing residues are 10, 12, 40, 80, 83, 103 and 105. 

l5 tioos. DNA sequencing was performed as described in 
Saoger et al (ref. 11) and the Amersham International Pic 
sequencing handbook Site directed mutagenesis was as 
described in Kramer et al (ref. 12) and the Anglian Biotech-The above analysis coupled with our considerable prac

tical experimental experience in the CDR-grafting of a 
number of different antibodies have lead us to the protocol 20 
given above. 

nology Ltd. handbook. COS cell expres.sion and metabolic 
labelling studies were as described in Whittle et al (ref. 13) 
3. Research Assays 

The present invention is now described, by way of 
example only, with reference to the accompanying FIGS. 
1- 13. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. la and lb show DNA and amino acid sequences of 
the OKT3 light chain (SEQ ID N0:4 and 5); 

FIGS. 2a and 2b shows DNA and amino acid sequences 
of the OKT3 heavy chain; 

FIG. 3 shows the alignment of the OKT3 light variable 
region amino acid sequence with that of the light variable 
region of the human antibody REI(SEQ ID N0:29, 8 and 9); 

3.1. Assembly Assays 
Assembly assays were performed on supernatants from 

transfected COS cells to determine the amount of intact IgG 

25 present. 

30 

3.1.1. COS Cells Transfected With Mouse OKT3 Genes 
The assembly assay for intact mouse IgG in COS cell 

supernatants was an EUSA with the following format : 
96 well microtitre plates were coated with F(ab')2 goat 

anti-mouse IgG Fe. The plates were washed in water 
and samples added for 1 hour at room temperature. The 
plates were washed and F(ab')2 goat anti-mouse IgG 
F(ab'h (HRPO conjugated) was then added. Substrate 
was added to reveal the reaction. UPC10, a mouse 
IgG2a myeloma, was used as a standard. 

3.1.2. COS and CHO Cell~ Transfected With Chimeric or 
CDR-grafted OKT3 Genes 

FIG. 4 shows the alignment of the OKT3 heavy variable 
35 

region amino acid sequence with that of the heavy variable 
region of the human antibody KOL(SEQ ID N0:30 and 10); 

FIGS. Sa- c show the heavy variable region amino acid 
sequences of OKT3, KOL and various corresponding CDR 
grafts(SEQ ID N0:30 and 10-24); 

The assembly assay for chimeric: or CDR-grafted anti
body in COS cell supernatants was an ELISA with the 

40 following format: 
FIG. 6 shows the light variable region amino acid 

sequences of OKT3, REI and various corresponding CDR 
grafts(SEQ ID N0:29, 9 and 25); 

FIG. 7 shows a graph of binding assay results for various 
grafted OKT3 antibodies' 

FIG. 8 shows a graph of blocking assay results for various 
grafted OKT3 antibodies; 

45 

96 well micro titre plates were coated with F( ab')2 goat 
anti-human lgG Fe. The plates were washed and 
samples added and incubated for 1 hour at room 
temperature. The plates were washed and monoclonal 
mouse anti-human kappa chain was added for 1 hour at 
room temperature. The plates were washed and F(ab')2 

FIG. 9 shows a similar graph of blocking assay results; 
FIGS. lOa and b show similar graphs for both binding 

50 
as.~ay and blocking assay results; 

goat anti-mouse IgG Fe (HRPO conjugated) was 
added. Enzyme substrate was added to reveal the 
reaction. Chimeric B72.3 (IgG4) (ref. 13) was used as 
a standard. The use of a monoclonal anti-kappa chain in 
this assay allows grafted antibodies to be read from the 

FIGS. lla and b show further similar graphs for both 
binding assay and blocking assay results; 

FIG. 12 shows a graph of competition assay results for a 
minimally grafted OKT3 antibody compared with the OKT3 
murine reference standard, and 

FIG. 13 shows a similar graph of competition assay 
results comparing a fully grafted OKT3 antibody with the 
murine reference standard. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

Example 1 

CDR-grafting of OKT3 
Material and Methods 
1. Incoming Cells 

chimeric standard. 
3.2. Assay for Antigen Binding Activity 
Material from COS cell supernatants was assayed for 

55 OKT3 antigen binding activity onto CD3 positive cell~ in a 
direct a.~sa y. The procedure was as follows: 

HUT 78 cells (human T cell line, CD3 positive) were 
maintained in culture. Monolayers of HUT 78 cells were 
prepared onto 96 well ELISA plates using poly-L-lysine and 

60 glutaraldehyde. Samples were added to the monolayers for 
1 hour at room temperature. 

The plates were washed gently using PBS. F(ab')2 goat 
anti-human lgG Fe (HRPO conjugated) or F(ab'.h goat 
anti-mouse IgG Fe (HRPO conjugated) was added as appro-

65 priate for humanised or mouse samples. Substrate was added 
to reveal the reaction. The negative control for the cell-based 
a.~~ay was chimeric B72.3. The positive control was mouse 
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For competitive binding, increasing amounts of competi
tor antibody were added to a sub-saturating dose of 
Fl-OKT3 and incubated with 5x105 HPB-ALL in 200 ml of 
PBS with 5% foetal calf serum, for 60 min at 4° C. The 
fluorescence intensities of the cells were measured on a 
FACScan flow cytometer calibrated with quantitative micro-
bead standards. The concentrations of bound and free 
Fl-OKD were calculated. The affinities of competing anti
bodies were calculated from the equation [X)-[OKD)=(l / 
Kx)- (1/Ka), where Ka is the affinity of murine OKT3, Kx is 
the al:lioity of competitor X, [ ] is the concentration of 
competitor antibody at which bound/free binding is R/2, and 
R is the maximal bound/free binding. 
4. eDNA Library Construction 

4.1. mRNA Preparation and eDNA Synthesis 
OKT3 producing cells were grown as described above 

and 1.2xl!f cells harvested and MRNA extracted using the 
guanidinium/LiCl extraction procedure. eDNA was pre
pared by priming from Oligo-dT to generate full length 
eDNA The eDNA was methylated and EcoRllinkers added 
for cloning. 

4.2. Library Construction 
The eDNA library was ligated to pSP65 vector DNA 

which had been EcoRl cut and the 5' phosphate groups 

Orthomune OKD or chimeric OKT3, when available. Tbis 
cell-based assay was difficult to perform, and an alternative 
assay was developed for CDR-grafted OKT3 which was 
more sensitive and easier to carry out. In this system 
CDR-grafted OKT3 produced by COS cells was tested for 5 
its ability to bind to the CD3-positive HPB-ALL (human 
peripheral blood acute lymphocytic leukemia) cell line. It 
was also tested for its ability to block the binding of murine 
OKT3 to these cells. Binding was measured by the following 
procedure: HPB-ALL cells were harvested from tissue cul
ture. Cells were incubated at 4° C. for 1 hour with various 10 

dilutions of test antibody, positive control antibody, or 
negative control antibody. The cells were washed once and 
incubated at 4° C. for 1 hour with an FITC-labelled goat 
anti-human IgG (Fc-specific, mouse absorbed). The cells 
were washed twice and analysed by cytofluorography. Cbi- l5 
meric OKT3 was used as a positive control for direct 
binding. CelLs incubated with mock-transfected COS cell 
supernatant, followed by the FITC-labelled goat anti-human 
IgG, provided the negative controL To test the ability of 
CDR-grafted OKD to block murine OKD binding, the 20 
HPB-ALL cells were incubated at 4° C. for 1 hour with 
various dilutions of test antibody or control antibody. A fixed 
saturating amount of FITC OKT3 was added. The samples 
were incubated for 1 hour at 4° C., washed twice and 
analysed by cytofluorography. 

FITC-labelled OKD was used as a positive control to 
determine maximum binding. Unlabelled murine OKT3 
served as a reference standard for blocking. Negative con
trols were unstained cells with or without mock-transfected 
cell supernatant. The ability of the CDR-grafted OKT3 light 

30 chain to bind CD3-positive celLs and block the binding of 
murine OKT3 was initially tested in combination with the 
chimeric OKT3 heavy chain. The chimeric OKT3 heavy 
chain is composed of the murine OKT3 variable region and 

25 removed by calf intestinal phosphatase (EcoRl/CIP). The 
ligation was used to transform high transformation effi
ciency Escherichia coli (E.colz) HBlOl. A eDNA library 
was prepared. 3600 colonies were screened for the light 

the human lgG4 constant region. The chimeric heavy chain 
gene is expressed in the same expression vector used for the 35 

CDR-grafted genes. The CDR-grafted light chain expression 
vector and the chimeric heavy chain expression vector were 
co-transfected into COS cells. The fully chimeric OKT3 
antibody (chimeric light chain and cbimeric heavy chain) 
was found to be fully capable of binding to CD3 positive 40 
cells and blocking the binding of murine OKT3 to these 
cells. 

3.3 Determination of Relative Binding Affinity 
The relative binding affinities of CDR-grafted anti-CD3 

monoclonal antibodies were determined by competition 45 

binding (ref. 6) using the HPB-ALL human T cell line as a 
source of CD3 antigen, and fluorescein-conjugated murine 
OKT3 (Fl-OKT3) of known binding affinity as a tracer 
antibody. The binding affinity of Fl-OKT3 tracer antibody 
was determined by a direct binding assay in wbich increas- so 
ing amounts of Fl-OKT3 were incubated with HPB-ALL 
(5x105) in PBS with 5% foetal calf serum for 60 min. at 4° 
C. Cells were washed, and the fluorescence intensity was 
determined on a FACScan flow cytometer calibrated with 
quantitative microbead standards (Flow Cytometry 55 
Standards, Research Triangle Park, N.C.). Fluorescence 
intensity per antibody molecule (F/P ratio) was determined 
by using microbeads which have a predetermined number of 
mouse IgG antibody binding sites (Simply Cellular beads, 
Flow Cytometry Standards). F/P equals the fluorescence 60 

intensity of beads saturated with Fl-OKT3 divided by the 
number of binding sites per bead. The amount of bound and 
free Fl-OKT3 was calculated from the mean fluorescence 
intensity per cell, and the ratio of bound/free was plotted 
against the number of moles of antibody bound. A linear fit 65 

was used to determine the affinity of binding (absolute value 
of the slope). 

chain and 10000 colonies were screened for the heavy chain. 
5. Screening 

E.coli colonies positive for either heavy or light chain 
probes were identified by oligonucleotide screening using 
the oligonucleotides: 

5' TCCAGPJGTTAACTGCTCAC (SEQ ID NO:l ) for 
the light chain, which is complementary to a sequence 
in the mouse kappa constant region, and 5' 
CAGGGGCCAGTGGATGGATAGAC~EQ ID NO: 
2) for the heavy chain which is complementary to a 
sequence in the mouse lgG2a constant CHl domain 
region. 12 light chain and 9 heavy chain clones were 
identified and taken for second round screening. Posi-
tive clones from the second round of screening were 
grown up and DNA prepared. 1be sizes of the gene 
inserts were estimated by gel electrophoresis and 
inserts of a size capable of containing a full length 
eDNA were subcloned into Ml3 for DNA sequencing. 

6. DNA Sequencing 
Clones representing four size classes for both heavy and 

light chains were obtained in M13. DNA sequence for the 5' 
untranslated regions, signal sequences, variable regions and 
3' untranslated regions of full length cDNAs [FIGS. l (a) and 
2(aXSEQ ID N0:6)] were obtained and the corresponding 
amino acid sequences predicted [(FIGS. l (b) and 2(bXSEQ 
ID N0:7). In FIG. l (a) the untranslated DNA regions are 
shown in uppercase, and in both FIGS. 1 (SEQ lD N0:4 and 
5) and 2 (SEQ lD N0:6 and 7) the signal sequences are 
underlined. 
7. Construction of eDNA Expression Vectors 

Celltech expression vectors are based on the plasmid 
pEE6hCMV (ref. 14). A poly linker for the insertion of genes 
to be expressed has been introduced after the major imme
diate early promoter/enhancer of the human Cytomegalovi
rus (hCMV). Marker genes for selection of the plasmid in 
transfected eukaryotic cells can be inserted as BamHl 
cassettes in the unique BamHl site of pEE6 hCMV; for 
instance, the neo marker to provide pEE6 hCMV neo. It is 
ILsual practice to insert the nco and gpt markers prior to 
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insertion of the gene of interest, whereas the GS marker is 
inserted last because of the presence of internal EcoRl sites 
in the cassette. 

The selectable markers are expressed from the SV40 late 
promoter which aLso provides an origin of replication so that 5 

the vectors can be used for expression in the COS cell 
transient expression system. 

The mouse sequences were excised from the M13 based 
vectors described above as EcoRl fragments and cloned into 
either pEE6-bCMV-oeo for the heavy chain and into EE6- 10 

hCMV-gpt for the light chain to yield ve.ctors pJA136 and 
pJA135 respectively. 
8. Expression of cDNAS in COS Cells 

Plasmids pJA135 and pJA136 were co-transfected into 
COS cells and supernatant from the transient expression 15 
experiment was shown to contain assembled antibody which 
bound to T-cell enriched lymphocytes. Metabolic labelling 
experiments using 35S methionine showed expression and 
assembly of heavy and light chains. 
9. Construction of Chimeric Genes 20 

Construction of chimeric genes followed a previously 
described strategy [Whittle eta) (ref. 13)]. A restriction s ite 
near the 3' end of the variable domain sequence is identified 
and used to attach an oligonucleotide adapter coding for the 
remainder of the mouse variable region and a suitable 25 
restriction site for attachment to the constant region of 
choice. 

9.1. Light Chain Gene Construction 

16 
region, was replaced with the equivalent amino acid from 
the mouse constant region, Alanine (Ala). 

An internal Hindlll site was not included in this adapter, 
to differentiate the two chimeric light chain genes. 

The variable region fragment was isolated as a 376 bp 
EcoRl-Aval fragment. The oligonucleotide linker was 
ligated to Narl cut pNW361 and then the adapted 396bp 
constant region was isolated after recutting the modified 
pNW361 with EcoRl. The variable region fragment and the 
modified constant region fragment were ligated directly into 
EcoRl/ClP treated pEE6hCMVneo to yield pJA137. Ini-
tially all clones examined had the insert in the incorrect 
orientation. Therefore, the insert was re-isolated and 
recloned to turn the insert round and yield plasmid pJA141. 
Several clones with the insert in the correct orientation were 
obtained and the adapter sequence of one was confirmed by 
DNA sequencing 

9.3. Heavy Chain Gene Construction 
9.3.1. Choice of Heavy Chain Gene Isotype 
The constant region isotype chosen for the heavy chain 

was human IgG4. 
9.3.2. Gene Construction 
The heavy chain cDNAsequeoceshowed aBanl site near 

the 3' end of the variable region [FIG. 2(a)(SEQ ID N0:6)). 
The majority of the sequence of the variable region was 
isolated as a 426bp. EcoRl/ClP/Banl fragment. An oligo-
nucleotide adapter was designated to replace the remainder 
of the 3' region of the variable region from the Banl site up 
to and including a unique HindUI site which had been 

30 previously engineered into the first two amino acids of the 
constant region. 

The mouse light chain eDNA sequence contains an Ava! 
site near the 3' end of the variable region [FIG.l(a)(SEQ 10 
N0:4)). The majority of the sequence of the variable region 
was isolated as a 396 bp. EcoRl-Aval fragment. An oligo
nucleotide adapter was designed to replace the remainder of 
the 3' region of the variable region from the Ava! site and to 
include the 5' residues of the human constant region up to 35 

and including a unique Narl s ite which had been previously 
engineered in to the constant region. 

A Hindlll site was introduced to act as a marker for 
insertion of the linker. 

The linker was ligated to the VL fragment and the 413 bp 
EcoRl-Narl adapted fragment was purified from the liga
tion mixture. 

The coostant region was isolated as an Narl-BamHl 
fragment from an M13 clone NW361 and was ligated with 
the variable region DNA into an EcoRl/BamHl /ClP pSP65 
treated vector in a three way reaction to yield plasmid 
JA143. Clones were isolated after transformation into E. coli 
and the linker and junction sequences were confirmed by the 
presence of the Hindlll site and by DNA sequencing. 

9.2 Light Chain Gene Construction- Version 2 
The construction of the first chimeric light chain gene 

produces a fusion of mouse and human amino acid 
sequences at the variable-constant region junction. In the 
case of the OKT3 light chain the amino acids at the chimera 
junction are: 

The linker was ligated to the V H fragment and the 
EcoRl-Hindlll adapted fragment was purified from the 
ligation mixture. 

The variable region was ligated to the constant region by 
culling pJA91 with EcoRl and Hindlll removing the intron 
fragment and replacing it with the VH to yield pJA142. 
Clones were isolated after transformation into E. coli JM101 
and tbe linker and junction sequences were confirmed by 

40 DNA sequencing. (N.B. The Hindlll site is lost on cloning). 
10. Construction of Chimeric Expression Vectors 

10.1. neo and gpt Vectors 
The chimeric light chain (version 1) was removed from 

pJA143 as an EcoRl fragment and cloned into EcoRl/ClP 
45 treated pEE6hCMVneo expression vector to yield pJA145. 

50 

Clones with the insert in the correct orientation were iden
tified by restriction mapping. 

The chimeric light chain (version 2) was constructed as 
described above. 

The chimeric heavy chain gene was isolated from pJA142 
as a 2.5Kbp EcoRl/BamHl fragment and cloned into the 
EcoRlJBcll/ClP treated vector fragment of a derivative of 
pEE6hCMVgpt to yield plasmid pJA144. 

10.2. GS Separate Vectors 
GS versions of pJA141 and pJA144 were constructed by 

... Leu-Giu -lle-:..:A::.:sn:,_-...;A:..:r:.;os.!.../ __ ----'/...:T.:::.hr- Val- Ala -Ala (SEQ lD NO: 3) 

VARIABLE CONSTANT 

This arrangement of sequence introduces a potential site for 
Asparagine (Asn) linked (N-linked) glycosylation at the V-C 
junction. Therefore, a second version of the chimeric light 65 
chain oligonucleotide adapter was designed in which the 
threonine (Thr), the first amino acid of the human constant 

replacing the neo and gpt cassettes by a BamHl/Sall/ClP 
treatment of the plasmids, isolation of the vector fragment 
and ligation to a GS-containing fragment from the plasmid 
pR049 to yield the light chain vector pJA179 and the heavy 
chain vector pJA180. 
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10.3. GS Single Vector Construction 
Single vector constructions containing the cL (chimeric 

light), cH (chimeric heavy) and GS genes on one plasmid in 

18 
dues may be identified either by superimposing the 
sequences for a given antibody on a known structure 
and looking at key residues for their contribution, or by 
sequence alignment analysis and noting "idiosyncratic" 
residues followed by examination of their structural 
location and likely efiects. 

12.1.1. Light Chain 
FIG. 3 (SEQ ID N0:29, 8 and 9) shows an alignment of 

sequences for the human framework region REl (SEQ lD 

the order cL-cH-GS, or cH-cL-GS and with transcription of 
the genes being head to tail e.g. cL>cH>GS were con- 5 
structed. These plasmids were made by treating pJA179 or 
pJA180 with BamHl/ClP and ligating in a Bglll/Hindlll 
hCMV promoter casselle along with either the Hindlll/ 
BamHl fragment from pJA141 into pJA180 to give the 
cH-cL-GS plasmid pJA182 or the Hindll1/BamH1 frag
ment from pJA144 into pJA179 to give the cL-cH-GS 
plasmid pJA181. 

10 
N0:8and 9) and the OKT3 light variable region (SEQ ID 
N0:29). The structural loops (LOOP) and CDRs (KABAT) 
believed to correspond to the antigen binding region are 
marked. Also marked are a number of other residues which 
may also contribute to antigen binding as described in 
13.l(c). Above the sequence in FIG. 3 (SEQ ID N0:29, 8 

11. Expression of Chimeric Genes 
11.1. Expression in COS Cells 
The chimeric antibody plasmid pJA145 (cL) and pJA144 

15 and 9) the residue type indicates the spatial location of each 
residue side chain, derived by examination of reso lved 
structures from X-ray crystallography analysis. The key to 
this residue type designation is as follows: 

( cH) were co-transfected into COS cells and supernatant 
from the transient expression experiment was shown to 
contain assembled antibody which bound to the HUT 78 
human T-cell line. Metabolic labelling experiments using 
35S methionine showed expression and assembly of heavy 
and light chains. However the light chain mobility seen on 20 
reduced gels suggested that the potential glycosylation site 
was being glycosylated. Expression in COS cells in the 
presence of tunicamycin showed a reduction in size of the 
light chain to that shown for control chimeric antibodies and 
the OKT3 mouse light chain. Therefore JA141 was con- 25 
structed and expressed. In this case the light chain did not 
show an aberrant mobility or a size shift in the presence or 
absence of tunicamycin. This second version of the chimeric 
light chain, when expres.sed in as.sociation with chimeric 
heavy ( cH) chain, produced antibody which showed good 30 
binding to HUT 78 cells. In both cases antigen binding was 
equivalent to that of the mouse antibody. 

11.2 Expression in Chinese Hamster Ovary (CHO) Cells 
Stable cell lines have been prepared from plasmids 

PJA141/pJA144 and from pJA179/pJA180, pJA181 and 35 
pJA182 by transfection into CHO cells. 
12. CDR-grafting 

The approach taken was to try to introduce sufficient 
mouse residues into a human variable region framework to 
generate antigen binding activity comparable to the mouse 40 
and chimeric antibodies. 

12.1. Variable Region Analysis 
From an examination of a small database of structures of 

antibodies and antigen-antibody complexes it is clear that 
only a small number of antibody residues make direct 45 
contact with antigen. Other residues may contribute to 
antigen binding by positioning the contact residues in 
favourable configurations and also by inducing a stable 
packing of the individual variable domains and stable inter
action of the light and heavy chain variable domains. The 50 
residues chosen for transfer can be identified in a number of 
ways: 

N- near to CDR (From X-ray Structures) 
P - Packing B - Buried Non-Packing 
S - Surface E - Exposed 
I - Interface * - Interface 

- Packing/Part Exposed 
'? - Non-CDR Residues which may reguire to be let' 
as Mouse sequence. 

Residues underlined in FIG. 3 are amino acids. REI (SEQ 
ID N0:8 and 9) was chosen as the human framework 
because the light chain is a kappa chain and the kappa 
variable regions show higher homology with the mouse 
sequences than a lambda light variable region, e.g. KOL 
(SEQ 1D NO:lO)(see below). RE1 (SEQ ID N0:8 and 9) 
was chosen in preference to another kappa light chain 
because the X-ray structure of the light chain has been 
determined so that a structural examination of individual 
residues could be made. 

12.1.2. Heavy Chain 
Similarly FIG. 4 shows an alignment of sequences for tbe 

human framework region KOL (SEQ lD NO:lO) and the 
OKT3 (SEQ ID N0:30) heavy variable region. The struc
tural loops and CDRs believed to correspond to the antigen 
binding region are marked. Also marked are a number of 
other residues which may also contribute to antigen binding 
as described in 12.1(c). The residue type key and other 
indicators used in FIG. 4 are the same as those used in FIG. 
3. KOL (SEQ ID NO:lO) was chosen as the heavy chain 
framework because the X-ray structure has been determined 
to a better resolu tion than, for example, NEWM and also the 
sequence alignment of OKT3 heavy variable region (SEQ 
ID N0:7) showed a slightly better homology to KOL (SEQ 
ID N0:10) than to NEWM. 

12.2. Design of Variable Genes 
The variable region domains were designed with mouse 

(a) By examination of antibody X-ray crystal structures 
the antigen binding surface can be predominantly 
located on a series of loops, three per domain, which 
extend from the B-barrel framework. 

(b) By analysis of antibody variable domain sequences 
regions of hypervariability [termed the Complementa
rity Determining Regions (CDR<>) by Wu and Kabat 
(ref. S)]can be identified. In the most but not all cases 
these CDRs correspond to, but extend a short way 
beyond, the loop regions noted above. 

ss variable region optimal codon usage [Grantham and Perrin 
(ref. 15)] and used the B72.3 signal sequences [Whittle et al 
(ref. 13)]. The sequences were designed to be attached to the 
constant region in the same way as for the chimeric genes 
described above. Some constructs contained the "Kozak 

(c) Residues not identified by (a) and (b) may contribute 

60 consensus sequence" [Kozak (ref. 16)] directly linked to the 
5' of the signal sequence in the gene. This sequence motif is 
believed to have a beneficial role in translation initiation in 
eukaryotes. 

to antigen binding directly or indirectly by affecting 
antigen binding site topology, or by inducing a stable 65 

packing of the individual variable domains and stabi
lising the inter-variable domain interaction. These resi-

12.3. Gene Construction 
To build the variable regions, various strategies are avail

able. The sequence may be assembled by using oligonucle
otides in a manner similar to Jones et al (ref. 17) or by 
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simultaneously replacing all of the CDRs or loop regions by 
oligonucleotide directed site specific mutagenesis in a man
ner similar to Verhoeyen et al (ref. 2). Both strategies were 
used and a list of constructions is set out in Tables 1 and 2 
and FIGS. 4 and Sa-c. ll was noted in several cases that the 5 

sion levels were raised from approximately 200 ng/ml to 
approximately 500 ng/ml for kgUcH or kgL/mH combina
tions. 

mutagenesis approach led to deletions and rearrangements in 
the gene being remodelled, while the success of the assem
bly approach was very sensitive to the quality of the oligo
nucleotides. 
13. Construction of Expression Vectors 

Genes were isolated from M13 or SP65 based interme
diate vectors and cloned into pEE6hCMVneo for the light 
chains and pEE6hCMVgpt for the heavy chains in a manner 
similar to that for the chimeric genes as described above. 

TABLE 1 

CDR-GRAFTED OENE CONSTRUCTS 

MOUSE SEQUENCE METHOD OF 

CODE CONTENT CONSTRUCTION 

LIOHT CHAIN ALL HUMAN FRAMEWORK RE1 

When direct binding to antigen on HUT 78 cells was 
measured, a construct designed to include mouse sequence 
based on loop length (gL121) did not lead to active antibody 
in association with mH or cH. A construct designed to 
include mouse sequence based on Kabat CDRs (gL221) 
(SEQ ID N0:25) demonstrated some weak binding in asso-

10 ciation with mH or cH. However, when framework residues 
1, 3, 46, 47 were changed from the human to the murine 
OKT3 equivalents based on the arguments outlined in Sec
tion 12.1 antigen binding was demonstrated when both of 
the new constructs, which were termed 121A and 221A were 

KOZAK 
SEO(JENCE 

+ 

121 26-32, 50-56, 91-96 inclusive SDM and gene + n.d. 
assembly 

121A 26-32, 50-56, 91- 96 inclusive Partial gene assembl y n.d. + 
+1, 3, 46, 47 

121B 26-32, 50-56, 91-96 inclusive Partial gene as.'5embly n.d. + 
+46, 47 

221 24- 24, 50-56, 91-96 inclusive Partial gene assembl y + + 
221A 24-34, 50-56, 91-96 inclusive Partial gene assembly + + 

+1, 3, 46, 47 
221B 24-34, 50-56, 91- 96 inclusive Partial gene assembly + + 

+1, 3 
221C 24- 34, 50-56, 91-96 inclusive Partial gene assembly + + 
HEAVY CHAIN ALL HUMAN FREMEWORK KOL 

121 
131 
141 
321 
331 

341 

341A 

34B 

KEY 
n.d. not done 

26-32, 50-56, 95-l OOB inclusive Gene assembly n.d. + 
26-32, 50-58, 95-100B inclusive Oene assembly n.d. + 
26-32, 50-65, 95-JOOB inclusive Partial gene assembly + n.d 
26-35, 50-56, 95-l OOB inclusive Partial gene assembl y + n.d. 
26-35, 50-$8, 95-l OOB inclusive Partial gene as.'5embly + 

Oene assembly + 
26-35, 50-65, 95-100B inclusive SDM + 

Partial gene assembl y + 
26-35, 50-65, 95- 100B inclusive Gene assembly n.d. + 
+6, 23, 24, 48, 49, 71, 73, 76, 
78, 88, 91 ( +63 = human) 
(SEQ tO NO: 28) 
26-35, 50-65, 95-100B inclusi,•e Gene assembly n.d. + 
+48, 49, 71, 73, 76, 78, 88, 9 1 
( +63 + human) 

SDM Site d[reeted mutagenesis 
Gene assembly 'hriable region assembled entirely from oligonucleotides 
Partial gene assembly Variable reg,lon assembled by combination of restriction fragments either 
from other genes originally created by SDM and gene assembly or by oligonucleotide assembly 
of part of the variable region and reconstruction with restriction fragments from other genes 
originally created by SDM and gene assembly 

14. Expression of CDR-grafted Genes co-expressed with cH. When the effects of these residues 
were examined in more detail, it appears tha t residues 1 and 
3 are not major contributing residues as the product of the 14.1. Production of Antibody Consisting of Grafted Light 

(gL) Chaios With MolL~ Heavy (mH) or Chimeric Heavy 
(cH) Chains 

60 gL221B gene (SEQ ID N0:27) shows little detectable 
binding activity in association with cH. The light chain 
product of gL221C(SEQ ID N0:28), in which mouse 
sequences are present at 46 and 47, shows good binding All gL chains, in association with mH or cH produced 

reasonable amounts of antibody. Insertion of the Kozak 
consenslls sequence at a position 5' to the ATG (kgL 65 
coostructs) however, led to a 2- 5 fold improvemeot in oet 
expression. Over an extended series of experiments expres-

activity in association with cH. 
14.2 Production of Antibody Consisting of Grafted Heavy 

(gH) Chains With Mouse Light (mL) or Chimeric Light (cL) 
Chains 
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Expres.sion of the gH genes proved to be more difficult to 
achieve than for gL. First, inclusion of the Kozak sequence 
appeared to have no marked effect on expression of gH 
genes. Expression appears to be slightly improved but not to 
the same degree as seen for the grafted light chain. 

Also, it proved difficult to demonstrate production of 
expected quantities of material when the loop choice (amino 
acid 26- 32) for CDRl is used, e.g. gH121, 131, 141 and no 
conclusions can be drawn about these constructs. 

22 
serine and the human framework REI bas glutamine. For 
CDR3 the loop extends from residues 91- 96 incliL<;ive while 
the Kabat hypervariability extends from residues 89- 97 
inclusive. For OKT3 amino acids 89, 90 and 97 are the same 

s between OKT3 and REI (FIG. 3)(SEQ ID N0:29, 8 and 9). 
When constructs based on the loop choice for CDRl 
(gL121) and the Kabat choice (gL221) were made and 
co-expressed with mH or cH no evidence for antigen bind-

Moreover, co-expres.sion of the gH341 gene (SEQ ID 10 
NO:ll) with cL or mL has been variable and has tended to 
produce lower amounts of antibody than the dl/cL or 
mH/mL combinations. The alterations to gH341 (SEQ ID 
NO:ll) to produce gH341(SEQ lD N0 :12) and gH341B 
(SEQ ID N0:21) lead to improved levels of expression. 15 

ing activity could be found for gL121, but trace activity 
could be detected for the gL221, suggesting that a single 
extra mouse residue in the grafted variable region could 
have some detectable effect. Both gene constructs were 
reasonably well expressed in the transient expres.<;ion sys
tem. 

15.1.2. Framework Resides 
This may be due either to a general increase in the fraction 

of mouse sequence in the variable region, or to the alteration 
at position 63 where the residue is returned to the human 
amino acid Valine (Val) from Phenylalanine (Phe) to avoid 
pos.sible internal packing problems with the rest of the 20 

human framework. This arrangement also occurs in gH331 
and gH321. 

The remaining framework residues were then further 
examined, in particular amino acids known from X-ray 
analysis of other antibodies to be close to the CDRs and also 
those amino acids which in OKT3 showed differences from 
the consensus framework for the mouse subgroup (subgroup 
VI) to which OKT3 shows most homology. Four positions 
1, 3, 46 and 47 were iden tified and their possible contribu
tion was examined by substituting the mouse amino acid for 
the human amino acid at each position. Therefore gL221A 

When gH321 m gH331 were expres.sed in association 
with cL, antibody was produced but antibody binding activ
ity was not detected. 

When the more conservative gH341 gene (SEQ lD 
NO:ll) was used antigen binding could be detected in 
association with cL or mL, but the activity was only mar
ginally above the background level. 

25 (gL221+DlQ, Q3V, L46R, L47W, see FIG. 3 and Table 1) 
was made, cloned in EE6hCMVneo and co-expressed with 
cH (pJA144). The resultant antibody was well expressed and 
showed good binding activity. When the related genes 

When further mouse residues were substiruted based on 30 
the arguments in 12.1, antigen binding could be clearly 
demonstrated for the antibody produced when kgH341A and 
kgH341B were expressed in association with cL. 

gL221B (SEQ ID N0:28XgL221+DlQ, Q3V) and gL221C 
(gL22l+L46R, L47W) were made and similarly tested, 
while both genes produced antibody when co-expressed 
with cH, only the gL221C/cH combination showed good 
antigen binding. When the gL121A (gL124+DlQ, Q3V, 
L46R, L47W) gene was made and co-expressed with cH, 
antibody was produced which aL'lO bound to antigen. 

14.3 Production of Fully CDR-grafted Antibody 
The kgL221A gene was co-expressed with kgH341, 35 

kgH341A or kgH341B. For the combination kgH221A/ 
kgH341 very little material was produced in a normal COS 
cell expression. 

15.2. Heavy Chain 
15.2.1. Extent of the CDRs 
For the heavy chain the loop and hypervariability analyses 

agree only in CDR3. For CDRl tbe loop region extends 
from residues 26- 32 inclusive whereas the Kabat CDR 
extends from residues 31- 35 inclusive. For CDR2 the loop 

For the combinations kgL221A!kgH341A or kgH221N 
kgH341B amounts of antibody similar to gUcH was pro- 40 
duced. 

In several experiments no antigen binding activity could 
be detected with kgH22WgH341 or kgH221AikgH341 
combinations, although expression levels were very low. 

Antigen binding was detected when kgL221A/kgH341A 
or kgH221A!kgH341B combinations were expressed.ln the 
case of the antibody produced from the kgL221A/kgH341A 
combination the antigen binding was very similar to that of 
the chimeric antibody. 

An analysis of the above resulL-; is given below. 
15. Discussion of CDR-grafting Results 

In the design of the fully humanised antibody the aim was 
to transfer the minimum number of mouse amino acids that 
would confer antigen binding onto a human antibody frame
work. 

15.1. Light Chiao 
15.1.1. Extent of the CDRs 
For the light chain the regions defining the loops known 

from structural srudies of other antibodies to contain the 
antigen contacting residues, and those hypervariable 
sequences defined by Kabat et al (refs. 4 and 5) as Comple
mentarity Determining Regions (CDRs) are equivalent for 
CDR2. For CDR! the hypervariable region extends from 
residues 24-34 inclusive while the structural loop extends 
from 26-32 inclusive. In the case of OKT3 (SEQ ID N0:5) 
there is only one amino acid difference between the two 
options, at amino acid 24, where the moiL<;e sequence is a 

region is from 50-58 inclusive while the hypervariable 
region covers amino acid<; 50-65 inclusive. Therefore buma
nised heavy chains were constructed using the framework 

45 from antibody KOL and with various combinations of these 
CDR choices, including a shorter choice for CDR2 of 50-56 
inclusive as there was some uncertainty as to the definition 
of the end point for the CDR2loop around residues 56 to 58. 
The genes were co-expressed with mL or cL initially. In the 

so case of the gH genes with loop choices for CDR! e.g . 
gH121, gH131, gH141 very lillie antibody was produced in 
the culture supernatants. As no free light chain was detected 
it was presumed that the antibody was being made and 
assembled inside the cell but that the heavy chain was 

55 aberrant in some way, possibly incorrectly folded, and 
therefore the antibody was being degraded internally. In 
some experiments trace amounts of antibody could be 
detected in 35S labelling studies. 

As no net antibody was produced, analysis of these 
60 constructs was not pursued further. 

When, however, a combination of the loop choice and the 
Kabat choice for CDR! was tested (moiL<;e amino acids 
26-35 inclusive) and in which residues 31 (Ser to Arg), 33 
(Ala to Thr), and 35 (Tyr to His) were changed from the 

65 human residues to the mouse residue and compared to the 
first series, antibody was produced for gH321, kgH331 and 
kgH341 when co-expres.sed with cL. Expre.ssion was gen-
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erally low and could not be markedly improved by the 
insertion of the Kozak consensus sequence 5' to the .KfG of 
the signal sequence of the gene, as distinct from the case of 
the gL genes where such insertion led to a 2- 5 fold increase 

24 
required for both the light and heavy chains. Fewer extra 
residues are needed for the light chain, possibly due to the 
higher initial homology between the mouse and human 
kappa variable regions . 

in net antibody production. However, only in the case of s 
gH341/mL or kgH341/cL could marginal antigen binding 
activity be demonstrated. When the kgH341 gene was 
co-expressed with kgL221A(SEQ 10 N0:26), the net yield 

Of the changes seven (1 and 3 from the light chain and 6, 
23, 71, 73 and 76 from the heavy chain) are predicted from 
a knowledge of other antibody structures to be either partly 
exposed or on the antibody surface. II has been shown here 
thai residues 1 and 3 in the light chain are not absolutely of antibody was too low to give a signal above the back

ground level in the antigen binding assay. 
15.2.2. Framework Residues 
As in the case of the light chain the heavy chain frame

works were re-examined. Possibly because of the lower 
initial homology between the mouse and human heavy 
variable domains compared to the light chains, more amino 
acid positions proved to be of interest. Two genes kgH341A 
and kgH341B were constructed, with 11 or 8 human residues 
respectively substituted by mouse residues compared to 
gH341, and with the CDR2 residue 63 returned to the human 
amino acid potentially to improve domain packing. Both 
showed antigen binding when combined with cL or 
kgL221A, the kgH341Agene with all ll changes appearing 
to be the superior choice. 

15.3 Interim Conclusions 
It has been demonstrated, therefore, for OKT3 that to 

transfer antigen binding ability to the humaoised antibody, 
mouse residues outside the CDR regions defined by the 
Kabat hypervariability or structural loop choices are 

10 required to be the mouse sequence; and for the heavy chain 
the gH341B heavy chain in combination with the 221A light 
chain generated only weak binding activity. Therefore the 
presence of the 6, 23 and 24 changes are important to 
maintain a binding affinity similar to that of the murine 

15 antibody. It was important, therefore, to further study the 
individual contribution of othe other 8 mouse residues of the 
kgH341A gene compared to kgH341. 
16. Further CDR-grafting Experiments 

Additional CDR-grafted heavy chain genes were prepared 
20 substantia lly as described above. With reference to Table 2 

the further heavy chain genes were based upon the gh341 
(plasmid pJA178) and gH341A (plasmid p.TA185XSEQ ID 
N0:12) with either mouse OKT3 or human KOL residues at 
6, 23, 24, 48, 49, 63, 71, 73, 76, 78, 88 and 91, as indicated. 

25 The CDR-grafted light chain genes used in these further 
experiments were gL221 (SEQ ID N0:25), gL221A(SEQ 
10 N0:26), gL221B (SEQ 10 N0:27) and gL221C (SEQ 10 
N0:28) as described above. 

TABLE2 

0 Jcr3 HEAVY CHAIN CDR GRAFTS 

1. gH341 and derivatives 

RES NUM 6 23 24 48 49 63 71 73 76 78 88 91 

0 Jcr3vh Q K A G F T K s A A y 

g H341 E s s v A F R N N L G F JA178 

gH341A Q K A I G v T K s A A y JA185 

gH341E Q K A G v T K s A G G JA198 

g H341* Q K A G v T K N !!:! G F JA207 

gH341* Q K A G v R N N A G F JA209 

gH341D Q K A G v T K N L G F JA197 

gH341" Q K A (1 v R N N L (1 F' JA199 

gH341C Q K A v A f R N N L (1 F' JA184 

gH341" Q s A (1 v T K s A A y JA203 

gH341" E s A G v T K s A A y JA205 

gH341B E s s (1 v T K s A A y JA183 

gH341" Q s A (1 v T K s A (1 F' JA204 

g H341* E s A G v T K s A (j F JA206 

gH341* Q s A G v T K N !!:! G F JA208 

KOL E s s v A R N N L (1 F' 
(SEQ fD N0 :30, JO AND ll-24) 
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TABLE 2-continued 

OKT3 UGIIT CHAIN CDR GRAFTS 

2. gl221 and derivative« 

RES NUM 46 47 

OKTJvl Q v R w 

GL221 D Q L L DA221 
gl221A Q v R w DA221A 

gL221B ~ L L DA221B 

GL221C D Q R w DA221C 

REl D Q L L 
(SEQ ID N0:29, 8, 9 and 25-28) 

MURINE RESIDUES ARE UNDERLINED 

The CDR-grafted heavy and light chain genes were 20 

co-expressed in COS cells either with one another in various 
combinations but also with the corresponding murine and 
chimeric heavy and light chain genes substantially as 
described above. The resultant antibody products were then 
assayed in binding and blocking assays with HPB-ALL cells 25 
as described above. 

The results of the assays for various grafted heavy chains 
co-expressed with the gL221C light chain (SEQ ID N0 :28) 

26 

Moreover, on comparing the results obtained for the 
JA205 and JA183 constructs it is seen that there is a decrease 
in binding going from the JA205 to the JA183 constructs. 
This indicates the importance of retaining a mouse residue 
at position 23, the only position changed between JA205 and 
JA183. 

These and other results lead us to the conclusion that of 
the 11 motJse framework residues used in the gH341A 
(JA185) construct, it is important to retain mouse residues at 
all of positions 6, 23, 24, 48 and 49, and possibly for 
maximum binding affinity at 71, 73 and 78. 

are given in FIGS. 7 and 8 (for the JA184, JA185, JA197 and 
JA198 constructs-see Table 2), in FIG. 9 (for the JA183, 30 
JA184, JA185 and JA197 constructs) in FIG. lOa and b (for 

Similar Experiments were carried out to CDR-graft a 
number of the rodent antibodies including antibodies having 
specificity for CD4 (OKT4), ICAM-1 (R6-5), TAG72 

35 
(B72.3), and TNFa(61E71, 101.4, hTNFl, hTNF2 and 
hTNF3). 

the chimeric, JA185, JA199, JA204, .TA205, JA207, JA208 
and JA209 constructs) and in FIG. lla and b (for the JA183, 
JA184, JA185, JA198, JA203, JA205 and J A206 
constructs). 

The basic grafted product without any human to murine 
changes in the variable frameworks, i.e. gL221 (SEQ ID 
N0:25) co-expressed with gh341 (JA178XSEQ ID NO:ll), 
and also the "fully grafted" product, having most human to 
murine changes in the grafted heavy chain framework, i.e. 
gL221 C (SEQ 1D N0:28) co-expressed with gh341A 40 

(JA185)(SEQ ID N0: 12), were assayed for relative binding 
affinity in a competition assay against murine OKT3 refer
ence standard, using HPB-ALL cells. The assay used was as 
described above in section 3.3. The results obtained are 
given in FIG. 12 for the basic grafted product and in FIG. 13 45 

for the fully grafted product. These results indicate that the 
basic grafted product has neglibible binding ability aLs 
compared with the OKT3 murine reference standard; 
whereas the "fully grafted" product has a binding ability 
very similar to that of the OKT3 murine reference standard. so 

The binding and blocking assay results indicate the fol
lowing: 

Example 2 

CDR-grafting of a Murine Anti-CD4 T Cell 
Receptor Antibody, OKT4A 

Anti OKT4A CDR-grafted heavy and light chain genes 
were prepared, expressed and tested substantially as 
described above in Example 1 for CDR-grafted OKT3. The 
CDR grafting of OKT4A is described in detail in Ortho 
patent application PCT/GB 90 . . of even date herewith 
entitled "Humanised Antibodies". The disclosure of this 
Ortho patent application PCf/GB 90 . . is incorporated 
herein by reference. A number of CDR-grafted OKT4 anti
bodies have been prepared. Presently the CDR-gratled 
OKT4A of choice is the combination of the grafted light 
chain LCDR2 and the grafted heavy chain HCDRlO. 

The JA198 and JA207 constructs appear to have the best 
binding characteristics and similar binding abilities, 
both substantially the same as tbe chinleric and fully ss 
grafted gH341Aproducts. This indicates that positions 

The Light Chain 

The human acceptor framework used for the grafted light 
chains was REl (SEQ ID NO:& and 9) The preferred 
LCDR2light chain has human to mouse changes at positions 
33, 34, 38, 49 and 89 in addition to the structural loop CDRs. 
Of these changed positions, positions 33, 34 and 89 fall 

88 and 91 and position 76 are not highly critical for 
maintaining the OKT3 binding ability; whereas at least 
some of positions 6, 23, 24, 48, 49, 71, 73 and 78 are 
more important. 

This is borne out by the finding that the JA209 and JA199, 
although of similar binding ability to one another, are of 
lower binding ability than the JA198 and JA207 construcLs. 
This indicates the importance of hav ing mouse residues at 
positions 71, 73 and 78, which are either completely or 
partially human in the JA199 and JA209 constructs respec
tively. 

60 within the preferred extended CDRs of the present invention 
(positions 33 and 34 in CDRl and position 89 in CDR3). 
The human to murine changes at positions 38 and 49 
corresponds to positions at which the amino acid residues 
are preferably donor murine amino acid residues in accor-

65 dance with the present invention. 
A comparison of the amino acid sequences of the donor 

murine light chain variable domain aod the REl human 
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acceptor light chain variable further reveaLs that the murine 
and human residues are identical at all of positions 46, 48 
and 71 and at all of positions 2, 4, 6, 35, 36, 44, 47, 62, 
64--69,85,87, 98, 99 and 101 and 102. However the amino 
acid residue at position 58 in LCDR2 is the human REl 
framework residue not the mouse OKT4 residue as would be 
preferred in accordance with the present invention. 

The Heavy Chain 

28 
(b) B72.3 heavy chain 

i. Choice of framework 
At the outset it was necessary to make a choice of human 

framework. Simply put, the question was as follows: Was it 

5 necessary to use the framework regions from an antibody 
whose crystal structure was known or could the choice be 
made on some other criteria? 

For B72.3 heavy chain, it was reasoned that, while 

The human acceptor fTamework used for the grafted 10 
heavy chains was KOL(SEQ 10 N0:10). 

knowledge of structure was important, transfer of the CDRs 
from mouse to human frameworks might be facilitated if the 
overall homology between the donor and receptor frame
works was maximised. Comparison of the B72.3 heavy 

The preferred CDR graft HCDRlO heavy chain has 
human to mouse changes at positions 24, 35, 57, 58, 60, 88 
and 91 in addition to the structural loop CDRs. 

Of these positions, positions 35 (CDR!) and positions 57, 15 

58 and 60 (CDR2) fall within the preferred extended CDRs 

chain sequence with those in Kabat (ref. 4) for human heavy 
chains showed clearly that B72.3 had poor homology for 
KOL (SEQ ID NO:lO) and NEWM (for which crystal 
structures are available) but was very homologous to the 
heavy chain for EU. 

On this basis, EU was chosen for the CDR-grafting and 
the following residues transferred as CDRs. 

of the present invention. Also the human to mouse change at 
position 24 corresponds to a position at which the amino 
acid residue is a donor murine residue in accordance with the 
present invention. Moreover, the human to mouse changes at 20 
positions 88 and 91 correspond to positions at which the 
amino acid residues are optionally donor murine residues. 

CDR Number 

1 
2 
3 

Residues 

27-36 
5(}-63 
9.>-102 

Moreover, a comparison of the murine OKT4A and 
human KOL heavy chain variable amino acid sequences 
reveals that the murine and human residues are identical at 25 
all of positions 23, 49, 71, 73 and 78 and at all of positions Also it was noticed that the FR4 region of EU was unlike 

that of any other human (or mouse) antibody. Consequently, 
in the grafted heavy chain genes this was also changed to 
produce a "consensus" human sequence. (Preliminary 

2, 4, 6, 25, 36, 37, 39, 47, 48, 93, 94, 103, 104, 106 and 107. 
Thus the OKT4A CDR-grafted heavy chain HCDRlO 

corresponds to a particularly preferred embodiment accord
ing to the present invention. 

Example 3 

CDR-grafting of an Anti-mucin Specific Murine 
Antibody, B72.3 

The cloning of the genes coding for the anti-mucin 
specific murine monoclonal antibody B72.3 and the prepa
ration of B72.3 mouse-human chimeric antibodies has been 
described previously (ref. 13 and WO 89/01783) . CDR
grafted versions of B72.3 were prepared as follows. 
(a) B72.3 Light Chain 

CDR-grafting of this light chain was accomplished by 
direct transfer of the murine CDRs into the framework of the 
human light chain REI. The regions transferred were: 

CDR Number Residues 

1 24-34 
2 50- 56 
3 90-96 

The activity of the resulting grafted light chain was assessed 
by co-expression in COS cells, of genes for the combina
tions: 

B72.3 cH/B72.3 cL 
and B72.3 cH/B72.3 gL 
Supernatants were assayed for antibody concentration and 
for the ability to bind to micro titre plates coated with mucin. 
The results obtained indicated that., in combination with the 
B72.3 cH chain, B72.3 cL and B72.3 gL had similar binding 
properties. 

Comparison of the murine B72.3 and REI (SEQ 10 NO:S 
and 9) light chain amino acid sequences reveals that the 
residues are identical at positions 46, 58 and 71 but are 
different at position 48. Thus changing the human residue to 
the donor mouse residue at position 48 may further improve 
the binding characteristics of the CDR-grafted light chain, 
(B72.3 gL) in accordance with the present invention. 

30 experiments showed that grafted heavy chain genes contain
ing the EU FR4 sequence expressed very poorly in transient 
expression systems.) 

ii. Results with grafted heavy chain genes 
Expression of grafted heavy chain genes containing all 

35 human framework regions with either gL or cL genes 
produced a grafted antibody with little ability to bind to 
mucin. The grafted antibody had about 1% the activity of the 
chimeric antibody. In these experiments, however, it was 
noted that the activity of the grafted antibody could be 
increased to -10% of B72.3 by exposure to pHs of 2- 3.5. 

40 This observation provided a clue as to how the activity of 

45 

50 

the grafted antibody could be improved without acid treat
ment. It was postulated that acid exposure brought about the 
protonation of an acidic residue (pKa of aspartic acid- 3.86 
and of glutamine acid=4.25) which in turn caused a change 
in structure of the CDR loops, or allowed better access of 
antigen. 

From comparison of the sequences of B72.3 (ref. 13) and 
EU (refs. 4 and 5), it was clear that, in going from the mouse 
to human frameworks, only two positions had been changed 
in such a way that acidic residues had been introduced. 
These positions are at residues 73 and 81, where K to E and 
Q to E changes had been made, respectively. 

Which of these positions might be important was deter
mined by examining tbe crystal structure of tbe KOL anti-

55 body. In KOL heavy chain (SEQ ID NO:l O), position 831 is 
far removed from either of the CDR loops. 

Position 73, however, is close to both CDRs 1 and 3 of the 
heavy chain and, in thi'> position it was possible to envisage 
that a K to E change in this region could have a detrimental 
efiect on antigen binding. 

60 iii. Framework changes in B72.3 gH gene 
On the basis of the above analysis, E73 was mutated to a 

lysine (K). It was found that this chaoge bad a dramatic 
effect on the ability of the grafted Ab to bind to mucin. 
Further the ability of the grafted B72.3 produced by the 

65 mutated gH/gL combination to bind to mucin was similar to 
that of the B72.3 chimeric antibody. 

iv. Other framework changes 
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In the course of the above experimenLs, other changes 
were made in the heavy chain framework regions. Within the 
accuracy of the assays used, none of the changes, either 
alone or together, appeared beneficial. 

v. Other 
All assays used measured the ability of the grafted Ab to 

bind to mucin and, as a whole, indicated that the single 
framework change at position 73 is sufficient to generate an 
antibody with similar binding pwperties to B72.3. 

Comparison of the B72.3 murine and EU heavy chain 
sequence reveals that the mouse and human residues are 
identical at positions 23, 24, 71 and 78. 

Thus the mutated CDR-grafted B72.3 heavy chain corre
sponds to a preferred embodiment of the present invention. 

Example 4 

CDR-graftin of a Murine Aoti-ICAM-1 Monoclonal 
Antibody 

30 
residues were identified at 23, 24, 48, 49, 68, 69, 71, 73, 75 
and 88 as residues to potentially retain as murine. The 
human frameworks chosen for CDR-grafting of this 
antibody, and the hTNF3 and 101.4 antibodies were RE1 for 

5 the light chain and KOL for the heavy chain. Three genes 
were built, the first of which contained 23, 24, 48, 49,71 and 
73 [gH341(6)] as murine residues. The second gene also had 
75 and 88 as murine residues (gH341(8)] while the third 
gene additionally had 68, 69, 75 and 88 as murine residues 
[gH341(10)]. Each was co-expressed with gL221, the mini-

10 mum grafted light chain (CDRs only). The gL221/gH341(6) 
and gL221/gH341(8) antibodies both bound as well to TNF 
as murine 61E71. The gL221/gH341(10) antibody did not 
express and this combination was not taken further. 

Subsequently the gL221/gH341(6) antibody was assessed 
15 in an L929 cell competition assay in which the antibody 

competes against the lNF receptor on L929 cells for binding 
to TNF in solution. In this as.say the gL221/gH341(6) 
antibody was approximately 10% as active as murine 
61E71. A murine antibody, R6-5-D6 (EP 0314863) having speci

ficity for Intercellular Adhesion Molecule 1 (ICAM-1) was 20 

CDR-grafted substantially as described above in previous 
examples. This work is described in greater detail in 
co-pending application, British Patent Application No. 
9009549.8, the disclosure of which is incorporated herein by 
reference. 

bTNF1 

hTNF1 is a monoclonal antibody which recognises an 
epitope on human TNF-. The EU human framework was 
used for CDR-grafting of both the heavy and light variable 

25 domains. 
The human EU framework was used as the acceptor 

framework for both heavy and light chains. The CDR
grafted antibody currently of choice is provided by 
co-expression of grafted light chain gL221A (SEQ ID 
N0:26) and grafted heavy chain gH341D (SEQ ID N0: 16) 30 
which bas a binding affinity for ICAM 1 of about 75% of that 
of the corresponding mouse-human chimeric antibody. 

Light Chain 

35 gL221A has murine CDRs at positions 24-34 (CDR1) , 
5{}-56 (CDR2) and 89- 97 (CDR3) . In addition several 
framework residues are also the murine amino acid. These 
residues were chosen after consideration of the possible 
contribution of these residues to domain packing and sta
bility of the conformation of the antigen binding region. The 40 
residues which have been retained as mouse are at positions 
2, 3, 48 ('?), 60, 84, 85 and 87. 

Heavy Chain 

In the CDR-grafted heavy chain (ghTNFl) mouse CDRs 
were used at positions 26-35 (CDRl), 50-65 (CDR2) and 
95-102 (CDR3). Mouse residues were also used in the 
frameworks at positions 48, 67, 69, 71, 73, 76, 89, 91,94 and 
108. Comparison of tbe TNF1 mouse and EU human beavy 
chain residues reveals that these are identical at positions 23, 
24, 29 and 78. 

Light Chain 

In the CDR-grafted light chain (gLhTNFl) mouse CDRs 
wre used at positions 24- 34 (CDR1), 50-56 (CDR2) and 
89-97 (CDR3). In addition mouse residues were used in the 
frameworks at positions 3, 42, 48, 49, 83, 106 and 108. 
Compari.son of the hTNF1 mouse and EU human light chain 
residues reveals that these are identical at positions 46, 58 
and 71. Comparison of the murine anti-ICAM 1 and human EU 

light chain amino acid sequences reveals that the murine and 
human residues are identical at positions 46, 58 and 71. 45 

The grafted hTNFl heavy chain was co-expressed with 
the chimeric light chain and the binding ability of the 
product compared with that of the chimeric light chain/ 
chimeric heavy chain product in a TNF binding assay. The 
grafted heavy chain product appeared to have binding ability 
for TNF slightly better than the fully chimeric product. 

Heavy Chain 

gH341D has murine CDRs at positions 26-35 (CDRl ), 
5{}-56 (CDR2) and94-100B (CDR3). In addition murine 
residues were used in gH34lD at positions 24, 48, 69, 71, 
73, 80, 88 and 91. Comparison of the murine anti-! CAM 1 
and human EU heavy chain amino acid sequences are 
identical at positions 23, 49 and 78. 

Example 5 

CDR-Grafting of Murine Anti-TNFa Antibodies 

A number of murine anti-TNFa monoclonal antibodies 
were CDR-grafted substantially as described above in pre
vious examples. These antibodies include the murine mono
clonal antibodies designated 61 E71, hTNF1, hTNF3 and 
101.4 A brief summary of the CDR-grafting of each of these 
antibodies is given below. 

61E71 

Asimilar analysis as described above (Example 1, Section 
12.1.) was done for 61E71 and for the heavy chain 10 

50 Similarly, a grafted heavy chain/grafted light chain prod-

55 

uct was co-expressed and compared with the fully chimeric 
product and found to have closely similar binding properties 
to the latter product. 

b1NF3 

hTNF3 recognises an epitope on human TNF-a. The 
sequence of hTNF3 shows only 21 differences compared to 
61E71 in the light and heavy chain variable regions, 10 in 
the light chain (2 in the CDRs at positions 50, 96 and 8 in 

60 the framework at l, 19, 40, 45, 46, 76, 103 and 106) and 11 
in the heavy chain (3 in the CDR regions at positions 52, 60 
and 95 and 8 in tbe framework at 1, 10, 38, 40, 67, 73, 87 
and 105). The light and heavy chains of the 61E71 and 
hTNF3 chimeric antibodies can be exchanged without loss 

65 of activity in the direct binding assay. However 61E71 is an 
order of magnitude less able to compete with the TNF 
receptor on L929 cells for TNF-a compared to bTNF3. 
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Based on the 61E71 CDR grafting data gL221 and gH341 
(+23, 24, 48,49 71 and 73 as mouse) genes have been built 
for hTNF3 and tested and the resultant grafted antibody 
binds well to TNF-a, but competes very poorly in the L929 
assay. II is possible that in this case also the framework 5 
residues identified for OKT3 programme may improve the 
competitive binding ability of this antibody. 

101.4 

101.4 is a further murine monoclonal antibody able to 10 
recognise human TNF-a . The heavy chain of tbi~ antibody 
shows good homology to KOL and so the CDR-grafting bas 
been based on REl for the light chain and KOLfor the heavy 
chain. Several grafted heavy chain genes have been con
structed with conservative choices for the CDR's (gH341) 15 
(SEQ ID NO:ll) and which have one or a small number of 
non-CDR residues at positions 73, 78 or 77- 79 inclusive, as 
the mouse amino acids. These have been co-expressed with 
cL or gL221. In all cases binding to TNF equivalent to the 
chimeric antibody is seen and when co-expressed with cL 

20 
the resultant antibodies are able to compete well in the L929 
as.~ay. However, with gL221 the resultant antibodies are at 
least an order of magnitude Jess able to compete for TNF 
against the TNF receptor on 1,929 cells. Mouse residues at 
o ther positions in the heavy chain, for example, at 23 and 24 
together or at 76 have been demonstrated to provide no 25 
improvement to the competitive ability of the grafted anti
body in the L929 assay. 

A number of other antibodies including antibodies having 
specificity for interleukins e.g. ILl and cancer markers such 
as carcinoembryonic antigen (CEA) e.g . the monoclonal 30 
antibody A5B7 (ref. 21), have been successfully CDR
grafted according to the present invention. 

32 
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It will be appreciated that the foregoing examples are 
given by way of illustration only and are not intended to 
limit the scope of the claimed invention. Changes and 
modifications may be made to the methods described whilst 
still falling within the spirit and scope of the invention. 
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Winter, G., 1986, Nature, 321, 522 

( 1 ) GENERAL INFORMAJ'ION: 

( i i i ) NUMBER OF SEQUENCES: J l 

( 2 ) INFORMATION FOR SEQ 1D NO:l : 

( i ) SEQUENCE CHARAC I'ERISTICS: 
( A ) L.ENOTII: 2Q ba:se pairs 
( B ) TYPE: nucleic ocid 
( C ) STRANDEDNESS: s ingle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: eDNA 

( x I ) SEQUENCE DESCRIPTION: SEQ 10 NO: I: 

T CCAOATOTT AACTOCTCAC 

( 2 ) INFORMATION FOR SEQ 1D N0:2: 

( i ) SEQUENCE CHARACJ'ERISTICS: 
( A ) L.ENOTII: 23 bo,.; pairs 
( B ) TYPE: nucleic :~ cid 

( C ) STRANDEDNESS: • inglc 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: eDNA 

21. Harwood et al, Br. J. Cancer, 54, 75-82 (1986). 

SEQUENCE USTINO 

2 0 
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33 

( x i ) SEQUENCE DESCRIYITON: SEQ ID N0:2: 

C AO GG GC C AG TGGATGGATA OAC 

( 2 ) INFORMATION FOR SEQ !D N0:3: 

l ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 amino ocids 
( B ) TI'PE: amino add 
( C ) ~TRANDEDNESS: single 
( D J TOPOLOGY: Unear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIYITON: SEQ ID N0:3: 

5,859,205 

-continued 

Leo Gl u [ l e Asn A r g Thr Vo l A l o A la 
1 

( 2 ) INFORMATION FOR SEQ ID N0:4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LEN<nli: 943 base poin 

( B ) TYPE: nudeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: eDNA 

i X ) FEATURE: 
( A ) NAME/KEY: CDS 
( B ) LOCATION: 18 .. 722 

( i X ) FEATURE; 
( A ) NAME/KEY: maLpeptide 
( B ) LOCATION: 84 •. 722 

( x i ) SEQUENCE DESCRIYITON: SEQ ID N0:4: 

34 

GAATTCC C AA AGACAAA A T G GA T T T T CAA G T G CAG A T T TTC AGC T T C CT G 
Met Asp P be Gin V a l Gi n [ l e Phe Ser Phe Le u 
- 22 - 2 0 - 1 5 

CTA A T C AGT GCC TCA GTC AT A ATA TCC AGA GOA CAA ATT OTT 
Leu l ie Sc-- r A la Sc-- r Va l l i e li e Se r A r g G l y G in l i e Va l 

• 1 0 • 5 

CT C ACC 
Leu Th r 

5 

C AO TCT CCA OCA ATC ATG TCT OCA TCT CCA O GG GAO AA G GTC ACC ATO 
G in Se r P r o A la l e Me t Se r A l a Se r P r o G l y O l u Ly s Va l Th r Met 

I 0 I 5 2 0 

ACC T GC AOT OCC AOC TCA AOT OTA AOT TAC ATG AAC TOG T AC CAG CAO 
T h r c f s S e r A l a S e r 

2 5 
S e r Se r V al Ser Ty r Met 

3 0 
As n Trp T y r Gin G in 

3 5 

AAG TCA GGC AC C TCC CCC AAA AGA T GG ATT T AT GAC ACA TCC AAA C TG 
Lys Se r G l y Th r S e r P r o lys Arg Tr p I l e Ty r As p Th r Sc r 

s 0 
lys leu 

4 0 4 5 

GCT TCT GGA G T C CCT GCT CAC T TC AG G GGC AGT GGG T CT GGG AC C TCT 
A la Ser G l y V a l Pr o A l a H i s P h e A r g G ly Ser Gly Se r G l y Tb r Se r 

55 60 65 

TAC TCT CTC ACA AT C AGC GGC ATG GAG OCT GAA GAT OCT GCC ACT TAT 
T yr S e r 

7 0 
Le u T b r [ I e S e r G ly Met 

7 5 
G l u Ala G lu Asp A l a A l a 

8 0 
Tb r T y r 

8 5 

TAC TGC CAG C AO T O G AGT AG T AA C CCA T TC AC O T TC G GC TCG G OG ACA 
T yr Cys Gin G in Tr p Se r Se r A s n Pro P he Th r Pbe G l y Ser G ly Thr 

I 0 0 9 0 9 5 

AAG T TG GAA ATA AAC COG OCT OAT ACT OCA CCA ACT OTA TCC AT C T T C 
L y s Le u G l u [ l e A s n Arg A la A s p Th r A l o Pr o Th r V al 

l 0 s l 1 0 
S e r 
1 1 5 

[ I e P b e 

CC A CC A TCC AGT GAG C AG T TA ACA TCT GOA G OT GCC T C A GTC GTG T G C 
P r o P r o Se r Ser G l u G i n leu Th r Ser G l y G l y A la S e r V a I V a I c y s 

1 2 0 1 2 5 1 3 0 

Board Assigned Page #1019 

2 3 

50 

9 8 

1 4 6 

1 9 4 

2 9 0 

3 3 8 

386 

4 3 4 

4 8 2 

PFIZER EX. 1095 
Page 1166



5,859,205 
35 36 

-continued 

T TC TTO AAC AAC TTC TAC CCC 
Pb e L e u A sn Asn Pbe Tyr P ro 

AAA GA C ATC AAT OTC AAO T OG AAO ATT 
L ys A sp I l e As n Va l L ys Trp L ys I l e 

1 4 5 1 3 5 1 4 0 

GAT G GC AGT 
A sp Gl y Se r 
1 5 0 

GAA 
G i u 

CGA CAA AAT G GC GTC CT G AAC AGT TGG ACT GAT CAG 
A r g Gin A s n G l y Va l Leu As n Se r Trp Tbr A s p G i n 

1 55 16 0 1 6 5 

GAC AGC 
A sp Ser 

AAA 
L y s 

GAC AGC ACC TAC AGC 
A sp Ser Th r Tyr S e r 

1 7 0 

AT G AGC AGC AC C CTC ACG T T G ACC 
Me I Sc: r Ser Tbr Leu Tb r 

1 7 5 
Le u Tb r 
I 8 0 

AAG GAC GAG TAT GAA CGA CAT AAC AGC T AT ACC T GT GA G GCC ACT CA C 
Lys A s p G l u T y r G l u A r g H i s Asn 

1 8 5 
Sc:r Ty r Thr Cys G l u A la Th r 

1 9 5 
Hi s 

1 9 0 

AA O ACA TCA ACT TCA CCC ATT GTC AAG AOC T T C AA C AGG AAT GA G T OT 
Lys T b r s~r Th r s~ r P r o 

2 0 0 
l ie V al lys Se r 

2 0 5 
Phe As n A rg Asn Olu Cys 

2 I 0 

s 3 0 

5 7 8 

6 2 6 

6 7 4 

7 2 2 

TAGAGACAAA O GTC CT GAGA CGCCACCACC AG C TCC C AG C TC C ATCCT AT CTTCCC TTCT 782 

AAGGTCTTGG AGGCT T CCCC A C AAGCGCTT AC C ACTGTT G CGGTGCT C T A AACC T CCTCC 8 4 2 

C ACCTCC TT C T CC T CC T CC T CCC TTT CC TT GGCT TTTAT C ATG CTAATAT TTGCAGAAAA 902 

TATT C AATAA AG T GAOTCT T TGCCTTOAAA AAAAAAAAAA A 

( 2 ) INFORMAT!Ol'f FOR SEQ ID NO:S: 

M et 
. 2 2 

V a I 

Me I 

S e r 

P r o 

A I a 

S c r 
7 5 

S e r 

A r g 

G I D 

i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTII: 235 amino adds 

( B ) n 'PE: am inn add 
( D ) TOPOLOGY: Unc:ar 

( i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:S: 

Asp P h e 
. 2 0 

I e ( I e 
• 5 

Se r A l a 

Se r V al 

L ys Ar g 
4 5 

His P h e 
60 

G I y Me I 

Ser A~ n 

Ala As p 

Le u T b r 
1 2 5 

G i n V al Gin [ l c Phe Ser 

1 s 

Se r A r g G l y G in l e V al 

Se r P ro O l y G lu Lys Va l 
1 5 

Se r T y r Met Asn Tr p Tyr 
3 0 3 5 

Trp [ l c Tyr A sp Tb r Sc r 
5 0 

A r g O l y Se r G ly S e r Oly 
6 5 

G l u A l a Glu A s p A l a A la 
s 0 

P r o P be T b r Pb e G l y S<: r 
9 5 

T h r A l a P r o T b r V al S<: r 

1 1 0 1 1 5 

Se r G l y Gly A la Se r Va l 
1 3 0 

Phc le u le u l c 
1 0 

Le u Tb r Gin Se r 
5 

T h r Me t T h r Cys 
2 0 

G in G in ly.s Se r 

Lys Le u A la Scr 
5 5 

T h r Sc r T yr Se r 
7 0 

Tb r Ty r Tyr Cys 
85 

0 1)' Tbr l y.s leu 
I 0 0 

lie P be Pro P ro 

Va l Cys Pbe Leo 
1 3 5 

S c r A I a 

P ro A la 

S e r A I a 

2 5 

0 I y T h r 

40 

G I y V a I 

le u Th r 

GIn G I n 

G I u I I e 
I 0 5 

S e r S e r 

1 2 0 

As n Asn 

S e r 

I I e 
1 0 

S e r 

S e r 

p r o 

I I e 

T r p 
90 

A.sn 

0 I u 

P b e 

T yr P ro L ys As p I l e As n Va l L ys T r p L ys I l e As p G l y Se r G lu A rg 
1 40 145 ISO 

G i n As n G l y V• l 
l 5 5 

T b r Tyr Se r Met 

Le u A sn Ser T r p Th r 
l 6 0 

Ser S e r Th r Le u T h r 
1 7 5 

A s p Gin A sp Se r Lys 
1 6 5 

Leu Tb r Lys Asp G l o 
I 8 0 

A s p Se r 
1 7 0 

Ty r G i u 
I 8 5 
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37 

Arg His A sn Sa r Ty r Th r 
1 9 0 

5,859,205 

-continued 

Cys G i u A la Th r 
1 9 5 

Hi a L ys Th r 

38 

Se r Th r 
200 

S e r 

P r o [ lc Va l Lys S e r 

2 0 5 
P h e Asn Arg Asn G l u Cys 

2 1 0 

( 2 ) INFORMATION FOR SEQ !D N0:6: 

i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 1570 base p•irs 
( B J TYPE: nucleic acid 
( C ) SffiANDEDNESS: single 
( D ) TOFOLQGY: linear 

i i ) MOLECULE TYPE: c.ONA 

i x ) FEATURE: 
( A ) NAME/KEY: CDS 
( B ) LOCATION: 4! .. 1444 

( i x ) FEATURE: 
( A ) NAIV1E/KEY: maLpeptide 
( B ) LOCATION: 98 •. 1444 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:6 : 

GAATTCCCCT CTCCACAGAC A CT GAAAACT CT G ACTCAAC ATG GAA AGG CAC TOG 
Met G l u Ar g His Trp 
. 1 9 • 1 5 

ATC TTT CT A CTC C T G TTG TC A GTA A CT GC A GGT GT C C A C TCC C AG GT C 
I le P be Le u Lou Le u Leu Se r V al T h r Ala G i y Va l His Ser Gin V al 

• 1 0 • 5 I 

C AG CTG CAG CAG TC T GGG GCT GAA CTG GCA AGA CCT GG G GCC TCA GTG 
G in Le u 0 1 G i n Ser Gly A l a G lu Le u A l a Ar g Pro G l y A la Se r V al 

AAG ATG 
Lys Me t 

2 0 

I 0 1 5 

TCC TGC AAG O C T TCT GG C T A C A CC T TT A C T A GO T A C A CG ATG 
S er Cys Lys Alo Se r G l y T yr Thr Phe Tbr Arg Ty r Th r Me t 

2 5 J 0 

CAC TGG GTA AAA 
His Tr p Va l Lys 

3 5 

CAG AGG 
G i n Ar g 

4 0 

CCT GGA C AG GGT 
P ro G i y G in G l y 

C T G GAA TGG ATT GGA TAC 
Leu G lu Tr p I lc 0 1 y Ty r 

4 5 5 0 

ATT AAT CCT A GC CGT G OT TAT ACT AAT T AC ATT CAG AA G TTC AA G GAC 
I I e As n p 1 0 Ser A r g G i y Ty r Th r 

5 5 
A sn Tyr As o. G in 

6 0 
Lys Ph e Lys Asp 

6 5 

AAG GCC A C A T T G A CT ACA GAC AAA TCC T CC A GC A C A GC C T A C AT G C AA 
Lys Al o T h r Leu Th r Th r A s p ly s 

7 0 
Scr Se r 

7 5 
Se r T hr A l a Ty r Met G in 

80 

CT G AGC AG C CTG ACA TCT GAG GAC TCT GCA GT C TAT TAC T GT GCA AGA 
Leu Sc r Sc r Leu Th r S er G lu As p Se r A I a Va l T yr T y r Cys A I a A rg 

&5 90 95 

TAT T AT GAT GA T CAT TAC T GC CTT GAC TAC TOO OGC CAA OGC ACC ACT 
T yr Tyr A sp Asp H is T yr Cys L e u Asp Ty r T r p G ly G i n Gly Thr Thr 

10 0 L O S 1 1 0 

CTC A C A 
L a u T b r 
1 I 5 

GTC TCC TC A GCC 
V:. l Sc r S e r A l o 

1 2 0 

GCC 
A I a 

CCT GTG T GT GGA GAT 
P ro Va l Cys G l y A sp 

1 3 5 

AAA 
L ys 

A C A 
Th r 

A C A 
T h r 

GCC 
A I a 

CC A TCG GTC T AT CC A C T G 
P ro Se r Va l Ty r 
1 2 5 

Pr ~ Leu 
1 3 0 

ACA ACT GGC T CC TCG GTG ACT 
T h r Th r Gly Sc r Sc r Va I Th r 

1 4 0 

CTA GGA TGC 
Leo G l y Cys 

1 4 5 

CTG G T C AAG GOT TAT T TC CCT GAG CCA GTG ACC T TG ACC TOG AA C TCT 
Leu V :~ I Ly s G l y T y r 

1 50 
P h e P ro G lu P r o Va l T hr 

1 55 
Le u Th r T r p A sn 

1 6 0 
S e r 

GOA TCC CTO TCC AGT GOT GTO CAC ACC T TC CCA OCT GTC CTG CAG T CT 
G l y S e r L eu Ser S e r G l y Va I His Th r Phc 

165 170 
Pr o A la V al Le u Gin Se r 

1 7 5 

GAC C T C TAC AC C CTC AGC AG C T CA GTG A CT GTA A CC TC G AG C A CC T OG 
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5,859,205 
39 40 

-continued 

Asp Le u Tyr Tb r 
l 8 0 

Le u Se r Se r S e r V al 
l 8 s 

Th r V al Tbr Ser Ser T h r T rp 
l 9 0 

CCC AGC CAG T CC AT C ACC TGC AAT G T G GCC CAC CCG GCA AGC AG C ACC 
Pro Se r G i n Se r 
l 9 5 

I l e T h r Cys As n Val 
2 0 0 

Ala His P r o Ala Se r Se r Tb r 
205 210 

AAG GT G GAC AAG AAA ATT GAG 
Lys Val A sp Lys Lys li e O l u 

2 1 5 

CCC AGA GOG CCC ACA ATC AAG 
P ro Arg O l y Pro Tb r lie Lys 

2 2 0 

CCC TOT 
Pr o Cys 
2 2 5 

CC T CCA TGC AAA T GC CCA OCA CCT AAC CTC T TG GOT G OA CCA TCC OTC 
P r o P ro Cys Lys Cys 

2 3 0 
Pro A la P ro A sn L e u Leu O ly O l y 

2 3 5 
Pr o Se r 
24 0 

V al 

T TC ATC TTC CCT CC A AAO AT C AAO GAT OTA CTC ATG ATC T C C CTO AO C 
P h e [ le P h e P r o P ro Lys 

2 4 5 
lie Lys A sp Vo l 

2 5 0 
Le o Mc:t lie Se r Leu Ser 

2 5 5 

CCC ATA OTC A CA T GT GTO OTO GTO OAT GT O A OC GAG GAT OA C CCA OAT 
Pr o [ le Vn l Th r C ys V ul 

2 6 0 
Va l V ul A sp V al 

2 6 5 
Se r Glu A s p As p P r o A s p 

2 7 0 

GTC C AG ATC AGC TGG T TT GT G AAC AAC GTG GAA GTA CAC ACA GCT CAG 
V a l Gi n ( l e Se r Trp P h e Va l A.s n A sn Va l O lu Va l His Th r A la G i n 

275 2&0 2&5 290 

ACA C AA ACC C AT AGA GAG OAT T AC AAC A OT ACT CT C COO OTG GTC AGT 
T h r Gi n T h r H is A rg Glu A s p Tyr A sn S e r Thr Le u A rg Va l Va l Se r 

GCC 
A I a 

2 9 5 300 305 

C T C CCC ATC C A G C AC 
L e u Pro lie G i n H i s 

3 1 0 

C A G GAC TGG AT G A GT GGC AA G GAG TT C 
G in A s p Tr p Met 

3 1 5 
Ser Oly L ys O i u Ph e 

3 2 0 

AAA 
Lys 

TGC AAG GTC AAC AAC AAA GAC CTC CCA GCG CCC ATC GA G AGA ACC ATC 
C ys L ys V al A s n AI D Lys A s p Le u Pro A l a P ro lie G l u Ar g Th r I l e 

32 5 33 0 3 35 

T C A AAA 
Ser L ys 

3 4 0 

CCC AAA GOO T C A OTA AOA OCT CC A C AO OTA T AT OTC TT O CCT 
Pro Lys O l y Se r Vo l Arg Ala P ro G i n Vo l Tyr Val Le u P ro 

345 350 

C C A 
P r o 
3 5 5 

C CA GAA GAA GAG ATG A C T AAG 
P ro O l u O lu O lu Met T h r Ly s 

3 6 0 

AAA 
L ys 

CAG GTC A C T C T G AC C T GC ATG 
G i n V al Tbr 

3 6 5 
Leu T h r Cys Met 

3 7 0 

GTC ACA OAC T T C AT O C CT OAA GAC AT T T AC GT O GAG TOO AC C AAC AAC 
V o l Tbr A sp P be Met P ro G lu A s p 

3 7 5 
lie Tyr Va l O lu Trp Tbr A sn A s n 

380 3 8 5 

GOG AAA A CA GAG CTA AAC TAC AA G AA C A C T GAA CCA GT C CTG GA C TC T 
G l y Lys T h r G lu Le u Asn T y r Ly s A sn Th r Glu Pro V ol le u A s p Se r 

400 390 3 95 

O AT GO T TCT T AC TTC ATO TAC AOC AAO CTO A OA OTO OAA AAG AAO AA C 
As p Gl y Se r T yr P h e Me t T yr S e r L ys Le u A rg Vo l G lu L ys L ys Asn 

405 410 415 

TOG GTO OAA AOA AAT AOC TA C TCC T OT TCA GT O OTC CAC GAG GO T CTG 
Tr p Va l G l u A rg A I D Se r T y r S e r Cys S e r V al Va l His G l u G ly L e u 

42 0 425 430 

C AC AAT C A C 
His Asn Hia 
4 3 5 

C A C A CG A C T 
His Th r Th r 

4 4 0 

AA G 
L y s 

A GC T T C T CC CGG A C T 
S e r Pbe Ser A r g Tb r 

4 4 5 

CCG GG T 
P ro O i y 

AAA 
L y s 

TGAG C T CAGC A CCCACAAAA CTC T CAGGTC CAAAGAGACA CC C ACACTCA TCTC C ATG C T 

TCCCTTGTAT AAATAAAOCA CCCAOCAATO CCT O OGACCA TGTAAAAAAA AAAAAAAAAO 

GAATTC 

( 2 ) INl'ORMATION FOR SEQ ID NO: 7: 

i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 468 amino acids 
( B ) TYPE: amino odd 

( D ) TOPOLOGY: linear 
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5,859,205 
41 42 

-continued 

( i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE OESCRIIYTION: SEQ !0 N0:7: 

Me t G I u Ar g H i s Tr p li e Phc Le u Leu Le u Le u Sc:r Vo l Th r A la G l y 

- I 9 - 1 5 - I 0 - 5 

V a I Hi s Se1 G in V•l Gin Leu G i n Gin 
5 

Ser G l y Ala G l u Leu A la Arg 
I 0 

Pro Gly A la Se r V• l Lys Me t S e r Cys Lys A l a Ser G ly Tyr Th r 
2 5 

p h e 

T h I 

3 0 

G I u 

G I n 

T h r 

T y I 

G I y 
1 I 0 

S c r 

Va I 

L e u 

A I a 

T b r 
I 9 0 

P r o 

T h r 

G I y 

Me I 

G I u 
2 7 0 

1 5 

Arg Tyr 

T r p I I e 

Lys P h e 

A I o T y r 
s 0 

Tyr Cys 
9 5 

G I n G I y 

v. I T y I 

T b r Leu 

Tbr Trp 

1 6 0 

Va l Le u 
l 7 s 

A I a S ~ r 

[ I e L y .s 

G I y Pro 
2 4 0 

[ I e S ~ r 

2 5 5 

A s p As p 

T h r M~- t 

G ly Ty r 
50 

Lys A s p 
6 s 

Me t G I n 

Hi s 

3 5 

I e 

L y s 

Leu 

20 

T r p V a I 

Asn Pro 

A l a T h r 

Ser Ser 
85 

ly s G in Arg Pro 
4 0 

Se r A1g G l y Tyr 
5 5 

le u Th r Thr Asp 
7 0 

Leu T hr Ser Glu 

Ala A1g Tyr T y r Asp Asp His Tyr 
l 0 0 

c y s 
I 0 5 

T h r 

P r o 

G I y 
1 4 5 

A s n 

G in 

T b r 

S e r 

P r o 

2 2 5 

S c r 

Leu 

P r o 

Th r 

Le u 
l 3 0 

Cys 

S e r 

S e r 

T r p 

Th r 
2 I 0 

c y s 

V a I 

S e r 

Asp 

Leu 
1 I 5 

A I o 

Leu 

G I y 

Asp 

P r o 
I 9 5 

L y s 

P r o 

p h e 

Pr o 

V a I 
2 7 5 

T h r Va l Ser Ser 

Pro V al Cya G ly 
I 3 5 

V a l Ly s G ly Th r 
l 50 

Se r Le u Se r Se r 
I 6 5 

l e u Ty r Th r le u 
1 8 0 

Se r G i n Se r lie 

Va l As p l ys l ys 
2 I S 

Pro Cys l ys Cys 
2 3 0 

lie P he Pro Pro 
2 4 5 

l ie Va l Th r Cys 
2 6 0 

G i n li e Se r Tr p 

A l o ly s 
1 2 0 

Asp Tbr 

Pbe Pro 

G l y Va l 

Ser Ser 
I 8 S 

Thr Cya 
200 

I I e 0 I u 

P ro A la 

Lys lie 

V a I V a I 
2 6 5 

Pbe Va I 
280 

G I y G I n 

Thr Asn 

Ly s Se r 
7 5 

Asp Se r 
9 0 

G I y 

T y r 
6 0 

S e r 

A I a 

Leu 
4 5 

As n 

S e r 

V a I 

Leu Asp T y r Trp 

Th r Thr 

Thr G l y 

G l u Pro 
I 5 5 

H i s Thr 
I 7 0 

S e r V a I 

A an V al 

Pr o Arg 

Pr o Asn 

2 3 5 

Ly s Asp 
2 5 0 

Va l Asp 

Asn As n 

A I a 

S e r 
I 4 0 

V a I 

P h e 

T h r 

A I a 

G I y 
2 2 0 

Le u 

V a I 

V a I 

V a I 

P r o 

I 2 5 

S e r 

Th r 

P r o 

V a I 

H i s 
2 0 5 

P r o 

Leu 

Leu 

S e r 

G I u 
2 8 5 

V a l His T b t A la G i n Tb t G i n Thr His Atg G l u As p T)• r As n Ser Tbr 

L e u 

G I y 

I I e 

V • I 
3 5 0 

T b r 

A r g V a I 

Lys Glu 
3 2 0 

G I u A r 8 
3 3 5 

Ty r Vo l 

Le u T b r 

2 90 295 300 

V a I S e r 
3 0 5 

P be L y s 

Th r li e 

L e u P ro 

C y s Met 
3 7 0 

A I & 

Cys 

S e r 

P r o 
3 s 5 

V a I 

L eu 

L y s 

L y s 
3 4 0 

P r o 

T h r 

p I 0 

V a I 
3 2 5 

p I 0 

G I u 

A s p 

lie G in 
3 I 0 

A sn Asn 

Lys G l y 

G I u G I u 

Ph e Met 
3 7 5 

His Gin Asp Trp MeL 
3 1 5 

Ly s A s p Le u Pro A l a 
3 3 0 

Ser Va I A rg A l a Pr o 
3 4 5 

Me t Tbr Lys Lys G in 
3 6 0 

Pr o Glu Asp l i e Ty r 
3 8 0 
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 -conlinucd

u' i i JMULECULETYPF‘szmlcin

{x i )SEQLJEIN'CI-l DESCREFTTON:SEQIDNO;?:

Mel Glu A13 HJEIIP1I: P11: Lcu Lcu Lcu Lcu Scr Val 'l'hr Ala L'rly'
-19 —].S -lfi -5

‘Val His Set Gln Val t'jln Leu (iln Glu Ser (Hy Ala (flu Len Ala Arg1 5 10

Pro (Hy Ala Sel- Val L33 Mel Ser Cvs Lys Ala Sal L'rlv'lyr Tlli PIJ':
15 20 35

Th! AIS Ty! Thr Mel His TIP Val Lys Glu ATE Pro 013! Gln GI}! Leu
30 35 40 45

El!» Trp lle Gly Ty? 1|: As" ['20 Set Arg le Tyr Thr Asn Ty: As”SCI 55 El]

Gln L35 P11: Lys Asp L_\-s Ala Thr Lcu Thr Thr Asp 13's Scr Scr Ser
65 TO 75

Thr Ala Ty! Mel Glu Leu Sar Ser Leu Thr 551' Glu Asp Ser AI: Val
80 35 90

'l'yl [Yr (35's Ala Aug 'l‘yl T5.r Asp Asp His T31 ('ys Leu hsl. 'I'yr lip95 1.00 105

515 Glrl Olly Thr Th1 Len Thr Val Scr Sal Ala Lys Thr Thr Ala Pru
110 3.15 ]20 1'25

SCI Val Ty: P10 Leu Ala Prn Val C95 Gly Asp Thr Thr Gilt Se: Sc:[30 135 140

Val Thr lcu Gly CY'i Len Val Lj'a Gly Thr Pbo Pro L'ilu Pro Val Thr
L45 [50 135

Lcn Thr Tlp Aan Scr le 3:: Law Sc: Sc: (lly Val 1133 [[1:- P11: Plfl'
1nfl lfiS ITO

Ala Val Lcu Gln Bur Asp Len T)r Thr Lcu Scr Ser 551' Val-1'11: Val
|‘."fi LSD I'Sfi

Thu Scl- Scr Tb: Trp I‘ro 3:1 ('rln Sc: [lc Thr C35 nan Val Ala His
[90 ‘95 200 205

Pro Ala Set Set TIIr 1.3-5 Val Asp L55 L35 [1: Glu Pro Ar}: UI'; P10
llfi 3|5- 22H

Thl [Ic l._\'.s P10 Cyb I'Iu Pru C)» L35 Cy: Flu Aln l‘iu Asa Lnu Lcu
2:5 210 233

(ll) (113 1'Tk- 36! Val I‘ll: [1: Pb: ['10 I‘J'u .Lya Ilc Ly; Asp Ynl Lcu
24-0 245 250

Mul [In 551' Leii Sh! PIE 1!: Val TIJI Cys Val Val Val Asp Val 5:7
255 EhIJ 305

fill: Asp Asp Pro Asp Val Gln ll: 8:! Tip Pl}: Val Asn Asn Val GIU
37L] 1’75 38.0 E35

Val l-[ls Tlll Ala Glu Tllr Glu Thr H15 Arg Cilu As}: Tyr Asa Sur T111
20‘] 295 JUL]

Leu Ar}; Val Val S15: Ala Len Flu Ilr. GIII Hi5 GIJI Asp Trp Mal Scr
305 310 315

GI; Lys Glu Pile 1.3:: (‘ys Lys Val Asn Asu Lys Asp Lcu Pro Ala Pro
12-“ 3’35 .130

[la Glu Arg Th: [le Set Lys Pan Ly; Cilu Ser Val Alg Ala Pro Crln335 340 345

Val Tyr Vail.n1r Pin Prn Prn Gln (ilsl [‘vlu Mel Th! Lys Ly"! Gln Val
3-50 355 360 365

Th! [.¢|1 Thl (‘ys Mel Val Thr Asp Phc M:| Plfl (ill! Asp TII: Ty! Val
370 J'II‘S 3
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-continued 

G I u Trp T b r A s n A s n G I y L y s T h r G I u Le u As n T y r Lys A an Th r G I u 
3 8 5 3 9 0 3 9 5 

P r o V a I Le u As p S e r A sp G I y S e r T y r p h e M et T y r S c r Lys L c u Arg 
4 0 0 4 0 5 4 I 0 

V o I Glu L y s L y s A s n T r p V a I G I u Arg A s n S e r T y r S e r Cy s S e r Val 
4 1 5 4 2 0 4 2 5 

V a I Hi s G I u G I y L e u H i s As n His H i s Th r Thr L y s S e r ph c S c r A rg 
4 3 0 4 3 s • 4 0 4 4 s 

T b r P r o G I y L y s 

( 2 ) INFORMAT!Ol'f FOR SEQ ID NO:S: 

i ) SEQUENCE CHARACTERISTICS: 
( A ) LENat1i: 85 amjuo a-c.ids 
( B ) TYPE: amino acid 
( D ) TOPOLOGY: line:.r 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ !D NO:S: 

Asp l I e G I n Me t Th r GIn S e r P r o S e r S e r Le u S e r A I a S e r V a 1 G I y 
1 1 0 1 5 

Asp Ars V a I T h r I I c T h r c y s G I n A I a S c r G I n A sp I I e I c L y s T y r 
2 0 25 3 0 

L c u As n T r p T y r G I n GIn T h r P r o G I y Lys A I o P r o Lys Le u Leu l I e 
3 5 4 0 4 5 

T b r G l u A I a S e r As n Leu G I n A I a G I y v a I P r o S e r Arg ph c S c r G I y 
50 5 5 6 0 

S e r G I y S e r G ly Th r A sp T y r Th r P h e T h r I e S e r S e r Leu G I n P r o 
6 5 7 0 7 s 80 

G I u Asp I I c A I a Th r 
8 s 

( 2 ) INFORMATION FOR SEQ !D N0:9: 

i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 amino acids 
( B ) TYPE: amino acid 
( D ) TOPOLOGY: linear 

( ; i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

T y r T y r C y.s G I n G I n T y r G I n S e r Le u P r o T y r T h r P be G I y G in G I y 
I 1 0 l 5 

T b r Lys L e u G In ( I c T h r A r g 
20 

( 2 ) INFORMATION FOR SEQ ID NO:lO: 

i ) SEQUENCE CHARACTERISTICS: 

( A J LENGTH: 126 amino acids 
( B ) TYPE: amino add 
( D ) TOPOLOGY: Unear 

( ; ) MOLECULE TYPE: peptide 

( X ) SEQUENCE DESCRIPTION: SEQ !D NO:LO: 

G In v a G In L c u V a I G I u S e r G I y G I y G I y V al V o I G I n P r o G I y A r g 
1 s 1 0 1 s 

S e r Le u A 1 g L e u S e r Cys S e r S e r S e r G I y P h e l I e Ph e S e r S e r T y r 
2 0 2 5 3 0 
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A la Met Tyr Trp Val 
3 s 

Ar g G in A l o Pro G ly Lya G ly 
4 0 

Leu Glu T rp V al 
4 s 

A I a [ I c I e 

s 0 
Tr p Asp As p G l y Se r Asp G i n 

s s 
His T yr A l a As p 

6 0 

Lys Gl y Ar g 
6 5 

P be Tb r le Se r A r g A sp A a n 
7 0 

S e r 
7 5 

L ya A a n T b r 

Leu Gi n Met As p S e r Le u Ar g 
8 5 

A la A r g A sp G l y G l y H i a G l y 
1 0 0 

Pr o Glu As p Thr G ly 
9 0 

Pbe Cys S e r Se r A la 
1 0 5 

Pr o A s p Tyr Trp G l y Gin 
1 1 5 

G l y T br 
1 2 0 

P r o V a I Tbr V o I 

( 2 ) INFORMATION FOR SEQ ID NO: 11: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTII: 1LQ amino acids 
( B ) TYPE: lllllino acid 
( C ) TOPOLOOY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIP110N: SEQ 10 NO: 11: 

Va l Tyr 

Ser Cy a 
1 1 0 

S e r 
I 2 5 

S e r 

S e r 

Le u 

V a I 

P b e 
80 

Phe Cys 
9 s 

Phe G l y 

G in Va G in L e u Va l Glu Ser G l G ly G l y V al Vo l G i n Pr o G ly A rg 

Se r Le u A r g Leu S e r 
2 0 

T b r Me t H i s Tr p Va l 
3 5 

A l3 Tyr l c: A sn P ro 
50 

C y s Se r S e r S er 
2 s 

Ar g G in A l a P ro 
4 0 

S er Ar g G l y Ty r 
5 5 

I 0 1 5 

G l y Tyr Th r Pbe Tb r Ar g T y r 
3 0 

G l y Lys G ly Leu Gl u T rp Va l 
4 5 

T b r As n Ty r A s n G l n Ly s Pbe 
6 0 

L y s A s p A r g P be Th r 
6 5 

I e S e r 
7 0 

A r g A sp A s n Se r Ly s A s n Tbr 
7 5 

Le u P b e 
80 

Le u Gi n Me t As p Ser Le u Ar g P ro Glu As p Tbr G ly Va l Ty r Pbe Cys 
85 90 95 

A lo Arg T y r T y r A s p A sp H i s Ty r 
1 0 0 

T b r Thr Le u T b r Va l S er Se r 
1 1 5 

( 2 ) INFORMATION FOR SEQ ID NO:l2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTII: 1!9 amino aeiOO 
( B ) TYPE: a10ino acid 
( D ) TOPOLOGY: Unear 

( I i ) MOLECULE TYPE: peptide 

( x ) SEQUENCE DESCRIYf!ON: SEQ ID N0:12: 

c y s 
1 0 5 

Le o As p Tyr Trp G l y G i n G l y 
1 1 0 

GIn V a 
1 

Gin Leu Va l Gin Ser G l y Gly G l y Val 
1 0 

Va l G i n Pr o G ly A r g 
1 5 

S e r L e u Ar g Leu S e r Cys L ys A l a 
20 

Se r G ly Ty r Tb r 
25 

Pb e Tb r Arg Ty r 
3 0 

T h r Met H is T r p Vo l A r g G in A lo P r o G l y Lys G l y Le u Glu Trp I l e 

Gly Ty r 
50 

35 40 45 

I e As n P ro S er Arg G l y T yr Tbr A s n 
55 

Ty r Asn G i n 
6 0 

L y s V a I 

Lys Asp A r g P h e Th r 
6 5 

l e Sc:r Th r A sp lys Se r ly s Se r Th r A la Phe 
70 75 80 

Board Assigned Page #1025 
PFIZER EX. 1095 

Page 1172



L e u Gin M et 

47 

A sp S e r L e u A r g 
8 s 

5,859,205 

-continued 

P ro O lu A s p T b r A la V al 
9 0 

48 

Ty r Ty r C y s 
9 s 

A la A r g T y r Ty r Asp A sp H i s T yr 
1 0 0 

c' s 
1 0 5 

L e u As p Tyr Tr p O l y G i n O l y 
1 1 0 

Th r T b r L eu Th r Va l S er Se r 

1 I 5 

( 2 ) INFORMA:riON fOR SEQ ID NO:l3: 

i ) SEQUENCE CHARACTERISTICS: 

( A ) LENG!ll: 119 oruino ocids 
( B ) TYPE: amino acid 
( D ) TOPOLOGY: lineor 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ 10 NO:U: 

G l v a Gin L e u V al Gin S e r G l y Gly G l y V al Va l G i n Pr o G ly A rg 
1 0 1 5 

S e r L e u Ar g L e u S c r C y s LyR A I a Ser G l y T y r Thr Phe Th r A r g Ty r 
zo 25 3 0 

Tb r Me t H is Tr p V al Ar g G in A l a Pro G l y L ys G ly Leu Glu T rp I l e 
35 4 0 4 5 

Gl y Ty r l e A sn P r o 

50 

L y s A s p Ar g P h e Th r 

6 5 

L e u Gi n Me t A sp Se r 
8 5 

S c r Ar g G l y Tyr T h r AR n 
5 5 

l e Ser Th r A sp Lys Se r 
7 0 7 5 

le u Ar g Pr o Glu A s p T hr 
9 0 

Tyr A s n 
6 0 

L y .s S e r 

G I y V, I 

G l n Ly s Va l 

Th r A la Phe 

80 

Tyr Phe C y s 
9 5 

Ala Ar g Tyr Tyr A s p A sp His Ty r 
1 0 0 

c y s 
1 0 5 

L e u A sp Ty r Tr p O ly G i n O l y 
1 1 0 

Thr T h r Le- u Thr Va l Scr Ser 

1 I 5 

( 2 ) INFORMATION fOR SEQ 10 NO:I 4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) L.EN<rni: 119 amiuo ac~ 
( B ) TYPE: arn ino acid 

( D ) TOPOLOGY: lincor 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ 10 N0:14: 

G in Va l G in Le u Va l G i n 
s 

Se r G l y G l y G l y V al 
1 0 

Va I G in Pro G l y Arg 
1 5 

Ser Leu Ar g Le u Se r Cy s lys A lo Ser G l y Ty r 
Z5 

Thr Phe Th r A r g Ty r 
z 0 

T b r Me t His Tr p Va l 
3 5 

G l y Tyr I e Asn P r o 

50 

Lys A s p Ar g P b c Tb r 
6 5 

3 0 

Ar g G in A l o Pro G l y L ys G ly L e u O lu T rp 
• 0 4 5 

Scr Ar g G l y T yr T h r 
5 5 

l e Se r Tb r A sp L ys 
7 0 

As n T yr As n G i n ly s 
6 0 

Scr L ys A s n T b r A la 
7 5 

I I e 

V al 

P h e 
8 0 

L e u Gin Met A sp S e r L e u A rg 

8 5 
P ro O lu A s p T b r G ly V al 

9 0 
Tyr Phe C ys 

9 5 

A la A r g T y r T y r Asp A sp H i s Ty r 
l 0 0 

T b r T b r Leu T b r V ol S cr Se r 

c y s 

1 0 5 
Leu As p Tyr Trp G l y G in G l y 

l 1 0 
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1 I 5 

( 2 ) INFORMATION FOR SEQ !D NO:l S: 

( i ) SEQUENCE CHARACfERISTICS: 
( A ) LENGTH: 119 antino acids 
( B ) TYPE: amino add 
( D J TOPOLOGY: Uneor 

MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: IS: 

0 1 v a I G I n Le u V a I G In S e r G I y G I y G I y V a I V a I G I n P r o G I y A rg 
1 0 1 5 

S e r Le u A r g L e u S e r Cys L y s A I o S e r G I y T y r T b r P b e Tb r A r g T y r 
20 2 5 3 0 

T b r Me 1 Hi s T r p V o I A r g G In A I o P r o G I y Ly s G I y Leu G I u T r p I I e 
3 5 4 0 4 5 

G I y T y r 1 e A sn P r o S e r A r g G I y T y r T b r A s n T y r As n G I n L y s V al 
5 0 5 5 6 0 

L y s A s p A r 8 P he Th r I e S e r Arg A sp A s n S e r L y s A s n T h r A I a P h e 
6 5 7 0 7 5 80 

L e u G I n M e I Asp S e r Le u A r g V r o G I u Asp T b r G Il' V al T y r V b e c)' s 
8 5 9 0 9 5 

A I a A r g T y r T y r Asp A sp H i ~ T y r c y s l e u As p T y r T r p G I y G I n G I y 
I 0 0 I 0 5 1 1 0 

T h r Th r L e n T h r V a I S e r S e r 

l l 5 

( 2 ) INFORMATION FOR SEQ ID N0:16: 

i ) SEQUENCE CHARACl'EmiiCS: 
( A ) lENGtll: 119 amino acKJs 

( B ) TYPE: omino ocid 
( D ) TOPOLOGY: lineor 

( j i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ !D NO:L6: 

G In V a I G In Leu V a I G In S e r G I y G I y G I y V al V o I G I n P r o G I y A rg 
1 1 0 1 5 

S e r Le u A r g Leu S e r Cy s l y s A I o S e r G I y T y r T h r P h e Th r A r g T y r 
2 0 25 3 0 

T b r Me 1 Hi a T r p V a I Ar g G In A I a P r o c y s Ly a G I y Leu G I u T r p I I e 
3 5 4 0 4 5 

G I y T y r I c As n P r o S e r Ar g G I y T y r T h r As n T y r As n G I n L y s V al 

50 5 5 6 0 

L y s A s p A r g P h e Th r I e S e r Th r A sp L y s S e r Ly s A s n Thr Leu Ph e 
6 5 7 0 7 5 80 

L e u G I n M e 1 A ap S e r Leu A r g P r o G I u A a p T b r G I y Va l Tyr p b • c y s 
8 5 9 0 9 5 

A I a A r g T y r T y r Asp As p H i s T y r c y s Le u As p T y r T r p G I y G in G I y 
I 0 0 I 0 5 1 1 0 

T b r Tbr L e u T b r V a I S e r S e r 
1 I 5 

( 2 ) INFORMATION FOR SEQ ID NO: 17: 

i ) SEQUENCE CHARACfERISTICS: 
( A ) LEN<JfH: 119 amino ocids 

( B ) TYPE: lllllino add 
( D ) TOPOLOGY: linear 
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( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE OESCRIIYTION: SEQ 10 NO: 17: 

G I n V :~ Gin Leu Val Gin Ser G l y Gly G l y Val V3 l G i n Pro G ly Arg 
1 0 1 5 

S e r Leu Arg Leu Ser Cys Lys A l o Se r G l y Ty r Tbr Phe Thr Arg Tyr 
30 2 0 25 

T b r Me t His Trp V• l Arg G in A l o Pro Cys Lys G ly Leu Glu T rp I I e 

G l y Tyr 
so 

3 5 

I c 

Lys Asp Arg 
6 5 

Asn P r o 

P be Tb r 

4 0 

Scr Arg G l y Ty r T h r As n 
55 

I e S e r 
7 0 

Arg Asp As n Ser 
7 5 

4 5 

T yr Asn G i n 

6 0 

Ly s Asn Tbr 

L y s 

Leu 

V a I 

P b e 
80 

L e u Gi n M et Asp Ser Leu Arg P ro Glu As p Thr G l y Va l Tyr Phe Cys 
9 5 8 s 9 0 

A la Arg Tyr T yr Asp A sp H i s Ty r 
1 0 0 

c' s 
1 0 5 

Le u Asp Tyr Trp Gly G i n G l y 
1 1 0 

Tbr Tbr Leu T b r V•l Se r Se r 
1 1 5 

( 2 ) INFORMATION FOR SEQ ID N0:18: 

i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTII: 119 omino ockls 
( B ) n 'PE: am inn add 
( D ) TOPOLOGY: Unc:ar 

( i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:18: 

G in Va Gin 

1 

Ser Leu Arg 

T h r M~t H is 
3 s 

A la Tyr ( l e 

50 

Lys A s p Arg 
6 5 

Leu Gi n M ~t 

Leu V al 

5 

Leu Scr 
2 0 

T r p V a I 

A .s n P ro 

P be Tb r 

As p S~r 

8 5 

Gin Ser 

Cys Lys 

A r g G In 

Ser Ar g 
5 5 

I c S c r 

7 0 

Leu Arg 

G l y Gly G l y Va l 
1 0 

A l a Se r G l y Ty r 
25 

A l a Pro Cys lys 
4 0 

G l y T yr T h r As n 

Th r A sp Lys Ser 
7 5 

P ro Olu Asp Thr 
9 0 

Va I G i n Pro G l y Arg 
1 5 

Tbr Pbe Tbr Arg Tyr 
3 0 

G ly Leu Olu Trp Va l 
4 s 

T yr Asn G i n Lys V al 
6 0 

Ly s Scr Thr A I a Phe 
80 

G ly V al Tyr Phe Cys 
9 5 

Ala A r g Tyr Tyr Aop A sp His Ty r 
1 0 0 

c' s 
1 0 5 

Le u As p Tyr Trp Gly G i n G l y 
1 1 0 

T h t Thr Le u T h r Va l Set Set 
1 I 5 

( 2 ) INFORMATION FOR SEQ ID NO:l9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A J LENGTH: 119 omino oekls 
( B ) TYPE: amino acid 
( 0 ) TOPOLOGY: linear 

( i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:19: 

G in Vol G in L e u Vo l Gin Ser G l y Gly G l y V al V • l G l n Pro G l y Arg 

1 5 1 1 0 
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-continued 

Se r A l o S er G ly Ty r Tb r 

2 5 

54 

Ph e T hr Ar g T y r 

3 0 

Thr M et H i s Tr p Va l Ar g G i n A la Pro Cys Lys G l y leu G lu Trp 
4 s 

I I c 
3 s 4 0 

G ly Ty r 
50 

I e 

L y s 

6 s 
Asp Ar g 

L e u G I n M e t 

A s n P ro S er Ar g G l y T yr T h r Asn 
5 5 

P h e T h r 

A sp S e r 
8 5 

l e Ser Th r 
7 0 

L e u A rg P ro 

As p lys Sc r 
7 s 

G lu A l p T b r 
9 0 

T yr A 1 n G i n 
6 0 

Lys S c r Th r 

A I a V al T y r 

L y s 

A I I 

T y r 
9 5 

V al 

P h e 

8 0 

C ys 

A la A r g Tyr T yr A s p A sp H i s Ty r 
I 0 0 

c )'s 
1 0 s 

L e u A sp T y r Tr p G ly G i n G i y 

1 l 0 

Thr T b r Le u Th r Va l S er Se r 

l l s 

( 2 ) INFORMATION FOR SEQ !D N0:20: 

i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: LL9 amino acid~ 
( B ) TYPE: amino acid 
( D ) TOPOLOOY: linear 

( i i ) MOLECULE TYPE: peptide 

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

G in Va G in 
1 

Se r Leu Ar g 

T b r Me t His 
3 5 

G l y Tyr l e 
5 0 

L y s Asp Ar g 
6 5 

L e u Gin M et 

A la A r g Tyr 

Le u Va l 

Le u Ser 
2 0 

T r p Vo l 

A sn P ro 

P b e T h r 

A sp S e r 
8 5 

T yr A s p 
l 0 0 

G I u 

C y s 

A r g 

S e r 

I e 
7 0 

L e u 

A sp 

S e r 

S e r 

G In 

Ar g 
5 5 

S e r 

A rg 

H i s 

Th r T h r L eu T h r V al S er Se r 

l l 5 

( 2 ) INFORMATION FOR SEQ !D N0:21: 

i ) SEQUENCE CHARAC I ERJSHCS: 

( A ) lENGfll: 119 oruino ocKI's 

( B ) TYPE: amino add 
( D ) TOPOLOOY: linear 

( I i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ !D N0:2 1: 

G l y G ly G l y Va l Va l 
1 0 

A l a Se r G ly T y r T h r 
2 5 

A l o Pro C ys Ly s G l y 
4 0 

G l y Ty r T h r As n Ty r 
6 0 

T h r As p L y s Ser Ly s 
7 5 

P ro G lu A s p T b r A la 
9 0 

Ty r C y s L e u As p T y r 
1 0 5 

GIn 
1 

V a I GIn L e u Va l Glu Ser G i y Gly G i y V al Vo l 

S e r Le. u Ar g Le u Se- r Cy s 
20 

1 0 

Ser Se r Ser G l y T y r Thr 
2 5 

G I n 

P h e 

Leo 
4 5 

A s n 

S e r 

V a I 

T r p 

Pro G I y 
1 5 

Th r Ar g 
3 0 

G lu T r p 

G i n Ly s 

Thr A la 

Ty r Ty r 
9 5 

G I y G I n 

1 I 0 

A rg 

T y r 

I I e 

V al 

p h • 
8 0 

c )' s 

G I y 

G i n Pr o G ly A r g 
1 5 

Phe Th r A r g Ty r 
3 0 

T b r Me t His Tr p Va l Ar g G in A l o Pro C ys L ys G ly Leu G lu T r p l i e 

G l y Tyr 

s 0 

35 40 45 

I e Asn P r o Ser Ar g G l y T yr T h r As n 
s s 

T yr A s n G i n 

6 0 
L y s 
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L y s 
6 5 

L e u 

A s p Arg 

G I n M e t 

55 

P b e Tb r 

A sp S e r 
8 5 

l e Se r Tb r 
7 0 

L e u A r g P ro 

A la A r g T yr T yr Asp A sp H i s T y r 
l 0 0 

Tb r T b r Leu T b r V ol S er Se r 
1 l 5 

( 2 ) INFORMATION FOR SEQ !D N0:22: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 119 ontino oeids 
( B ) TI'PE: amino ac-id 
( D ) TOPOLOOY: lineor 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ !D N0:22' 

Gin V:~ l Gin 

Se r Leu Ar g 

T h r M et H is 

3 5 

Gl y Ty r t c 

so 

L y s A s p A r g 
6 5 

L e u Gin M et 

L e u V a I 

L e o S e r 
2 0 

T r p V a I 

A sn P r o 

P b c Th r 

A sp S e r 
8 5 

Gin Se r O l y 

C ys S er A l a 

A r g G in A I :~ 

4 0 

S c r A r g G l y 

5 5 

l e Ser Th r 
7 0 

Le u A rg V ro 

A l a A r g Tyr Tyr Asp A sp H i s Ty r 
l 0 0 

T h r T h r Le- u T h r Va l Scr Ser 

l l 5 

( 2 ) INFORMATION FOR SEQ !D N0:23: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 119 antino acids 
( B ) TYPE: amino add 
( D ) TOPOLOGY: Unear 

( i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:23: 

5,859,205 

-continued 

A sp Lys Ser 
7 5 

O lu A s p T b r 
9 0 

Ly s S e r 

A I a V al 

T br 

T y r 

56 

A I a 

T y r 
9 5 

P b e 
s o 

c )' s 

C )' I 

l 0 5 
L e u As p T y r T r p G ly G i n G i y 

1 1 0 

Gl y G l y Va l 
1 0 

S er G ly Ty r 
25 

P r o C y~ ly s 

Tyr T h r A~ n 

As p Lys Sc r 
7 5 

O lu A s p Tbr 
9 0 

V a I G I n 

Th r Phe 

G I y Leu 
4 5 

Tyr A s n 

6 0 

Ly s Se r 

G I y V a I 

P r o G l y Arg 

1 5 

Glu Tr p l i e 

G l n Ly s Va l 

Th r A la Phe 
8 0 

Tyr Ph e C ys 
9 5 

c y s 

l 0 5 
Le u As p Ty r Trp G l y G i n G l y 

1 1 0 

G I n V n G in Le u Vn l G lu Se r G l y G l y G l y V al V ol G i n P r o G l y Arg 
1 0 1 5 

S c r Lo u Ar g L o u S o r Cyo Sa r A l o S er G ly Ty r Tb r 
2 0 25 

Ph e T hr Ar g T y r 
3 0 

T h r Met H i s Tr p Va l Ar g G i n A l a Pro C ys Lys G l y leu G lu Trp 
4 s 3 s 4 0 

O ly Ty r 
5 0 

I e 

Lys 
6 s 

A s p Ar g 

L c u Gi n M et 

A s n P ro S er Ar g G i y T yr T h r A s n 
5 5 

P b e Th r 

As p S e r 
8 s 

l e Se r Th r 
7 0 

Le u Ar g Pr o 

A sp L ys Ser 
7 s 

G lu As p Thr 
9 0 

T yr A o n G i n 
6 0 

L yo S e r T hr 

G I y V a I T y r 

L y s 

A I a 

P h e 

9 s 

I I e 

V al 

P h e 
8 0 

c y . 

A I> A r g T y r Ty r A s p A sp His T yr C y s Le u A sp Tyr T r p O l y G i n O i y 
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56
-L‘0nlinucd 

L_\‘.’s Asp Arg Phc TbT II: Scr
(15 70

Lou (H11 Mel Asp bcr Lcn Atg
HS

Ala Alg Ty! T“! Asp A21: His-
1 U

Th! Thr 1.5" 1hr Val Sci SE]
[1.5

L 2 1 INFORMATION FDR. SEQ ID N032:

I' 1' JSEQUENCECHARACTERISTICS:
( A J LENGI'H: 1.19 amino acids
{ E JT‘J’T’ELHmIIIu arid
r [1 J'I'OPUIDG‘I': linmr

i i ‘I JMOLEGYLETYPELMIEUC

f x i J SEQUENCE DESCRIPTION: SEQ ID N01122:

Gin Va! (310 LEI! Val Glu SET
1. 5

Set leu All: Ieu S-er (13-5 5e!
LEI

l'hl Mel His TIP Val ATE Glli
35

“ly '[yr 1|: Asn Pro 3:: Avg
5 ‘35

Ly; Asp Arg PI]: lll'l ll: Str
0-3 '.‘[|

Len [+111 Mel Asp Sc? Leu A11:55

A11: AIS. T511 Tyr Asp Asp Hts
1.00

Thr Thr Lcu Thr Val Scr Scr
11.5

[_ 2 1 MORMA'I'IDN FOR SEQ ID N023:

I. i 15EQUENCE. CHARACTERISTICS:
L A JlENGT'J-l: Ll‘? amino acids
f H JTY‘PE: am1nn acid
I D JTOPOLMY: linear

.- i 1 JMUIJaurLE'WpEzpcpfidc

r x ‘I 1SEOUEH'CE. DESCRIPTION: SEQ [D NO:23:

Gln Val Gin Leu Val Gln Ser
1 5

3:: Lou Arg Lou 34:1 (‘ys Se!
20

Th! Mal I-Iis Trp an Arg G'Iu
35

fil'p' rYT ilc Asn P-o Sci Aug
50 53

Lys Asp A]; Phc TIII 1|: 3:!h“: H!

Len (iln Mtl Asp 501' Len Atg
55

All Alrg 1y: Ty! Asp Asp His

1b

Flo

T.»

GI

A1

A |
.10

[H

[h

l’ r

G l

A l

Al

GI

Th

Ty

I

1'

Asp Lys 5:7 Lya Scr Thr Pula
7'5

Glu Asp l‘hr Ala Va! l'yt Tyr
540 5'3

Cys Leu Asp Tyr Try Gly Glu
[05 llU

Lrl)‘ GJY Val Val Cilu Pl't‘l GI}-
10 15

5e! GI; Tyr 'l'hl I'hn: 'I'iar Arg
2. 30

Pro C}s Iy‘ GI}l I.cu Glu I'rJ)
45

['_\II 'Thr Asn 'I'yr Asn (sln I__\rs
60

Asp Lys bcr Lys Scr Thr Ala
1'5

Ulu Asp 111: (H? \I'al Iyr PIJe90 93

Cy: Lnu Asp Tyr Trp GI); Gln
[U5 JIU

Gly Gly Val Val Gln Fro Gly
L0 13

St: le lyr Th: l'hu Thr Arg
25 3-

Pro {'55 L15 (II; [cu GIT! Trp'
45

T‘J'l. Tln Asa T3: Man Gln Lys
013

Asp L_\.fl Star L35 Scr Thr filu
1'5

GIII Asp Thr GI} Val Tyr Phc
DD 95

(“3:5 [en Asp T)r 1rp GI},r filn
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57 

l 0 0 

T b r Tb r L eu T b r Va l S er Se r 
l l 5 

( Z ) INFORMATIOI'f FOR SEQ ID N0:24: 

( i ) SEQUENCE CHARA~IICS: 
( A ) lENGfll: 119 amino acKJs 
( B ) TYPE: amino acid 
( D J TOPOLOGY: Unear 

( i i ) MOLECULE TYPE: peptide 

( x ) SEQUENCE DESCRLPTION: SEQ ID 1'10:24: 

5,859,205 
58 

-continued 

l 0 5 l l 0 

Gin Vo G in L e u V al G in Ser G i y G ly G i y V al Vo l G i n Pr o G ly A rg 
1 1 0 1 5 

Ser Le u Ar g Le u Se r Cy s Ser A la Ser G l y Ty r Thr Phe Th r A r g Ty r 
2 0 25 3 0 

T h r Me t H is Tr p Vn l Ar g G i n A la Pro Cys Ly s G l y Leu G lu Trp l i e 

Gly Ty r 
5 0 

3 5 

I e 

L y s 

6 5 
A s p Ar g 

L e u G I n M et 

• 0 

A s n P ro S er Arg G i y T yr T h r A s n 
5 5 

P h e T h r 

A sp S e r 
8 5 

l e Ser T h r 
7 0 

L e u A r g P ro 

As p lys Ser 
7 5 

G lu A s p Tbr 
9 0 

4 5 

T yr A s n G i n 
6 0 

ly s S e r Th r 

G I y V al T y r 

L y s 

A I • 

p h e 
9 5 

V al 

p h e 

8 0 

c y s 

A la A r g Tyr T yr A s p A sp H i s T yr 
l 0 0 

c J s 
l 0 5 

L e u As p Tyr T r p G ly G i n G l y 
1 l 0 

T b r Tb r Leu T b r Vo l S er Se r 

l l s 

( 2 ) INFORMATIOI'f FOR SEQ ID N0:25: 

A sp 
1 

A .s p 

A s n 

As p 

G I y 
6 5 

A sp 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTII: 107 amino acids 
( B ) TYPE: amino aeid 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESC RIP110N: SEQ 10 N0:25: 

lie G i n Me t Th r G in Se r P ro Se r 

A rg V a l T h r I l e T h r Cy s S e r A la 
2 0 2 5 

Tr p Tyr G l y G i n Th r P ro G i y L ys 
3 5 • 0 

T h r S er L y s L e u A la Se t G l y V a l 
5 0 5 s 

Ser G l y T h r Asp T yr T h r P h e Tb r 
7 0 

lIe A l a T b r T yr T y r Cys G in G in 
8 s 

S e r 
1 0 

S e r 

A I a 

p I 0 

I I e 

T r p 
9 0 

L e u S cr A la S c r V at 
1 5 

Scr Sc r Va l Se r T yr 
3 0 

Pro L ys L e u Le u li e 
• 5 

Ser Ar g Phe Se r Gly 
6 0 

Ser Se. r le u G i n Pr o 
7 5 

Ser Se r A s n Pr o Phe 
9 s 

P h e Gl y G in G ly Th r L y s Leu G in I l e Th r Ar g 
l 0 0 l 0 5 

( 2 ) INFORMATIOI'f FOR SEQ ID N0:26: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) lENGfll: 107 amino ac.ids 

( B ) TYPE: amino acid 
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Gin 
1 

Asp 

As n 

Asp 

G I y 
6 5 

Asp 

59 

( D ) TOPOLOGY: Uneor 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N0:26: 

lie Va l Met Tb r G i n 

A rg V a l T h r [ l e T h r 
2 0 

Tr p Tyr G in G i n T b r 
3 5 

Tb r S er Lys Le u A la 

50 

Se r 0 1 y Th r Asp T yr 
7 0 

I I e A l a T b r Ty r Tyr 
8 5 

S e r 

c y s 

P ro 

S e r 
55 

T h r 

c y s 

5,859,205 

-continued 

P ro Se r 

Se r A la 
25 

G l y L ys 
4 0 

G I y V a I 

P h e Tb r 

G I n GIn 

S e r 
1 0 

S e r 

A I a 

p ' 0 

I I e 

T r p 
9 0 

Le u 

S e r 

P r o 

S e r 

S e r 
7 5 

S c r 

Ph e Gl y Gin G ly Th r Lys Le u G in I le Th r Ar g 
l 0 0 l 0 5 

( 2 ) INFORMA110N FOR SEQ lD N0:27: 

G I n 
1 

A sp 

As n 

A sp 

G I y 
6 5 

Asp 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) t.ENGrH: 107 amino :.cids 
( B ) TYPE: ornino acid 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIP110N: SEQ !D N0:27: 

l ie Vo l Met Th r G i n 
s 

A r g V a l Tb r [ l e T h r 
2 0 

T r p Tyr G in G i n Th r 
3 5 

Tb r Se r L ys Le u A la 
50 

Ser G l y T b r A s p T yr 
7 0 

l ie A l a T h r Ty r Tyr 

8 5 

S e r 

c y s 

P ro 

S e r 

5 s 

T h r 

c y s 

P ro Se r 

Ser A la 
2 5 

G l y L ys 
4 0 

G I y V a I 

V he Th r 

G I n GIn 

S e r 
1 0 

S e r 

A I a 

P r o 

I I e 

T r p 
9 0 

Le o 

S c r 

P r o 

S c r 

S e r 
7 5 

S e r 

P h e Gly Gin G l y Tb r L y s Le u G in 
l 0 0 

T ie Th r A r g 

l 0 5 

( 2 ) INFORMATION FOR SEQ !D N0:28: 

( i ) SEQUENCE CHARACrERISTICS: 
( A ) LENGTH: 107 amino acids 
( B ) TYPE: amino add 

( D J TOPOLOGY: Unear 

( i i ) MOLECULE TYPE: peptide 

( x ) SEQUENCE DESCRIPTION: SEQ ID NO:ZS: 

Se r A la 

Ser Va l 

Lys A rg 
4 5 

Ar g Phe 
6 0 

Se r le u 

Sc r Asn 

Se r A la 

Sc r Va l 

L ys A rg 
4 5 

Ar g Phe 
6 0 

Ser Le u 

Se r A s n 

Asp l ie G i n M et Th r Gin Ser P ro Ser Ser Leu Scr A I a 

1 

Asp Arg V • l Tbr [ l e T h r 
2 0 

Asn T r p Tyr G in G i n Th r 

3 5 

1 0 

Cys S e r A la Se r Ser Ser 
2 5 

P r o G l y lys A lo Pro lys 
4 0 

V o I 

Arg 
4 s 

60 

Ser V a l 
1 5 

S c r T y r 

30 

Trp lie 

Ser Gly 

O l n Pr o 

Pr o Pbe 
9 5 

G I y 

Met 

Tyr 

S e r 

G I u 

80 

Th r 

Sc r V a l G l y 
1 s 

Sc r Tyr Met 
3 0 

Tr p li e T y r 

Sc r Gl y Se r 

G i n Pr o G l u 
80 

Pr o P be Tbr 

9 5 

Sc r Va l G ly 
1 5 

Ser Ty r Met 
3 0 

Tr p li e Ty r 
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5,859,205 
61 62 

-continued 

A sp Tb r Ser Lys Le u A la Ser 
5 5 

G I y Y a I P r o Ser Arg Pbe 
6 0 

Ser Gly Ser 
50 

Gly Ser G l y T b r 
6 5 

Asp Tyr T b r 
? 0 

Pbe Tbr I I e Ser Ser Leu 
? 5 

G i n Pr o G i u 
80 

Asp l ie A l a Tb r Tyr Tyr C y s 
8 5 

G I o GIn T r p 
9 0 

Ser Ser Asn Pr o Pbe Tbr 
9 5 

Pbe Gly G in G l y Th r Lys Le u G in lie Th r Arg 
l 0 5 l 0 0 

( 2 ) INFORMATION FOR SEQ !D N0:29: 

Me t 

S e r 

P r o 

A I ' 

S e r 
? 5 

S e r 

A r 8 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 107 amino acids 
( B ) TI'PE: amino ac.id 
( D ) TOPOLOOY: lineor 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ !D N0:29: 

Ser A l a 

S e r V a I 

Ly~ A r g 

4 5 

His P h e 

6 0 

G I y M e I 

Se. r As n 

Se r P ro 

1 5 

Ser Ty r 
3 0 

T r p [ I e 

A r 8 G I y 

G I u A I o 

Pro P h c: 
9 5 

G in T i e V3 1 

l 

G l y G lu L ys V a l 

Me t A sn Tr p Tyr 
3 5 

Tyr A sp Th r Ser 

5 0 

Ser G l y Scr Gly 

6 5 

Glu As p A l o A la 
so 

T h r Phc G l y Ser 

le u T hr G in Se r P r o A I a 
5 

I e 

1 0 

T b r Met 
2 0 

G I n G I n 

Ly~ le u 

Thr Scr 

Thr Ty r 
8 5 

G I y T h r 

l 0 0 

T h r 

L y .s 

A I a 

T y r 

7 0 

T y r 

L y s 

c)'s 

S e r 

S e r 

5 5 

S e r 

c)'s 

Leu 

Se r Ala Se r 

2 5 

G l y Th r Se r 
40 

G l y Va l Pr o 

Leu Thr li e 

Gin G in Tr p 
90 

G l u l i e Asn 
I 0 5 

( 2 ) INFORMATION FOR SEQ ID N0:30: 

P r o 

T b I 

3 0 

G I u 

G I n 

T b I 

T y I 

i ) SEQUENCE CHARACrERISilCS: 

( A ) lENGtll: 119 oruino ocKI's 

( B ) TYPE: amino a<id 
( D ) TOPOLOOY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ !D N0:30: 

G l Va l Gin Le u G l 

Gly A l a Ser Va l 

1 5 

Arg Ty1 T b r Met 

Tr p l i e G ly Ty r 
50 

Lys P h c: Lys Asp 

6 5 

Alo Ty1 Met G in 
g 0 

Lys. Me t Se r 
20 

H i s T 1p V al 
3 5 

l e Asn V ro 

Lys A l a T h r 

Leu Se r Ser 
8 5 

G in S e r Gly Ala G l u Le u A l a Arg 
I 0 

Cy.s LyK A I a Ser Gl y Ty r 
2 5 

L ys G i n Arg Pr o G i y Gin 
40 

Se r A1g G i y Tyr Thr Asn 
55 

Leu Th r T hr As p Lys Ser 
7 0 7 5 

Leu Thr Ser Glu Asp Ser 
9 0 

Th r Phe 

G ly Leu 
4 5 

Ty r Asn 
6 0 

S e r S c r 

A I a V o I 

Tyr Cy s A l a A1g Ty r 
9 5 

Tyr Asp A sp His Tyr 
I 0 0 

c y s 

I 0 5 
Leu As p Ty r Trp 
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5,859,205 
63 64 

-continued 

G I y G I n 0 I y T b r Tb r L e u T h r V a I S e r 
l I 0 l I 5 

( 2 ) INFORMATION FOR SEQ !D N0:31: 

( l ) SEQUENCE CHARACTERISTICS: 

( A J LENGTH: 135 amino acids 
( B ) TI'PE: amino add 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( x i ) SEQUENCE DESCRIPTION: SEQ !D N0:3 1: 

Me t G I y T r p S e r Tr p I I e Ph e Le o P h e 
1 

V a I Hi s S e r G In V o I 0 In L e u V o I 0 In 
2 0 2 5 

P r o G I y S e r S e r V • I L ys V a I S e r C ys 
3 5 4 0 

T h r S e r T y r A r 8 Met His. T r p V a I A r 8 
50 5 5 

G I o T r p I I e G I y T y r I I e A sn V r o S e r 
6 5 7 0 

G I n L y ~ P h e L y ~ Asp L y s A I a T h r I I e 
8 5 

T h r A I o T y r M e I G I u L e u S e r S e r l eu 

1 0 0 1 0 5 

T y r T y r Cys A I o A r g G I y G I y G I y V o I 

l I 5 1 2 0 

T b r L e u V • I T b r V • I S e r S e r 
I 3 0 l 3 5 

We claim: 
1. An antibody molecule having affinity for a predeter

mined antigen and comprising a composite heavy chain and 

S e r 

Le u Le o S e r G I y Tb r A I a G I y 
1 0 1 5 

S e r 0 I y A I a G l o V al L y s L y s 
3 0 

L y s A I a S e r G I y T }' r T h r p b • 
4 5 

G I n A I o P r o G I y G I n G I y L e u 
6 0 

T h r G I y T y r T h r G I u T y r A s n 

7 5 80 

Th r A I o A sp G I u S e r T h r A ~ n 

9 0 9 5 

A r 8 S e r G I u A s p Th r A I a V al 

1 1 0 

P h e As p T y r T r p G I y G I n G I y 
1 2 5 

5. The antibody molecule of claim 1, wherein at least one 

40 of amino acid residues 36, 94, 104, 106, and 107 in said 
composite heavy chain are additionally donor residues. 

6. The antibody molecule of claim 5, wherein at leas t one 
of amino acid residues 2, 4, 38, 46, 67, and 69 in said 
composite heavy chain are additionally donor residues. 

7. The antibody molecule of claim 1, wherein said 
complementary light chain is a composite light chain having 
a variable domain including complementarity determining 
regions (CDRs), said variable domain compris ing predomi
nantly human acceptor antibody light chain framework 

a complementary light chain, said composite heavy chain 
having a variable domain including complementari ty deter
mining regions (CDRs), said variable domain comprising 
predominantly human acceptor antibody heavy chain frame- 45 
work residues, the remaining heavy chain residues corre
sponding to the equivalent residues in a donor antibody 
having affinity for said predetermined antigen, wherein, 
according to the Kabat numbering system, in said composite 
heavy chain: said CDRs comprise donor residues at least at 
residues 31 to 35, 50 to 58, and 95 to 102; and amino acid 
residues 6 23, 24, and 49 at least are donor residues, 
provided that said composite heavy chain does not comprise 
the amino acid sequence of SEQ ID N0:3L 

50 residues, the remaining light chain residues corresponding to 
the equivalent residues in a donor antibody having affinity 
for said predetermined antigen, wherein, according to the 
Kabat numbering system, in said composite light chain; said 
CDRs comprise donor residues at least at residues 24 to 34, 

2. The antibody molecule of claim 1, wherein amino acid 
residues 26 to 30 and 59 to 65 in said composite heavy chain 
are additionally donor residues. 

3. The antibody molecule of claim 1, wherein amino acid 
residues 71, 73, and 78 in said composite heavy chain are 
additionally donor residues. 

4. The antibody molecule of claim 1, wherein at least one 
of amino acid residues 1, 3 , and 76 in said composite heavy 
chain are additionally donor residues. 

55 50 to 56, and 89 to 97; and amino acid residues 46, 48, 58, 
and 71 at least are donor residues. 

8. The antibody molecule of claim 7, wherein amino acid 
residues 1, 3, 60 (if this residue cao form a salt bridge witb 
residue 54), and 70 (if this residue can form a salt bridge 

60 with residue 24) in said composite light chain are addition
ally donor residues. 

* * 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,859,205 
DATED :January 12, 1999 
INVENTOR($) : Adair eta!. 

Page 1 of 30 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Title page, 
Item [30], Foreign Application Priority Data section thereof: 
Please insert -- PCf/GB90/02017, International Filing Date: December 21, 1990 -
after "Dec. 21, 1989, [GB], United Kingdom, 8928874". 

Item [56], References Cited, U.S. PATENT DOCUMENTS section after 
4,348,376, 9/1982, Goldberg., please insert -- 5,225,539, 7/1993, Winter. -
After 5,225,539, 7/1993, Winter., 
Please insert -- 5,585,089, 12/1996, Queen et al. . --

FOREIGN PATENT DOCUMENTS section at 0239400 A2, 3/1987, European Pat. 
Off .. 
Please delete "0239400 A2" and insert-- 0 239 400 A2 -
At A1 0323806, 7/1989, European Pat. Off .. 
Please delete "Al 0323806" and insert-- 0 323 806 A1 --

OTHER PUBLICATIONS section at Chothia, Cyrus et al (Dec. 1989)Nature, 
"Conformations of Immunoglobulin Hypervariable Regions", vol. 342, pp. 
877-883., it should read: 

-- Chothia et al., "Conformations of Immunoglobulin Hypervariable Regions", Nature, 
342:877-883, Dec., 1989. --

At Queen, C. et al (Dec. 1989) Proceedings of the National Academy of Sciences, "A 
Humanized Antibody That Binds to Interleukin 2 Receptor" vol. 86, pp. 10029-10033., 
it should read: 

-- Queen et al., "A Humanized Antibody that Binds to the Interleukin 2 Receptor," 
Proceedings of theN ational Academy of Sciences, USA, 86:10029-10033, Dec., 1989. --

At Reichmann et al (Mar. 1988) Nature, "Reshaping Human Antibodies for Therapy," 
vol. 332, pp. 323-327., it should read: 

-- Reichmann et al., "Reshaping Human Antibodies for Therapy," Nature, 332:323-327, 
Mar. 1988. --
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,859,205 
DATED :January 12, 1999 
INVENTOR($) : Adair eta!. 

Page 2 of 30 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Item [56], References Cited, OTHER PUBLICATIONS section at Roberts et al. 
"Generation of Antibody with Enhanced Affinity and Specificity for its Antigen by 
Protein Engineering" Nature, 328(20):731-734, Aug., 1987., it should read: 

--Roberts et al., "Generation of Antibody with Enhanced Affinity and Specificity for its 
Antigen by Protein Engineering," Nature, 328(20):731-734, Aug., 1987. --

At Verhoeyen et at. "Reshaping Human Antibodies : Grafting an Antilysozyme 
Activity", Science, 239:1534-36 Mar. 25, 1988., it should read: 

-- Verhoeyen et at., "Reshaping Human Antibodies: Grafting an Antilysozyme 
Activity", Science, 239:1534-36, Mar., 1988. --

At Jones et al. "Replacing the complementarity-Determining Regions in a Human 
Antibody with those from a Mouse", Nature, 321:522-525, 1986., it should read: 

-- Jones et al., "Replacing the complementarity-Determining Regions in a Human 
Antibody with those from a Mouse," Nature, 321:522-525, May, 1986. --

At Ward et al. "Binding activities of a Repertoire of Single Immunoglobulin Variable 
Domains Secreted from Escherichia coli", Nature, 341:544-546, 1989., it should read: 

-- Ward et at. , "Binding activities of a Repertoire of Single TmmunoglobuHn Variable 
Domains Secreted from Escherichia coli," Nature, 341:544-546 Oct., 1989. --

Drawings, 
Please replace Sheet 8 of 18, FIG. Sc with new Sheet 8 of 18 FIG. Sc attached. 
Please replace Sheet 9 of 18, FIG. 6 with new Sheet 9 of 18 FIG. 6 attached .. 

Column 2, 
Line 65, "complete antigens" should read -- complex antigens--. 

Column 3, 
Line 59, "not: coincide" should read -- not coincide--. 

Column 5, 
Between Hnes 37 and 38, insert -- 63, --. 
Line 45, "regions; of" should read -- regions of --. 

Column 7, 
Line 32, "FV fragments; and" should read -- FV fragments and--. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,859,205 
DATED :January 12, 1999 
INVENTOR($) : Adair eta!. 

Page 3 of 30 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 8, 
Line 23, "The the present" should read -- The present--. 

Column 10, 
Line 20, please make "2.1.2 Light Chain ... 70+24." a new paragraph. 
Line 40, "with 33 and 46" should read -- with 38 and 46 --. 

Column 11, 
Line 29, "FIGS. 2a and 2b shows" should read-- FIGS. 2a and 2b show--. 
Line 30, "heavy chain;" should read -- heavy chain (SEQ ID N0:6 and 7); --. 
Line 43, "(SEQ ID N0:29, 9 and 25)" should read -- (SEQ ID N0:29, 8, 9 
and 25-28) --. 
Line 45, "antibodies' " should read -- antibodies; --. 

Column 12, 
Line 39, "chimeric: or CDR-grafted" should read-- chimeric or CDR-grafted--. 

Column 13, 
Line 4, please make "In this system ... cytofluorography." a new paragraph. 

Column 14, 
Line 51, "[FIGS. l(a) and" should read-- [FIGS. l(a)(SEQ ID N0:4) and--. 
Line 53, "[FIGS. l(b) and" should read -- [FIGS. l(b)(SEQ ID NO:S) and--. 

Column 18, 
Line 28, "Residues underlined in FIG. 3" should read -- Residues underlined in 
FIG. 3 (SEQ ID N0:29, 8 and 9) --. 
Line 51, "ID N0:7" should read-- ID N0:30 --. 

Column 21. 
Line 56, "15.1. Light Chiao" should read-- 15.1. Light Chain--. 

Column 22, 
Line 15, "15.1.2. Framework Resides" should read -- 15.1.2. Framework Residues --. 
Line 29, "gL221B (SEQ ID N0:28)(gL221 +DlQ, Q3V) and gL221C" should 
read -- gL221B (gL221 +DlQ, Q3V) and gL221 C (SEQ ID N0:28) --. 
Line 33, "When the gL121 A (gL124+DlQ, Q3V" should read-- When the gL121A 
(gL121+DlQ, Q3V --. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,859,205 
DATED :January 12, 1999 
INVENTOR($) : Adair eta!. 

Page4 of 30 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 24, 
Line 16, "individual contribution of othe other 8 mouse residues of the" 
should read -- individual contribution of other 8 mouse residues of the--. 
Table 2, on the same line as the second gH341 *, "R N NAG F" should 
read --R N NAG F --. 
Table 2, on the same line as the first gH341B, "E S S Q V" should 
read-- E S S I G V --. 
Table 2, on the same line as the sixth gH341 *, "0 SA I G V" should 
read -- Q SA I G V --. 
Table 2, on the same line as the eighth gH341 *, "0 SA I G V" should 
read -- Q SA I G V --. 

Column 25, 
Line 47, "basic &rrai'led product has neglibible binding ability aLs" should read-- basic 
grafted product has neglibible binding ability as --. 

Column 28, 
Line 55, "body. In KOL heavy chain (SEQ ID NO:lO), position 831 is" should 
read-- body. In KOL heavy chain (SEQ ID N0:10), position 81 is--. 

Column 29, 
Line 17, "CDR-graftin of a Murine Anli-ICAM-1 Monoclonal" should read 
--CDR-grafting of a Murine Anti-ICAM-1 Monoclonal--. 
Line 49, "50-56 (CDR2) and94-100B (CDR3). In addition murine" should read 
-- 50-56 (CDR2) and 94-1008 (CDR3). In addition murine --. 
Line 57, "CDR-Grafting of Murine Anti-TNFa Antibodies" should read 
--CDR-Grafting of Murine Anti-TNFa Antibodies--. 
Line 58, "A number of murine anti-TNFa monoclonal antibodies" should read 
--A number of murine anti-TNFa, monoclonal antibodies--. 

Column 30, 
Line 38, "wre used at positions 24-34 (CDRl), 50-56 (CDR2) and" should read -- were 
used at positions 24-34 (CDR1), 50-56 (CDR2) and--. 
Line 67, "receptor on L929 ells for TNF-a compared to hTNF3" should read-- receptor 
on L929 ells for TNF-a, compared to hTNF3 --. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,859,205 Page 5 of 30 
DATED :January 12, 1999 
INVENTOR($) : Adair eta!. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 3 1. 
Line 2, "( +23, 24, 48, 49 71 and 73 as mouse) genes have been built" should 
read-- (+23, 24, 48, 49,71 and 73 as mouse) genes have been built --. 
Line 4, "binds well to TNF-a, but competes very poorly in the L929" should 
read-- binds well to TNF-a, but competes very poorly in the L929 --. 
Line 11, "recognise human TNF-a. The heavy chain of this antibody" should read 
--recognise human TNF-a. The heavy chain of this antibody--. 
Line 23, please make "Mouse residues at other positions ... assay. " a new paragraph. 

Column 32. 
Line 22, in the REFERENCES section "13. Kramer, W., Drutsa, V., Jansen, H.-W., 
Kramer, B., Plugfelder, M., Fritz, H. -J., 1934, Nucl. Acids. Res. 12, 9441" should 
read-- 13. Kramer, W., Drutsa, V., Jansen, H.-W., Kramer, B., Plugfelder, M., Fritz, 
H.-J ., 1984, Nucl. Ac.:ids. Res. 12, 9441 --

IN THE SEQUENCE LISTING: 
Please replace the Sequence Listing with the attached Sequence Listing. 

Column 63. 
Line 52, "residues 6 23, 24, and 49 at least are donor residues." should read 
-- residues 6, 23, 24, and 49 at least are donor residues. --. 

Signed and Sealed this 

Twelfth Day of November, 2002 

Attest: 

.IAI'vfES E. ROGAN 
Auesring Officer Director of the United Stares PatetU and Trademark Office 
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT N0. : 5,859,205 Page 5 of 30

DATED :Janaary 12, 1999
INVENTOR(S) : Adah et :11.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 31

Line 2, "(+23, 24, 48, 49 71 and 73 as mouse) genes have been built" should

read -- (+23, 24, 48, 49, 71 and 7'3 as mouse) genes have been built -~.

Line 4, "binds well to TN F-a, but competes very poorly in the L929" should

read —— binds well to TNF—e, but competes very poorly in the L929 ——.

Line 11, "recognise human TNF—a. The heavy chain of this antihody" should read

~- recognise human TNF-o. The heavy chain of this antibody.r

Line 23, please make “Mouse residues at other msitions...assay." a new paragraph.

Column 32

Line 22, in the REFERENCES section "13. Kramer, W._. Drutsa, V., Jansen, H.-W.,

Kramer. 13., l’lugfeldcr, M., Fritz, H.-J., 1934, Nucl. Acids. Res. |2, 9441" should

read —— 13. Kramer, W., Drutsa. V, Jansen. l-I.—W., Kramer, 13., Plugfelder, M.. Fritz.
H.—J., 1984, Nucl. Acids. Res. 12, 9441 --

IN THE SEQUENCE LISTING:

Please replace the Sequence Listing with the attached Sequence Listing.

Column 63,

Line 5'2, "residues 6 2'3, '24, and 49 at least are donor residues. " should read

-- residues 6, 23, 24, and 49 at least are donor residues. --.

Signed and Sealed this

Twelfth Day of November, 2002

JAMES l3. HOGAN

Arresting Ofi‘i'rer Director fifth? United Stores Parent om! Tron'ermrrk Office
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-67-

SEQUENCE LISTI NG 

( 1) GENERAL INFORMATION: 

(i) APPLICANT: Adair, John R. 
Athwal, Diljeet S . 
Bmtage, Joh n S. 

(ii ) TITLE OF INVENTION: Humanised Antibodies 

(iii) NUMBER OF SEQUENCES: 30 

(iv) CORRESPONDENCE ADDRESS: 

Page 6 of30 

(A) ADDRESSEE: Woodcock Washburn Kurtz Macki ewi cz & Norris 
(B) STREET : One Liberty Place - 46 th Floor 
(C) CI TY: Philadelphia 
(D) STATE: PA 
( E) COUNTRY : USA 
( F) ZIP : 19103 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Floppy disk 
(B ) COMPUTER: I BM PC compatible 
(C) OPERATING SYSTEM: PC - DOS/MS - DOS 
(D) SOFTWARE: Patentin Rel ease #1.0, Versi on #1 .25 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: US 08/303,569 
{B) FILING DATE: 07 - SEP - 1994 
(C) CLASSIFICATION: 

(vii i ) 
(A) 
(B) 
(C) 

ATTORNEY/AGENT I NFORMATION: 
NAME: Trujillo, Doreen Yatko 
REGISTRATION NUMBER : 35,719 
REFERENCE/DOCKET NUMBER: CARP - 0032 

(ix) TELECOMMUNICATION INFORMATI ON: 
(A) TELEPHONE: (215) 568-3100 
(B) TELEFAX : (215) 568 - 3439 

(2) INFORMATION FOR SEQ ID NO:l: 

(i ) SEQUENCE CHARACTERI STICS : 
(A) LENGTH: 20 base pairs 
(B) TYPE : nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 
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-68-

(i i ) MOLECULE TYPE: eDNA 

(xi ) SEQUENCE DESCRIPTION: SEQ I D NO:l: 

TCCAGATGTT AACTGCTCAC 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(B) TYPE: nuc leic acid 
(C) STRANDEDNESS : single 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE : eDNA 

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

CAGGGGCCAG TGGATGGATA GAC 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERI STICS: 
(A) LENGTH: 9 amino acids 
(B) TYPE: ami no acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi ) SEQUENCE DESCRIPTION: SEQ I D N0:3: 

Leu Glu I le Asn Arg Thr Val Ala Ala 
1 5 

(2 ) INFORMATION FOR SEQ ID N0:4: 

(i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 943 base pair s 
(B) TYPE : nuclei c ac i d 
(C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: eDNA 
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(ix) FEATURE : 
(A) NAJIIE/ KEY : CDS 
(B) LOCATION: 18 . . 722 

( ix) FEATURE: 
(A) NAJiffi/KEY: mat_peptide 
(B) LOCATION: 84 .. 722 

-69-

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

GAATTCCCAA AGACAAA ATG GAT TTT CAA GTG CAG ATT TTC AGC TTC CTG 
Met Asp Phe Gl n Val Gln Ile Phe Ser Phe Leu 
- 22 -20 - 15 

CTA ATC AGT GCC TCA GTC ATA ATA TCC AGA GGA CAA ATT GTT CTC ACC 
Leu Ile Ser Ala Ser Val I l e I l e Ser Arg Gly Gln Ile Val Leu Thr 

- 10 -5 l 5 

CAG TCT CCA GCA ATC ATG TCT GCA TCT CCA GGG GAG AAG GTC ACC ATG 
Gln Ser Pro Al a I l e Met Ser Ala Ser Pro Gly Glu Lys Val Thr Met 

10 15 20 

ACC TGC AGT GCC AGC TCA AGT GTA AGT TAC ATG AAC TGG TAC CAG CAG 
Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met Asn Trp Tyr Gln Gln 

25 30 35 

AAG TCA GGC ACC TCC CCC AAA AGA TGG ATT TAT GAC ACA TCC AAA CTG 
Lys Ser Gl y Thr Ser Pro Lys Arg Trp Ile Tyr Asp Thr Ser Lys Leu 

40 45 50 

GCT TCT GGA GTC CCT GCT CAC TTC AGG GGC AGT GGG TCT GGG ACC TCT 
Al a Ser Gly Val Pro Ala His Phe Arg Gly Ser Gl y Ser Gly Thr Ser 

55 60 65 

TAC TCT CTC ACA ATC AGC GGC ATG GAG GCT GAA GAT GCT GCC ACT TAT 
Tyr Ser Leu Thr Ile Ser Gly Met Glu Al a Glu Asp Ala Ala Thr Tyr 
70 75 so 85 

TAC TGC CAG CAG TGG AGT AGT AAC CCA TTC ACG TTC GGC TCG GGG ACA 
Tyr Cys Gl n Gln Trp Ser Ser Asn Pro Phe Thr Phe Gl y Ser Gl y Thr 

90 95 100 

AAG TTG GAA ATA AAC CGG GCT GAT ACT GCA CCA ACT GTA TCC ATC TTC 
Lys Leu Glu I le Asn Ar g Al a Asp Thr Ala Pro Thr Val Ser Ile Phe 

105 110 115 

CCA CCA TCC AGT GAG CAG TTA ACA TCT GGA GGT GCC TCA GTC GTG TGC 
Pro Pro Ser Ser Gl u Gln Leu Thr Ser Gly Gl y Ala Ser Val Val Cys 

120 1 25 13 0 
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-70-

TTC TTG AAC AAC TTC TAC CCC AAA GAC ATC AAT GTC AAG TGG AAG ATT 
Phe Leu Asn Asn Phe Tyr Pro Lys Asp I le Asn Val Lys Trp Lys Ile 

135 140 145 

GAT GGC AGT GAA CGA CAA AAT GGC GTC CTG AAC AGT TGG ACT GAT CAG 
Asp Gl y Ser Glu Arg Gln Asn Gl y Val Leu Asn Ser Trp Thr Asp Gln 
150 155 160 165 

GAC AGC AAA GAC AGC ACC TAC AGC ATG AGC AGC ACC CTC ACG TTG ACC 
Asp Ser Lys Asp Ser Thr Tyr Ser Met Ser Ser Thr Leu Th r Leu Thr 

170 175 180 

AAG GAC GAG TAT GAA CGA CAT AAC AGC TAT ACC TGT GAG GCC ACT CAC 
Lys Asp Glu Tyr Glu Arg His Asn Ser Ty r Thr Cys Glu Ala Thr His 

185 190 195 

AAG ACA TCA ACT TCA CCC ATT GTC AAG AGC TTC AAC AGG AAT GAG TGT 
Lys Thr Ser Thr Ser Pr o Ile Va l Lys Ser Phe Asn Arg Asn Gl u Cys 

200 205 210 

TAGAGACAAA GGTCCTGAGA CGCCACCACC AGCTCCCAGC TCCATCCTAT CTTCCCTTCT 

AAGGTCTTGG AGGCTTCCCC ACAAGCGCTT ACCACTGTTG CGGTGCTCTA AACCTCCTCC 

CACCTCCTTC TCCTCCTCCT CCCTTTCCTT GGCTTTTATC ATGCTAATAT TTGCAGAAAA 

TATTCAATAA AGTGAGTCTT TGCCTTGAAA AAAAAAAAAA A 

( 2) I NFORMATION FOR SEQ ID N0:5: 

( i) SEQUENCE CHARACTERISTI CS: 
(A) LENGTH: 235 a mino acids 
(B ) TYPE : amino ac i d 
(D) TOPOLOGY : l inear 

( ii) MOLECULE TYPE : protein 

(xi) SEQUENCE DESCRIPTI ON: SEQ ID N0:5 : 

Met Asp Phe Gln Val Gln Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser 
- 22 -20 - 15 - 10 

Val Ile Ile Ser Ar g Gly Gln Ile Val Leu Thr Gl n Ser l?ro Ala Ile 
- 5 1 5 10 

Met Ser Ala Ser Pro Gl y Glu Lys Va l Thr Me t Th r Cys Ser Al a Se r 
15 20 25 
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Page 10 o£30 

-71 -

Ser Ser Val Ser Tyr Met Asn Trp Tyr Gln Gln Lys Ser Gly Thr Ser 
30 35 40 

Pro Lys Arg Tr p Ile Tyr Asp Thr Ser Lys Leu Ala Ser Gly Val Pro 
45 50 55 

Ala His Phe Arg Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile 
60 65 70 

Ser Gly Met Glu Ala Glu Asp Al a Ala Thr Tyr Tyr Cys Gln Gl n Trp 
75 80 85 90 

Ser Ser Asn Pro Phe Thr Phe Gly Ser Gly Thr J"ys Leu Glu Ile Asn 
95 100 105 

Arg Ala Asp Th r Ala Pro Thr Val Ser Ile Phe Pro Pro Ser Ser Glu 
110 115 120 

Gln Leu Thr Ser Gly Gly Ala Ser Val Val Cys Phe Leu Asn Asn Phe 
125 130 135 

Tyr Pr o Lys Asp Ile Asn Val Lys Trp Lys Ile Asp Gly Ser Glu Arg 
140 145 150 

Gln Asn Gly Val Leu Asn Ser Trp Thr Asp Gln Asp Ser Lys Asp Ser 
155 160 165 170 

Thr Tyr Ser Me t Ser Ser Thr Leu Thr Leu Thr Lys Asp Glu Tyr Glu 
175 180 185 

Arg Hi s Asn Ser Ty r Thr Cys Glu Al a Thr Hi s Lys Thr Ser Thr Ser 
190 195 200 

Pr o Ile Val Lys Ser Phe Asn Arg Asn Glu Cys 
205 210 

{2) INFORMATION FOR SEQ ID N0:6 : 

SEQUENCE CHARACTERISTI CS: 
(A} LENGTH: 1570 base pai r s 
(B) TYPE: n ucleic aci d 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii ) f-IOLECULE TYPE: eDNA 

( ix} FEATURE: 
(A) NAME/KEY: CDS 
(B} LOCATION : 41 . . 14 44 
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Page 11 o£30 

-72-

( i x ) FEATURB: 
(A) NAME/KEY: mat _peptide 
(B) LOCATI ON: 98 . . 1444 

(xi ) SEQUENCE DESCRIPTION: SEQ I D N0 : 6: 

GAATTCCCCT CTCCACAGAC ACTGAAAACT CTGACTCAAC ATG GAA AGG CAC TGG 55 
Met Glu Arg His Trp 
-19 - 15 

ATC TTI CTA CTC CTG TTG TCA GTA ACT GCA GGT GTC CAC TCC CAG GTC 1 03 
I l e Phe Leu Leu Leu Leu Ser Va l Thr Ala Gly Val Hi s Ser Gln Val 

- 10 -5 1 

CAG CTG CAG CAG TCT GGG GCT GAA CTG GCA AGA CCT GGG GCC TCA GTG 151 
Gl n Leu Gl n Gln Ser Gl y Ala Glu Leu Al a Arg Pro Gl y Ala Ser Val 

5 10 15 

AAG ATG TCC TGC AAG GCT TCT GGC TAC ACC TTT ACT AGG TAC ACG ATG 199 
Ly s Me t Ser Cys Lys Al a Ser Gly Tyr Thr Phe Thr Arg Tyr Thr Met 

20 25 30 

CAC TGG GTA AAA CAG AGG CCT GGA CAG GGT CTG GAA TGG ATT GGA TAC 24 7 
His Trp Val Lys Gln Arg Pro Gly Gln Gl y Leu Gl u Tr p Ile Gly Tyr 

35 40 45 50 

ATIAAT CCT AGC CGT GGT TAT ACT AAT TAC ATI CAG AAG TTC AAG GAC 295 
Ile Asn Pr o Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Phe Lys Asp 

55 60 65 

AAG GCC ACA TTG ACT ACA GAC AAA TCC TCC AGC ACA GCC TAC ATG CAA 343 
Lye Ala Thr Le u Thr Thr Asp Ly s Ser Ser Ser Thr Al a Tyr Met Gln 

70 75 80 

CTG AGC AGC CTG ACA TCT GAG GAC TCT GCA GTC TAT TAC TGT GCA AGA 391 
Leu Ser Ser Leu Thr Ser Gl u Asp Ser Al a Val Tyr Tyr Cys Ala Arg 

85 90 95 

TAT TAT GAT GAT CAT TAC TGC CTT GAC TAC TGG GGC CAA GGC ACC ACT 439 
Ty r Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gl y Gl n Gly Thr Thr 

100 105 110 

CTC ACA GTC TCC TCA GCC AAA ACA ACA GCC CCA TCG GTC TAT CCA CTG 487 
Leu Thr val Ser Ser Ala Lys Thr Thr Al a Pro Ser Val Tyr Pro Leu 
115 120 125 130 
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GCC CCT GTG TGT GGA GAT ACA ACT GGC TCC TCG GTG ACT CTA GGA TGC 
Al a Pro Val Cys Gly Asp Thr Thr Gly Ser Ser Val Thr Leu Gly Cys 

135 140 145 

CTG GTC AAG GGT TAT TTC CCT GAG CCA GTG ACC TTG ACC TGG AAC TCT 
Leu Val Lys Gly Tyr Phe Pro Gl u Pro Val Thr Leu Thr Trp Asn Ser 

150 155 160 

GGA TCC CTG TCC AGT GGT GTG CAC ACC TTC CCA GCT GTC CTG CAG TCT 
Gl y Ser Leu Ser Ser Gl y Val His Thr Phe Pro Ala Val Leu Gl n Ser 

165 170 175 

GAC CTC TAC ACC CTC AGC AGC TCA GTG ACT GTA ACC TCG AGC ACC TGG 
Asp Leu Tyr Thr Leu Ser Ser Ser Val Thr Val Thr Ser Ser Thr Trp 

180 185 190 

CCC AGC CAG TCC ATC ACC TGC AAT GTG GCC CAC CCG GCA AGC AGC ACC 
Pro Ser Gln Ser Ile Thr Cys Asn Val Al a His Pro Ala Ser Ser Thr 
195 200 205 210 

AAG GTG GAC AAG AAA ATT GAG CCC AGA GGG CCC ACA ATC AAG CCC TGT 
Lys Val Asp Lys Lys Ile Gl u Pro Arg Gly Pro Thr I l e Lys Pro Cys 

21 5 220 225 

CCT CCA TGC AAA TGC CCA GCA CCT AAC CTC TTG GGT GGA CCA TCC GTC 
Pro Pro Cys Lys Cys Pro Ala Pro Asn Leu Leu Gly Gly Pro Ser Val 

230 235 240 

TTC ATC TTC CCT CCA AAG ATC AAG GAT GTA CTC ATG ATC TCC CTG AGC 
Phe Ile Phe Pro Pro Lys Ile Lys Asp Val Leu Met Ile Ser Leu Ser 

245 250 255 

CCC ATA GTC ACA TGT GTG GTG GTG GAT GTG AGC GAG GAT GAC CCA GAT 
Pro Ile Val Thr Cys Val Val Va l Asp Val Ser Glu Asp Asp· Pro Asp 

260 265 270 

GTC CAG ATC AGC TGG TTT GTG AAC AAC GTG GAA GTA CAC ACA GCT CAG 
Val Gln Ile Ser Trp Phe Val Asn Asn val Glu Val His Thr Ala Gln 
275 280 285 290 

ACA CAA ACC CAT AGA GAG GAT TAC AAC AGT ACT CTC CGG GTG GTC AGT 
Thr Gln Thr Hi s Arg Glu Asp Tyr Asn Ser Thr Leu Arg Val Val Ser 

295 300 305 

GCC CTC CCC ATC CAG CAC CAG GAC TGG ATG AGT GGC AAG GAG TTC AAA 
Ala Leu Pro I le Gln His Gln Asp Trp Met Ser Gl y Lys Gl u Phe Lys 

310 315 320 

TGC AAG GTC AAC AAC AAA GAC CTC CCA GCG CCC ATC GAG AGA ACC ATC 
Cys Lys Val Asn Asn Lys Asp Leu Pro Ala Pro I l e Gl u Arg Thr I l e 

325 330 335 
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TCA AAA CCC AAA GGG TCA GTA AGA GCT CCA CAG GTA TAT GTC TIG CCT 
Ser Lys Pro Lys Gly Ser Val Arg Ala Pro Gln Val Tyr Va l Leu Pro 

340 345 350 

CCA CCA GAA GAA GAG Al'G ACT AAG AAA CAG GTC ACT CTG ACC TGC ATG 
Pro Pr o Gl u Glu Glu Met Thr Lys Lys Gln Val Thr Leu Thr Cys Met 
355 360 365 370 

GTC ACA GAC TIC ATG CCT GAA GAC ATI TAC GTG GAG TGG ACC AAC AAC 
val Thr Asp Phe Me t Pro Gl u Asp Ile Tyr Val Glu Trp Thr Asn Asn 

375 380 385 

GGG AAA ACA GAG CTA AAC TAC AAG AAC ACT GAA CCA GTC CTG GAC TCT 
Gly Lys Thr Glu Leu Asn Tyr Lys Asn Thr Gl u Pro Val Leu Asp Ser 

390 395 400 

GAT GGT TCT TAC TIC ATG TAC AGC AAG CTG AGA GTG GAA AAG AAG AAC 
Asp Gly Ser Tyr Phe Met Tyr Ser Lys Leu Arg Val Glu Lys Lys Asn 

405 410 415 

TGG GTG GAA AGA AAT AGC TAC TCC TGT TCA GTG GTC CAC GAG GGT CTG 
Trp Val Glu Arg Asn Ser Tyr Ser Cys Ser val Val His Glu Gly Leu 

420 425 430 

CAC AAT CAC CAC ACG ACT AAG AGC TTC TCC CGG ACT CCG GGT AAA 
His Asn His His Thr Thr Lys Ser Phe Ser Arg Thr Pro Gly Lys 
435 440 445 

TGAGCTCAGC ACCCACAAAA CTCTCAGGTC CAAAGAGACA CCCACACTCA TCTCCATGCT 

TCCCTIGTAT AAATAAAOCA CCCAGCAATG CCTGGGACCA TGTAAAAAAA AAAAAAAAAG 

GAATTC 

(2 ) I NFORMATION FOR SEQ ID NO: 7: 

(i ) SEQUENCE CHARACTERI STICS : 
(A) LENGTH: 468 amino ac i ds 
(B) TYPE: amino acid 
(C) TOPOLOGY: l inear 

(ii ) MOLECULE TYPE : protein 

(xi ) SEQUENCE DESCRI PTION: SBQ ID N0:7: 

Met Glu Ar g His Tr p I l e Phe Leu Leu Le u Leu Ser Va l Thr Ala Gly 
- 1 9 - 1 5 - 1 0 - 5 
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Val His Se r Gln Val Gln Leu Gl n Gln Ser Gly Ala Glu Leu Ala Arg 
1 5 10 

Pro Gl y Ala Ser Val Lys Met Ser Cys Lys Ala Sei· Gly Tyr Thr Phe 
15 20 25 

Thr Arg Tyr Thr Me t His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu 
30 35 40 45 

Glu Trp Ile Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn 
so 55 60 

Gln Lys Phe Lys Asp Lys Al a Thr Leu Thr Thr Asp Lys Ser Ser Se r 
65 7 0 7 5 

Thr Ala Tyr Me t Gln Leu Ser Ser Leu Thr Ser Gl u Asp Ser Ala Val 
80 85 90 

Tyr Tyr Cys Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp 
95 100 105 

Gly Gl n Gl y Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Al a Pro 
110 115 120 125 

Ser Val Tyr Pro Leu Al a Pro Val Cys Gl y Asp Thr Thr Gly Se r Ser 
130 135 110 

Va l Thr Leu Gl y Cys Leu Val Lys Gl y Thr Phe Pro Glu Pro Va l Thr 
145 150 155 

Leu Thr Trp Asn Ser Gly Ser Leu Ser Ser Gl y Val His Thr Phe Pro 
160 165 170 

Ala Val Leu Gln Se r Asp Leu Tyr Thr Leu Ser Ser Ser Val Thr Val 
175 180 185 

Thr Ser Ser Thr Trp Pro Ser Gln Ser Ile Thr Cys Asn Va l Ala His 
190 195 20 0 205 

Pro Al a Ser Ser Thr Lys Val Asp Lys Lys Ile Glu Pro Arg Gl y Pro 
210 215 220 

Th r I l e Lys Pro Cys Pro Pro Cys Lys Cys Pro Ala Pro Asn Leu Leu 
225 230 235 

Gly Gly Pro Ser Val Phe I l e Phe Pro Pro Lys Ile Lys Asp Val Leu 
240 24 5 25 0 

Met I le Ser Leu Ser Pro Ile Va l Thr Cys Val Val Val Asp Val Ser 
255 260 265 
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Glu Asp Asp Pro Asp Val Gln Ile Ser Trp Phe Val Asn Asn Val Gl u 
270 275 280 285 

Val His Thr Ala Gln Thr Gln Thr His Arg Glu Asp Tyr Asn Ser Thr 
290 295 300 

Leu Arg val Val Ser Ala Leu Pro Ile Gln His Gln Asp Trp Met Ser 
305 310 315 

Gl y Lys Glu Phe Lys Cys Lys Val Asn Asn Lys Asp Leu Pro Ala Pro 
320 325 310 

Il e Glu Arg Thr Ile Ser Lys Pro Lys Gly Ser Val Arg Ala Pro Gln 
335 340 345 

Val Tyr Val Leu Pro Pro Pro Glu Glu Gl u Met Thr Lys Lys Gln Val 
350 355 360 365 

Thr Leu Thr Cys Met Val Thr Asp Phe Met Pro Glu Asp Ile Tyr Val 
370 375 380 

Glu Trp Thr Asn Asn Gly Lys Thr Gl u Leu Asn Tyr Lys Asn Thr Glu 
385 390 395 

Pro Val Leu Asp Ser Asp Gly Ser Tyr Phe Met Tyr Ser Lys Leu Arg 
400 405 410 

Val Glu Lys Lys Asn Trp Va l Glu Arg Asn Ser Tyr Ser Cys Ser Val 
415 420 425 

Val His Glu Gly Leu His Asn His His Thr Thr Lys Ser Phe Ser Arg 
430 435 440 445 

Thr Pro Gl y Lys 

{2) INFORMATION FOR SEQ ID N0:8 : 

{ i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH : 85 ami no acids 
{B) TYPE: amino acid 
{ D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ I D N0:8: 

Asp Ile Gln Met Th r Gl n Ser Pro Ser Ser Leu Se r Ala Ser Val Gly 
1 5 10 15 
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Asp Arg Val Thr Ile Thr Cys Gl n Al a Ser Gln Asp Ile Ile Lys Tyr 
2 0 25 30 

Leu Asn Trp Tyr Gl n Gl n Thr Pro Gly Lys Al a Pro Lys Leu Leu Ile 
3 5 40 45 

Thr Gl u Ala Ser Asn Leu Gln Ala Gl y Va l Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr Ile Ser Ser Leu Gl n Pro 
65 70 75 80 

Gl u Asp I l e Ala Thr 
85 

2) I NFORMATI ON FOR SEQ ID N0 : 9 : 

( i ) SEQUENCE CHARACTERISTI CS: 
(A) LENGTH : 23 amino acids 
( B ) TYPE: amino acid 
(D) TOPOLOGY: l inear 

(ii) MOLECULE TYPE: pept i de 

(xi) SEQUENCE DESCRI PTI ON: SEQ ID NO: 9: 

Tyr Tyr Cys Gl n Gl n Tyr Gl n Ser Le u Pr o Tyr Thr Phe Gly Gln Gl y 
1 5 10 15 

Thr Lys Leu Gl n Ile Th r Arg 
20 

(2 ) I NFORMATION FOR SEQ ID NO :lO : 

(i) SEQUENCE CHARACTERI STICS: 
(A) LENGTH : 126 amino acids 
(B) TYPE : amino acid 
(D ) TOPOLOGY: l inear 

(ii ) MOLECULE TYPE: pept ide 

(xi } SEQUENCE DESCRIPTI ON: SEQ ID N0:10 : 

Gln Val Gln Leu Val Glu Ser Gl y Gly Gly Val Val Gl n Pro Gly Arg 
1 5 10 15 
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Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Phe Ile Phe Ser Ser Tyr 
20 25 30 

Ala Met Tyr Trp Val Arg Gln Al a Pro Gly Lys Gl y Leu Gl u Trp Val 
3 5 40 45 

Al a Ile Ile Trp Asp Asp Gly Ser Asp Gl n His Tyr Ala Asp Ser Val 
so 55 60 

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 
65 70 75 80 

Le u Gln Met Asp Ser Leu Ar g Pro Gl u Asp Thr Gly Val Thy Phe Cys 
85 90 95 

Ala Arg Asp Gly Gly His Gly Phe Cys Ser Ser Al a Ser Cys Phe Gly 
100 105 110 

Pro Asp Tyr Trp Gly Gl n Gl y Thr Pr o Val Thr Val Ser Ser 
115 120 125 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 119 ami no acids 
(B) TYPE: amino acid 
(C) TOPOLOGY: l i near 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTI ON: SEQ ID NO: 11: 

Gln Val Gln Leu Val Glu Ser Gly Gly Gl y Val Val Gln Pro Gly Arg 
1 5 10 1 5 

Ser Leu Ar g Leu Ser Cys Ser Ser Ser Gly Try Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Gl u Trp Val 
35 40 45 

Ala Tyr Il e Asn Pro Ser Ar g Gly Tyr Thr Asn Tyr Asn Gln Lys Phe 
50 55 60 

Lys Asp Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 
65 70 75 80 

Le u Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 
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Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gl y Gl n Gly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID NO:l2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 119 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pept i de 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 : 

Gln Val Gln Leu Val Gln Ser Gly Gl y Gly Val Val Gln Pro Gly Arg 
l 5 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gl y Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met Hi s Trp Val Arg Gln Ala Pro Gl y Lys Gly Leu Glu Trp Il e 
3 5 40 45 

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Val 
50 55 60 

Lys Asp Ar g Phe Thr Ile Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 80 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Al a Arg Tyr Tyr Asp Asp Hi s Tyr Cys Leu Asp Tyr Trp Gly Gln Gly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ I D NO:l3: 

( i ) SEQUENCE CHARACTERI STICS : 
(A) LENGTH: 119 amino aci ds 
( B ) TYPE: ami no acid 
(D) TOPOLOGY: linear 

( i i) MOLECULE TYPE : peptide 
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(xi ) SEQUENCE DESCRIPTION: SEQ ID NO:l3 : 

Gln Val Gl n Leu v a l Gl n Ser Gly Gly Gly Val Val Gln Pro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
2 0 25 30 

Thr Me t His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Ile 
35 40 45 

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Val 
50 55 60 

Lys Asp Arg Phe Thr Ile Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 7 0 75 80 

Leu Gln Me t Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

Ala Arg Tyr Tyr As p Asp His Tyr Cys Leu Asp Tyr Trp Gl y Gln Gly 
1 00 1 05 110 

Thr Thr Leu Thr Val Se r Ser 
115 

(2) INFORMATI ON FOR SEQ ID NO: l 4: 

( i ) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 119 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: l inear 

(ii) MOLECULE TYPE : peptide 

(xi} SEQUENCE DESCRIPTI ON: SEQ ID NO: 14 : 

Gl n Va l Gln Leu Val Gln Ser Gly Gl y Gly Val Val Gln Pro Gly Arg 
1 5 1 0 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 3 0 

Thr Met His Trp Va l Arg Gln Al a Pr o Gly Lys Gly Leu Glu Trp Ile 
35 40 45 

Gly Tyr Il e Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Val so 55 60 
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Lys Asp Arg Phe Thr Ile Ser Thr Asp Lys Ser Lys Asn Thr Ala Phe 
65 70 75 8 0 

Leu Gln Met Asp Ser Le u Ar g Pro Glu Asp Thr Gl y Val Tyr Phe Cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gln Gly 
100 105 110 

Th r Thr Leu Thr Val ser Ser 
115 

(2) I NFORMATION FOR SEQ ID N0:15 : 

( i} SEQUENCE CHARACTERI STICS: 
{A) LENGTH: 119 a mino acids 
(B ) TYPE : ami no acid 
( D) TOPOLOGY: linear 

MOLECULE TYPE: peptide 

(x i ) SEQUENCE DESCRIPTION : SEQ I D N0:15: 

Gln Val Gln Leu Val Gln Ser Gl y Gl y Gly Val Va l Gln Pro Gly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Ph e Thr Arg Tyr 
20 25 30 

Thr Met His Trp Va l Arg Gln Ala Pro Gly Lye Gly Le u Glu Trp Ile 
35 40 45 

Gl y Tyr Il e Asn Pro Ser Arg Gl y Tyr Thr Asn Tyr Asn Gln Lys Val 
5 0 55 60 

Lys Asp Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Ala Phe 
65 70 75 80 

Leu Gl n Met Asp Ser Leu Ar g Pro Glu Asp Thr Gl y Val Tyr Phe Cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Le u Asp Tyr Trp Gly Gln Gly 
100 1 05 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2 ) I NFORMATION FOR SEQ I D NO: 16: 
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(i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 119 ami no acids 
{B) TYPE: amino acid 
(D) TOPOLOGY: l inear 

(ii) MOLECULE TYPE: pept i de 

(xi ) SEQUENCE DESCRI PTI ON: SEQ ID NO: 16 : 

Gln Va l Gl n Leu Val Gln Ser Gly Gly Gly Val Val Gln Pro Gly Arg 
1 5 1 0 15 

Ser Leu Arg Leu Ser Cys Lys Al a Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Me t His Trp Val Arg Gln Ala Pro Cys Lys Gly Leu Glu Trp Ile 
35 40 45 

Gly Tyr Ile Asn Pro Ser Arg Gl y Tyr Thr Asn Tyr Asn Gl n Lys Val 
50 55 60 

Lys As p Arg Phe Thr Ile Ser Thr Asp Lys Ser Lys Asn Thr Le u Phe 
65 70 75 80 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp Hi s Tyr Cys Leu Asp Tyr Trp Gly Gl n Gly 
100 105 110 

Thr Thr Leu Thr Val ser Ser 
115 

(2) INFORMATION FOR SEQ I D NO : 17: 

( i ) SEQUENCE CHARACTERI STICS : 
{A) LENGTH : 119 amino a cids 
(B) TYPE : amino acid 
(D) TOPOLOGY: linear 

( ii ) MOLECULE TYPE : peptide 

(xi) SEQUENCE DESCRIPTION : SEQ I D NO: 17 : 

Gln Va l Gln Leu Val Gl n Ser Gl y Gly Gly Val Val Gln Pro Gly Arg 1 5 10 15 
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Ser Leu Ar g Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ar g Tyr 
20 25 30 

Thr Met His Trp Val Arg Gln Ala Pro Cys Lys Gly Leu Glu Trp Il e 
35 40 45 

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Val 
50 55 60 

Lye Asp Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 
65 70 75 80 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

Ala Ar g Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gl y Gln Gly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID N0:18: 

( i ) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 119 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii ) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 18: 

Gln Val Gln Le u Val Gln Ser Gly Gl y Gl y Val Val Gl n Pro Gly Arg 
1 5 10 15 

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

Thr Met His Trp Val Arg Gln Ala Pro cys Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Val 
50 55 60 

Lys Asp Arg Phe Thr Ile Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 80 

Leu Gln Met Asp Ser Leu Ar g Pro Glu Asp Thr Gly Val Tyr Phe cys 
85 90 95 
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Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gln Gl y 
1 00 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATI ON FOR SEQ ID N0:19 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH : 119 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: l inear 

(i i) MOLECULE TYPE: peptide 

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

Gln Val Gln Leu Val Gln Ser Gly Gly "Gly Val Val Gln Pr o Gl y Arg 
1 5 10 15 

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

Thr Met His Trp Val Arg Gln Ala Pro Cys Lys Gly Leu Glu Trp Ile 
35 40 45 

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Val 
50 55 60 

Lys Asp Ar g Phe Thr Ile Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 80 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gln Gly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID N0 :20: 

(i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 9 amino acids 
(B) TYPE: amino a cid 
(D) TOPOLOGY: linear 

( ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0: 20: 

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

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

Thr Met His Trp Val Arg Gln Ala Pro Cys Lys Gly Leu Glu Trp Ile 
35 40 45 

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Val 
50 55 60 

Lys Asp Arg Phe Thr Ile Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 80 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gln Gly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID N0:21: 

( i ) SEQUENCE CHARACTERI STICS: 
(A} LENGTH : 119 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

( ii) MOLECULE TYPE : peptide 

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

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

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

Thr Met His Trp Val Arg Gln Ala Pro Cys Lys Gly Leu Glu Trp Ile 
35 40 45 

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Val 
50 55 60 
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Lys Asp Arg Phe Thr Ile Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 80 

Leu Gln Met Asp Ser Le u Arg Pro Glu Asp Thr Ala Val Tyr Ty r Cys 
85 90 95 

Ala Ar g Tyr Tyr Asp Asp His Tyr Cys Le u Asp Tyr Trp Gly Gl n Gl y 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

( 2 ) INFORMATI ON FOR SEQ ID N0:22: 

(i} SEQUENCE CHARACTERISTI CS: 
(A) LENGTH: 119 amino aci ds 
(B) TYPE : amino acid 
(D) TOPOLOGY: l i ne a r 

(ii) MOLECULE TYPE : peptide 

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

Gln Val Gln Leu Val Gln Ser Gl y Gly Gly Val Va l Gln Pro Gly Arg 
l 5 10 1 5 

Ser Leu Arg Leu Ser Cys Ser Ala Ser Gl y Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gl n Al a Pro Cys Lys Gly Leu Glu Trp Ile 
35 4 0 45 

Gly Tyr Ile Ash Pro Ser Arg Gl y Tyr Thr Asn Tyr Asn Gln Lys Val 
50 55 60 

Lys As p Arg Phe Thr Ile Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 8 0 

Leu Gln Met As p Ser Leu Arg Pro Glu Asp Thr Gl y Val Tyr Phe Cys 
85 90 95 

Al a Arg Tyr Tyr Asp As p His Tyr Cys Leu Asp Tyr Trp Gl y Gln Gly 
1 00 105 110 
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Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID N0:23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 11 9 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY : l i near 

(ii) MOLECULE TYPE: peptide 

(x i) SEQUENCE DESCRIPTION: SEQ I D N0:23: 

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

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

Thr Met His Trp Val Arg Gln Ala Pro Cys Lys Gly Leu Glu Trp Ile 
35 40 45 

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Val 
50 55 60 

Lys Asp Arg Phe Thr Ile Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 80 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gl y Val Tyr Phe Cys 
85 90 95 

Ala Ar g Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gln Gly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2 ) INFORMATION FOR SEQ ID N0:24 : 

( i ) SEQUENCE CHARACTERI STICS : 
(A) LENGTH: 119 amino acids 
(B) TYPE : amino acid 
(D) TOPOLOGY: linear 

( ii ) MOLECULE TYPE: p eptide 
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xi) SEQUENCE DESCRIPTION: SEQ ID N0 : 24: 

Gln Val Gln Leu Val Gln Ser Gl y Gly Gly Va l Val Gln Pro Gly Arg 
1 5 10 15 

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

Thr Met His Trp Val Arg Gln Ala Pro Cys Lys Gly Leu Glu Trp Ile 
35 40 4 5 

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Val 
so 55 60 

Lys Asp Arg Phe Thr Ile Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 80 

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gl y Gln Gly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2 ) INFORMATION FOR SEQ I D N0:25: 

(i) SEQUENCE CIARACTBRISTICS : 
(A) LENGTI : 107 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pept i de 

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

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

Asp Arg Val Thr Il e Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
20 25 30 

Asn Trp Tyr Gly Gln Thr Pro Gly Lys Al a Pro Lys Leu Leu Ile Tyr 
35 4 0 45 

Asp Thr Ser Lys Leu Ala Ser Gl y Val Pro Ser Arg Phe Ser Gly Ser 
50 55 60 
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Gly Ser Gl y Thr Asp Tyr Thr Phe Th r Ile Ser Ser Leu Gln Pro Glu 
65 70 75 80 

Asp Jle Ala Thr Tyr Tyr Cys Gl n Gln T r p Ser Ser Asn Pr o Phe Thr 
85 90 95 

Phe Gly Gln Gly Thr Lys Leu Gl n Ile Thr Arg 
100 1 05 

(2) I NFORMATION FOR SEQ ID N0:2 6 : 

(i) SEQUENCE CHARACTERISTI CS : 
(A) LENGTI : 107 a mi no aci ds 
(B ) TYPE: amino acid 
(D) TOPOLOGY : l inear 

(ii) MOLECULE TYPE : pept i de 

(xi ) SEQUENCE DESCRIPTION : SEQ ID NO: 26 : 

Gln Ile Val Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gl y 
1 5 1 0 15 

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Se r Ser Val Ser Tyr Met 
2 0 25 30 

As n Trp Tyr Gln Gln Thr Pro Gly Lys Ala Pr o Lys Arg Trp Ile Tyr 
35 40 45 

Asp Thr Ser Lys Leu Al a Ser Gly Va l Pro Ser Arg Phe Ser Gly Ser 
50 55 60 

Gl y Ser Gl y Thr Asp Tyr Thr Phe Th r Ile Ser Ser Leu Gln Pro Glu 
65 70 75 80 

Asp Il e Ala Thr Tyr Tyr Cys Gln Gl n Trp Ser Ser Asn Pro Phe Thr 
85 90 9 5 

Phe Gl y Gln Gly Thr Ly s Leu Gln Ile Thr Ar g 
100 1 05 

(2) INFORMATI ON FOR SEQ ID N0 : 27: 

(i) SEQUENCE CHARACTERI STICS: 
(A) LENGTH: 1 07 a mino acids 
(B) TYPE : amino acid 
(D) TOPOLOGY : l inea r 

(ii) MOLECULE TYPE : p eptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:27: 

Gln Il e Val Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1 5 10 15 

Asp Arg Val Thr Ile Thr Cys Ser Al a Ser Ser Se r Val Ser Tyr Met 
20 25 30 

Asn Trp Tyr Gl n Gln Thr Pro Gl y Lys Ala Pro Lys Leu Leu Ile Tyr 
35 40 45 

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

Gly Ser Gly Thr Asp Tyr Thr Phe Thr Ile Ser Ser Leu Gln Pro Glu 
65 70 75 80 

Asp Ile Ala Thr Tyr Tyr Cys Gln Gln 'I'rp Ser Ser Asn Pro Phe Thr 
85 90 95 

Phe Gly Gl n Gly Thr Lys Leu Gln Ile Thr Arg 
100 105 

(2 ) INFORMATION FOR SEQ ID N0:28: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTI: 107 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii ) MOLECULE TYPE : pepti de 

(xi) SEQUENCE DESCRIPTION : SEQ ID N0:28: 

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

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
20 25 30 

Asn Trp Tyr Gln Gln Thr Pro Gl y Lys Ala Pro Lys Arg Trp Ile Tyr 
35 40 45 

Asp Thr Ser Lys Leu Ala Ser Gly Val Pr o ser Arg Phe Ser Gly Ser 
50 55 60 

Gly Ser Gly Thr Asp Tyr Thr Phe Thr Ile Ser Ser Leu Gln Pro Glu 
65 70 75 80 
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(xi ) SEQUENCE DESCRIPTION: SEQ ID N0:30 

Gln Val Gl n Leu Gln Gln Se r Gly Ala Glu Leu Ala Arg 
1 5 10 

Pro Gly Ala Ser Val Lys Met Se r Cys Lys Ala Ser Gly Tyr Thr Phe 
15 20 25 

Thr Arg Tyr Thr Me t His Trp Val Lys Gln Arg Pr o Gl y Gln Gl y Leu 
30 35 40 45 

Glu Trp Ile Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn 
50 55 6 0 

Gl n Lys Phe Ly s Asp Lys Ala Thr Leu Thr Thr Asp Lys Ser Ser Ser 
65 70 75 

Th r Ala Tyr Net Gl n Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val 
80 85 90 

Tyr Tyr Cys Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Tr p 
95 100 105 

Gly Gln Gly Thr Thr Leu Thr Val Se r Ser 
110 115 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re patent application of: Adair et al. 

Serial No.: 08/84~,658 

Filed: May f, 1997 

For: Humanised Antibodies 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Group No.: 1642 

Examiner: J. Reeves 

I, Doreen Yatko Trujillo, Registration No. 35,179 certily 
that this correspondence is being deposited with the U.S. 
Postal Service as First Class Mail in an envelope 
addressed to tho Assistant Commissioner for Patents, 
Washington, D.C. 20231. 

9 ;9~ 

AMENDMENT AND REQUEST FOR RECONSIDERATION 

Pursuant to 37 C.P.R. § 1.115, please amend the above-identified application 

as a follows. 

In tbe speci.~cation: \ 

. Page 1, after "September 7, 1994," please insert-- now U.S. Patent No. 

5.859,205, --. \ 

Page 1, after "September 17, 1991 ," please inJert --abandoned, --. 

In the claims: 

24. (Amended) A humanized immunoglobulin having complementarity 

determining regions (CDRs) from a donor immunoglobulin and heavy and light chain variable 
.;x_'-
y region frameworks from human acceptor immunoglobulin heavy and light chains, which 

humanized immunoglobulin specifically binds to an antigen with an affinity constant of at least 
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Assistant Commissioner for Patents

Washington, DC. 20231

Dear Sir:

MENDMENT AND REQUEST FOR RECONSIDERATION

PurSuant to 37 C.F.R. § 1.115, please amend the above-identified application

as a follows.

In the specification: \
Page 1, after "September 7, 1994," please insert -- now US. Patent No.

$359,205, —-;

Page 1, after "September 17, 1991," please injert -- abandoned,
In the claimS:

24. (Amended) A humanized immunoglobulin having complementarity

determining regions (CDRS) from a donor immunoglobulin and heavy and light chain variable

region frameworks fmm human acceptor inununogiobulin heavy and light chains, which

humanized immunoglobulirl specifically binds to an antigen with an affinity constani of at least
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108 M'1, wherein said humanized immunoglobulin comprises amino acids from the donor 

immunoglobulin framework outside both the Kabat CDRs and the structural loop CDRs of the 

~ \ variable regions, wherein the donor amino acids replace corresponding amino acids in the 

acceptor immunoglobulin heavy or light chain frameworks, and each of said donor amino acids 

is adjacent to a CDR in the donor immunoglobulin sequence or contributes to antigen binding 

r. as determined by X-ray crystallography. 
~-------================~~----------------------------------

28. (Amended) A humanized immunoglobulin having complementarity 

determining regions (CDRs) from a donor immunoglobulin and heavy and light chain variable 

region frameworks from human acceptor immunoglobulin heavy and light chains, which 

humanized immunoglobulin specifically binds to an antigen with an effective antigen binding 

~ affinity, wherein said humanized immunoglobulin comprises amino acids from the donor 
~ 

immunoglobulin framework outside both the Kabat CDRs and the structural loop CDRs of the 

variable regions, wherein the donor amino acids replace corresponding amino acids in the 

acceptor immunoglobulin heavy or light chain frameworks, and each of said donor amino acids 

is adjacent to a CDR in the donor immunoglobulin sequence or contributes to antigen binding 

as determined by X-ray crystallography. 

29. (Amended) A humanized immunoglobulin according to claim 28 which 

specifically binds to an antigen with a binding affinity [equivalent to that of a chimeric 

antibody formed from] similar to that of said donor immunoglobulin. 

REMARKS 

This paper is being filed in response to the Office Action dated November 16, 

1998. A petition for a two-month extension of time and the appropriate fee accompany this 

response. 

Claims 24-31 are pending. In the Office Action, all pending claims were 

rejected. In view of the foregoing amendments and the arguments that follow, Applicants 

- 2 -
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respectfully submit that allowable subject matter has been identified and request that the 

interference be declared. 

Preliminarily, as requested by the Examiner, the specification has been amended 

to update the status of parent applications. 

Additionally, the Examiner stated that the Information Disclosure Statements 

filed in the parent cases will not be considered unless they are filed with the present case and 

the references have been submitted. This appears to be contrary to MPEP § 609, page 600-

103, specifically. As stated therein, information that has been considered by the Office in a 

parent application of a FWC fLied prior to December 1, 1997 will be part of the file and need 

not be resubmitted to have the information considered. Likewise, an Examiner will consider 

information that has been considered by the Office in a parent application when examining a 

continuation under 36 C.F.R. § 1.60. The present application is a continuation under 37 

C .F.R. § 1.60 of prior Application Serial No. 08/303 ,569, filed September 7, 1994, which is 

a continuation under 37 C.F.R.§ 1.62 (i.e. , FWC) of Application Serial No. 0717443,329, 

filed September 17, 1991. According to MPEP § 609, then, information considered in both 

parent applications is to be considered by the Examiner. 

Rejections Under 35 U.S.C. § 112, first paragraph 

Claims 24-31 were rejected under 35 U.S.C. § 112, first paragraph, as 

allegedly containing subject matter not described in the specification in such a way as to 

reasonably convey to one skilled in the relevant art that the inventors had possession of the 

claimed invention at the time the application was filed. Applicants respectfully traverse this 

rejection for the reasons that follow; For the Examiner's convenience, the paragraphs are 

designated to correspond to the Examiner's paragraphs under this section. 

a. The Examiner rejected claims 24 and 28 alleging that the specification does 

not provide support for the concept that only substitutions adjacent CDRs are envisaged. 

Claims 24 and 28 have been amended herein to recite that each of the donor amino acids to be 

replaced is adjacent a CDR or contributes to antigen binding as determined by X-ray 

crystallography. Support for these amendments can be found, inter alia, on page 38, lines 1-

- 3 -
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12, and lines 23 through 38, of the application as filed. As is clear therefrom, the contribution 

to antigen binding can be indirect, e.g., by affecting antigen binding site topology or inducing 

stable packing, i.e ., the residues are spatially near a CDR. On page 17, lines 9-11, of the 

application as filed, the extents of the heavy chain CDRs are taught. On page 6, lines 25-35, it 

is indicated that the heavy chain "framework comprises donor residues at at least one of 

positions 6 , 23 and/or 24, 48 and/or 49 .... " Residue 49 is clearly adjacent a CDR. As 

evident from Figure 4, residues 6, 23, 24, and 48 contribute to antigen binding, as determined 

by X-ray crystallography. Applicants respectfully request that this rejection be withdrawn. 

b. The Examiner rejected claims 27, 30, and 31, seeking evidence that CD3 is 

the same as ''OKT3" and that CD4 is the same as "OKT4." Actually, one term refers to the 

antibody, while the other refers to the antigen bound. Specifically, OKT3 refers to a 

monoclonal antibody that recognizes the CD3 antigen and OKT4 refers to a monoclonal 

antibody that recognizes the CD4 antigen. Consistent therewith, on page 28, lines 19-22, of 

the application as filed, the testing of the ability of CDR-grafted OKT3 light chain to bind to 

CD3 positive cells is disclosed, and on page 52, line 29, of the application as filed, the 

reference "CD4 (OKT4)" is made. Applicants respectfully request that this rejection be 

withdrawn. 

Claim 29 was rejected under 35 U.S.C. § 112, first paragraph, in view of the 

phrase "which specifically binds to an antigen with a binding affinity equivalent to that of a 

chimeric antibody formed from said donor immunoglobulin." The Examiner requested that 

Applicants point to support in the specification for the phrase. Claim 29 has been amended 

herein to recite that the binding affinity is "similar to that of' the donor. Support for this 

amendment can be found, inter alia, on page 48, lines 24-27 and page 51, lines 27-31 of the 

application as filed. Applicants respectfully request that this rejection be withdrawn. 

Rejection Under 35 U.S.C. § 102(e) 

Claims 24-31 were rejected under 35 U.S.C. § 102(e) in view of U.S. Patent 

No. 5,585,089 (''Queen et al. "). Applicants respectfully traverse this rejection. 

The Examiner observed that Queen et at. is entitled to priority back to "at least 

- 4 -
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12/28/90." (It is assumed that the Examiner meant 12/19/90, the flling date of the latest 

application designated as a continuation-in-part in the series of Queen et al. applications.) 

Although seeming to recognize that Queen et al. may not be entitled to a priority date earlier 

than 12/19/90, the Examiner, nonetheless, proceeded to argue that limitations recited in claims 

24-31 are found in the earlier Queen et al. applications. The relevant inquiry for Queen et al. 

to be an appropriate reference under 102(e) is whether there is support for the claims as 

allowed in the priority applications , see MPEP 2136.03, p. 2100-85, citing In re Wertheim , 

209 USPQ 554 (CCPA 1981), not simply whether the limitations can be found in the priority 

document. Regardless, Applicants maintain that the limitation "outside the Kabat and Chothia 

CDRs" is not found in, nor supported by, the priority documents. 

This limitation requires that the framework residues to be replaced be outside 

both the Kabat and Chothia CDRs. As submitted in the Preliminary Amendment filed 

concurrently with the present application, however, the earliest Queen et al . applications do 

not teach, either explicitly or implicitly, that the framework residues to be replaced by donor 

must be outside both the Kabat and Chothia CDRs. Indeed, in the only example found in 

these early applications, and even in the specification of the Queen et al. patent as issued, 

changes were made to residues inside what Queen et al. denotes as CDRH1 of Chothia, i.e. , 

inside a Chothia CDR. Considering that this limitation was required for patentability, Queen 

et al. cannot be entitled to a priority date earlier than the filing date of the application in which 

this limitation was frrst introduced, i.e. , 12/19/90. Queen et al., thus , fails as a reference 

under 102(e) because, as also submitted in the Preliminary Amendment filed concurrently with 

the present application, Applicants are entitled to their GB priority date of 12/21 /89. 

Applicants respectfully request that this rejection be withdrawn. 

Presentation of a Revised Proposed Count 

Applicants present in Appendix A attached hereto a revised "Proposed Count." 

In compliance with 37 CFR §1.606, the revised proposed Count 1 is broader than any of 

claims 1-4, the broadest claims in the Queen patent, and as broad as any one of claims 24-31 

being entered into the instant application. 

- 5 -
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The proposed count contains disjunctive or alternative language to cover the 

claim terminology of the two parties. Such counts were expressly approved by the Board in 

Hsing v. Myers, 2 USPQ2d 1861 (Bd, Pat,. App. & Int. 1987). It is clear, however, that both 

alternatives are directed to the same invention as that claimed in the Queen patent. 

(c) Identification of Claims Corresponding to the Count 

Applicants identify all of the Queen patent claims 1-11 and applicant's claims 

24-31 as corresponding to the Count and as being directed to the same patentable invention. 

(d) Application of the Terms of Applicants' 
Disclosure to the Copied Claims 

In attached Appendix B, applicants illustrate the representative support in their 

present application disclosure for the limitations of their amended claim 24 substantially copied 

from Queen claims 1, 5, 9 and 10. There is, of course, additional support in applicants' 

application omitted for the sake of brevity. 

(e) Applicants' Effective Filing Date 

Applicants' present application, being a Rule 60 continuation, has the identical 

specification and drawings as that originally filed in U.S. application Serial No. 08/303 .569, 

filed September 7, 1994, which is a U.S. national phase application stemming from PCT/GB-

90/020 17, filed December 21, 1990. The latter PCT application claimed priority benefit of 

GB national application Serial No. 89128874.0, filed December 21, 1989. 

In attached Appendix Cis a diagram of support in applicants' 1989GB 

application for each limitation of applicants' amended claims 28 and 29 which are also drawn 

to the same invention as proposed Count 1. Accordingly, applicants' effective filing date for 

their invention of Count 1 is 12/21189, the filing date of their GB national application. 

In view of the foregoing, Applicants respectfully submit that allowable subject 

matter has been identified and request that the Examiner advise them as soon as possible 

whether the Examiner intends to declare an interference between the present application and 

- 6 -
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Queen et al. Specifically, the Examiner is requested to contact the undersigned at (215) 564-

8352. 

Date: April 9, 1999 

WOODCOCK WASHBURN KURTZ 
MACKIEWICZ & NORRIS LLP 

One Liberty Place - 46th Floor 
Philadelphia, PA 19103 
(215) 568-3100 

Respectfully submitted, 

6)0-UM<-·~~ 
Doreen Yalko TruJ~ 
Registration No. 35,719 

- 7 -
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APPENDIX A 

PROPOSED COUNT FOR INTERFERENCE 

Count 1: 

A humanized immunoglobulin having complementarity determining regions 

(CDRs) from a donor immunoglobulin and heavy and light chain variable region frameworks 

from human acceptor immunoglobulin heavy and light chains, which humanized 

immunoglobulin specifically binds to an antigen with: 

(i) an effective antigen binding activity, or 

(ii) an affinity constant of at least 107 M-1 and no greater than about four-fold 

that of the donor immunoglobulin, 

wherein said humanized immunoglobulin comprises amino acids from the donor 

immunoglobulin framework outside: 

(a) the Kabat and Chothia CDRs, or 

(b) both the Kabat CDRs and the structural loop CDRs of 

the variable regions, 

wherein the donor amino acids replace corresponding amino acids in the acceptor 

immunoglobulin heavy or light chain frameworks, and each of said donor amino acids: 

(I) is adjacent to a CDR in the donor immunoglobulin sequence, or 

(IT) (a) contains an atom within a distance of 4 of or (b) is spatially close to 

a CDR in said humanized immunoglobulin _ 

- 8 -
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I APPENDIXB 

Claim Limitation Support in Adair Application 

24. A humanized immunoglobulin having See page 1, lines 5-16, and page 7, line 32, 
complementarity determining regions through page 8, line 21. 
(CDRs) from a donor immunoglobulin and 

·heavy and light chain variable region 
frameworks from human acceptor 
immunoglobulin heavy and light chains 

which humanized immunoglobulin See page 11, lines 27-30. 
specifically binds to an antigen with an 
affinity constant of at least 108 M·' · 

wherein said humanized immunoglobulin See page 6, lines 14-23, page 8, lines 13-16, 
comprises amino acids from the donor and page 19, line 16, to page 20, line 15. 
immunoglobulin framework outside both the 
KabatCDRs and the structural loop CDRs 
of the variable regions, 

wherein the donor amino acids replace See page 6, line 12, to page 7, line 5. 
corresponding amino acids in the acceptor 
immunoglobulin heavy or light chain 
frameworks, 

and each of said donor amino acids is See page 11 , lines 16-20, showing that 
adjacent to a CDR in the donor homology is maximized between donor and 
immunoglobulin sequence acceptor sequences adjacent CDRs within 

acceptor framework . At page 6, lines 25-
35, it is indicated that the heavy chain 
"framework comprises donor residues at at 
least one of positions 6, 23 and/or 24, 48 
and/or 49 .. .. " In the heavy chain, Kabat 
CDR2 together with [Chothia] structural 
loop H2 extends from residues 50 to 65. 
Thus, residue 49 is immediately adjacent the 
beginning of this CDR2/H2 region. 

- 9 -
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or contributes to antigen binding as 
determined by X-ray crystallography. 

PATENT 

Page 38, lines 1-12, and lines 23-38, and 
Figs. 3-4 of the application as ftled reference 
residues that may "contribute to antigen 
binding" as determined using X-ray 
crystallography. Residues 6, 23,24, and 48 
are identified in Figure 4. 

- 10 -
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APPENDIXC 

Claim Limitation Support in 1989 GB Application 

28. A humanized immunoglobulin having See page 1, lines 1-2 and 10-20; page 5, 
complementarity determining regions lines 8, to page 6, line 4; , and page 8. 
(CDRs) from a donor immunoglobulin and 
heavy and light chain variable region 
frameworks from human acceptor 
immunoglobulin heavy and light chains 

which humanized immunoglobulin See page 5, lines 1-7; page 22, lines 27-35, 
specifically binds to an antigen with an page 23, lines 5-9, page 24, lines 1-4; page 
effective antigen binding affinity· 25, lines 27-33; page 26 last paragraph. 

wherein said humanized immunoglobulin See page 5, lines 1-7; page 26, last 
comprises amino acids from the donor paragraph, to page 27, top paragraph. 
immunoglobulin framework outside both the 
Kabat CDRs and the structural loop CDRs 
of the variable regions , 

wherein the donor amino acids replace See page 5, line 8, to page 6, line 4 : page 7, 
corresponding amino acids in the acceptor lines 5-20. 
immunoglobulin heavy or light chain 
frameworks , 

and each of said donor amino acids is See page 7, lines 11-14, showing that 
adjacent to a CDR in the donor homology is maximized between donor and 
immunoglobulin sequence acceptor sequences adjacent CDRs within 

acceptor framework. At p.5, I. 9-16, 
reference is made to heavy chain 
"framework comprises donor at at least one 
of residues 6, 23 and/or 24, 48 and/or 
49 . ... " Residue 49 is immediately adjacent 
CDR2/H2 loop region. 

or contributes to antigen binding as Page 18, lines 11-17, and lines 33-37, and 
determined by X -ray crystallography. Figs. 20-21 of the application as filed 

reference residues that may "contribute to 
antigen binding" as detennined using X-ray 
crystallography. Residues 6, 23 ,24, and 48 
are identified in Figure 21 . 
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29. A humanized immunoglobulin according Page 23, lines 1-10. 
to claim 28 which specifically binds to an 
antigen with a binding affmity similar to that 
of said donor immunoglobulin. 

- 12 -
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29. A humanized immunoglobulin according Page 23, lines 1-10.

to claim 28 which Spacifically binds to an

antigen with a binding affinity similar to that

of said donor inununoglohulin.
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IN THE UNITED ST~TES PATENT AND TRADEMARK OFFICE 
I . . 
tP re palellt ·application of: Adair et al. 

'· I 

~rial No.: 081846,658 
I 

~iled: 
I 

Dor: 
I 
I. 

t 
I 

May 1, 1997 

BnmaDised Audbodles 

Group No.: 1642 

Examiner: J. Burke 

1. Den.. Ya1to Trllfllo. ReQISUilTJOn No. 36.719 cemfy 
'11\at thia COJTNponGenal is 1Mt1ng uansm~necl by f~iM118 
m Eaarnrner Burke or tl'le u.s. Patem ancs Tr848mal'k 
Otfico. aaningtcn. o.c. 20231 . 

1'17 ~<; 
co\) Qf ~ 

tt' . ~~ . XAF · 
!::' siswu Commissioner for Patem:s 

. ashington, D.C. 20231 
I 

! 
tPear Sir: 

I 

I 
l 

AMENDMENT AND REQUEST FOR RECONSIDERATION 
i 

H/09/1999 !.P£t:prn aaoo:~ooJ 23-P.Ui'sual'ii>ftaf-37 C.F.R. § 1.116, please amead tbeabove-identified application 

01 FC:H7 + aqf~Hb~. 
I 

Ip the claims: 
I 

· 24. (Twice Amencted) A bnmanized immunoglobulin having complemeDiaricy 
I 

~nnining regions (CDRs) from a donor immunoglobulin and heavy and light cllain variable 
l 

Tgion frameworks from human acceptor iJDmunoglobulin beavy and light chains, which 

'UJianiml immunoglobulin specifically binds to an antigen with aa afflDiiY coasqm of at least 

f ~f1 , wherein said humanized immunoglobulin comprises amino acids from the donor 

fununoglobulin framework outside bolh dle Kabat CORs and d1e strUCtural loop CDRs of the 

! 
I 
l 

Board Assigned Page #1 078 
PFIZER EX. 1095 

Page 1225

_ ‘_ “1‘14"”: '7‘“ F'WWDPWWEEEIVED IZIEIBESm A was mam 5-375

it i ' ‘ 5 1999 q , ‘
+OcmNo.-:CAm%QUP1600
 

PATENT

i -H
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$3631 Na; 081M658 Group No; 1642 9?
éfledi ME! 1, 1997 Examiner: J. Burke ($53
léor: Haunted Antibodies

IE I. Ila-an mm: mm. Beam m. 35.11: armythat this can-spam in mm tram av mean-nu
“Emmi-who olll'uus.finam mammal-lurk
DH“. .. I - n.c. 20231.

 Q?
61*

$5? ' XAF '
\ ism: Commissioner for Patent:

'ashingmn.D.C. 20231

i

Item Six:

{ Wmmmrmmmsmmnon

11109;va mafia 630119003 ElWE‘? C-F.R. § 1.116. please amend the above-identified application
01 mm figfiggfi.

ii: the claim:

" 24. (Twine Amended) A humanized nnmunoalohum having commw
Wmtcnm) fiumndnmrimmlmnglohnlinandheavyandfightchainvariable

+3101: flameworks from human acceptor imnnmngluhnlin heavy and light chains. which
' mmginhulinsmcifiaflybindsmmanfigenm an affinity constant afar low

M". wherein said humanizedinmumnglnbnfincompfim aminn acids from me donor

' globminfiamewmkomidebothmmCDRsmmemlprDRsofthe

I
I

l
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riable regions. wherein the donor amino acids replace corresponding amino ac4!s in the 

~tor immunoglobulin heavy or light chain frameworks. and each of said donor .amino acids 

(~ adjacem ro a CDR iD the do110r immunoglobulin sequeace or] contribwes 10 aJltigen biDding 

• determined by X-ray crystallography. 
i 
' 

t 28. <Twice Amended) A bumanize4 immunoglobulin having complememaricy 

*r.ennining regions (CDRs) from a donor immunoglobulin and heavy and light c~ variable 
I 

rygton frameworks from human acceptor immunoglobulin heavy and light chains. which 

l$amanized immunoglobulin specifically binds to an antigen with an effective anti$eD binding 

+uucy, wherein said bnmanizecJ immunoglobulin compriSes amino acids from the; donor 

~unoglobulin framework oUtSide both lbe Kabal CDRs and lhe suuauralloop CDRs of the 
I• 

v~le regions, wherein me donor amino acids replace conespoDding amino aci<Js in tbe 

a~fOr immunoglobulin beavy or light chain frameworks, and each of said donor amino acids 

· (~ adjacem to a CDR in the donor immunoglobulin sequenCe or] comributes w aaJ,igen binding 

i detennined by X-ray crystall~y. 
t 
j. 

J1ease add the following claim: 

t i 32. A humanized immunoglobulin baving complementarity determining regions 

<CJ:DRs) from a donor immunoglobulin and heavy and light chain variable region frameworks 

~human acceptOr immunoglobulin heavy and light cbains. which humanized 

u}wunoglobulin specifically binds to an antigen with an affinily constam of arleasll08 M"1
, 

'fetein said humanized iDulauuoglobulin comprises amino acids from the dooor 

~globulin frameWork outside both the Kabu CDRs and dle muauralloop CDRs of the 

vfriable regions, wherein me donor amino acids replace corresponding amino aci4s in the 

~et:pfOr immUDoglobuliD heavy OJ: light chain frameworks at residues 48, 49, 71. 73, 76. 78, 
' 

Sf. and 91. 
I 
I 

- 2 -
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i REMARKS 

\ This paper is being filed iD response to the final Rejection dated May 28. 1999. 

~o extension of time is believed necessary for responding to the Fiual Rejection. To the 
~ 

ejctent this belief is in enor. Applicants hereby request the necessary extension and the 

+dersigned authorizes charging any such fee to Deposit AcCCJum 23-3050. 

\ Claims 24-31 were pending. lD the Final Rejection, all pending claims were 

r jected. Claim 32 bas been added herein. In view of dle foregoing amcndmems and tbe 

gumeots tbat follow. Applicams respectfully submit that allowable subject mant:r bas been 

i emifiect and request Ebat the imeiference be declared. 

I Th~ E~amin=- ~nated dw tbc Iut'oi'IIWion Disclosure Srar.ements tiled in me 

+ent cases will be considered om:e the retl!mlces are submiued. To the eJOeiU die Examinef 

~ requiring that Applicams resubmit references already submittec!, dds appears to be comrary 

~ MPEP § 609, page 600-103. Applicants are not required to resubmit references 10 get dlem 

c~osidered by me Examiner. 
I 
~jedioos Under 3S U.S.C. § 111, ftM paragraph 

I Claims ~31 were again rejected under 35 U.S.C. § 112, first pantgraph, as 
l 
~edly cooraining subject maaer not described in the specification in such a way as to 

rrsonably convey to one skilled in. the relevant an that the inventors bad possession of the 

c~ invention at the time the application was filed. Applicants respectfully traverse this 
I 

t
ection for the reasons dw follow. For the Examiner's convenience, the paragrlJI)bs are 

ignated to correspond to the Examioer' s paragraphs for tbe rejection remaining under this 

tion. 

~ a. and b. The Examiner again rejected claims 24 and 28 alleging that lhe 

sfcificatioa does not provide suppon for me concept duU only subs1itutions adjacent CDRs 

~ envisaged. Claims 24 and 28 were previously amended to recite thai each of tbe donor 

a+ww acids to be replacec1 is adjacent a CDR or cont.ribn&es w anagen binding as decermined 

bf X-ray crystallography. During a telephoPC coDfereuce between the Examinet and the 

'1'dersigned, lhe Examiner indicated dw removal of the "adjacem to a CDR" lanpage would 

. - 3 -
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+viate this rejec:lion. Although Applicams disagree with the Examiner's reasoniQg, tbe 

claims have been amended herein~ remove the recitation "adjacenJ to a CDR in fhe donor 

ifmunoglobuliD sequence." As Appllcams made clear iD the previous response. the 

crntriburion tO antigen binding need not be direct and, indeed , can be indirect, e.g .• by 

aftecting antigen binding sUe ~apology or inducing slable packing. Naturally, eveJl for an 

ifdirea effect, the residues must be spatially near lbe CDR. 
i 
I 
I . Applicants respectfully request that this rejection be witbdl'awn. 

: As the Examiner is aware. ApplicantS desire tO provoke au inrerfc:rc:nce between 
f 
~e presem application and the Queen parent (U.S. Patem No. S,S8S,089). Although 

1ppUcanrs are coufidenr tballhe presem claims are directed tO the same invention as lhe 

queen patent. new claim 32 is submitted herewith. New claim 32 r~ites the residues changed 

~example g34JB disclosed in Applicams' specification as filed and, indeed, iD GB8928874. 

Qf lhe residues recited, all are eilher adjacem a CDR (49), or comnbute to antigen binding as 

~rmiDed by X-ray crystallography {48, 71, 73, 76, 78, 88, aad 91). Claim 32 is clearly 

~owable and clearly directed to the same invention as claim l of the Queen patent. 

~,· If at least one of me presented claims is DOt rejectable on any [ ] 
ground and is claiming the same iavemion as a1 least one claim of 
the parent, tbe examiner should proceed tO initiare an 
imerference. 

I rEP 2307.02. 

Applicams respeatully request thai an imerfereuce between the presem: 
• 

rlication and me Queeu parem be dec:lared. 

remoD Uader 35 u.s.c. I 102(e) 

1 Claims 24-31 were.agaiD rejected UDder 3S U.S.C . § 102(e) in view oflhe 

<Jueen patem. Applicams respeafully uaverse this rejecdon. Again. the relevant inquiry as to 

~betber the Queen pateDt is an appropriate reference under 102(e) is wbetber mer~ is support 

ffr the claims as allowed in the priority applications, see MPEP 2136.03, p . 2100-85, citing 

'¥ re Wmuim. 209 USPQ 554 (CCPA 1981), no1 simply whelher the limilations can be found 

t.lhe priority doc:umem. Regardless. Applicants maiDtaiD dw lhe limitation "o~ide the 

. 
t 
I 

I 
t • I 

- 4 -
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tbat au4 Chothia CDRs" is not found in, nor supported by, the prioriry documentS. 

Tbis limitation requires dw framework resiclues be changed outside both the 

lfabu aud Chotbia CDRs. This limitation is significaJU because the "CDRs" as d~fined by 

lfabu aDd Chotbia differ.1 Kabat defiDes CDRl of the heavy cbain as amino acid& 31-3S. 

dhothia detiues the first bypervariable loop of l:be heavy ~hain as residues 26-32. As 

I miued in the Preliminary Ame~ment filed coucurrendy witll the presew appl~on. the 

est Queen pateDl applications do not teaCh, either explicitly or implicitly, tbat the 

work residues to be replaced by donor IIUIS1 be ourside bodl the Kabar and Cbothia 

qnas. Indeed, in the specification of the Queen patent as issued. changes were Iqade to 

sidues inside wbu the Queen paleDt demotes as CDRHl of Chotbia, i.e., inSide i Chothia 

R. Considering that the a outside the Kabat and ChOlhia CDRs" limitation w~ required 

{1 r paremability, the Queen patem camwt be enlitlecl to a priority date earlier than dle filing 

df1e of the applicanon in which dlis limitation was first inlroduced, i.e., 12/19/90. 

~ The £umioer argued in the FiDal Rejection that the limitation is ~ught, for 
• 
~le, on page 9, lines 1-S of Queen priority Application Serial No. 0712'XJ,975 ("Queen 

'fS") and page 13, lines 1-8 of ~n priority Applicadon Serial No. 08/310,252 ("Queen 

·1pr). The passages cUed by the Examiner, however, do not suppon tbe Examill(!r' s 
r •• 

'1SlUOD. 
1 The passage on page 9. Jines 1-S. of Queen •97s, contains a background 

rufcussioa of the bypervariable regions. wbicb it is therein staled are also called the CDRs. 

Rfferences by Kabal an4 Cbomia are cited, and incorporaled by reference. This is the only in 
I 
sage in Queea "97S ljnkiag lhe Chothia reference tO the term· "CDRs." Od1er pPSsages 

ifically refariDg tO the CDRs as encompassed by the invemion of Queen "975 make it 

dw the CDRs are as defiJial by Kabal. For example, on page 10, line 2, the framework 

re ·ons are defined in r.erms of KabaL If the framework regions are defined in terq15 of Kabat. 

t
{ 1Norably, die Chothla reference refers to loops and carefully disti!lguisbes these 

lo ps from the Kabar CDRs. 

- 5 • 
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bat and Chothia CDRs" is not found in. not supported by. the priority documents.

T This limitation requires that framework residues he changed outside bath the
liabat and Chothia CDILs. This limitation is significant because the "CDRs" as defined by

' a: and Chothia difier.’ Kabul defines com of the heavy chain as amino acids 31-35.
remit: defines the first hyperVariahle loop of the heavy chain as residues 26-32. As

mined in the Preliminary Amepdment filed concurrently with the present application, the

lies: Queen patent applications do not teach. either explicitly 0r intplieitly. that the

orkresidues mhemplaeedhy donortnttstbeoutside hoththeKahatand Chothia

@Rs- Indeed. in the specification of the Queen patent as issued, changes were made to
sidoes inside what the Queen parenrtienotes as CDRHI of Chomia. i.e., inside a Chothia

R. Considering that the “outside the Rabat and Chathia CDRS" limitation was required

f rpatenrabiliry, theQneenpatenrcannotbeentitledtoaprior-itydateearliertbanthe filing

dire of the application in which this limitatiun was first! inn-adorned. i.e.. 12119190.

I TheExaminerarguedintheFimlRejecfion thatthe Iimitarionisratrght, for

mimic. on page 9. lines 1-5 onueen priofity Application Serial No. G7I290,975 (“Queen
‘ 5") and page 13, lines 1-3 of priority Application Serial No. 081310.252 ("Queen

:2“). The passages cited by the Examiner, howeVer. do not support the Examiner’s
“Enrico.

i The passage on page 9. lines 1-5. of Queen '975, contains a background

diicussion of the hypervariable regions. which it is therein stated are also called the CDRs.
References by Kabat and Chothia are cited. and incorporated by reference. This is the only in

t sage in Queen '975 linking the Chothia reference to the terttt-‘CDRs. " Other passages

'ficaily refetringtotheCDRsaseneompassedby theinventiononueen “975mm: it

c thatcheCDRsareasdefinedby Kabat. I-‘orexatnple. onpage 10, line 2, thefi-arnework

re ionsaredefinedintemts affix-hat. Iftbefiameworkregionsaredefinedintenns ofKabat.

t

i

I 1I-i'otahly. the referent: refers to loops and carefitlly these

tafps from lhe Kabar coast
i
!
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'e CDRs must be as well. On page 21, the proiOCOl for selecting which residu~ iD the heavy 

· are to be donor is set ow. In lines 19-22, residues wbich fall in positions wilhio a CDR 

defiaed by Kabat, [i.e.,] amino acids 31-35, 50-66, and 99-106" are robe csonor. In 

28-30, amino acid 30 is listed as a position immediately acijace~~t to a CDR to be 

~ged to donor. AmiDD acid 30 is adj~ the beavy chain Kabar CDR, bu1 witbin the 

!favy cbain Cholhia "CDR" as that term is used in Queen '975. Tbe description of Figure 1 

'l£ Queen '975 indicateS that it refers 10 rhe heavy chains a.ad tbai lbe three CDRs are 

fderlined (page 6, lines 1-6). In figure 1, amino acids 31-35 are UJJderlined for CDRI. 

1learly, all specific references to (:DRs were to Kabat CDRs only. 

1 Flmber, in Figure 1. framework amino acids changed to donor are indica&ed by 

iJterisks. Amino acids 27 and 30 are so desigaarec:l. These residues are clearly wilhio the 
I 

cptothia "CDR." Neither the specification nor the claims require that more than QDe amino 

afid be changed to douor. Thus, Queen '975 teacbes changing only one or two aqU.no acids. 
I 

$! dlar both can be within dle Cbotbia CDR.. There is no suppon in Queen '975 for the 

lfuaanon tbat the residues cbanged to donor must be outside bodl the Kabat and Chodtia 

"fDRs." . 

! Neither is tbere support for the limifalion iD Queen '252. In this instauce, lhe 

ptssage relied upon by tbe Examiner for referring to Chotbia is in tbe context of computer 

ptograms for computer models. There is no refere~~Ce ro CDRB. Cona-astingly, tbe specific 
I . 

rf;erences to CDRs make it clear t,bar the CDRs are as defined by Kabat. On page 8, lines 22· 

2 • Queen '252 repons dial the exrems of me framework region and CDRs have been . 

" r~isely d~· by Kabat. 011 page 21, the protoCOl for selecting which residqes in the 

~vy chain are ro be donor is set out. In lines lB-22. residues whicb fall in positiQns within a 

C R "as deftaed by Kabat, (i.e.,] amiao ac:idl3l.JS, 50-66, ud 99-106" a:re tc) be donor. 

·lines 27-29. amino acid 30 is listed as a position immediatelf IUijac:eDt 10 a CDR to be 

ed to donor. AmiDo acid 30 is a4jacem lhe beavy cbain Kabat CDR. bw ~ the 

bf"Y cbain Cholhia "CDR· as tbat tennis used in Queen ·97s. 
l Again, iD Figure 1, framework amiDo acids chauged to donor are inaicaied by 

:· .. 6 -
i 
I 

!. 
i 
I 
t 
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CDRsmustheaswell. Onpage2l,thepmwmlfor3elecfin3whichresidues_inlheheavy

' arewbedannr is 5:101“. Inlines 19-22. residms which fallinposirinns wilhinaCDR

' definedhy Kabat, [i.e.,] amino acids 3145,5046, and 99-106" mm bedomr. In

I 28-30.:minnacid30isliswdasaposidunimmedinmlyadjacemmacnkmhe

Maximum. AmimacidBDisadjaeemtheheavychain-KaharCDR.but withinthe

, tiravychainChothin'CDRHHhmmmisnsedinQueen‘WS. ThedesnriplionofFigurel

airmen-915mmaturefmmmcheavychainsandmazmemxeecnnsm

werlinEdmagefidinfi1—6).InFignrel,aminoaI:id531-3Sareunderllnea for cum.

({Iearllelspecificrefer-enusmcnks weremKabatCDRs only.
‘ ther.inFigurel,fimworkamiuoacidschangedwdonorareindicawdhy

aim. Aminnacias'zvandsomsndesignmd. Theseresiduesarecl'eaflywilhinme

(ihothia‘CDRf Neitherthespecificafionmnheclahnsrequircthmmthanmamiun
a'fidbcmgedmdonm. M.Qum‘97§uachmchangingoflymmwommacids.

aiidthaxbothcanhewithimhccmthiaCDR. ThachmmpponinQueen‘WSfm-the

“imitationmarinas.medommnstheouuidchoththeflabatandcmmia
“FDRs.” "

i NeitherismcresnpponfonhelinfitafioninQueea'zsz. mmis'inmnce,me

fimgemummwmznmmmmmcmmismmemncenofmmpum
pingrams for computer modals. Thereisnnreferemetocmls. Conwasdnglynhexpecific

1 toCDRsmatcitclurthanheCDRsareasdefindbyKabm. Onpag¢8.lines22-
2 .Qum‘m'mmmmmeexmofmefiammkmginnandcnflshavebcen

“ misdydefined' byKahal. Onpage.21.thepmmlforselecfingwhichmiduesinlhe

I+vychainaremtmdmwriasmcmt.[1111114321342I residueswhichfaninpnsifiqnswithina
C R"asddhedbymme..lamnafidsSI-35,M.nnd99-la€'arembedumr.

hasty-29.mmmaoisfiswduaposifionmmmywmmacnnmhe

.edmdonnr. AminomidfiflisafiimtheheaWChainKahuCDRJui wishinflm

WehainChnnfia'CDR'asmatmmisMinQuem'ms.

Again.inFigme Lfmmcwrlzaminoacidschusedmdonorareinaimedhy

- 5 -
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' fterisb . Amino acids 27 and 30. are so designated. These residues are clearly within the 

fhodlia "CDR. • Neilher the ~tion nor the claims require tlw more than pne amino 

fid be ~ged tO doDOr. Thus, Queen ·252 teaches changing owy one or two amino acids to 

qonor. and that both can be within me Cbmhia CDR. There is no suppon in Queen '252 for 

~e limitation tlw the resiclues changed to donor must be outside botb the Kabat apd Cbodlia 

'JCDRs." 
t 
1 Applicants respecrfully request that this rejection be withdrawn. 
I 
I The Proposed Count is lhe same as tlw subm.ilwd with the Ameudment filed 
I 

-'}pril9, 1999. Applicants again identify au of the Queen pawn claims 1-11 and Applicams' 

dwm,s 2+32 as concspouding to the Proposed Cowu. 
I . In aaacbed Appendix A, applicants illUstnue the rcpresemative suppon in their 
I 

~esent application disclosure for the limitations of their ameoded claim 24 and new claim 32. 

'#here is, of course, adc:litional suppon in applicantB' application omiued for the sUe of 

Jr · r evuy. 

I In arrached Appendix B is a diagram of suppon in applicams • 1989 GB 
r 

!fplication for each limitation of applicants' amended claim 28 aDd new claim 38 which are 

aJso drawn to the same invention as proposed Count 1. Accordingly. applicants' effective 

rf,mg date fur their invention of Count 1 is 12121189, the filing date of their GB ~onal 

application. 

t lu view of die foregoing. Applicants respectfully submit tlw aUow~ble subject 

n)aner has been idemified and request tbat the Examiner declare an imerference between dle 

I 
I 
I 

I. 
i 
I 

I 

I 

i. 
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1e undersigned at (215) 564-835~. 

~: November 3, 1999 
I • 
OODCOCK WASHBURN KURTZ 

CKIEWICZ & NORRIS LLP 
e Liberty Place - 46th Floor 

P . adelphia, PA 19103 
( 15) 568-3100 
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Specifically, the Examiner is requested to conract 

Respectfully submiued, 

!~#!!-~ 
Registration No. 35,719 
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I APPENDIX& 

Claim Umiwion Suppon iD Adair Applic¢on 

F4· A humanized immunoglobulin having See page 1, lines ~-16, and page 7, line 32, 
~lememariry derermiaing regiom through page 8, line 21 . 

DRs) from a donor immunogl~bulin and 
vy and light chain variable region 

frameworks from human acceptor 
pmnunoglobulin heavy aDd lighl chains 

[ whieb humanized immunoglobulin See page 11, Jines 27-30. 
pecifically binds to an antigen witb an 
~ffinity constant of at leasl 10' M'1• 

~herein said humanized immunoglobulin See page 6, lines 14-23, page 8, Jines 13·16, 
~mprises amino acids from dle donor and page 19, line 16, to page 20. Hue 15. 
=globulin ftamework outside both we 

DRs and the S1111Cturalloop CDRs 
+t dle variable regions, t: tbe dollor amiDo acids roplal:e See page 6, liDe 12, to page 7, liJle 5. 

rresponding amino acids in the accepwr 
globuliD heavy or light cbaiD 

tameworlcs. 

~ each of said donor amino acids Page 38, lines 1-12, and lines 23~38, and 

flllribules to amigea biudiag as cleteruliDod Figs. 3-4 of lbe application as filed reference 
y X-ray crystallography. residues dlat may "contribute w apt.igen 

binding" as determined using X-ray 
I crystallography. Residues 48, 49, 71, 73, 
'· 
I 76, 78, 88, and 91 are so identified in 
' I figure 4. 

~· A bumanized immuoOgJobulin having See page l, lines 5-16, and page 7, line 32, 
c ~lemcm:arily delenDiDiDg regions dlrougb page 8, 1iDe 21. 
( ~Rs) from a doDor wmnanglobulin aod 
b f=avy and light cbaia variable region 
f ameworb from human acceptor·. 
ilpmunoglobulin heavy an4 light cbains 

I 
I 
I 
l 
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which bumaoiwt immunoglobulin 
~fically biDds to an amigen with an 

- • CODStaiU of atfeasl 1()11 M"1
• 

[wherein said humanized immunoglobulin 
~rises amino acids from dle ~nor 

globulin framework oulaide both rhe 
lCabat CDRs and the mucmralloop CDRs 
pf the variable regions, 

~herein the donor amino acids replace 
~onespoadiag ammo acids ill lbe acceptor 
immunoglobulln heavy or Jiglu chaiD 
irameworts 

~t residues 48, 49, 71. 73, 76. 78, 88, and 
1>1. 

t 
I 

! 
t 
' 

I 

I 

! 
~ 
~ 
t 
' 
~ 
I 

l 
l 
I 

t 
t 

12155683439 T-293 P.ll/13 F-375 

PATENT 

See page 11, lines 27-30. 

See page 6, tiDes 14-23, page 8, lines 13-16, 
and page 19, line 16. to page 20, liDe 15. 

See page 6, line 12, 10 page 7, line 5. 

See Liglu cbain 341B of Table 1, page 41 . 
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AP PEND B 

Claim Limitation 

~8. A humanized immunoglobulin having 
pomplememariry derennining regions 
~CDRs) from a doaor imnnlaQglobulin aad = .1lld Jisbt cbaill variable n:gioa works from human acceptor 

UDDglohulin heavy aod light ~ 

~which humanized immunoglobulin I . 

~meally binds to aD amigen with aD 
~ffective antigen binding affiuity· 

~herein said humanized immunoglobulin 
omprises amino acids from the donor 
immunoglobulin framework outside both the 
jCaba1 CDRs and the strUCtUral loop CDRs 
9f the variable regions, 

~herem the dowr amiDo acids replace 
~rrespondiDg amino acids in lbe acceptor 
tnnmnoglobuliD heavy or light cbain 
frameworks, 

~ eadt of said doDOr amino acido 
aibures to antigen binding as delel'DliDed 
X-ray crystallography. · 

l 
t 
! 
i 

~. A humaniud imnuJaoglobulin baving -. . defermillinl regions 
(~DRs) from a doDor mummogJObulin aDd 
t ~vy and liglu cllaiD variable region 
f ameworks from human accep10r 

! 
f 
I 

i 
I 

globulin bcavy ud liglu c:haius 

Suppon in 1989 GB Application 

See page 1, lines 1-2 aadl0-20; page 5, 
lines 8, to page 6, line 4; , and page 8. 

See pageS, 1iDes 1-7; page 22, lines 27-35, 
pase 23, liDes 5-9, page 24, Jines 1-4; page 
25, lines 27-33; page 26last ~graph. 

See page S,liDes 1-7; page 26, ~t 
paragraph, to page 27, top paragraph. 

See page s. line 8, to page 6, line 4: page 7, 
lines 5-20. 

Page 18, lines 11-17, and lines 33-37, and 
Figs. 20-21 of tbe application as filed 
reference residues tbal may "collQibute to 
antigen binding" as derennined wtillg X-ray 
crysTallography. Residues 48. 49, 71, 73. 
76, 78, 88, and 91 are identified in figure 
21. 

See page 1, 1iDes S-16, and page 7, line 32, 
through page 8, line 21 . 
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r which bnmanjZJ!d immunoglobulin 
fpecifically biDds 10 an antigen wilb an 
affiDity conswu of at least lOS M-1

• 

~ein said bumanjzed immuMglobulin 
r.omprises amioo acids from lbe doMr 

globulin framework outside both the 
~ CDRs aod the suuauralloop CDRs 

c f the variable regions, 

'yherein the donor ammo acids replace 
·' ~espon4ing amiDD a~ in the acceptor 
· mmunoglobulin heavy or liglu cbaiD 
frameworks 

a residues 48. 49, 71. 73. 76, 78. 88, and 
H . 

j. 
I 

I 
I 
f. 
t 

I 
i 
I 
I 

I 
I 
I 
I 

' I 
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See page 11, lines 27-30. 

See page 6. lines 14-23, page 8, lines 13-16, 
8lld page 19, line 16, ro page 20. line 15. 

See page 6. liDe 12. to page 7, liqe 5. 

See Liglu chain 3418 of Table 1. page 20. 

. 
I 
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I 
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~~ijii.~:T~~~LUa 
. mfllf:IR1.1~l~jl~~WW. 
~:QRQ~-=NQ:·.:~ 

IN~ UNITED STATES PATENT AND TRADEMARK OFFICE 

ln re pa.ent ~plication ~f; Adair et al. 

·Serial No.: 08~846,65$~ 

\ 

\ 
\ 

\ 

\ 
\ 
\ 

Filed: May 1, 1997 

Group No.: 1642 =tj:. 
Examiner: J. Burl<e .).'-(_ J 1--'i. 

~s:.oJ For: Humaoised Antibodies 

BOXAF 

"1-- 2.---o(:) 
I, Doreen Yiltlr.a TrujillO. Rt~QoS1rlltJOn No. 35,7\9 coni1v 
th&t tllrs con-t<-.ponclen<:s ,,; bell\9 tran5m.n&Oily fa~~>imrle 
to Examrner l!ur t.e of tnv u.s. Parem ana Traaemartt. 
Otfrce, WaGI'Ir(l9ton. D C. 20 231 . 

11 :4Jo() 

Assistant Conuuissioner for Parents 
... 1t~Ye.. Washington, D.C. 20231 

~.~- \-
\\f) ~ Dear Sir: 

(j'-- v.r ~ 
et· \ofJQ 
~ \_!Jy 

as a follows. 

la the claims: 

AMENDMENT AND REQUEST FOR RECONSID$ATlON 

Pursuant ro 37 C.F.R. § 1.116, please amend the above-identified application 

24. (Twice Amended) A humanized immunoglobulin having complemenrarizy 

determining regions (CDRs) from a donor immunoglobulin and heavy and ligbt chain variable 

rc:gion framewoJks from buman acceptor immunoglobulin heavy and lighl cbains, which 

humanized inununoglobulin specifically binds to an antigen witb an affinity constam of at least 

10~ M-1, wherein said humanized immunoglobulin comprises amino acids from the donor 

immunoglobulin framework outside botb tbe Kabat CORs and the mucnualloop CDRs of the 

Board Assigned Page #1 O~u 
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variable regions, wherein the donor amino acids replace corresponding amino acids in the 

acceptor immunoglobulin heavy or light chain frameworks, and each of said donor amino acids 

[is adjacent to a CDR in the donor immunoglobulin sequence or] contributes to antigen binding 

as determined by X-ray crystallography. 

28. (Twice Amended) A humanized immunoglobulin having complementarity 

determining regions (CDRs) from a donor immunoglobulin and bea")' and light chain variable 

region frameworks from human acceptor inununoglobulin heavy and light chains, which 

bu.mani2ed immunoglobulin specifically binds to an antigen with an effective antigen binding 

affinity, wherein said humanized immunoglobulin comprises amino acids from the donor 

immunoglobulin ftamework outside both the Kabat CDRs ma me SirUCturalloop CDRs of the 

variable regions, wherein the donor amino acids replace corresponding amino acids in the 

acceptor immunoglobulin heavy or ligh~ chain frameworks, and each of said donor amino acids 

[is adjacent to a CDR in the donor immunoglobulin sequence or] contributes to amigen binaing 

as determined by X-ray crystallography. 

Please add tbe following claim: 

49. A humanized immunoglobulin having complemenrarity determining regions 

(CDRs} from a donor iQl.munoglobulin and heavy and light chain variable region frameworks 

from human acceptor immunoglobulin heavy and light chains, which humanized 

immunoglobuliD specifically binds to an antigen with an affinity consJallt of at least 108 M"1
, 

wherein said humanized immunoglobulin comprises amino acids from the donor 

immunoglobulin framework outside both the Kabat CDRs and the st.rucrural loop CDRs of the 

variable regions, wherein the donor amino acids replace corresponding amino acids in the 

acceptor immunoglobulin8hain framework at residues 48, 49. 71, 73, 76, 78, 88, and 

91. ., 
- 2 -
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REMARKS 

This paper is being flled following the Ad-visory Action dated December 2, 

1999. A Notice of Appeal was filed November 29, 1999. Accordingly, it is Applicants' 

belief that no extension of time or accompanying fee is required. If ApplicantS· belief is 

erroneous, this serves to request th~ requishe extension of time and authorizes the charging of 

any fee to Deposit Accoum 23-3050. 

Claims 24-31 were pending. In the Final Rejection, all pending claims were 

rejected. AD Amendment and Request for Reconsideration ("AmeDdmem0
) was filed 

November 3, 1999 in response to me Final Rejection. The AmeJUlmem was not entered in 

view of wnat tbe Examiner coosidcn:d new matter in a newly submitted claim. Tht: Advisory 

Action, however, irulicated that the Amendment would have overcome the then outstanding 

rejections under 112 e:md for new matter of claims 24 and 28. The previous amendmerus to 

claims 24 and 28 are resubmitted herein. Their entry is earnestly requested. 

New claim 49 has been added herein. New claim 49 r~fers to specific 

replacementS in the heavy chain. In that regard, the Examiner is directed to Table 1 of the 
application as filed, specifically to lbe "Heavy Chain" designated as 341 b. Applicants 

respectfully submit lhat new claim 49 does not contain new maner and does not raise new 35 

U .S.C. § 112, fuSl and second paragraph issues, nor does it raise new 1021103 issues. Claim 

49 is submitted ~rein in an abundance of caution in view of the removal of the phraSe 

"adjacent to a CDR in the donor imiDunoglobulin sequence" from claims 24 and 28 as 

suggested by tbe Examiner in the Final Rej~tion. Claim 49 recites a specific residue that is 

adjacenr a CDR, i.e., residue 49. If, however, Applicants' submission of claim 49 is all that 

stands between the application being in condition for interference , Applicants respectfully 

request W.t the Examiner so advise the undersigned at (215) 564-8352. 

ln view of the foregoing ameodmerns and the arguments that follow, Applicants 

respectfully submit that allowable subject matter bas been identified and request that the 

interference be declared. 

Tbe Examiner stated that the Information Disclosure Statemtnts flied in the 

- 3 -
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parent cases will be considered once the references are subm.iu.ed. To the extent the Examiner 

is requiring that Applicants u~submit r~fc!rences already submined. this appears to be contrary 

to MPEP § 609, page 600-103 . Applicants are oot required to resubmit references to get them 

considered by tbe Examiner . 

Rejections Under 3S U.S.C. § lU, tirst paragraph 

Claims 24-31 were again rejected under 35 U.S.C. § 112. first paragraph. as 

allegedly conlaiuing subject maner not described in the specification in such a way as to 

reasonably convey to one skilled in the relevant art that the inventors bad possession of lbe 

claimed invention at lh\! time the application was tiled. Applicants respectfully traverse this 

rejection for the reasons that follow. For the Examiner's convenience, the paragraphS are 

designated to correspond to lbe Examiner's paragraphS for lhe rejection remaining under this 

section. 

a. and b. Tbe Examiner again rejected claims 24 and 28 alleging tbat the 

specificariop does not provide suppon for the concept that only substitutions adjacent CDRs 

are envisaged. Claims 24 and 28 were previously amended to recite: that eacb of the donor 

amino acids to be replaced is adjacent a CDR or contributes to antigen binaing as determined 

by X-ray crystallography. During a telephone conference b~tween the Examin~r ana the 

undersigned, the Examiner indicated that removal of tbe "adjacem to a CDR" language would 

obviate tbis rejection. Although Applicants aisagree with the Examiner's reasoning, the 

claims have been amended herein to remove the recitation "adjacent to a CDR in the donor 

immunoglobulin sequence. " As Applicants made clear in me previous response . the 

contribution to antigen binding need not be direct and, indeed, can be indirect, e.g . • by 

affecting antigen binding site topology or inducing stable packing. Naturally, even for an 

indirect effect. the residues must be spatially near the CDR. 

Applicants fespectfully request that this rejection be withdrawn. 

As the Examiner is aware, ApplicantS desire to provoke an imerf~rence between 

the present application and the Queen patent (U.S. Patent No. 5,585,089). Although 

Applicams are confident that me present claims are directed to the same invention as the 

- 4 -
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Queen patent, new claim 49 is submined herewith. New claim 49 recites the residues changed 

in example g341B disclosed in Applicants' specification as filed ana, indeed. in GB8928874. 

Of the residues recited, all are either adjacent a CDR ( 49), or contribute to antigen binding as 

detellllined by X-ray crystallography (48, 71, 73, 76, 78, 88, and 91). Claim 49 is clearly 

allowable and clearly directed to the same invention as claim 1 of the Queen patent. 

If at least one of the presented claims is not rejectable on any [ ] 
grourul and is claiming the same invention as at least one claim of 
tbe parent, the examiner should proceed to initiate an 
interference. 

MPEP 2307.02. 

Applicants respectfully request that an interference between the presem 

application and the Queen patent be declared. 

Rejection Uader 35 U.S. C. § 102(e) 

Claims 24-31 were again rej~ted under 35 U.S.C. § 102(e) in view oflhe 

Queen patent. Applicants respectfully naverse this rejt<.-tion. Again, the relevant inquiry as to 

whether the Queen patent is an appropriate reference under 102(e) is whether there is suppon 

for the claims as allowed in the priority applications, see MPEP 2136.03, p. 2100-85. citing 

In re Wenheim, 209 USPQ 554 (CCPA 1981), not simply whether the limitations can be found 

in the priority document. Regardless, Applicants maintain that the limitation "outside the 

Kabat and Cbothia CDRs" is not found in, nor supported by, the priority documents. 

This limiJ:ation requires that framework residues be changed outside both the 

Kabat and Cbothia CDRs. This limitation is significant because the "CDRs ~ as defined by 

Kabat and Cbmhia differ. 1 l<abat defines CDJU of the heavy chain as amino acids 31-35. 

Chothia defines the fll'St bypervariable loop of the heavy chain as residues 26-32. As 

submitted in the Preliminary Am~ndment tiled concurrently with me present application, the 

earliest Queen patent applications do not reach, either explicitly or implicitly. that the 

1 Notably, the Choth.ia reference refers to loops and carefully distinguishes these 
loops from the Kabat CDRs. 

- 5 -
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framework residues to be replaced by donor must be outside botb the Kabat and Chothia 

CDRs. lruieed, in the !.-peciticarion of the Queen patent as issued, changes were made to 

residues inside what the Queen patem denotes as CDRH 1 of Chothia, i.e .• inside a Chothia 

CDR. Considering that the "outside the Kabat aru1 Chotbia CDRs" limitation was required 

for patentability, the Q~n patent cannot be enrilled to a priority date earlier lhan the filing 

date of the application in which this limitation was first introduced, i.e., 12119/90. 

The Examin~r argued in the Final Rejection that the limitation is taUght, for 

example, on page 9, lines 1-5 of Queen priority Application Serial No. 07/290,975 ("Queen 

'975") and page 13, lines 1-8 of Queen priority Application Serial No. 08/310,252 ("Queen 

'252"). The passages cited by the Examiner, however, do not support the Examiner's 

position. 

The passage on page 9, liues 1·5, of Queen '975, contains a baekground 

discussion of the hypervariable regions, which it is therein stated are also called the CDRs. 

References by Kabat ana CllOthia are cited, ana incorporated by reference. This is the only in 

passage in Queen "975 linking the Cbothia reference to the term "CDRs." Other passages 

specifically referring to the CDRs as encompassed by the invention of Queen "975 make it 

clear that the CDRs are as defined by Kabal. For example. on page 10, line 2, the framework 

regions are defined in terms of Kabat. lf the framework regions are defined in 1erms of Kabat. 

the CDRs must be as well. On page 21, the protocol tor selecting which residues in the heavy 

chain are to be donor is set ou1. In lines 19-22, residues which fall in positions within a CDR 

.. as defined by Kabat, [i.e.,) amino acids 31-3S, SO~, and 99-106" are to be donor . ln 

lines 28-30, amino acid 30 is li~-red as a position immediately adjacent to a CDR to be 

changed to donor . Amino acid 30 is adjacent the b~avy chain Kabat CDR, but within the 

heavy chain Chothia "CDR" as that tenn is used in Queen "975. The description of Figure 1 

of Queen ·975 indicates that it refers to the heavy chains and dW the three CDRs are 

underlilu:d (page 6, Jines 1-6). In Figure 1. amino acids 31-35 are underlined for CDRl. 

Clearly. all specific r~ferences to CDRs were to Kabat CORs only. 

Further, in Figure 1, framework amino acids changed to donor are indicated by 

- 6 -
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asterisks. Amino acids 27 anct 30 are so designated. These residues are clearly within the 

Chothia "CDR." Neither me specification nor the claims require lbat more than one amino 

acid be changed to donor. Thus, Queen '975 reaches changing only one or two amino acids , 

and that both can be wilhin the Cbothia CDR. There is no suppon in Queen '975 for the 

limitation that tb~ residues changed to donor must be outsiae both the Kabat and Chotbia 

"CDRs." 

Neither is tllere support for the limitation in Quc:en '252. In this instance, lhe 

passage relied upon by tbe Examiner for referring to Chothia is in the context of computer 

programs for computer models. There is no reference to CDRs. Contrastingly, the specific 

references to CDRs make it clear that me CDRs are as ctefmea by Kabat. On page 8, lines 22-

26, Queen '252 reports lhat tlle extents of the framework region and CORs have been 

"precisely defined" by Kabat. On page 21, the protocol for selecting which residues in the 

heavy chain are to be donor is set out. In lines 20-22, residues which fall in positions within a 

CDR "as defined by Kabat, [i.e.,] amino acids 31-3S, S0-66, and 99-106" are to be donor. 

1n lines 27-29, amino acio 30 is liste<l as a position immediately adjacent to a CDR to be 

changed to donor. Amino acid 30 is adjacent tbe heavy cbain Kabat CDR, but wit bin the 

heavy cbain Cbotbia ''CDR" as that term is used in Queen '975. 

Again, in figure 1, framework amino acids changed to donor are indicated by 

asterisks. Amino acicts 27 and 30 are so designated. These residues are clearly within the 

Chothia "CDR" Neilher the specification nor the claims require that more than one amino 

acid be changed to donor. Thus, Queen '252 teaches cbaDging only one or two amino acids to 

donor, and that both can be within the Cbothia CDR. There is no suppon in Queen '252 for 

the limitation that the residues changed to donor must be outside both we Kabat and CboJhia 

"CDRs." 

Applicants respectfully request that this rejection ~ withdrawn. 

The Proposed Count is the same as that submitted with lhe Amendmem filed 

April 9, 1999. Applicants again idemify all of the Queen patent claims 1-11 and Applicants' 

claims 24-31 and 49 as corresporu1ing to the Proposect Count. 

- 7 -
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In auacbed Appendix A, applicants illusuare the represem:ative support in their 

presem application disclosure for the limitations of their amend.ed claim 24 ana new claim 49. 

There is, of course, additional suppon in applicams' application omined for the sake of 

brevity. 

In attaChed Appendix B is a diagram of suppon in applicants' 1989GB 

application for each limitation of applicants' amended claim 28 and new claim 49 wbich are 

also drawn to the same invention as proposed Count 1. AccorQingly. applicants' effective 

filing date for their invention of Count 1 is 12/21/89, the filing dare of their GB national 

application. 

In view of tbe foregoing, Applicants respectfully submit tllat allowable subject 

maner has been identified and request tbal the Examiner dec.:lare an imerference between the 

presem application and the Queen patent. Specifically, the Examiner is requested to contact 

the undersigned at (215) 564-8352. 

Date: January 19, 2000 

WOODCOCK WASHBURN KURTZ 
MACKIEWICZ & NORRIS LLP 

One Liberty Place - 46th Aoor 
Philadelphia, PA 19103 
(215) 568-3100 

Respectfully submined, 

~~[1:-~ 
Registration No. 35,719 
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