
W089J06692 PCf/US89/00051 

-39-

21. A method as in claim 16 wherein said antibodies are monoclonal 

antibodies. 

22. A method as in claim 16 wherein the tumor cells comprise a 

5 carcinoma selected from human breast, renal, gastric and salivary 

gland carcinomas, or other tumor cell ·types expressing the HER2 

receptor. 

23. A method of treating tumor cells comprising the steps of: 

10 administering to a patient a therapeutically effective 

15 

amount of antibodies capable of inhibiting growth factor receptor 

function; and 

administering to a patient a therapeutically effective 

amount of a cytotoxic factor. 

24. A method as in claim 23 wherein said cytotoxic factor is 

selected from the group consisting of TNF-a, TNF-p, IL-l, IFN-7 and 

IL-2. 

20 25. A method as in claim 23 wherein said cytotoxic factor is TNF-a 

26. A method as in claim 23 wherein said ·antibodies interrupt an 

autocrine growth cycle. 

25 27. A method as in claim 23 wherein said antibodies specifically 

bind a growth factor receptor. 

28. A method as in claim 27 wherein the growth factor receptor is 

selected from the group consisting of the EGF receptor and the HER2 

30 receptor. 

29. A method as in claim 23 wherein said antibodies specifically 

bind a growth factor. 
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30. A method as in claim 29 wherein said growth factor is selected 

from the group consistin_g of EGF, TGF-a and TGF-.fJ. 

31. A method as in claim 23 wherein said antibodies are monoclonal 

5 antibodies. 

32. A method as in claim 23 wherein said antibodies are conjugated 

to a cytotoxic moiety. 

10 33. A method as in claim 23 wherein said antibodies are capable of 

activating complement. 

15 

34. A method as in claim 23 wherein said antibodies are capable of 

mediating antibody dependent cellular cytotoxicity. 

35. A method as in claim 23 wherein the tumor cells comprise a 

carcinoma selected from human breast, renal, gastric and salivary 

gland carcinomas. 

20 36. An assay for receptors and other proteins having increased 

tyrosine kinase activity comprising the steps of: 

(a) exposing cells suspected to be TNF-a sensitive to TNF-a; 

(b) isolating those cells which are TNF-a resistant; 

(c) screening the isolated cells for increased tyrosine kinase 

25 activity; and 

(d) isolating receptors and other proteins having increased 

tyrosine kinase activity. 

37. A composition suitable for administration to a patient having 

30 a growth factor receptor dependent tumor comprising (a) antibodies 

capable of inhibiting growth factor receptor function, and (b) a 

cytotoxic factor. 
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38. A composition as in claim 37 wherein the cytotoxic factor is 

selected from the group consis.ting of .INF-.a, TNF-p, IL-l, IFN--y and 

IL-2. 

5 39. An immunotoxin as in Claim 10 wherein the cytotoxic moiety is 

ricin A chain. 

PFIZER EX. 1502 
Page 1003



W089/06692 

> 
CL 
a:: 
>-
~ 

......J 100 
co 
<t 
> 
~ 
z 
UJ 
LJ 
0::: 
UJ 
CL 

......J 
0 
0::: 
~ 
z 
0 
LJ 

u_ 
0 

~ 
·Z 

UJ 
LJ 
a:: 
UJ 
CL 

L. 

100 

LJ 20 
~ 

U'"'l 

7/b 

Fig .1 a 

• NIH 3T3neo/dhfr 

o HER2-3 

o HER2-3 200 

t:J HER 2-3400 

X HER2-3BOO 

10 100 

Fig .1 b 

• NIH3T3 neo/dhfr 

X HER2-3aoo 

TNF-«( U/ml) 

0 NIH 3T3 neo /dhfr H TR 

PCTJUS89f00051 

1000 10,000 

0·25:1 0·5:1 1:1 2:1 4:1 
EFFECTOR: TARGET CELL RATIO 

~· -~~-·-· ·-- --- .. --.-
PFIZER EX. 1502 

Page 1004

WO 89/06692

RELATIVEPERCENTVIABILITY(RPV)

*1CpUPTAKE,PERCENTOFCONTROL
100

80

60

40

20

——w .

PCT/US89/00051

 

 @ NIH3T3neo/dhfr

© HER2-3 n

D HER2-329 °
4 HER2-3,99 ao

1 10 100 1000 10,000
TNF-o (U/ml)

Fig 1b

@ NIH3T3 neo/dhfr

© NIH3T3 neo/dhfr HTR

 
0:25:1 0-5:1 4:1 2:1 4:4

EFFECTOR: TARGET CELL RATIO

PFIZER EX. 1502

Page 1004



E 
a. 

10000 

Fig.2 

• NH 3T3 neo/dhtr 
• HER 2-3800 

u 8000 ______ ..__. 

0 
z 
::::> 
0 co 
w 
u.. 
u 
lLJ 
a_ 
Vl 

~ 
I 

u.. 
z 
t-

1 ........ 
t.n 
N 
~ 

Fig.3 
INHIBITION OF SKBR 3 GROWTH BY ANTI-HER 

-2 MABS 

0 
N 
X 

10000 

8000 

ffi 6000 
co 
L: 
::::> 
z 
..J 
..J 

tj 4000 

2000 

MAb Supns. 

MAB SUPERNATANTS 

Ill myl. supn 

t2LI 4[8 

millillJ 4 0 5 
Q 3E8 

D 3H4 

~· 
t.. 
'· .:: 
·~ .. 

~: 
·' c: 

:$! .. 
' 0 l'· 

~ 
., 

l ~ 

,. 

IC 
N : 

PFIZER EX. 1502 
Page 1005

1231-TNF-oSPECIFICBOUND(cpm)

+

FAR8ST
‘7

 
 

=:

Fig.2 Fig. 3 a
INHIBITION OF SKBR 3 GROWTH BY ANTI-HER S:

-2 MABS ;
10000 10000

@ NH 3T3 neo/dhfr

mw HER 2-300

8000

a
x

ui 6000 .=

3 S
=
3 4000

Bea myl.supn
4C8

2000 405 .
0 fA 3&8 C

0 000100101 1 10 100 1000 (] 3a $
~— [TNF-o]nM g

5

 
MAB SUPERNATANTS

PFIZER EX. 1502

Page 1005



Fig. 4 

13000 

12000 

11000 ANTI- HEPATITIS B MAb 
0 
N 
X 10000 0:: 

UJ 
aJ 

9000 1: 
::::> 
z 

8000 ~ _. t)' _. 
UJ 7000 LJ 

6000 

5000 
ANTI-HERZ MAb 405 

4000 
~ 

~ 0·5 1-0 1· s 2·0 2·5 lO Cll 
00 

ANTIBODY CONCENTRATION j pg/ml 
l..h -

PFIZER EX. 1502 
Page 1006

CELLNUMBERx20

Fig. 4

 

 
  

ANTI- HEPATITIS B MAb

ANTI-HERZ MAb 405

05 1-0 5 2-0 25 30
ANTIBODY CONCENTRATION

Ng/ ml

76990/68OM

Ve

19000/68SN/1L)d
PFIZER EX. 1502.

Page 1006



.-.....,.~.- • ...... • ~- .._ ... ·.~, • .. •~a ~•Jo. --• ·- • • • • .. '· -- • -·· - • 

WO 89/06692 PCT/US89J00051 

S/IP 

> 
Fig. 6a 

a.. 
~ 100 
>-
t: 
::d 
CD 80 <t 
> 
t-
z 

60 LU 
u 
cr 
LI.J 
a.. 
LI.J 40 
> 
....... 
<t 
......1 
LU 20 0::: 

0 0 100 1000 1000J U/ml TNF-oc 
0·05 0·5 5·0 J.IQ/ml Ab 

Fig. 6b 
> a.. 
~ 100 
>-
t: 
::d 
ID 80 <t 
> 
t-
z 

70 LI.J 
u 
0::: 
LI.J 
a.. 
LU 40 
> 
....... 
<{ 
......1 

20 LU 
0::: 

0 
0 100 1000 10CXXJ U I m l TN F- ex 

0·05 0·5 5·0 pg/ml Ab 

PFIZER EX. 1502 
Page 1007

Meh Tae tawee

WO 89/06692

100

80

40RELATIVEPERCENTVIABILITY(RPV)

RELATIVEPERCENTVIABILITY(RPV)
100
0-05

Se

Fig.6a

PCT/US89/00051

10000 U/ml TNF-«
5-0 pg/ml Ab

 
40000 U/ml TNF-o

5:0 pg/ml Ab

PFIZER EX. 1502

Page 1007



W089/06692 

> a. 
~ 100 
>-
t: 
~ 

~ 80 
> 
~ 

~ 60 
LJ 
a:: 
UJ 
CL 

UJ 40 
> 
~ 
<! 
_J 

UJ 20 a:: 

> 
CL 

~ 100 
>-
!::: 
_J 

m 80 <! 
> 
r-
z 

60 UJ 
LJ 
a:: 
UJ 
CL 

UJ 40 
> 
r-
<! 
_J 

UJ 20 a:: 

0 

0 

0 

100 
0·05 

100 
0·05 

F·ig.Sa 

Fig. Sb 

1000 
0·5 

1000 
0·5 

PCT/US89/00051 

10000 U I m t TN F -0< 

5·0 JJglml Ab 

100JO U I m l TN F -0< 

5·0 JJglml Ab 

PFIZER EX. 1502 
Page 1008

WO 89/06692 PCT/US89/00051

Fig.5a
—> Oo Oo

& So

5 oORELATIVEPERCENTVIABILITY(RPV) aoO

nh 2
 

 
0 100 1000 40000 U/ml TNF-«

0-05 05 5-0 pg/ml Ab

100 ,

RELATIVEPERCENTVIABILITY(RPV) S

0 100 4000 40000 U/ml TNF-«
0:05 05 5:0 pg/ml Ab

PFIZER EX. 1502

Page 1008



W089/06692 

> a.. 
~ 100 
>-
C: 
::::! 
a::l BO <t: 
> 
r-
z 
UJ 
w 
a: 
UJ 
a.. 
UJ 
> 
~ 
<t: 
__..J 

UJ 
a::: 

> a.. 

60 

40 

201 

~ 100 
>-
C: 
::::! 
~ 80 
> 
r-
~ 60 
w 
a: 
UJ a.. 
UJ 40 
> 
r-
<t: 
__..J 

UJ 20 a: 

I f£ 

0 

·0 

100 
0·05 

100 
0·05 

Fig.7 

1000 

Fig .8 

0·5 

1000 
0·5 

PCT/US89/000S1 

10CXJO U I m l TN F -o< 
5·0 J,Jglml MAb 405 

10CXJO U I m l TN F -o< 
5·0 J,Jglml MAb 

PFIZER EX. 1502 
Page 1009

FRslaCR ohadee

WO 89/06692

100

80

60RELATIVEPERCENTVIABILITY(RPV)
100

80

40RELATIVEPERCENTVIABILITY(RPV)
20
 

PCT/US89/00051

bfo

Fig.7

100 4000 40000 U/ml TNF-«
0-05 0:5 5.0 pg/ml MAb 405

Fig .8
a

‘0. 100 1000 40000 U/ml TNF-=
0-05 05 50 pg/ml MAb

PFIZER EX. 1502

Page 1009



INTERNATIONAL SEARCH REPORT 
lntematlonal ApplicatiOn No PCT/US 89/00051 

., -- •• "tUSSIFICATIOH OF SUSJICT MATTIIt (II ...,,,,, claaalflcalion aymoola apply, Indicate aiO 1 

ACCOICiin; to lntamallonal Patent ClaNiftcatiofl (IPCI or to 11otb National Clauiflcatlon and IPC 

4 C 12 P 21/00; C 12 N 15/00; C 12 N 5/00; G 01 N 33/574; 
IPC : A 61 K 39/395 
II. FIIL.OS SIAitCHIO 

Claaaificalion System I Claaalflcatlon Symbola 

I A 61 K; c 12 N 
I 

Documentation Searcflecl otller Ulan Minimum Docvmantatlon 
to tM &tent tllat aucll Documanta .,. Included In tile Fialdl S.arcNd 1 

Ill. DOCUMIHTS COHSIDIItiD TD 81 ltiUVAHT• 

Cata;ory • I Citation of Document. " wiUI Indication. wllere approortata. of till relannt pa1111111 ' 1 

y 

y 

y 

WO, A, 85/03357 (ICRF PATENTS LTD; 
YEDA RESEARCH & DEVELOPMENT CO. LTD; 
GENENTECH INC. ) 
1 August 1985 
see page 36, line 15 - page 40, line 
3 

J. Natl. Cancer Instit., vol. 79, no. 3, 
September 1987, 
R.E. Sobol et al.: "Epidermal growth 
factor receptor expression in human 
lung carcinomas defined by a mono
clonal antibody", pages 403-407 
see page 403, abstract 

I Cancer Res., vol. 47, ~~. 14, July 
1987, 

i U. Rodeck et al.: "Tumor growth 
modulation by a monoclonal 
antibody to the epidermal growth 
factor receptor: immunologically 
mediated and effector cell-independent 
effects", pages 3692-3696 

I "-iaYant to Claim No. " 

12-15 

12-15 

1-9 

~I 
• Spacial cateoortn of cttad documellt8:" 
• A • document d.timn; t"- oanaral a1ata of till art wtdctl Ia not 

conaidar.CS to be of particular ,....,anca , 

-T" 1atar document publlall.cl attar tile lnt-tional fllino date 
or priority data and not In COftfllet wltll till epplicat•on t111t 
dtlel to Utldlfltand tile pniiCiola or tllaory uiiCiarlying 11'11 
lnnntlon 

"!• earlier ctocu~ llut pviiCiallell Oft or a1lar Uti llltlmational 
ftlino 11ata 

,. document wlllcll may tllrow doullta Oft priority clalm(a) or 
wllicll Ia cttM to aetabliell tM pUOiicatlon 11ata of anotllar 
Citation or otllar apac;al ruaOft (aa epadfi.cll 

•o• document tlfarrtno to an oral ctladolura. -· aalllbltlon or 
otllarmaane 

-p- docu~ ltVIIIIaii.CS ortor 10 tM lntematlonallllnt data llut 
later VIall tile Otiontr Clatl Claimed 

IV. ClltTIFICATIDH 

Elata of till Actual Cornolatlon of tile l~tional Saarcfl 

2nd May 1989 

lntarnallonat S.arclltno Autllortty 

EUROPEAN PATENT OFFICE 

Form PCT/fSA/210 (aacoiiCIIIIaat) C.lanulry 11151 

•x- document of particular ,...,.1\CI; till claimed _ln .. ntlon 
cannot be coneiderM IIOYII or cannot Ill coneiCierad to 
lnYoln an inHnliM atap 

..,.. document of particular raiaftftCI;· tile clalrnM lftftntion 
cannot be conaidarM to ln•OIY• an ln,.ntin atao wllan 1111 
-.cumant il coml:linact wltll on1 or more otllar aucll clocu· ;:a:;:. ~UCII comolnation baino oO\'IOVI to a pareon a&illad 

•&• ~~~ fftllftbar of tile ume patlllt famllf 

I 
Data of Mailing of t111a llltamatlOnal S.arcll Report 

1 6. 06. 89 

PFIZER EX. 1502 
Page 1010

INTERNATIONAL SEARCH REPORT

international Application Nc §=OPCT/US 89/00051

“L CLASSIFICATION OF SUBJECT MATTER (it several cigssificstion symocis seaait *According to international Patent Classification (IPC) or to Seth National Cisasification

4 C12 P 21/00; C12N 15/00; C 12N “3/00; G 01 N 33/574;
IPC: A 61 K 39/395
Hi. FIELOS SEARCHED

  
  
  
 

Minimum Documentation Searched *
Classification Symbote
 
 
 

 

Cisasification System |

rc! A 61K; C12N
|

 
 

    

 
 
  
  
  

   
  
  
  

  
  

  
 

 
Decumentation Searched other than Minimum Oocumentation

to the Extent that such Documents are Included in the Fields Searched §

 I. DOCUMENTS CONSIDERED TG RE RELEVANT *

Category * Citation of Document, "! with Indication. where aporcoriate, of the relevent passages tt | Relevant to Claim No. 17 

Y WoO, A, 85/03357 (ICRF PATENTS LTD; 12-15
YEDA RESEARCH & DEVELOPMENT CO. LTD;
GENENTECH INC.)
1 August 1985
see page 36, line 15 - page 40, line
3

Y J. Natl. Cancer Instit., vol. 79, no. 3, 12-15
September 1987,
R.E. Sobol et al.: "Epidermal growth
factor receptor expression in human
lung carcinomas defined by a mono-
clonal antibody", pages 403-407
see page 403, abstract

 
1987,
U. Rodeck et al.: “Tumor growth
modulation by a monoclonal
antibody to the epidermal growth
factor receptor: immunologically
mediated and effector cell-independent
effects", pages 3692-3696

Y | Cancer Res., vol. 47, no. 14, July 1-9

-/

 
  
  

  
  
 
 

 * Special categories of cited documents: °T" later docurvent published after the international filing date

“A” document defining the genere! state of the art which tasnot titeto. derstand heeeinciple:ortheory “incedying the
consicered to be of particular relevence invention °

"E" ner document but published on or after the international “x Socument of serticuler relevance; the cisimed inventionot be considered novel o: cannot be consicered to

“"L" Bocumenttwhich may throwoutta.onpriority claien(s) or involve &an inventive step
which is cited to establishthepublication another =¥" document of particular relevance;the claimed invention
Citation OF other spacial reason (es specified) Eannot be considered to inverse an inventive step when ine

nt referring teciosure, use, exhibition or document is combined with one of more other such docu:
o othermeanns to an oral maepuch combination being obvious to a person Stilled-~ ment publish prior international filing dete bytdeem we ee. “ "4" document member of the esme patent familythe priority date ciaimed

 
  

   
 

 
iV. CERTIFICATION

Date of the Actual Completion of the international Search Date of Malling of this international Search Report

 
 

2nd May 1989 1 6. 06. 8(international Searching Authority

EUROPEAN PATENT OFFICE —| GAre.CG. VAH DER POTTEN
Form PCTSA/210 (eecand sheet) (January 1965) .

PFIZER EX. 1502

Page 1010



- 2 -

lntematlonal Aoollcation No. PCT /US 8 9 /0 0 0 51 

Ill. DOCUIIIIINTS CONSIDIRID TO &I RIUVANT CCDNTINUID FROM THI &ICOND SHIIT) 

y 

y 

y 

i 
:I 
I 
! 

y i 
I 
I 
i 

.. 
i 

I 

i 
I . 
I 
I 

see page 3695 

Cancer Res., vel. 46, no. 11, November 
1986, 
H. Masui et al.: "Mechanism of anti
tumor activity in mice for anti
epidermal growth factor receptor 
monoclonal antibodies with · 
different isotypes", pages 5592-5598 
~ee page 5592, abstract 

Proc. Natl. Acad. Sci., USA, vel. 83, 
December 1986, 
J.A. Drebin et al.: "Inhibition 
of tumor growth by a monoclonal 
antibody reactive with an oncogene
encoded tumor antigen", pages 
9129-9133 
see page 9129, abstract 
cited in the application 

Journal of Cellular Biochemistry, Growth 
Regulation of Cancer, vel. 35, no. 
4, 1987, Alan R. Liss, Inc., 
U. Rodeck et al.: "Interactions 
between growth factor receptors 
and corresponding monoclonal 
antibodies in human tumors", 
pages 315:JCB-320:JCB, 65:GRC-
70:GRC 
see page 65:GRC 

Cell, vel. 41, July 1985, MIT, 
J.A. Drebin et al.: "Down-modulation 
of an oncogene protein product and 
reversion of the transformed 
phenotype by monoclonal antibodies", 
pages 695-706 
see page 695, abstract 
cited in the application 

Form PCT ISA:210 (utra eiiHtl (.IAIIU.,.,. 1815) 

j Rele•ant to Claim No 

1-9 

1-9 

1-9 

1-9 

PFIZER EX. 1502 
Page 1011

international Application No. PCT/US 89 /000 51

    Il, DOCUMENTS CONSIDERED TO BE RELEVANT

“Category* I Citation of Document, with mdicaton. where appropnate. of the relevant pesseges { Retevant to Claim NoPPfl

|

(CONTINUED FROM THE SECOND SHEET)

 
 
 

 
 
 
 
 
 

 

 
 
 
 
 
 
 

 
 
 

see page 3695 |

Y Cancer Res., vol. 46, no. 11, November 1-3
1986, .
KR. Masui et al.: "Mechanism of anti-

tumor activity in mice for anti-
| epidermal growth factor receptor
: monoclonal antibodies with ‘

‘ different isotypes", pages 5592-5598
\ see page 5592, abstractt —

| Proc. Natl. Acad. Sci., USA, vol. 83, 1-9
i December 1986,
| J.A. Drebin et al.: "Inhibition i

of tumor growth by a monoclonal
antibody reactive with an oncogene-

| encoded tumor antigen", pages
9129-9133

| see page 9129, abstract |
| cited in the application |
| Journal of Cellular Biochemistry, Growth |
| Regulation of Cancer, vol. 35, no. !

| 4, 1987, Alan R. Liss, Inc., |U. Rodeck et al.: "Interactions

| between growth factor receptors
I and corresponding monoclonal
! antibodies in human tumors",

pages 315: JCB-320:JCB, 65:GRC-
70:GRC

see page 65:GRC

Cell, vol. 41, July 1985, MIT,
J.A. Drebin et al.: "Down-modulation

ef an oncogene protein product and
reversion of the transformed

phenotype by monoclonal antibodies",
pages 695-706 a,
see page 695, abstract —
cited in the application

   

 
Form PCT ISA-210 (extra eheet) (Januery 1985) -

PFIZER EX. 1502

Page 1011



International Aoolication No. PCT /US 8 9/0 0 0 51 

.. __ ~IJJ'HIIl tlfFOitMATION COifTINUID FROM THI HCOifD SHUT 

v.(iS 08SIIlVATIOifS WHIRl ClllTAIIf CLAIMS Willi FOUND UlfSIAitCHA8U' 

Till a lnttmauonal Marcil rtoort hal not been eatablltlltelln rtaoect of certain cl&lme vnder Article 17CJ) Cal for the foiJowlne rtuona: 

1.(ig Claim nvmbera .'lt .....• becavM they relata to aubject metter not requlr.d to be ~liM IIJ tlllt Allttlortty, name~r: 

* 16-35, see PCT-rule 39.1(IV); methods for treatment of the 
human or animal body by surgery or therapy, as well as diag
nostic methods. 

t.O Claim nvmben ............ becavaa ,,.,. ralllt to oarta of tilt lnttrnatlonal aoollcatJon tf\at do not comply wHII tilt or.acnbtcl require-
ments to such an uttnt 11\at no meanintfYI lntametlonal Marcil can bt carrltcl out. ~: 
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($4) Tide: CHIMERIC IMMUNOGLOBULINS SPECIFIC FOR p5$ TAC PROTEIN OF THE IL-2 RECEPTOR

(57) Abstract

Novel methods for designing humanized immunogiodulins having one of more complementary determining regions
{CDR's} from a donor immunoglobulin and a framework region from 2 human immunoglobulin comprising first comparing the
framework or variable region amino acid sequence of the donor immunoglobulin to corresponding sequences in a colfection of
human immunoglobulin chains, and selecting as the human immunogiobulin one of the more homologous sequences frum the |
collection. Each humanized immunoglobulin chain may comprise about 3 or more amino acids from the donor immunoglobulin
in addition to the CDR’‘s, usually at least one of which it immediately adjacent to a CDR in the donor immunoglobulin. The
heavy and fight chains may each be designed by using any one or all three additional position criteria. When combined into an
intact antibody, the humanized immunoglobulins of the present invention will be substantially non-immunogenic in humans and
fetain substantially the same affinity as the donor immunoglobulin to the antigen, such as # protein or other compound contain-
ing an epitope. 
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CHIMERIC LHKONOGLOBOLINS SPECIFIC POR p55 TAC PROTEIN 
OP THE IL-2 REOPTOR 

Li:l~ ot the Invention 
.The .present inv-ention ·relates qeneral'ly 'to ·the 

combination of recombinant DNA and ~onoclonal antibody 

technologies tor developing novel therapeutic agents and, 

more particularly, to the production of non-immunogenic 

antibodies and their uses. 

Bactgrpund pt the lpyention 

In mammals, the immune response is mediated by two 

types of cells that interact specifically with foreign 

material, ~. antigens. One of these cell types, B-cells, 

are responsible for the production of antibodies. The second 

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

subsets controlling the in ~ function of both B-cells and 

a wide variety of other hematopoietic cells, including T

cells. 

one way in which T-cells exert this control is 

20 through the production of a lymphokine known as interleukin-2 

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

!unction appears to be the stimulation and maintenance o! T

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

at the center of the entire immune response (~, Farrar, J., 

25 et al., Immupol. Rev. ~:129-166 (1982), which is 

incorporated herein by reference). 

To exert its biological effects, IL-2 interacts 

with a specific high-affinity membrane receptor (Greene, w., 
et al., Progress ip Hematology XIV, E. Brovn, Ed., crune and 

30 Statton, New York (1986), at pgs. 283 ~f). The h~an IL-'. 

receptor is a ~omplex multichain glycoprotein, with one 

chain, known as the Tac peptide, being about 55k0 in size 

(~,Leonard, W., et al., J. Bipl. Chern. ~:1872 (1985), 

which is incorporated herein by reference). A gene encoding 

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

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

Leonard, w., et al., Notyre ~: 626 (1984)). The 219 NH~-

: , '· 
• 1 "-~. • • 

-.···.:. 
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CHIMERIC IMMUNOGLOBULINS SPECIFIC FOR p55 TAC PROTEIN
OF THE IL-2 RECEPTOR

FieldoftheInvention

The present invention ‘relates generally to the

combination of recombinant DNA and monoclonal antibody

technologies for developing novel therapeutic agents and,

more particularly, to the production of non-immunogenic

antibodies and their uses. :

BackgroundoftheInvention
: In mammals, the immune responseis mediated by two

types of cells that interact specifically with foreign

material, j.e.,, antigens. One of these cell types, B-cells,

are responsible for the production ef antibodies. The second

cell class, T-cells, include a wide variety of callular

subsets controlling the in yivo function of both B-cells and

a wide variety of other hematopoietic cells, including T-
cells.

One way in which T-cells exert thia control is

through the production of a lymphokine known as interleukin-2

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

function appears to be the stinulation and maintenance of T-
cells. Indeed, some immunologists believe that IL-2 may be

at the center of the entire immune response (see, Farrar, J.,

et al., Jmmunol, Rev. 63:129-166 (1982), which is

incorporated herein by reference).

To exert its biological effects, IL-2 interacts

with a specific high-affinity membrane receptor (Greene, W.,

et al., ProgressinHematolodyXIV, E. Brown, Ed., Grune and

Statton, New York (1986), at pgs. 283 “f). The human IL-2

receptor is a somplex multichain glycoprotein, with one

chain, Known as the Tac peptide, being about 55kD in size

(gee, Leonard, W., et al., J.Biol,Chem, 260:1872 (1985),

which is incorporated herein by reference). A gene encoding
ET

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

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

Leonard, W., et al., Mature 21): 626 (1984)). The 219 NH~ Peeseen
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terminal amino acids of the pJS Tac protein apparently 

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

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

reference). 

5 Much o! the elucidation or the human IL-2 

receptor's structure and function is due to the development 

ot specifically reactive monoclonal antibodies. In 

particular, one mouse monoclonal antibody, known as anti-Tac 

(Uchiyama, et al., J. Immunol. ~:1393 (1981)) has shown 

10 that IL-2 receptors can be detected on T-cells, but also on 

cells ot the monocyte-macrophage family, Kupf!er cells or the 

liver, Lang~rhans' cells of the skin and, of course, 

activ~ted T-cells. Importantly, resting T-cella, B-cells or 

circulating machrophages typically do not display the IL-2 

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

The anti-Tac monoclonal antibody has also been used 

to define lymphocyte functions that require IL-2 interaction, 

and has been shovn to inhibit various T-cell functions, 

including the generation o! cytotoxic and suppressor T 

20 lymphocytes in cell culture. Al6w 1 based on studies with 

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

associated with improper IL-2 receptor expression by T-cells, 

in particular adult T-cell leukemia. 

More recently, the IL-2 receptor has beP.n shown to 

2S be an ideal target tor novel therapeutic approaches to T-cell 

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

specific antibodies, such as the anti-Tac monoclonal 

antibody, can be used either alone or as an immunoconjugate 

(~, with Ricin A, isotopes and the like} to effectively 

30 remove cells bearing the IL-2 recep~or. These agents can, 

tor example, theoretically eliminate IL-2 receptor-expressing 

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

involved in a disease state, yet allow the retention of 

mature normal T-cells and their precursors to ensure the 

35 capability of mounting a normal T-cell immune response as 

needed. In general, most other T-cell specific agents can 

destroy essentially all peripheral T-cells, which limits the 

agents' therapeutic efficacy. OVerall, the use of 

.· 

. . : .·. }\~· :_ :·:.~t~~:T-~·?~;~'; ·- ;. ~-~: .~:: 
' ~· ':> 4 •• :: ·.: .·J:.t~ ·~ .... 4 ;~. .. . . . ... . .'l:.: ·._ •.. :. . ". ·. ;..;_; . 

... ..... ":"1'''"' , ~ ........... _- .......... · .. 
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terminal amino acids of the pi5 Tac protein apparently

comprise an extracallular domain (gea, Leonard, W., et al.,

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

Much of the elucidation of the human IL-2

receptor's structure and function ia due to the development

of specifically reactive monoclenal antibodies. In

particular, one mouse monoclonal antibody, known as anti-Tac

(Uchiyama, et al., J.Immunol. 126:1393 (1981)) has shown

 
that IL-2 receptors can be detected on T-cells, but also on nea
cells of the monocyte-macrophage family, Kupffer cells of the ae.
liver, Langerhans! cells of the skin and, of course, ay
activated T-cells. Importantly, resting T-cells, B-cells or

circulating machrophages typically do not display the IL-2

receptor (Herrmann, et al., J,_Exp,Med, 16Z:1111 (1985)}.
The anti-Tac monoclonal antibody has also been used

to define lymphocyte functions that require IL-2 interaction,  
and has been shown to inhibit various T-cell functions, SO
including the generation of cytotoxic and suppressor T Ata
lymphocytes in cell culture. Als., based on studies with

*ewma

nftt wtbeertg

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

 
ae

associated with improper IL-2 receptor expression by T-cells,

in particular adult T-cell leukemia.

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

dete

er
rae

a aseasClambe an ideal target for novel therapeutic approaches to T-cell

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

specific antibodies, such as the anti-Tac monoclonal <qArv'y:
antibody, can be used either alone or as an immunsconjugate

(e.g., with Ricin A, isotopes and the like) to effectively

remove celis bearing the IL-2 receptor. These agents can,

a! 

for example, theoretically eliminate IL-2 receptor-expressing

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

involved in a disease state, yet allow the retention of

mature normal T-cells and their precursors to ensure the

capability of mounting a normal T-cell immune response as

needed. In general, most other T-cell specific agents can

destroy essentially all peripheral T-cells, which limits the

agents' therapeutic efficacy. Overall, the use of
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3 

appropriate monoclonal ~~tihodiea s~cific for the IL-2 

receptor may have therapeutic uti~ity jn autoimmun• diseases, 

orqan transplantation and any unwanted roaponae by activated 

T-cella. Indeed, clinical trial£ have been initiated using, 

~. 'llnti~"Tac antibodies (~, generally, Waldman, T., et 

al., cancer Res. ~:625 (1985) and Waldman, T., Science 

~4:727-732 (1986), both of which are incorporated herein by 

reference). 

Unfortunately, the use of the anti-Tac and othe.· 

10 non-human monoclonal antibodies have certain drawbacks, 

particularly in repeated therapeutic regimens as explained 

below. House monoclonal antibodies, ~or example, do not fix 

human complement vell, and lack other important 

immunoglobulin functional characteristics vhen used in 

15 humans. 

Perhaps more importantly, anti-Tac and other non

human monoclonal antibodies contain substantial stretches of 

amino acid sequences that will be, immunogenic when injected 

into a human patient. N~erous studies have shown that, 

20 after injection of a foreign antibody, the immune response 

elicited by a patient against an antibody can be quite 

strong, e~sentially eliminating the antibody's therapeutic 

utility after an initial treatment. Moreover, as increasing 

numbers of different mouse or other antigenic (to humans) 

25 monoclonal antibodies can be expected to be developed to 

treat various diseases, after the first and second treatments 

with any different non-human antibodies, subsequent 

treatments even for unrelated therapies can be ineffective or 

even dangerous in the~selves. 

30 While the production of so-called "chimeric 

antibodies" (~, mouse variable regions joined to human 

~Or.ltant regions) has proven somewhat SUCCeSSfUl, a 

si~nificant immunogenicity problem remains. In general, the 

production of human immunoglobulins reactive with the human 

35 IL-2 receptor, as vith many human antigens, has been 

extremely difficult using typical human monoclonal antibody 

production techniques. Similarly, utilizing recombinant DNA 

technology to produce so-called "humanized" antibodies (~, 

·- -. ' , 
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appropriate monoclonal sntihodiers suecific for the IL-2

receptor may have therapeutic utility in autoimmune diseasas,

organ tranaplantation and any unwanted response by activated

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

e.qg,, anti-Tac antibodies (see, generally, Waldman, T., et

al., CancerRes,45:625 (1985) and Waldman, T., Science

232:727-732 (1986), both of which are incorporated herein by

reference). :
Unfortunately, the use of the anti-Tac and othe.

non-human monoclonal antibodies have certain drawbacks,

particularly in repeated therapeutic regimens as explained

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

human complement well, and lack other important

immunoglobulin functional characteristics when used in
humans.

Perhaps more importantly, anti-Tac and other non-
human sonoclonal antibodies contain substantial stretches of

amino acid sequences that will be, immunogenic when injected

into a human patient. Numerous studies have shown that,

after injection of a foreign antibody, the immune response

elicited by a patient against an antibody can be quite

strong, essentially eliminating the antibody's therapeutic

utility after an initial treatment. Moreover, as increasing

numbers of different mouse or other antigenic (to humans)

monoclonal antibodies can be expected to be developed to

treat various diseases, after the first and second treatments

with any different non-human antibodies, subsequent

treatments even for unrelated therapies can be ineffective or

even dangerous in thenselves.

While the production of so-called “chimeric

antibodies" (¢,.4,, mouse variable regions joined to human

cor3tant regions) has proven somewhat successful, a

Bignificant immunogenicity problem remaina. In general, the

production of human imsunoglobulins reactive with the human

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

extremely difficult using typical human monoclonal antibody

production techniques. Similarly, utilizing recombinant DNA

technology to produce so-called "humanized" antibodies (see,
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~. EPO Publication No. 0239400), pro•tidec unc•rtain 

results, in part due to unpredictable binding affinities. 

Thus, there is a need for icproved terms ot hucan

like immunoglo~ulins, ~uch .as those specitic·~or thenuman 
5 11~2 receptor, tnat are substantially non-immunogenic in 

humans, yet easily ~nd economically produced in a manner 

suitable for therapeutic formulation and other uses. The 

present invention fulfills these and other needs. 

10 syrnmnry ot the Ipyentlon 

The present invention provides novel compositions 

useful, tor example, in the treatment o! T-eall cediated 

human disorders, the compositions containing human-like 

immunoglobulins specifically capable or blocking the binding 

15 or human IL-2 to its receptor and/or capable ot binding to 

·the p55 Tac protein on human IL-2 receptors. The 

immunoglobulins can have two pairs or light chain/heavy chain 

complexes, typically at least one pair having chains 

comprising mouse complementarity determining regions 

20 functionally joined to human fracework region segcents. For 

example, mouse cocplementarity determining regions, with or 

without additional naturally-associated mouse amino acid 

residues, can be used to produce human-like antibodies 

capable of binding to the human IL-2 receptor at affinity 

25 levels stronger than about 108 M" 1
• 

The immunoglobulins, including binding fragments 

and other derivatives thereof, of the present invention may 

be produced readily by a variety ot recombinant DNA 

techniques, vith ultimate expression in transfected cells, 

30 preferably immortalized eukaryotic cells, such as myeloma or 

hybridoma cells. Polynucleotide& cocprising a first sequence 

coding tor human-like immunoglobulin framework regions and a 

second sequence set cc~ing for the desired immunJglobulin 

complementarity determininq regions can be produced 

JS synthetically or by combining arpropriate eDNA and genomic 

DNA seg-ments. 

.. ,; .• ~--· ~ t. :-

The human-like immunoglobulins may be utilized 

alone in substantially pure form, or complexed vith a 

- ...... ·"':. ~ ..... -.. ·~ ... ·-~ .. - ..... . 
·:·~ 
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alone in substantially pure form, or complexed with a

4

2£2,9., EPO Publication No. 6239400), provides uncertain

results, in part due to unpredictable binding affinities.

Thus, there is a need for improved forms of hunman-

like immunoglobulina, .such as those specific for the human

Ile-2 receptor, that are substantially non-immunegenic in

humans, yet easily and economically produced in a manner

suitable for therapeutic formulation and other useg. The

present invention fulfills these and other needs.

SummaryoftheInvention

The present invention provides novel compositions

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

human disorders, the compositions containing human-like

immunoglobulins specifically capable of blocking the binding

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

‘the pS5 Tac protein on human IL-2 receptors. The

immunoglobulins can have two pairs of light chain/heavy chain

complexes, typically at least one pair having chains

comprising mouse complementarity determining regions

functionally joined to human framework region segments. for

example, mouse complementarity determining regions, with or

without additional naturally-associated mouse amino acid

residues, can be used to produce human-like antibodies

capable of binding to the human IL-2 receptor at affinity

levels stronger than about 10° wm},

The immunoglobulins, including binding fragments

and other derivatives thereof, of the present invention may

be produced readily by a variety of recombinant DNA

techniques, with ultimate expression in transfected cells,

preferably immortalized eukaryotic cells, such as myeloma or

hybridoma cells. Polynucleotides comprising a first sequence

ceding for human-like immunoglobulin framework reqions and a

second sequence set ccting for the deaired immunsglobulin
complementarity determining regions can be produced

synthetically or by combining appropriate cDNA and genomic
DNA segments.

The human-like immunoglobulins may be utilized
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cytotoxic agent, such as a rbdionuclide, e ribosomal 

inhibiting protoin or a cytotoxic agent active et cell 

surrecea. All of these compounds will be particularly useful 

in treating .T~cell..JDedieted .disorders. The ·humen-li·ke 

5 immunoglobulins or their complexes can be prepared in e 

pharmaceutically accepted dosage form, which will vary 

depending on the mode of administration. 

The present invention also provides novel methods 

tor designing h~an-like immunoglobulin chains having one or 

10 more complementarity determining regions (CDR's) !rom a donor 

immunoglobulin and a framework region from a human 

immunoglobulin, the preferred methods comprising first 

comparing the framework or variable region amino acid 

sequence of the donor immunoglobulin to corresponding 

15 sequences in a collection or ~uman immunoglobulin chains, and 

selecting as the human immunoglobulin one of the more 

homologous sequences from the collection. The human 

immunoglobulin, or acceptor immunoglobulin, sequence is 

typically selected from a collection of at least 10 to 20 

20 immunoglobulin chain sequ~nces, end usually will have the 

highest homology to the donor immunoglobulin sequence of any 

sequence in the collection. The human immunoglobulin 

framework sequence will typically have about 65 to ?O\ 

homology or more to the donor immunoglobulin framework 

25 sequences. The donor immunoglobulin may be either a heavy 

chain or li;ht chain (or both), and the human collection will 

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

chain can be used to form a complete humanized immunoglobulin 

or antibody, h~ving two light/heavy chain pairs, with or 

JO without partial or full-length human constant regions an~ 

other proteins. 

In another embodiment o! the present invention, 

either in conjunction with the above comparison step or 

separately, additional amino acids in an acceptor 

35 immunoglobulin chain may be replaced with amino acids form 

the CDR-donor immunoglobulin chain. More specifically, 

further optional substitutions of a human framework amino 

acid of the acceptor immunoglobulin with a corresponding 

~~ ....... ·- ~-· 
.-. r· •·-;-"t~- . ~ . 

·-~· .. 
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cytotoxic agent, such as a radionuclide, a ribosomal
inhibiting protein or a cytotoxic agent active at cell

surfaces. All ef these compounds will be particularly useful

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

immunoglobulins or their complexes can be prepared in a

pharmaceutically accepted dosage form, which will vary

depending on the mode of administration.

The present invention also provides novel methods

for designing human-like immunoglobulin chains having one or

more complementarity determining regions (CDR‘'s) from a donor

immunoglobulin and a framework region from a human

immunoglobulin, the preferred methods comprising first

comparing the framework or variable region amino acid

sequence of the donor immunoglobulin to corresponding

Sequences in a collection of numan immunoglobulin chains, and

selecting as the human immunoglobulin one of the more

homologous sequences from the collection. The human

immunoglobulin, or acceptor immunoglobulin, sequence is

typically selected from a collection of at least 10 to 20

immunoglobulin chain sequences, and usually will have the

highest homology to the donor immunoglobulin sequence of any

sequence in the collection. The human immunoglobulin

framework sequence will typically have about 65 to 70%
homology or more to the donor immunoglobulin framework

sequences. The donor immunoglobulin may be either a heavy

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

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

chain can be used to form a complete humanized immunoglobulin

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

without partial or full-length human constant regions and
other proteins.

In another embodiment of the present invention,

either in conjunction with the above comparison step or
separately, additional amino acids in an acceptor

immunoglobulin chain may be replaced with amino acids form

the CDR-donor immunoglobulin chain. More specifically,

further optional substitutions of a human framework amino
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amino acid from a donor immunoqlobulin v!ll be made at 

position• i~ the immunoglobulin• where: 
(a) the amino acid in the human tra~ework reqion 

or an accept:or.immunoqlobulin is ·rare for that position and 

S the corresponding amino acid in the donor immunoqlobulin is 

common tor that position in louman immunoqlobulin sequences1 

·or 

10 

(b) the amino acid is immediately adjacent to one 

of the CDR's: or 

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

JA of the CDR's in a three-dimen~ional immunoglobulin model 

and capable o! interactinq with the antiqen or with the CDR's 

of the humanized immunoglobulin. 

T~ ~ hu1"!lanized immunoglobulin chain will typically 

15 comprise at least about J amino acids from the donor 

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

of which is immediately adjacant to a CDR in the donor 

immunoglobulin. The heavy and light chains may each be 

designed by using any one or all three of the position 

20 criteria. 

When co~~ined into an intact antibody, the 

humanized light and heavy chains of the rresent invention 

will be s~stantially non-immunogenic in humans and r~tain 

s~~tantially the same affinity as the donor immunoglobulin 

25 to the antigen (such as a protein or other compound 

contail"ing an epitope). These affinity levels can vary from 

about 10 1 H" 1 or higher, and may be within about 4 fold of the 

donor immunoglobulin's original affinity to the antigen. 

'···: ;:::~:.t~f;i:;J ''·'·;~,'~;~tic-+~: . ~-~. ::~~~ ~ . 
. .;,. · .. · .... 

.. :.r.:;·. ·;~:.~ ···,:~ .. ·~:·1 
I 
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amino acid from a donor immunoglobulin will be made at

positions in the immunoglobulins where:
(a) the amino acid in the human framework region

of an acceptor .{mmunoglobulin fs rare for that position and

the corresponding amino acid in the donor immunoglobulin is

common for that position in iiuman immunoglobulin sequences;
‘or

(b) the amino acid is immediately adjacent to one

of the CDOR‘s;: or -

(c) the amine acid is predicted to be within about

3A of the CDR's in a three-dimenzional immunoglobulin model

and capable of interacting with the antigen or with the CDR's

of the humanized immunoglobulin.

Tr- humanized immunoglobulin chain will typically

comprise at least about 3 amino acids from the donor

“‘{mmunoglobulin in addition to the CDR's, usually at least one
of which is immediately adjacent to a CDR in the donor

immunoglobulin. The heavy and light chains may each be

designed by using any one or all three of the position
criteria.

When combined into an intact antibody, the

humanized light and heavy chains of the present invention

will be substantially non-immunogenic in humans and retain

substantially the same affinity as the donor immunoglobulin

to the antigen (such as a protein or other compound

containing an epitope). These affinity levels can vary from

about 10° mm? or higher, and may be within about 4 fold of the

donor immunoglobulin's original affinity to the antigen. 
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BRIEF OESCRIPriON OF THE FIGURES 

Figure 1. Comparison of sequences ot anti-Tee 

heavy chain (upper lines) and Eu heavy chain (lower lines). 
The 1-latter·eode "tor ·ami-no acids is used. Tha first amino 

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

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

CORB are underlined. Other amino acid positions for which 
the anti-Tac amino acid rather than the Eu amino acid was 

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

10 

15 

20 

en • 
Figure 2. Comparison of sequences of anti-Tee 

light chain (upper lines) and Eu light chain (low~7 lines) • 

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

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

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

3 CDRs are underlined. Other amino acid positions for which 

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

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

an • 

Figure 3. Nucleotide sequence of the gene for the 

humanized anti-Tee heavy chain variabl~ region gene. The 

translated amino acid sequence for the part of the gene 

encoding protein is shown underneath the nucleotide sequence. 

The nucleotides TCTAGA at the beginning and end of the gene 

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

amino acid 120 Q. 

Figure 4. Nucleotide sequence of the gene for the 

humanized anti-Tac light chain variable region gene. The 

translated amino acid sequence tor the part of the gene 

30 encoding protein is shown underneath the nucleotide sequence. 

The nucleotides TCTAGA at the beginning and end of the gene 

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

amino acid t21 0. 

Figure S. A. Sequencea of the tour 

35 oligonucleotides used to synthesize the humanized anti-Tac 

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

of the oligonucleotides. The arrows point in the J' 
direction for each oligonucleotide • 

...... · .... , .. 
':,·+. 
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BRIEF DESCRIPLION OF THE FIGURES

Figure 1. Comparison of sequences of anti-Tac

heavy chain (upper lines) and Eu heavy chain (lower lines).
The i-letter code for amino acids is used. The first amino

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

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

CDRs are underlined. Other amino acid positions for which
the anti-Tac amino acid rather than the Eu amino acid was

used in the humanized anti-Tac heavy chain ara denoted by
an #,

Figure 2. Comparison of sequences of anti-Tac

light chain (upper lines) and Eu light chain (lowes lines).

The single-letter code for amino acids is used. The first
amino acid on each line is numbered at the left. Identical

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

3 CDRs are underlined. Other amino acid positions for which
the anti-Tac amino acid rather than the Eu amino acid was

used in the humanized anti-Tac heavy chain are dencted by
an *,

Figure 3.

humanized anti-Tac heavy chain variable region gene.

Nucleotide sequence of the gene for the
The

translated amino acid sequence for the part of the gene

encoding protein is shown underneath the nucleotide sequence.

The nucleotides TCTAGA at the beginning and end of the gene
are Xba I sites.

amino acid #20 0.

Figure 4.

humanized anti-Tac light chain variable region gene.

The mature heavy chain sequence begins with

Nucleotide sequence of the gene for the
The

translated amino acid sequence for thea part of the gene

encoding protein is shown underneath the nucleotide sequence.

The nucleotides TCTAGA at the beginning and end of the gene

I sites. The mature light chain sequence begins with
#21 =D.

Figure 5. A.

Cligonuclectides used to synthesize the humanized anti-Tac

heavy chain gene, printed 5' to 3'. 8B.

ef the oligonucleotides.

direction for each oligonucleotide.

are Xba

amino acid

Sequences of the four

Relative positions

The arrows point in the 3'
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Tiqure 6. (A) Sequences of the four 

oligonu~l•otides used to synthesize the humanized anti-Tac 
light chain gene, printed 5 1 to 3'. (B) Relative positions 
of the oligonuc~ao.Udes. -The arrova -poin:t -in the 3' 

5 direction for each nligonucleotide. The position of a Hind 

III site in the overlap ot JFD2 and JFDl is shown. 

Figure 7. Schematic diagram of the plasmid 

pHuGTACl used to express th~ humanized anti-Tac heavy chain. 

Relevant restriction sites are shown, and coding regions of 

10 the heavy chain are displayed as boxes. The direction of 

transcription from the immunoglobulin (Ig) promoter is shown 

by an arrow. ER • heavy chain enhancer, Hyq • hygromycin 

resistance gene. 

Fig .·re 8. Schematic diagram of the plasmid pHuLTAC 

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

restriction sites are shown, and coding regions of the light 

chain are displayed as boxes. The direction of transcription 

!rom the Ig promoter is shown by an arrow. 

Figure 9. Fluorocytometry o! .HUT-102 and Jurkat 

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

antibody followed respectively by fluorescein-conjugated goat 

anti-mouse Ig antibody or goat anti-human Ig antibody, as 

labeled. In each panel, the dotted curve shows the results 

when the first antibody vas omitted, and the solid curve the 

25 results when first and second (conjugated) antibodies were 

includee as described. 

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

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

biotinylated anti-Tac, and then with phycoerythrin-conjugated 

JO avidin. (B) Fluorocytometry ot HUT-102 cells s~ained vith 

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

then with phycoerythrin-conjugated avidin. 

}f.~,~;~~rf!rt.~:~x:~;·~''s.~~ -~ ::::".::;:. }~~~0,: ~,;;~:~~~'~l,,',.";.:~?;;_-.:·ir~n~ f~~f.!5rr~~Y.;f£~\• 
t- . ~· - ·. *. · .... ~~;_: .. ~"":.. • ~ ~::.~ ~ • """'. .::· '·_~ ........ ~~-·: .~ :· .• .• ,. '1 
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Figure 6. (A) Sequences of the four

oligonucisotides used to synthesize the humanized anti-Tac

light chain gene, printed 5' to 3°. (B) Relative positions

ef the oligonucieotides. The arrows point in the 3'

direction for each oligonucleotide. The position of a Hind

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

: Figure 7. Schematic diagram of the plasmid

PHuGTAC1 used to express the humanized anti-Tac heavy chain.

Relevant restriction sites are shown, and coding regions of

the heavy chain are displayed as boxes. The direction of

transcription from the immunoglobulin (Ig) promoter is shown

by an arrow. EF, = heavy chain enhancer, Hyg = hygronycin
resistance gene.

Fig-re 8. Schematic diagram of the plasmid pHuLTACc

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

restriction sites are shown, and coding regions cf the light
chain are displayed as boxes. The direction of transcription

from the Ig promoter is shown by an arrow.

Figure 9. Fluorocytometry of HUT-102 and Jurkat

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

antibody followed respectively by fluorescein-conjugated goat

anti-mouse Ig antibody or goat anti-human Ig antibody, as
labeled. In each panel, the dotted curve shows the results

when the first antibody was omitted, and the solid curve the s

results when first and second (conjugated) antibodies were 3
included as described. i

Pigure 10. (A) Fluorocytometry of HUT~102 celis
stained with 0-40 ng of anti-Tac as indicated, then with

biotinylated anti-Tac, and then with phycoerythrin-conjugated

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

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

then with phycoerythrin-conjugated avidin.  
PFIZER EX. 1502
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OF.TAILEO DESCRIPTION OF THE INVENTION 
In accordance with or.e embodiment of the present 

invent!on, human-like immunoglobulins specifically reactive 

with·deaired·-epltop~s, such as those on the IL-2 receptor on 

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

have binding affinities of at least about 101 H"1
, and 

preferably 10' H" 1 to 1010 H" 1 or stronger, are capable of, 

~. blocking the binding ot IL-2 to human IL-2 receptors. 

The human-like immunoglobulins will have a human-like 

10 framework and c~n have complementarity determining regions 

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

immunoglobulin, specifically reactive with an epitope on p55 

Tac protein. The immunoglobulins of the present invention, 

which can be produced economically in large quantities, find 

15 use,,1or example, in the treatment ofT-cell mediated 

disorders in human patients'by a variety of techniques. 

The basic antibody structural unit is known to 

co~prise a tetramer. Each tetramer is composed of two iden

tical pairs of polypeptide chains, each pair having one 

20 "light" (about 2SkD) and one "heavy" chain (about S0~70kD). 

The NH
2
-terminus of each chain begins a variable region of 

about 100 to 110 or more amino acids primarily responsible 

for antigen recognition. The COOH terminus of each chain 

defines a constant region primarily responsible tor effector 

25 function. 

L!ght chains are classified as either kappa or 

lambda. Heavy chains are classified (and subclassified) as 

gamma, mu, alpha, delta, or epsilon, and define the 

antibody's isot}pe as IgG, IgH, IgA, IgD and IgE, 

JO respectively. Within light and heavy chains, the variable 

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

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

"D" region of about 12 more amino acids. (~, generally, 

fUndamental Immunology, Paul, W., Ed., Chapter 7, pgs. 131-

35 166, Raven Press, N.Y. {1984), which is incorporated herein 

by reference.) 

l \."t -:.~ .... • ., •• 

The variable regions of each light/heavy chain pair 

form the antibody binding site. The chains all exhibit the 

-.. ·---_,...., --~;;.~ 

• - .. . : ·- .o.:· ·--: .. ·- ··~·;,:r:;_'tt;,.' •.. 

. :r:_,_,:.:Ji!',.!]~~~~-;~f~-~~t.{t;~:~.·~~.-.-{;~~;~\.-~~ :. ~~ ... :. 
.- •. ~.t ~~; .. ··.A·: "·• •'"""':•;:! .. -:·-·· - _ 

. -.. ·· .. · .. ·. . .... . ~ . ~.. . ... ; .... 
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DETAILED DESCRIPTION OF THE INVENTION

In accordance with one embodiment of the present

invention, human-like immunoglobulins specifically reactive
with desired epitopes, such an those on the IL-2 receptor on
human T-cells, are provided. These immunoglobulins, which

have binding affinities of at least about 10° mM, and
preferably 10° M7! to 107° mw! or stronger, are capable of,
£,.G., blocking the binding of IL-2 to human IL-2 receptors.

The human-like immunoglobulins will have a human-like

framework and can have complementarity determining regions

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

immunoglobulin, specifically reactive with an epitope on p55

Tac protein. The immunoglobulins of the present invention,

which can be produced economically in large quantities, find

use, for example, in the treatment of T-cell mediated
disorders in human patients by a variety of techniques.

The basic antibody structural unit is known to

comprise a tetramer. Each tetramer is composed of two iden-

tical pairs of polypeptide chains, each pair having one

"light" (about 25kD) and one "heavy" chain (about 56-70kD).

The NH-terminus of each chain begins a variable region of
about 100 te 110 or more amino acids primarily responsible

for antigen recognition. The COOH terminus of each chain

defines a constant region primarily responsible for effector
function.

Light chains are classified asa either kappa or

lambda. Heavy chains are classified (and subclassified) as

gamma, mu, alpha, delta, or epsilon, and define the

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

respectively. Within light and heavy chains, the variable

and constant regions are joined by a “J" region of about 12

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

"D" region of about 12 more amino acids. (Seas, generally,

FundamentalImmunology, Paul, W., Ed., Chapter 7, pgs. 131-

rd Ld dace 166, Raven Press, N.Y. (1984), which is incorporated herein
AER Sat by reference.)

The variable regions of each light/heavy chain pair
form the antibody binding site. The chains all exhibit the
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aame genera) atruct~r• ot relatively conaerved tramyvork 

regions joined by three hypervariable regions, also called 

CDR'a (~, "Sequences o! Proteins of Immunological 

Interest, • .Kabat, E., et ·al., u.·s. Department ·of Health and 

5 Human Services, (1983); and Cholthia and Leak, J. Mol. Biol., 

~:901-917 (1987), vhich are incorporated herein by 

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

aligned by the framework regions, enabling binding to a 

specific epitope. 

10 As used herein, the term "immunoglobulil.• refers 

a 'protein consisting of one or more polypeptides 

substantially encoded by immunoglobulin genes. The 

recognized immunoglobulin genes include the kappa, lambda, 

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

15 we,ll as the myriad immunoglobulin variable region genes. The 

i~unoglobulins may exist in a variety o! forms besides 

antibodies; including, for example, Fv, Feb, and F(ab) 2 , as 

well as in single chains (.ittJL., Huston, et al., Proc. Nat. 

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

20 Science, 2!1:423-426 (1988), vhich are incorporated herein 

reference). (~, generally, llood, et al., "Immunology", 

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

Nature, ~:15-16 (1986), vhich are incorporated herein by 

reference). 

25 Chimeric antibodies are antibodies whose light and 

heavy chain genes have been constructed, typically by genetic 

engineering, from immunoglobulin gene segments belonging to 

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

the genes froa a ~ouse monoclonal antibody may be joined to 

30 human constant (C) segments, such as 7
1 

and 7,· A typical 

therapeutic chimerJc antibody is thus a hybrid protein 

consisting of the V or ant·igen-binding domain from a mouse 

antibody and the C or etfec~or domain from a human antibody 

(~~. A.T.C.c. Accession Ho. CRL 9688 secretes an anti-Tee 

35 chim~ric antibody), although other mammalian species may be 

used. 

As used herein, the term "framework region" refers 

to those portions of immunoglobulin light and heavy chain 

PFIZER EX. 1502 
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Same genera) atructture of relatively conserved framavork
regions joined by three hypervariable regions, also called

CDR's (pee, “Sequences of Protaine of Immunological

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

Human Services, (1983); and Cholthia and Lesk, J.NolsBiol,,

296:901-917 (1987), which are incorporated herein by

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

aligned by the framework regions, enabling binding to a

specific epitope.

As used herein, the term "*immunoglobulli." refers to

a ‘protein consisting of oneor more polypeptides

substantially encoded by immunoglobulin genes. The

recognized immunoglobulin genes include the kappa, lambda,

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

well as the myriad immunoglobulin variable region genes. The
immunoglobulins may exist in a variety of forms besides

antibodies: including, for example, Fv, Fab, and F{ab),, as
well as in single chains (e,9,, Huston, et al., Proc. Nat,

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

Science, 242:423~-426 (1988), which are incorporated herein by

reference). (See, generally, Hood, et al., *Immunclogy",

Benjamin, N.Y., 2nd ed. (1984}, and Hunkapilier and Hood,

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

reference).

Chimeric antibodies are antibodies whose light and

heavy chain genes have been constructed, typically by qenetic

engineering, from immunoglobulin gene segments belonging to

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

the genes fro a mouse monoclonal antibody may be joined to

human constant (C} segments, such as 7; and 5° A typical
therapeutic chimerJe antibody is thus a hybrid protein
consisting of the V or antigen-binding domain from a mouse

antibody and the c or effector domain from a human antibody
(e,0,., A.T.C.C. Accession No. CRL 9688 secretes an anti-Tac

chimeric antibody), although other mammalian species may be
used.

As used herein, the term “framework region" refers

to those portions of immunoglobulin light and heavy chain
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variable regionft that are relatively conserved (~, other 

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

species, as defined by Kabat, et al., ~- ~- As used 

herein, a ".human-like .framework region" ia ·a framework ·regil)n 

5 that in each existing chain comprises at least about 70 or 

more amino acid residues, typicall¥ 75 to 85 or more 

residues, identical to those in a human immunoglobulin. 

As used herein, the term "human-like 

immunoglobulin" refers to an immunoglobulin comprising a 

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

is substantially homologous to a human immunoglobulin 

constant region, ~. at least about 85-90\, preferably 

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

immunoglobulin, except possibly the COR's, are substantially 

15 hacol~gous to corresponding parts o! one or more native human 

immunoglobulin sequences. For example, a human-like 

immunoglobulin would not encompass a chimeric mouse variable 

region/human constant region antibody. 

In accordance with another general aspect of the 

20 present invention, also included are criteria by which a 

limited number of amino acids in ~~e framework of a human

like or humanized immunoglobulin chain are chosen to be the 

same as the amino acids at those positions in the donor lg 

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

25 affinity of ~n antibody comprising the humanized 

immunoglobulin chain. 

This aspect of the present invention is based in 

part on the model that tvo contributing causes of the loss of 

affinity in prior means of producing humanized antibo~~es 

30 (using as examples mouse antibodies as the source of CDR's) 

are: 

(1) When the mouse CDR's are combine~ vith the 

human framework, the amino acids in the framework close to 

the CDR'n become human instead of mouse. Without intending 

35 to be bound by theory, we believe that these changed amino 

acids may slightly distort the CDR's, because they create 

different electrostatic or hydrophobic forces than in the 

donor mouse antibody, and the distorted CDR's may not make as 

.. ;-.; >~~~·~-, ·.::' .. -~:~.;~{~::·.·.~;.:~:~:~ ~-~-:~:·::;~;~";:;.~~::-!7'' ··. ·~· 
. . . . ... - .. ·• .. ~ ..... 

. ... :.::• .' 1 
I 
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variable regions that are reletively conserved (j.¢,, other

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

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

herein, a “human-like framework region" ia-a framework ‘region

5 that in each existing chain comprises at least about 70 or

more amino acid residues, typically 75 to 85 or more
residues, identical to those in a human immunoglobulin.

As used herein, the term "human-like

immunoglobulin" refers to an immunoglobulin comprising a

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

is substantially homologous to a human immunoglobulin

constant region, j.e., at least about 85-90%, preferably

about 95% identical. Hence, all parts of a human-like

immunoglobulin, except possibly the CDR‘'s, sre substantially

15 homologous to corresponding parts of one or more native human

immunoglobulin sequences. For example, a human-like

immunoglobulin would not encompass a chimeric mouse variable

region/human constant region antibody.

In accordance with another general aspect of the

20 present invention, also included are criteria by which a
limited number of amino acids in *he framework of a human-

like or humanized immunoglobulin chain are chosen to be the

same as the amino acids at those positions in the donor Ig

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

25 affinity of en antibody comprising the humanized

immunoglobulin chain.
This aspect of the present invention is based in

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

affinity in prior means of producing humanized antibodies
30 (using as examples mouse antibodies as the source of CDR's)

are:

(1) When the mouse COR's are combined with the

human framework, the amino acids in the framework close to

the CDR's become human instead of mouse. Without intending

to be bound by theory, we believe that these changed amino

acids may slightly distort the CDR's, because they create
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donor mouse antibody, and the distorted CDR's may not make as
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effective contacts with L~e antigen aa the CDR's did in.the 

donor antibody; 
(2) Alao, amino acids in the original mou•• 

-antibody "that are ·c1ose -'to, but not part of, the CDR's (~, 

5 still part of the framework), may make contacts with the 

antigen that contribute to affinity. These amino acids are 

lost when the antibody is humanized, because all framework 

amino acids are made human. 

To avoid these problems, and to produce humanized 

10 antibodies that have a very strong affinity !or a desired 

antigen, the present invention uses the following four 

criteria for designing humanized immunoglobul'ins. These 

criteria may be used singly, or when necessary in 

conbination, to achieve the desired affinity or other 

15 characteristics • . 
Criterion I: As acceptor, use a frameworr. !rom a particular 

human immunoglobulin that is unusually homologous to the 

donor immunoglobulin to be humanized, or use a consensus 

20 framework from many human antibodies. For example, 

comparison of the sequence of a mouse heavy (or light) chain. 

variable region against human heavy (or light) variable 

regions in a data bank (!or example, the National Biomedical 

Research Foundation Protein Identification Resource) shows 

25 that the extent of homology to different human regions varies 

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

choosing as the acceptor immunoglobulin one of the human 

heavy (respectively light) chain variable regions that is 

most homologous to the heavy (respectively light) chain 

30 variable r~gion of the donor immunoglobulin, fever amino 

acids will be changed in going from the donor immunoglobulin 

to the humanized immunoglobulin. Hence, and again without 

intending to be bound by theory, it is believed that there is 

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

35 that distorts their conformation. Moreover, the precise 

overall shape of a humanized antibody comprising the 

humanized immunoglobu:~n chain may more closely resemble the 

•. •.; ·r 

PFIZER EX. 1502 
Page 1026

 

Sprain ee we aReceee ee Tm em ee ee

  
7 . CaM Shee3b4 ot 88S NS

erp EARS UEEPRI EN Hate TSS SOLA TRIN FODDER ONS ea eet eR:
. sg 7 hic See ese penaeaeee RRAod anore ST AN eee a Coie ial iG ieteiia sot

Ne;rs

WO90/0786! . PCT/US89/05857 s

wih7)Sirah12

effective contacts with the antigen aa the CDR's did in .the

donor antibody;

t (2) Algo, amino acids in the original mouse

--antibody that are ‘crose “to, but not part of, the CDR's (i,e8,,

baawy
ii

 ‘i
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5 still part of the framework), may make contacts with the ea
antigen that contribute to affinity. These amino acids are per
lost when the antibody is humanized, because all framework f
amino acids are made human. ak,

To avoid these problems, and to produce humanized eh
10 antibodies that have a very strong affinity for a desired aaantigen, the present invention uses the following four

criteria for designing humanized immunoglobulins. These

criteria may be used singly, or when necessary in
combination, to achieve the desired affinity or other  

 
   
  

   

   
  
  
  
  
   

15 characteristics.
A

ae Criterion I: As acceptor, use a framework from a particular a
ECRERS hunan immunoglobulin that is unusually homologous to the ig
1s bss 2 x donor immunoglobulin to be humanized, or use a consensus om
arene e 20 framework from many human antibodies. For example, ig
AP eab ae g comparison of the sequence of a mouse heavy (or light) chain oy

iz variable region against human heavy (or light) variable ned
regions in a data bank (for example, the National Biomedical

Research Foundation Protein Identification Resource) shows

that the extent of homology to different human ragions varies

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

choosing as the acceptor immunoglobulin one of the human

heavy (respectively light} chain variable regions that is

most homolegous to the heavy (respectively light) chain

variable ragion of the donor immunoglobulin, fewer amino

acids will be changed in going from the donor immunogicbulin

to the humanized immunoglobulin. Hence, and again without

intending to be bound by theory, it is believed that there is

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

that distorts their conformation. Moreover, the precise
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shape of the donor antibody, also reducing the chance of 

distort.!ng the CDR's. 

Typically, one of the 3-5 most homologous heavy 

chain var..iab~e r-egJ.on ... equencea in a representative 

5 collection of at least abo~t 10 to 20 distinct human heavy 

chains will be chosen as acceptor to provide the heavy chain 

framework, and similarly for the light chain. Preferably, 

one o! the l-3 most homologous variable regions will be used. 

The selected acceptor immunoglobulin chain will most 

10 preferably have at least about 65\ homology in the framework 

region to the donor immunoglobulin. 

Regardless of how the acceptor immunoglobulin is 

chosen, higher affinity may be achieved by selecting a small 

number of amino acids in the framework of the humani?.ed 

15 immunoglobulin chain to be the same as the amino acids at 

those positions in the donor rather than in the acceptor. 

The following criteria define what amino acids may be so 

selected. Preferably, at most or all amino acid positions 

satisfying one of these criteria, the donor amino acid will 

20 in !act be selected. 

Criterion I!: If an amino acid in the framework of the human 

acceptor immunoglobulin is unusual c~. •rare", which as 

used herein indicates an amino acid occurring at that 

25 position in no more than about 10\ of human heavy 

(respectively light) chain V region sequences in a 

representative data bank), and if the donor amino acid at 

that position is typical for human sequences (~, "common", 

which as used herein in~icates an amino acid occurring in at 

JO least about 25\ of sequences in a represe~tative data bank), 

then the donor amino acid rather than the acceptor may be 

selected. This criterion helps ensure that an atypical amino 

acid in the human framework does not disrupt the antibody 

structure. Moreover, by replacing an unusual amino acid with 

35 an amino acid !rom the donor antibody that happea~ to be 

typical for human antibodies, the humanized antibody may be 

made less i~unoqenic. 
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shape of the donor antibody, also reducing the chance of

distorting the CDR'‘s.

Typically, one of the 3-5 most homologous heavy

chain variable region sequences in a representative

collection of at least abort 10 to 20 distinct human heavy

chains will be chosen as acceptor to provide the heavy chain

framework, and similarly for the light chain. Preferably,

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

The selected acceptor immunoglobulin chain will most

preferably have at least about 65% homology in the framework

region to the donor immunoglobulin.

Regardless of how the acceptor immunoglobulin is

chosen, higher affinity may be achieved by selecting a small

number of amino acids in the framework of the humanized

immunoglobulin chain to be the same as the amino acids at

those positions in the donor rather than in the acceptor.

The following criteria define what amino acids may be so

Belected. Preferably, at most or all amino acid positions

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

Criterion II: If an amino acid in the framework of the human

acceptor immunoglobulin ia unusual (j.e@,., "rare", which as

used herein indicates an amino acid occurring at that

position in no more than about 10% of human heavy

(respectively light) chain V region sequences in a

representative data bank), and if the donor amino acid at
that position is typical for human sequences (j,e,, "Common",

which as used herein indicates an amino acid occurring in at

least about 25% of sequences in a representative data bank),

then the donor amino acid rather than the acceptor may be

selected. This criterion helps ensure that an atypical amino

acid in the human framework does not disrupt the antibody

structure. Moreover, by replacing an unusual amino acid with

an amino acid from the donor antibody that happeis to be

typical for human antibodies, the humanized antibody may be

made less inmunogenic.

 Okeapeerage Jf?:
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criterion III: In the positions immedia·:.ely edjac;ent to the 

3 COR's in the humanized immunoglobulin cha~~. the donor 

anino acid rather than acceptor amino acid may be aelacted. 

These amino ·acids are partietilarly likely to interact vith 

5 the amino acids in the COR's and, ir chosen from the 

acceptor, distort the donor COR's and reduce artinity. 

Moreover, the adjacent amino acids may interact directly vith 

the antigen {Am~t ~ ~. Science,~. 747-753 (1986), which 

is incorporated herein by reference) and selecting these 

10 amino acids from the donor may be desirable to keep all the 

antigen contacts that provide affinity in the original 

antibody. 

Criterion IV: ~ J-dimensional model, typically or the 

15 ~riginal donor antibody, shows that certain amino acids 

outside o! the COR's are close to the COR's and have a good 

probability o! interacting with a~ino acids in the COR's by 

hydrogen bonding, Van der Waals forces, hydrophobic 

interactions, etc. At those amino acid positions, the donor 

20 amino acid rather than the acceptor immunoglobulin amino acid 

may be selected. Amino acids according to this criterion will 

generally have a side chain atom within about 3 angstrom 

units o! some site in the COR's and must contain atoms that 

could interact with the COR atoms according to established 

25 chemical forces, such as those listed above. Computer 

programs to create models o! proteins such as antibodies are 

generally available and well known to those skilled in the 

art (~. Loew ~ ~. Int. J. Quant. Chern., ouant. Biol. 

~. ~:55-66 (1988); Bruccoleri ~~.Nature, 21~. 

30 564-568 (1988): Chothia ~ ~. ~c~, 421:755-758 (1986), 

all of which are incorporated herein by reference). These do 

not form part of the invention. Indeed, because all 

antibodies have similar structures, the known antibody 

structures, which are available from the Brookhaven Protein 

35 Data Bank, can ba used if necessary as rough models of other 

antibodies. Commercially available computer programs can be 

us~d to display these models on a computer monitor, to 

calculate the distance between atoms, and to estimate the 
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Criterion III: In the positions immediacely adjacent to the

3 CDR's in the humanized immunoglobulin chain, the donor

amino acid rather than acceptor amino acid may be selected.

These amino acids are particularly likely to interact with

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

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

Moreover, the adjacent amino acids may interact directly with

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

is incorporated herein by reference) and selecting these

amino acids from the donor may be desirable to keep all the

antigen contacts that provide affinity in the original

antibody.

Criterion IV: A 2-dimansional model, typically of the

original donor antibody, shows that certain amino acids
outside of the CDR's are close to the COR's and have a good

probability of interacting with asino acids in the CDR's by

hydrogen bonding, Van der Waals forces, hydrophobic

interactions, etc. At those amino acid positions, the donor

amino acid rather than the acceptor immunoglobulin amino acid

may be selected. Amino acids according to this criterion will

generally have a side chain atom within about 3 angstrom

units of some site in the CDR‘s and must contain atoms that

could interact with the CDR atoms according te established

chemical forces, such as those listed above. Computer

programs to create models of proteins such as antibodies are

generally available and well known to those skilled in the

art (see, Loew et al.,Int.J.cuant,Chem, Quant,Biol,

Symp., 1§:55-66 (1988); Bruccoleri et al,, Nature, 235,

564-568 (1988); Chothia et al., Science, 233:755-758 (1986),

all of which are incorporated herein by reference). These do

not form part of the invention. Indeed, because all
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likelihood of different amiT.o acids interactinq (HJ:., Ferrin 

~ ~. ~. Mol. Graphics, ~:13-27 (1988)). 

Humanized or human-like antibodies qenerally have 

at least three potential advantaqes over mouse or.~n~ome 

5 cases chimeric antibodies for use in human therapy: 

1) Because the effector portion is human, it may 

in~~ract better with the other parts of the human immune 

system {~, destroy the target cells more efficiently by 

co~plement- dependent cytotoxicity (CDC) or 

10 ar.tib?dy-dependent cellular cytotoxicity (AOCC)). 

2) The human immune system should not recognize 

the framework or constant region of the humanized antibody as 

foreign, and therefore the antibody response against such an 

injected antibody should be less than against a totally 

15 foreign mouse antibody or a partially foreign chimeric 

antibody. 

3) Injected mouse antibodies have been reported 

t~ h~v~ a half-life in the human circulation much shorter 

than the half-life of normal antibodies (0. Shaw ~ ~. ~ 

20 Imrnunol., ~:4534-4538 (1987)). Injected humanized 

antibodies will presumably have a half-life more similar to 

naturally occurr~n9 human antibodies, allowing smaller and 

less frequent doses to be given. 

The present invention is specifically directed to 

25 icproved humanized im.mmunoglobulins {e.g.,_ capable of binding 

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

EPA publication no. 0239400. That application, the 

disclosure of which is excluded from coverage herein, 

describes, for certair1 imcunoglobulins, substituting COR's 

30 regions in the light or heavy chain variable domains of an 

acceptor antibody with analogous parts of COR's (typically 

solvent ac~ess~ble) from an antibody of different 

specificity. Also, that application discusses, for certain 

immunoglobulins, the possibility of only transferring 

35 residues that are (solvent) accessible from the antigen 

binding site, which residues apparently may include certain 

framework regions (specifically, residues known to be 

involved in antigen binding as described in Amit et al., 

-~ ;2J;~;iD:~:-~~~!f __ t~i'FN:~:!~~~~;,-::::c::·~~..:~t>£;~}:~;; 
-- .; ..... .I~·-·-· .. . 

. • • .......... . * ~ . -.. 
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likelihood of different amino acids interacting (gee, Ferrin

et al., J.Mol,Graphics, 6:13-27 (1988}).

Humanized or human-like antibodies generally have

at least three potential advantages over mouse or in some

cases chimeric antibodies for use in human therapy:

1) Because the effector portion is human, it may

an“eract better with the other parts of the human immune

system (e.,90,, destroy the target cells more efficiently by
conplement- dependent cytotoxicity (CDC) or

antibody-dependent cellular cytotoxicity {ADCC)).

2) The human immune system should not recognize

the framework or constant region of the humanized antibody as

foreign, and therefore the antibody response against such an f
injected antibody should be less than against a totally Brie OarO a

‘a

foreign mouse antibody or a partially foreign chimeric Bees. w=BN8 Moye
antibody. iy 4“es . a3

3) Injected mouse antibodies have been reported Sees
to have a half-life in the human circulation much shorter Rey
than the half-life of normal antibodies (D. Shaw et al, J. ees

immunol., 238:4534-4538 (1987)). Injected humanized

antibodies will presumably have a half-life more similar to

naturally occurring human antibodies, allowing smaller and

less frequent doses to be given.

The present invention is specifically directed to

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

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

EPA publication no. 0239400. That application, the

disclosure of which is excluded from coverage herein,

describes, for certain imeunoglobulins, substituting CDR's

regions in the light or heavy chain variable domains of an

acceptor antibody with analogous parts of CDR's (typically

solvent access_ble) from an antibody of different
specificity. Also, that application discusses, for certain

immunoglobulins, the pessibility of only transferring

residues that are (solvent) accessible from the antigen

binding site, which residues apparently may include certain

framework regions (specifically, residues known te be

involved in antigen binding as described in Amit et al.,
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Science~: 747-75~ (1986) or.pP.rhaps residues essantial 

inter-chain interactions - but tor the selection of vhich 

insufficient qui~ance is provided in that application). 

Thus, for <example, ·a -preferred embodiment of the present 

5 invention entails su~stituting entire CDR's and framework 

amino acids immediately adjacent one (or preferably each) of 

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

cont~ct with the CDR's to, e.g., maintain their conformation 

(and usually their antigen binding specificity) are 

10 specifically included within preferred embodiment~ of the 

present invention as described in detail, ~. 

In one aspPct, the present invention is directed to 

recombinant DNA segments encoding the heavy and/or light 

chain CDR's (t~~ically with other amino acid residues as 

15 d~scribed above) from an immunoglobulin capable of binding to 

a desired epitope, such as on the human IL-2 receptor (e.g., 

the anti-Tac monoclonal antibody). The DNA segments encoding 

these regions will typically be joined to DNA seqeents 

encoding appropriate human-like framework regions. For 

20 example, the pre~erred DNA sequences, which on expression 

code for the polypeptide chains comprising the anti-Tac heavy 

and l .i.qht chain hypervariable regions (with human-like 

!rarnework regions), are shown in Figures 3 and 4, 

respectively. Due to codon degeneracy and non-critical 

25 a~ino-acid substitutions, other DNA sequences can be readily 

substituted !or those sequences, as detailed below. 

The DNA segments will typically further include an 

expression control DNA sequence operably linked to the human

like antibody coding sequences, including naturally-

30 associated or heterologous promoter regions. Preferably, the 

expression control sequences vill be eukaryotic promoter 

systems in vectors capable of transforming or transtecting 

eukaryotic host cells, but control sequences for prokaryotic 

hosts may also be used. Once the vector has been 

35 incorporated into the appropriate host, the host is 

maintained under conditions suitable for high level 

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

collection and purification of the light chains, heavy 

~ :. "':< ., . 
··:·~· .... • • ....-::-~7"'"1 -1 

.,.~·~··=_*a . ' •;.":. "•,,{':" , 

-- .... ~~---··~·~"1 
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Science 233: 747-7535 (1986) or perhaps residues essantial for
inter-chain interactions - but for tha selection of which

insufficient quidance is provided in that application).

Thus, for example, ‘a-preferred embodiment of the present

5 invention entails surstituting entire CDR's and framework

amino acids immediately adjacent one (or preferably each) of

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

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

(and veually their antigen binding specificity) are

19 specifically included within preferred embodiments of the
present invention as described in detail, supra.

In one aspect, the present invention is directed to

recombinant DNA segments encoding the heavy and/or light

chain CDR's (t:pically with other amino acid residues as

15 described above) from an immunoglobulin capable of binding to

a desired epitope, such as on the human IL-2 receptor (e.g.,

the anti-Tac monoclonal antibody). The DNA segments encoding

these regions will typically be joined to DNA segments

encoding appropriate human-like framework regions. For

20 example, the preferred DNA sequences, which on expression

code for the polypeptide chains comprising the anti-Tac heavy

and Jiqht chain hypervariable regions (with human-like

framework regions), are shown in Figures 3 and 4,

respectively. Due to codon degeneracy and non-critical

 
25 amino-acid substitutions, other DNA sequences can be readily oe

substituted for those sequences, as detailed below. cis
The DNA segments will typically further include an Sd

expression control DNA sequence operably linked to the human- [iz
like antibody coding sequences, including naturally- oy

30 associated or heterologous promoter regions. Preferably, the LES

expression control sequences will be eukaryotic promoter aa
systems in vectors capable of transforming or transfecting aa

eukaryotic host cells, but control sequences for prokaryotic ag
hosts may also be used. Once the vector has been ee

  
35 incorporated into the appropriate host, the host is ae:

maintained under conditions suitable for high level i
expression of the nucleotide sequences, and, as desired, the pay
collection and purification of the light chains, heavy Bae
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chaine, light/heavy c!lain d;·.mera or intact antibodie&, 

binding traqments or other imm~~oqlobulin forms may follow. 

Humar. constant region DNA sequences can be isolated 

·in ·accordance vith vell ·known procedures from a variety of 

5 human cells, but preferably immortalized B-cells (~, Kabat 

~·kit· and WP87/02671). For example, the human kappa 

immunoglobulin constant and J region genes and sequences are 

described in Heiter et al., ~ 2Z:l97-207 (1980) and the 

nucleotide sequence of a hu~an immunoglobulin C~ gene is 

10 described in Ellison et al., Nucl. Acid. Res. ~:4071 (1982), 

both of which are incorporated herein by reference. The 

COR's for producing the immunoglobulins of the present 

invention vill be similarly derived from monoclonal 

antibodies capable of binding to the desired antigen (e.g., 

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

mammalian source, including, mice, rats, rabbits, or other 

veterbrate capable of producing antibodies by well known 

methods. Suitable source cells for the DNA sequences and 

host cells for immunoglobulin expression and secretion can be 

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

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

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

incorporated herein by reference). 

In addition to the human-lik~ immunoglobulins 

25 specifically described herein, other "substantially 

homologous" modified i~unoglobulins can be readily designed 

and manufactured utilizing various recombinant ON~ techniques 

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

IL-2 receptor immunoglobulin• the framework region• ·can vary 

30 from the sequences in Figures 3 and 4 at the primary 

structure le_vel by several amino acid substitutions, terminal 

and intermediate additions and deletions, and the like. 

Moreover, a variety of different human framework regions may 

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

35 like immunoglobulina of the present invention. In general, 

modifications of the genes may be readily accomplished by a 

variety of well-known techniques, such as site-directed 

mutagenesis (~, Gillman and Smith, ~ ~:81-97 (1979) and 

.... · . 

• 4 • ,:, ..: ••••• - ••• .-. 0 • • • • • • ........ l~-.. ·~-~-~ . . . -~Y ·~ .... ·.... U·J -~ :'t... 

F -~-.: -~:.·~ ... -:-?~:::-s~·~~:~~?~-~~~~~~::;;~:;:~:~=:;~~-.:~~~·~-~:~:.:~~;~?~~~:· -: -~-;~.~:~:?.:-::~-~:'~~~-:~.·-~;~ 
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chains, light/heavy cnain dimers or intact antibodies,

binding fragmenta or other immenoglobulin forma may follow.
Humar constant region DNA sequences can be isolated

in accordance with well known procedures from a variety of
human cells, but preferably immortalized B-cells (see, Kabat

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

immunoglobulin constant and J region genes and sequences are

described in Heiter et al., Cel} 22:197-207 (1980) and the

nucleotide sequence of a hunan immunoglobulin Ci, gene is
described in Ellison et al., Nucl,Acid.Res. 10:4071 (1982),

both of which are incorporated herein by reference. The

CDR's for preducing the immunoglobulins of the present

invention will be similarly derived from monoclonal

antibodies capable of binding to the desired antigen (e.g.,

the ,human IL-2 receptor) and produced in any convenient
mammalian source, including, mice, rats, rabbits, or other

veterbrate capable of producing antibodies by well known
methods. Suitable source cells for the DNA sequences and

host cells for immunoglobulin expression and secretion can be

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

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

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

incorporated herein by reference).

In addition to the human-liks immunoglobulins

specifically described herein, other “substantially

homologous" modified immunoglobulins can be readily designed

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

IL-2 receptor immunoglobulins the framework regions can vary

from the sequences in Figures 3 and 4 at the primary

structure leve} by several amino acid substitutions, terminal

and intermediate additions and deletions, and the like.
Moreover, a variety of different human framework regions may
be used singly or in combination as a basis for the human-

like immunoglobulins of the present invention. In general,

modifications of the genes may be readily accomplished by a
variety of well-known techniques, such as site-directed

mutagenesis (see, Gillman and Smith, Gene 8:81-97 (1979) and
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Roberts, s. et al, Nature ~1:73!-734 (1987), both of which 

are incorporated herein by reterenc&). 
Alternatively, polypeptide !raqmente c~mprieing only a 

portion of the . .pr.imctry .antibody -structure ·may 'be "Produced, 

5 which fragments possess one or more immunoglobulin activities 

(~,complement fixation activity). Also because like many 

ger.es, the immunoglobulin-related genes contain separate 

functional regions, each having one or more distinct 

biological activities, the genes may be fused to functional 

10 regions !rom other genes (~, enzymes, ~. commonly 

assigned u.s.s.N. 132,387, filed Dec. 15, 1987, which is 

incorporated herein by reference) to produce fuqion proteins 

(~, immunotoxins) having novel properties. 

The nucleic acid sequences of the present invention 

15 capa?le of ultimately expressing the desired human-like 

antibodies can be formed from a variety of different 

polynucleotides {genomic or eDNA, RNA, synthetic 

oligonucleotides, etc.) and components c~. v, J, 0, and c 
regions), as well as by a variety of different tec.hniques. 

20 Joining appropriate genomic sequences is presently the most 

common method of production, but eDNA sequences may also be 

utilized (~, European Patent Publication No. 0239400 and 

Reichmann, L., et al., Nature 2J2:32J-327 (1988}, both of 

which are incorporated herein by reference). 

25 As stated previously, the DNA sequences will be 

expressed in hosts after the sequences have been operabl}· 

linked to (~, positioned to ensure the functioning of) an 

expression control sequence. These expression vectors are 

typically repli~able in the host organisms either as episomes 

30 or as an integral part of the host chromosomal DNA. 

Commonly, expression vectors will contain selection markers, 

~. tetracycline or neomycin, to permit detection of tr.ose 

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

u.s. Patent 4,704,362, which is incorporated herein by 

35 reference). 

£. ~ is one prokaryotic host useful particularly 

for cloning the DNA sequences of the present invention. 

other microbial hosts suitable for use include bacilli, such 
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Roberts, S. et al, Nature 323:731-734 (1987), both of which

are incorporated herein by referancea).

Alternatively, polypeptide fragments comprising only a

portion of the primary antibody structure may be “produrad,

which fragments possess one or more immunoglobulin activities
(e.0,., complement fixation activity). Also becausa like many

genes, the immunoglobulin-related genes contain separate

functional regions, each having one or more distinct

biological activities, the genes may be fused to functional

regions from other genes (e€,9,, enzymes, sea, commonly

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

incorporated herein by reference) to produce fusion proteins

(e.9g., immunotoxins) having novel properties.

The nucleic acid sequences of the present invention

capable of ultimately expressing the desired human-like
antibodies can be formed from a variety of different

polynucleotides (genomic or cDNA, RNA, synthetic

cligonucleotides, etc.) and components (e.9g,, V, J, D, and c

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

Joining appropriate genomic sequences is presently the most

common method of production, but cDNA sequences may also be

utilized (see, European Patent Publication No. 0239400 and

Reichmann, L., et al., Nature 332:323-327 (1988), both of

which are incorporated herein by reference).

As stated previously, the DNA sequences will be

expressed in hosts after the sequences have been operably

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

expression control sequence. These expression vectors are

typically replicable in the host organisms either as episomes

er as an integral part of the host chromosomal] DNA.

Commonly, expression vectors will contain selection markers,

e.g,, tetracycline or neomycin, to permit detection of those

cells transformed with the desired DNA sequences (pee, ©.9,,

U.S. Patent 4,704,362, which is incorporated herein by

reference).

E. coli is one prokaryotic host useful particularly
for cloning the DNA sequences of the present invention.

Other microbial hosts suitable for use include bacilli, such
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as ;.:.)cillus JW!llJ 1 u~. 11nd other enterobacteriaceae, such as 

~. ~ ,, and various ~udomonaa species. In 

these prokaryotJ .•sts, one. can also make expression 

vectors, which w~.;~ .typically ..contain ~expression ·control 

5 sequences compatible wit.h the host cell (~, an origin of 

replication). In addition, any number of a variety of well

kno'Jn promoters will be present, such as the lactose promoter 

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

promoter sys•. ··:n, or a promoter system from phage lambda. The 

10 promoters will typically control expression, optionally with 

an operator sequence, and have ribosome binding site 

sequences and the li~:e, for initiating and completing 

transcription a~d transl~~ion. 

15 

Other microbes, such as yeast, may also be used !or 

expr~ssion. Saccharomyces is a preferred host, with Euitable 

vectors having expression control sequences, such as 

promoters, including )-phosphoglycerate kina~e or other 

glycolytic enzymes, and an origin of replication, termination 

sequences and the like as desired. 

20 In addition to ·~icroorganisms, mammalian tissue 

cell culture may also be used to express and produce the 

polypeptides o! the present invention (~, Winnacker, RFrom 

Genes to Clones,• VCH Publishers, N.Y., N.Y. {1987), which is 

incorporated herein by reference). Eukaryotic cells are 

25 actually preferred, because a number ot suitable host cell 

lines capable of secreting intact immunoglobulins have been 

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

COS cell lines, HeLa cells, myeloma cell lines, etc, but 

preferably transformed B-cells or hybridomas. Expression 

30 vectors for these cells can include exprP.ssion control 

r.~quences, such as an origin ~f replication, a promoter, an 

35 

enhancer (Queen, c., et al. ~nol. Bey. ~:49-68 {1986), 

which is incorporated het y reference), and necessary 

processing information s) , sue~ as ribosome binding sites, 

RNA splice sites, polyadenylation sit~~. end transcriptional 

terminator sequences. Preferred exp- •ion control sequence~ 

are pro~oters derived from SV40 with ~1ancer (Bee, Mulligan 

·.~ .. 
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as 7racilins gubtilus, and other enterobacteriacase, such as

Salmonelis, Serr \, and various Pseudomonas species. In
these prokaryot! ‘sta, one can also make expreasion
vectors, which wicu typically -contain -expreesion control

sequences compatible with the host cell (e.g., an origin of
replication}. In addition, any number of a variety of well-

known promoters will be present, such as the lactose promoter

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

promoter sys'-m, or a promoter system from phage lambda. The

promoters will typically control expression, optionally with

an operator sequence, and have ribosome binding site

sequences and the like, for initiating and completing

transcription ana translation.

Other microbes, such a6 yeast, may also be used for

expression. Saccharomyces is a preferred host, with suitable

vectors having expression control sequences, such as
promoters, including 3-phosphoglycerate kinase or other

glycolytic enzymes, and an origin of replication, termination

sequences and the like as desired.

In addition to -«icroorganisms, mammalian tissue

cell culture may also be used to express and produce the

polypeptides of the present invention (gee, Winnacker, "From

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

incorporated herein by reference). Eukaryotic cells are

actually preferred, because a number of suitable host cell

lines capable of secreting intact immunoglobulins have been

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

cOS cell lines, HeLa cells, myeloma cell lines, etc, but

preferably transformed B-cells or hybridomas. Expression

vectors for these cells can include expression control

enquences, such as an origin of replication, a promoter, an
enhancer (Queen, C., et al. unel, Rey, 89:49-68 (1986),

which is incorporated he: y reference), and necessary

processing information si ; Buch as ribosome binding sites,

RNA splice sites, polyadenylation sites, and transcriptional

terminator sequences. Preferred exp- ivion control sequencer

are promoters derived from SV40 with ‘ancer (see, Mulligan
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and Berg, Science 2Qi:l422-1427 (1980), an immunglobulin 

gene, Adenovirus, Bovine Papilloma Virus, and the like. 

The vectors·containing the 'DNA segments of interest 

(~, the heavy and light chain encoding sequences and 

s expression control sequences) ~an be transferred into the 

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

tj~e of cellular host. For example, calcium chloride 

transfection is commonly utilized for prokaryotic cells, 

whereas calcium phosphate treatment or electroporation may be 

10 used !or other cellular hosts. (~, generally, Maniatis, et 

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

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

ref~rence.) 

Once expressed, the whole antibodi~s, their dimers, 

15 individual light and heavy chains, or other immunoglobulin 

forms of the present invention can be purified according to 

standard procedures of the art, including ammonium sulfate 

precipitation, affinity columns, column chromatography, gel 

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

20 Protein Purificiltion, Spri;,ger-Verlag, N.Y. (1982)}. 

Substantially pure immunoglobulins of at least about 90 to 

95\ homogeneity are preferred, and 98 to 99\ or more 

homogeneity most preferred, for pharmaceutical uses. Once 

purified, partially or to homogeneity as desired, the 

25 polypeptides may then be used therapeutically (including 

extracorporeally) or in developing and performing assay 

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

generally, Immunological Methods, Vola. I and II, Le!kovits 

and Pernis, eds., Academic Press, New York, N.Y. (1979 and 

30 1981)). 

The IL-2 receptor specific antibodies exemplified 

~n the present invention will typically find use individually 

in treating a T-cell mediated disease state. Generally, 

where the cell linked to a disease has been identified as IL-

35 2 receptot bearing, then the human-like antibodies capable of 

blocking the binding of IL-2 to the human IL··2 receptor are 

suitable (~, U.S.S.N. 085,707, entitled "Treating Human 

Malignancies and Disorders," which is incorporated herein by 
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and Berg, Science 209:1422-1427 (1980), an immunglobulin

gene, Adenovirus, Bovine Papilloma Virus, and the like.

. The vectors containing the DNA segnenta of interest
(e.,g., the heavy and light chain encoding sequences and

5 expresaion control sequances) “an be transferred into the

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

type of cellular host. For example, calcium chloride

transfection is commonly utilized for prokaryotic cells,

whereas calcium phosphate treatment or electroporation may bea

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

al.,MolecularCloning:ALaboratoryManual, Cold Spring

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

reference.)
Once expressed, the whole antibodies, their dimers,

15 individual light and heavy chains, or other immunoglobulin

forms of the present invention can be purified according to

standard procedures of the art, including ammonium sulfate

precipitation, affinity columns, column chromatography, gel

electrophoresis and the like (gee, generally, Scopes, R.,

20 ProteinPurification, Springer-Verlag, N.Y. (1982)).

Substantially pure immunoglobulins of at least absut 90 to

95% homogeneity are preferred, and $8 to 99% or more

homogeneity most preferred, for pharmaceutical uses. Once

purified, partially or to homogeneity as desired, the

25 polypeptides may then be used therapeutically (including

extracorporeally) or in developing and performing assay

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

generally, ImmunologicalMethods, Vola. I and II, Lefkovita

and Pernis, eds., Academic Press, New York, N.Y. (1979 and

30 1981)).

The IL-2 receptor specific antibodies exemplified

in the present invention will typically find use individually

in treating a T-cell mediated disease state. Generally,
where the cell linked to a disease has been identified as IL-

35 2 receptor bearing, then the human-like antibodies capable of

blocking the binding of IL-2 to the human IL-2 receptor are

suitable (see, U.S.S.N. 085,707, entitled "Treating Human

Malignanciea and Disorders," which is incorporated herein by

 
 

 
 SS eweecrse a OTE ESET ee ae
BABSPRToy IR OT Fi edaSEOW MENTO Sea—— 128, a 

 
PFIZER EX. 1502

Page 1034



eat 

be 

at 

·s, 

I 

. ly 

:L

ot 

W090107861 PCT/US89/~57 

5 

10 

15 

20 

25 

30 

35 

21 

reference). For example, \:ypice.l disease states suitable for 

treatment include gra!t ver&us host disease and transplant 

rejection in patients undergoinq an organ transplant, such as 

heart, lunqs, 'kidneyr, liver, etc. Other diseases include 

autoimmune diseases, such as _Type I diabetes, multiple 

sclerosis, rheumatoid arthritis, systemic lupus 

P.rythematosus, and myasthenia gravis. 

The human-like antibodies of the present invention 

may also be used in combination with other antibodies, 

particularly human monoclonal antibodies reactive with other 

markers on cells responsible for the disease. For example, 

suitable T-cell markers can include those qrouped into the 

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

First International Leukocyte Di!ferentiation Workshop, 

:&ukocyte Typing, Bernard, et al., Eds., Springer-Verlag, 

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

The antibodies can also be used as separately 

administered compositions given in conjunction wi~h 

chemotherapeutic or iZIIlllunosuppressive agents. Typically, the 

aqents will include cyclosporin A or a purine analoq (~, 

methotrexate, 6-mercaptopurine, or the like}, but numerous 

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

well-known to those skill.ed in the art may also be utilized. 

A preferred pharmaceutical composition o! the 

present invention comprises the use of the subject antibodies 

in immun~toxins. Immunotoxins are characterized by two 

components and are particularly useful for killinq selected 

cells in ~ or in YiYQ. One component is a cytotoxic 

aqent which is usually fatal to a cell when attached or 

absorbed. The second component, known as the "delivery 

vehicle,• provides a means tor deliverinq the toxic aqent to 

a particular cell type, such as cells comprisinq a carcinoma • 

The two components are commonly chemically bond~d toqether by 

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

example, when the cytotoxic aqent is a protein and the second 

component is an intact immunoqlobulin, the linkage may be by 

way of heterobifunctional cross-linkers, ~. SPDP, 

carbodiimide, glutaraldehyde, or the like. Production of 

. ~ • r.: ~~~·~·~ ~~::~ .: --~~···• . ..,·r·.~.·~-~.:::0.: :·~:±~~~:~ 
-. V.i>·".t .~· _:~ • · ... · · ·- ( • I"'/._:: ... ~.":: ,c;·;:;.;__._.,-..~ 
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reference). For example, typicel disease states suitable for

treatment include graft versus host disease and transplant

rejection in patients undergoing an organ transplant, such as

heart, lungs, kidneyr, liver, atc. Other diseases include

autoimmune diseases, such as Type I diabetes, multiple
sclerosis, rheumatoid arthritis, systemic lupus

erythematosus, and myasthenia gravis.

The human-like antibodies of the present invention

may also be used in combination with other antibodies,

particularly human monoclonal antibodies reactive with other

markers on cells responsible for the disease. For example,

suitable T-cell markers can include those grouped into the

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

First International Leukocyte Differentiation Workshop,

aeukocyteTyping, Bernard, et al., Eds., Springer-Verlag,

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

The antibodies can also be used as separately

administered compositions given in conjunction with

chemotherapeutic or impunosuppressive agents. Typically, the
agents will include cyclosporin A or a purine analog (e,.q,,

methotrexate, 6-mercaptopurine, or the like), but numerous

additional agents (e.9,, cyclophosphamide, prednisone, etc.)

well-known to those skilled in the art may also be utilized.
A preferred pharmaceutical composition of the

present invention comprises the use of the subject antibodies

in immunctoxins. Immunotoxins are characterized by two

components and are particularly useful for killing selected

cells in yitre or in vive. One component is a cytotoxic

agent which is usually fatal to a cell when attached or

absorbed. The second component, known as the "delivery

vehicle,” provides a means for delivering the toxic agent to

a particular cell type, such as cells comprising a carcinoma.

The two components are commonly chemically bonded together by

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

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

component is an intact immunoglobulin, the linkage may be by

way of heterobifunctional cross-linkers, e.q,, SPDP,

carbodiimide, glutaraldehyde, or the like. Production of
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various immunotoxins is well-known with the art, and can be 

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

A·i111fng -the Magic Bu·net,• "Thorpe et al, Monoclonal Antibodies 

in Clinical Medicine, Academic Press, pp. 168-190 (1982), 

5 which is incorporated herein ~y reference. 

A variety of cytotoxic agents are suitable tor use 

in immunotoxins. Cytotoxic agents can include 

radionuclides, such as Iodine-131, Yttrium-90, Rhenium-laB, 

and Bis~uth-212: a number ot chemotherapeutic drugs,.such as 

10 vindesine, methotrexate, adriamyc1n, and cisplatinm; and 

cytotoxic proteins such as ribosomal inhibiting proteins like 

pokeweed antivir~l protein, Pseudomonas exotoxin A, ricin, 

diphtheria toxin, ricin A chain, etc., or an agent active at 

the cell surface, such as the phospholipase enzymes c~. 

15 phospholipaae C). (~,generally, commonly ftasigned 

U.S.S.N. 07/290,968 filed December 20, 1988), "Chim~ric 

Toxins," Olsnes and Phil, Pharmac. Iher., 22:355-381 (!~82), 

and "Monoclonal Antibodies for cancer Detection and Therapy," 

eds. B~ldwin and Byers, PJ"· 159-179, 224-266, Academic Press 

20 (1985), all o! which are incorporated herein by reference.) 

The delivery component of the immunotoxin will 

include the human-like immunoglobulins of the present 

invention. Intact icmunoqlobulins or their binding 

fragments, such as Feb, are preferably used. Typically, the 

25 antibodies in the immunotoxina will be of the huoan IgM or 

IgG isotype, but other mammalian constant region~ may be 

utilized as desired. 

The human-like antibodies and pharmaceutical 

compositions thereof of this invention are particularly 

30 useful for parenteral administration, ~. subcutaneously, 

intramuscularly or intravenously. The compc.·:i tions fvr 

parenteral administration will commonly comprise a solution 

of the antibody or a cocktail thereof dissolved in an accept

ab~e carrier, preferably an aqueous carrier. A variety of 

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

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

sterile and generally free of particulate matter. These 

compositions may be sterilized by conventional, well known 
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various immunotoxins is well-known with the art, and can be

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

Aiming the Magic Bullet,“ “Thorpe et al, MoneclonalAntipodies

inclinicalMedicine, Academic Press, pp. 168-190 (1982),

which is incorporated herein by reference.

, A variety of cytotoxic agents are suitable for use
in immunotoxina. Cytotoxic agents can include

radionuclides, such as Iodine-131, yttrium-90, Rhenium-188,

and Bismuth-212; a number of chemotherapeutic drugs,. such as

vindesina, methotrexate, adriamycin, and cisplatinm: and

cytotoxic proteins such as ribosomal inhibiting proteins like

pokeweed antivir*sl protein, Pseudomonas exotoxin A, ricin,

diphtheria toxin, ricin A chain, atc., or an agent active at

the cell surface, such as the phospholipase enzymes (¢,9,,
phospholipase C). (Sea, generally, commonly assigned

U.S.S.N. 07/290,968 filed December 28, 1988), "Chimeric

Toxine," Olsnes and Phil, Pharmac,Ther,., 25:355-381 (1982),

and "Monoclonal Antibodies for Cancer Detection and Therapy,"

eds. Baldwin and Byers, pj}. 159-179, 224-266, Academic Press

(1985), all of which are incorporated herein by reference.)

The delivery component of the immunotoxin will

include the human-like immunoglobulins of the present

invention. Intact imsunoglobulins or their binding

fragments, such as Fab, are preferably used. Typically, the

antibodies in the immunotoxing will be of the human IgM or

IgG isotype, but other mammalian constant regions may be
utilized as desired.

The human-like antibodies and pharmaceutical

compositions thereof of this invention are particularly

useful for parenteral administration, jJ,e., subcutaneously,

intramuscularly or intravenously. The compc-itions for

parenteral administration will commonly comprisa a solution

of the antibody or a cocktail thereof dissolved in an accept-

abie carrier, preferably an aqueous carrier. A variety of
aqueous carriers can be used, e.g,, water, buffered water,
0.4% saline, 0.3% glycine and the like. These solutions are

sterile and generally free of particulate matter. These

compositions may be sterilized by conventional, well known
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5terilization techniques. 'l'i~q compositions may contain 

pharmaceutically acceptable auxili~ry substances as requirAd 

~o approximate physiological conditions such as pH adjusting 

and buttering agents, toxicity adjusting agents and the like, 

5 tor example sodium acetate, sod1um chloride, potassium 

chloride, calcium chloride, sodium lactate, etc. The 

concentration of antibody in these formulations can vary 

widely, ~. tram less than about o.st, usually at or at 

least about 1\ to as much as 15 or 20\ by weight and will be 

10 selected primarily based on fluid volumes, viscosities, etc., 

in accordance with the particular mode of administration 

selected. 

Thus, a typical pharcaceutical composition for 

intramuscular injection could be ~ade up to contain l ml 

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

composition for intravenous infusion could be mado up to 

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

antibody. Actual methods for preparing parente~ally 

administrable compositions will be known or apparent to those 

20 skilled in the art and are described in more detail in, tor 

example, Remington's Pharmaceutical Science, 15th ed., Mack 

Publishing company, Easton, Pennsylvania (1980), which is 

incorporated herein by reference. 

The antibodies of this invention can be lyophilized 

25 for storage and reconstituted in a suitable carrier prior to 

use. This tec~-~i~~e has b~~n shown to be effective with 

conventional immune globulins and art-known lyophilization 

and reconstit~~i~n techniques can be employed. It will be 

appreciated by those skilled in the art that lyophilization 

30 and reconstitution can lead to varying degrees of antibody 

activity loss (~, with conventional immune globulins, IgM 

an~ibodies tend to have greater activity loss than IgG 

antibodies) and that use levels may have to be adjusted to 

compensate. 

35 Tho compositions containing the present human-like 

antibodieti or a cocktail thereof can be administ~red tor 

prophylactic and/or therapeutic treatments. In ~herapeutic 

application, compositions are administered to a patient 
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sterilization techniques. tie compositions may contain

pharmaceutically acceptable auxiliary substances as required

to approximate physiological conditions such as pH adjusting

and buffering agents, toxicity adjusting agents and the like,

for example sodium acetate, sodjum chloride, potassiun

chloride, calcium chloride, sodium lactate, etc. The

concentration of antibody in these formulations can vary

widely, j,e,., from leas than about 0.5%, usually at or at

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

selected primarily based on fluid volumes, viscosities, etc.,

in accordance with the particular mode of administration
selected.

Thus, a typical pharmaceutical composition for

intramuscular injection could be wade up to contain 1 nl
sterile buffered water, and 50 mg of antibody. A typical

composition for intravenous infusion could be made up to

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

antibody. Actual mathods for preparing parenterally

administrable compositiona will be known or apparent to those

skilled in the art and are described in more detail in, for

example,Remington'sPharmaceutical Science, 15th ed., Mack

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

incorporated herein by reference.

The antibodies of this invention can be lyophilized

for storage and reconstituted in a suitable carrier prior to

use. This technique has been shown to be effective with

conventional immune globulins and art-known lyophilization

and reconstitution techniques can be employed. It will ba

appreciated by those skilled in the art that lyophilization

and reconstitution can lead to varying degrees of antibody

activity loss (e.g., with conventional immune globulins, IgM
ancibodies tend to have greater activity loss than IgG

antibodies) and that use levels may have to be adjusted to

compensate.

The compositions containing the presant human-like
antibodies or a cocktail thereof can be administered for

prophylactic and/or therapeutic treatments. In therapeutic

application, compositions are administered to a patient
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already suffering fro~ a diaeaae, in an amount sufficient to 

cure or at. leas.t .par.tially arrest the disease and its 

complications. An amount adequate to accomplish this is 

defined as a "therapeutically effective dose." Amounts 

5 effective for this use will depend upon the severity of the 

infection and the general state of the patient's own immune 

system, but generally range from about 1 to about 200 mg of 

antibody per dose, with dosages of from 5 to 25 mg per 

patient being more commonly uaed. It must be kept in mind 

lO that the material• of thia invention may general\y be 

employ•d in serioua disease states, that is life-threatening 

or potentially life-•hreatening situations. In such cases, 

in viev of the minimization of extranftoua substances and the 

lo~er probability of "foreign substance• rejections which are 

15 achieved by the present human-like antibodies of this in

vention, it is possible and may be felt desirable by the 

treating physician to administer substantial excesses of 

these antibodies. 

In prophylactic applications, compositions 

20 containing the present antibodies or a cocktail thereof are 

administered to a patient not already in a f'gease state to 

enhance the patient•c resistance. Such an u~ount iB defined 

to be a "prophylactically eftective doo~." In th1 · !~e, the 

precise amounts again depend upon the patient's sta~e of 

25 health and general level of immunity, but generally range 

from 0.1 to 25 mg per dose, especially 0.5 to 2.5 mg per 

patient. A preferred prophylactic use is for the prevention 

of kidney transplant rejection. 

Single or multiple administrations of the 

30 compositions can be carried out with dose levels and pattern 

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

pha~nceutical formulations should provide a quantity of the 

antibody(iea) of this invention sufficient to effectively 

troat the patient. 

35 Human-like an~ibodies of the present invention can 

further find a vide variety of utilities in ~. By way of 

example, the exemplary antibodies can be utilized for T-cell 

typing, for isolating specific IL-2 receptor bearing cells or 

·-·: .. 
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already suffering from a disease, in an amount sufficient to

cure or at least partially arrest the disease and its

complications. An amount adequate to accomplish this is

defined as a "therapeutically effective dose.* Amounts

5 effective for this use will depend upon tha severity of the

infection and the general state of the patient's own immune

system, but generally range from about 1 to about 200 mg of

antibody per dose, with dosages of from 5 to 25 mg per

patient being more commonly used. It must be kept in mind

10 that the materials of this invention may generally be

employed in serious disease states, that is life-threatening

or potentially life-*hreatening situations. In such cases,
in view of the minimization of extranrmous substances and the

 
lover probability of “foreign substance" rejections which are isa

15 achieved by the present human-like antibodies of this in- Se
vention, it is possible and may ba felt desirable by the od
treating physician to administer substantial excesses of a
these antibodies. a

In prophylactic applications, compositions a
20 containing the present antibodies or a cocktail thereof are ees

administered to a patient not already in a «'sease state to Ses
enhance the patient's resistance. Such an amount is defined

to be a “prophylactically efrective dosa." In th! ‘se, the

precise amounts again depend upon the patient's state of

25 health and general level of immunity, but generally range

from 0.1 to 25 mg per dose, especially 0.5 to 2.5 mg per

patient. A preferred prophylactic use is for the prevention

of kidney transplant rejection.

Single or multiple administrations of the

30 compositions can be carried out with dose levels and pattern

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

pharmaceutical formulations should provide a quantity of the

antibody(ies) of this invention sufficient to effectively
treat the patient.

35 Human-like antibodies of the present invention can

further find a wide variety of utilities in vitro. By way of
example, the exemplary antibodies can be utilized for T-cell

typing, for isolating specific IL-2 receptor bearing cells or
e
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traqmente ot the receptor, tor vaccine preparation, or the 

like. 

For diagnostic purposes, the antibodios may ei~her 

be labeled or unlabeled. Unlabeled antibodies can 'be used in 

5 combination with other labeled antibodies (second antibodies) 

that are reactive with the human-like antibody, such as anti

bodies specific tor human immunoglobulin constant regions. 

Alternatively, the antibodies can be directly labeled. A 

wide variety of labels may be employed, such as 

10 radionuclides, !luora, enzymes, enzyme substrates, enzyme co

factors, enzyme inhibitors, ligands (particularly haptens), 

etc. Numerous types of immunoassays are available and are 

well known to those skilled in the art. 
' Kits can also be supplied tor use with the subject 

15 antibodies in the protection against or detection of a 

cellular activity or for the presence of a selected antigen. 

~hus, the subject antibody composition o! the present 

invention may be provided, usually in a lyophilized !orm in a 

container, either alone or in conjunction with additional 

20 antibodies specific tor the desired cell type. The 

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

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

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

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

25 of instructions tor use. Generally, these materials will be 

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

active antibody, and usually present in total amount or at 

least about 0.001\ wt. based again on the antibody 

concentration. Frequently, it will be desirable to include 

JO an inert extender or excipient to dilute the active 

ingredients, where the excipient may be present in from about 

1 tu 99\ wt. of the total composition. Where a second 

antibody capable of binding to the chimeric antibody is 

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

35 separate vial. The second antibody is typically conjugated 

to a label and formulated in an analogous manner with the 

antibody formulations described above . 

. : ~ ... 

. . . T' 
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fragments of the receptor, for vaccine preparation, or the
like.

For diagnostic purposes, the antibodies may either

be labeled or unlabeled. Unlabeled antibodies can be used in

s combination with other labeled antibodies (second antibodies}

that are reactive with the human-like antibody, such as anti-

bodies specific for human immunoglobulin constant regions.

Alternatively, the antibodies can be directiy labeled. A

wide variety of labels may be employed, such as

10 radionuclides, fluors, enzymes, enzyme eubstrates, enzyme co~

factors, enzyme inhibitors, ligands (particularly haptens),

etc. Numerous types of immunoassays are available and are
well known to those akilled in the art.

‘ Kits can also be supplied for use with the subject
antibodies in the protection against or detection of a

cellular activity or for the presence of a selected antigen.

Thus, the subject antibody composition of the present

invention may be provided, usually in a lyophilized form in a

container, either alone or in conjunction with additional

antibodies specific for the desired cell type. The
antibodies, which may be conjugated to a label or toxin, or

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

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

inert proteins, e.9., serum albumin, or the like, and a set

ef instructions for use. Generally, these materials will be

present in leas than about §% wt. based on the amount of

active antibody, and usually present in total amount of at

least about 0.001% wt. based again on the antibody

concentration. Praquently, it will be desirable to include

an inert extender or excipient to dilute the active

ingrediante, where the excipient may be present in from about

1 tu 99% wt. of the total composition. Where a second

antibody capable of binding to the chimeric antibody is

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

separate vial. The second antibody is typically conjugated

to a label and formulated in an analogous manner with the

antibody formulations described above.
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The following examples are off•r•d by way of 

illustration, not by limitation. 

EXPERIMENTAL 

5 pesign ot genes tor human-like light and heavy chnins 

The sequence or the human antibody Eu (Sequences 

Proteins of Immunological Interest, Robot, E., et al., U.S. 

Dept. of Health and Human Services, 1983) was used to provide 

the framework of the humani%ed antibody, because the amino 

10 acid sequence of the heavy chain ot anti-Toe is more 

homologous to ~~e heavy chain of this antibod~ ~hdn to any 

other heavy chain sequence in the National Biomedical 

Foundation Protein Identification Resource. 

To select the se~lonce of the humanized heavy 

15 chain, the anti-Tac heavy chain sequence (~, commonly 

asnigned u.s.s.N.'• 186,862 and 223,037, which are 

incorporated herein by reference) vas aligned with the 

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

position, the Eu amino ncid was selected !or the humanized 

20 sequence, unless that poaition tell in any one ot the 

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

was selected. 

(1} The position !P- 1 .'.. within a complementarity 

determining region (CDR), as defined by Kabat, 

25 et al., .QI!. ill· (amino acids 31-35, 50-66, 

99-106): 

(2) The Eu amino acid w~s unusual for human heavy 

chains at that position, whereas the anti-Toe 

amino acid was typical for human heavy chains 

30 at that position (amino ac!ds 27, 93, 95, 98, 

107-1091 lll): 

35 

(3} The position waa immediately adjacent to a CDR 

in the amino acid sequence of the· anti-Tac 

heavy chain (amino acids 30 and 67). 

(4' 3-dimensional modeling of the anti-Toe 

antibody suggested that the amino acid was 

physically close to the antigen binding r~a~on 

(amino acids 48 and 68). 
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The following examples ara offerad by way of iy

dilustration, not by limitation. ai

EXPERIMENTAL ot
5 Repiaqnofgenesforhuman-likelightandheavychains a

"fhe sequence of the human antibody Bu (Sequences of [3%af

Proteins of Immunological Interest, Kabat, E., et al., U.S.

Dept. of Health and Human Services, 1983) was used to provide

the framework of the humanized antibody, because the amino

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

homologous to the heavy chain of this antibody than to any

other heavy chain sequence in the National Biomedical
Foundation Pretein Identification Resource.

, To select the sequence of the humanized heavy

15 chain, the anti-Tac heavy chain sequence (gee, commonly

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

incorporated herein by reference) was aligned with the

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

position, the Eu amino acid was selected for the humanized

20 sequence, unless that position fell in any one of the

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

(1) The position fei. within a complementarity

determining region (CDR), as defined by Kabat,

25 et al., op. cit. (amino acids 31-35, 50-66,

99-106};

(2) The Eu amino acid was unusual for human heavy
chains at that position, whereas the anti-Tac

 uPPrietaSd,seOrganipaeee
eet

5
“ Y

AlNeo

amino acid was typical for human heavy chains ae
30 at that position (amino acids 27, 93, 95, 98, 3

107-109, 111); 5

(3) The position was immediately adjacent to a CDR z
in the amino acid sequence of the anti-Tac oe
heavy chain (amino acids 30 and 67). ah

35 (4! 3e-dimensional medeling of the anti-Tac a
antibody suggested that the amino acid was 4
physically close to the antigan binding reqion
(amino acids 468 and 68).
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Some ~mine ecids tell iu more than one of theae categories 

but are only listed in one. 

To select the .sequence of .the humanized li9ht 

chain, the ftnti-Tac light chain sequence was aliqned with the 

s sequence ot the Eu light chain (Figure 2). The Eu amino 

acid was selected at each position, unless the position again 

fell into one of the categories (1) - (4) 1 (with light chain 

replacing heavy chain in the category definition•) r 

(1) CORa (amino acids 24-34, 50-56, 89-97). 

10 (2) Anti-Tac emino acid more typical than Eu 

15 

20 

(amino acids 48 and 63). 

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

anti-Tac were already the same at all these 

positions). 

(4) Possible J-dimensional proximity to binding 

region (amino acid 60). 

The actual nucleotide sequence of the heavy 

(Figure 3) and light chain (Figure 4) genes were selected as 

follows: 

(1) the nucleotidft sequences code for the amino 

acid sequenc~~ ~hosen as described above. 

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

sequences code for a leader (si9nal) sequence, 

namely the leader of the light chain of the 

25 antibody MOPC 63 and the leader of the heavy 

30 

chain of the antibody PCH lOSA (Kabat et al., 

~.kit.). These leader sequences were chosen 

as typical of antibodies. 

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

sequences are the sequences that follow the 

mouse light chain J5 segment and the mouse · 

heavy chain J2 segment, which are part of the 

anti-Tac sequences. These sequences are 

included because they contain splice donor 

35 signals. 

(4) At each end of the sequence is an Xba I site 

to allow cutting at the Xba I sites and 

cloning into the Xba I site of a vector . 

.... . · ;. 
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some amino acids fell in more than one of these categories

but are only listed in one.

To select the sequence of the humanized light
chain, the anti-Tac light chain sequence was aligned with the

sequence of the Eu light chain (Figure 2). The Eu amino

acid was selected at each position, unless the position again

fell into one of the catagories (1) ~- (4), (with light chain

replacing heavy chain in the category dafinitions):

(1) CDRs (amino acids 24-34, 50-56, 89-97).

(2) Anti-Tac amino acid more typical than Eu

(amino acids 48 and 63).

(3) Adjacent to CDRs (no amino acids; Eu and

anti-Tac were already the same at all these

positions).

(4) Possible 3-dimensional proximity to binding

region (amino acid 60).

The actual nucleotide sequence of the heavy

(Figure 3) and light chain (Figure 4) genes were selected as
follows:

(1) the nucleotide sequences code for the amino

‘acid sequence: chosen as described above.

(2) 5 of these coding sequences, the nucleotide

sequences code for a leader (signal) sequence,

namely the leader of the light chain of the

antibody MOPC 63 and the leader of the heavy

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

op. cit.). These leader sequences were chosen

as typical of antibodies.

(3) 3° of the coding sequences, the nucleotide

sequences are the sequences that follow the

mouse light chain J5 segment and the mouse

heavy chain J2 segment, which are part of the

anti-Tac sequences. These sequences are

included because they contain splice donor
signals.

(4) At each end of the sequence if an Xba I site

to allow cutting at the Xba I sites and

cloning into the Xba I site of a vector.
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Construction of humanized light and beoyy chain genes 

To synthesize the heavy chain, tour 

·oli~onucleotides IIES12, HESlJ, IIES14, HESlS (Figure SA} were 

synthesized using an Applied Biosystems 3808 DNA synthesizer. 

5 Two of the oligonucleotides are part of each strand of the 

heavy chain, and each oligonucleotide overlaps the next one 

by about 20 nucleotide& to allow annealing (Figure SB). 

Together, the oligonucleotides cover the entire humanized 

heavy chain (Figure 3) with a few extra nucl~otidea at each 

10 end to allow cutting at the Xba I aites. The 

oligonucleotide• were purified from polyacrylamide gala. 

Each oligonucleotide was phosphorylated using ATP 

and T4 polynucleotid& kinase by standard procedures {~, 

Maniatis', m2· k.J..t.). To anneal the phosphorylated 

15 oligonucleotides, they were suspended together in 40 ul of 

(JJ mH Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM 

ma~esium acetate) at a concentration ot about 3.75 uM each, 

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

synthesize the complete gene !rom the oligonucleotioea by 

20 synthesizing the opposite strand of each oligonucleotide 

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

volume ot lOOul: 

25 

30 

35 

10 ul 

0.16 1I1M each 

0.5 mM 

o.s mM 

100 ugjml 

3.5 uq/ml 

25 ug/ml 

25 ug;ml 

annealed oligonucleotides 

deoxyribonucleotide 

ATP 

OTT 

BSA 

T4 g43 protein (DNA polymerase) 

T4 g44/62 protein (polymerase 

acceaaory protein) 

45 protein (polymerase aeees•ory 
protein) 

The mixture was incubated at 37 deg tor 30 min. 

Then 10 u of T4 DNA ligase was added and incubaticn at 37 
resumed tor JO min. The polymerase and ligase were 

inactivated by incubation ot the reaction at 70 deg tor 
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Constructionofhumanizedlightandheavychainscenes

To synthesize the heavy chain, four

‘cligonucleotides HES12, HES13, HES14, HES15 (Pigure 5A) were

synthesized using an Applied Biosystems 380B DNA synthesizer.

Two of the oligonucleotides are part of each strand of the

heavy chain, and each oligonuclectide overlaps the next one
by about 20 nucleotides to allow annealing (Figure 58).

Together, the oligonuclectides cover the entire humanized

heavy chain (Figure 3) with a few extra nucleotides at each

end to allow cutting at the Xba I sites. The

Oligonucleotides were purified from polyacrylamide gels.

Each oligonucleotide was phosphorylated using ATP

and T4 polynucleotide kinase by standard procedures (gee,

Maniatis, ep. cit.). To anneal the phosphorylated
oligonuclectides, they were suspended together in 40 ul of TA

(33 mM Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM

macnesium acetate) at a concentration of about 3.75 uM each,

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

synthesize the complete gene from the oligonuclectides by

synthesizing the opposite strand of each oligonucleotide

(Figure 5B), the following components were added in a final
volume of 100ul:

10 ul annealed oligonucleotides

0.16 mM each deoxyribonucleotide
0.5 aM ATP

0.5 mM DIT

100 ug/ml BSA

3.5 ug/ml T4 g43 protein (DNA polymerase)

25 ug/ml T4 944/62 protein (polymerase

accessory protein)

25 ug/ml 45 protein (polymerase accessory
protein)

The mixture was incubated at.37 deg for 30 min.

Then 10 u of T4 DNA ligase was added and incubation at 37 deg
resumed for 30 min. The polymerase and ligase were

inactivated by incubation of the reaction at 70 deg for
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15 mJ.n. To digest the gene with Xba I, to the reaction vaa 

added SO ul of 2x TA containing BSA at 200 ug/ml and OTT at 1 

mM, 4J ul of water, and 50 u of Xba I in 5 ul. The reaction 

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

bp Xba I fraqment was purifi•d from a gel and cloned into the 

Xba I aite of the plasmid pUCl9 by •tandard methods. Four 

plasmid isolates vera purified and sequenced using the 

dideoxy method. one of these had the correct sequence 

(Figure 3) • 

10 To synthesize the light cnain, tour 

oligonucleotides JFCl, JFC2, JFC3, JFC4 (Figure 6A) were 

synthesized. Two of the oligonucleotides are part of each 

strand of the light chain, and each oligonucleotide overlaps 

the'next one by about 20 nucleotides to allow annealing 

15 (Figure 6B). Together, the oligonucleotides cover the entire 

humanized light chain (FigurA 4) with a few extra nucleotides 

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

oligonuclootide• were purified !roe polyacrylamide gels. 

The light chain gene was synthesized from these 

20 olignucleotides in two parts. 0.5 ug each or JFCl and JFD2 

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

7.5, 20 mM magnesium chloride, so. mM sodium chloride), heated 

at 70 deq tor 3 min and allowed to cool alowly to 23 deg in 

order tor the oligonucleotides to anneal. JFD3 and JFC4 were 

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

and 0.5 mM in each deoxyribonucleotide and 6.5 u of aequenase 

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

incub~ted for l hr at 37 dcg to synthesize the opposite 

strands of the oligonucleotides. Xba I and Hind III were 

30 added to each reaction to digest the DNA (there is a Hind III 

site in the region where JFD2 and JFD3 overlap and therefore 

1;, each of the synthesized DNJ\s: Figure 6B). The reactions 

were run on polyacrylamide g~l~, and the Xba I - Hind III 

fragments were purified and cloned into pUClS by standard 

35 methods. s~veral plasmid isolates tor each fraqment were 

sequenced by the dideoxy method, and correct ones chosen. 
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158 min. To digest the gene with Xba I, to the reaction was

added 50 ul of 2x TA containing BSA at 200 ug/ml and DIT at 1

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

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

5 bp Xba I fragment was purified from a gel and cloned into the
Xba I site of the plasmid pUC19 by standard methods. Pour
Plasmid isolates were purified and sequenced using the

dideoxy method. One of these had the correct sequence

(Figure 3).

10 To synthesize the light cnain, four

oligonucleotides JFDi, JFD2, JFD3, JFD4 (Pigure 6A) were

synthesized. Two of the oligonucleotides are part of each

strand of the light chain, and each oligonucleotide overlaps

the next one by about 20 nucleotides to allow annealing
15 (Figure 6B). Together, the oligonucleotides cover the entire

humanized light chain (Figure 4) with a few extra nucleotides

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

oligonuclootides were purified from polyacrylamide gels.

The light chain gene was synthesized from these

20 olignucleotides in two parts. 0.5 ug each of JFD1 and JFD2

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

7.5, 20 mM magnesium chloride, 50 mM sodium chloride), heated
at 70 deg for 3 min and allowed to cool slowly to 23 deg in

order for the oligonucleotides to anneal. OFD3 and JFD4 were

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

and 0.5 mM in each deoxyribonucleotide and 6.5 u of sequenase

(US Biochemicals) was added, in a final volume of 24 ul, and
incubezted for 1 hr at 37 deg to synthesize the opposite

strands of the oligonucleotides. Xba I and Hind III were

30 added to each reaction to digest the DNA (there is a Hind III

site in the region where JFD2 and JFD3 overlap and therefore

iu. each of the synthesized DNAs; Figure 6B). The reactions

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

fragments were purified and cloned into pUC18 by standard

35 methods. Several plasmid isolates for each fragment were

sequenced by the dideoxy mathod, and correct ones chosen.
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ConatryctJon qt ~laam~ds to express humanized light ond heavy 

chains 

The heavy chain Xba I !roqment vat isolated !rom 

the pUCl9 plasmid in vhich it had been inserted and then 

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

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

orientation by standard methods, to produce the plasmid 

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

of a complete heavy chain when trans!ected into an 

10 appropriate host cell. 

The two light chain Xba I - Hind III fragments were 

isolated from the oUClB plasmids iu which they had been 

inserted. The vector plasmid pV~l (~, commonly assigned 

u.s'.s.N. 223,037) vas cut with Xba I, dephotophorylated an<:! 

15 ligated with the two fragments by standard methods. The 

desired reaction product has the circular form: vector - Xba 

I - fragment 1 - Hind III - fragment 2 - Xba I - vector. 

Several plasmid isolates were anftlyzed by restriction ~epping 

and sequencing, and one with this form chosen. This plasmid, 

20 pHuLTAC (FigureS), therefore contains the complete humanized 

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

light chain when transt~cted into an appropriate host cell. 

Synthesis and attinity ot humanized antibody 

25 The plasmids pHuGTACl and pHuLTAC were transtected 

into mouse Sp2/0 cells, and cells that integrated the 

plasmids were selected on the basis or resistance to 

mycophenolic acid and/or hygromycin B conferred by the qpt 

and hyg genes on the plasmids (Figures 7,8) by standard 

JO methods. To verity that these cells secreted antibody that 

binds to the IL-2 receptor, supernatant !rom the cella was 

~~cubated with HUT-102 cells that are known to express the 

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

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

35 analyzed !or fluorescence on a FACSCAN cytotluorometer. The 

results (Figure 9A), clearly show that the humanized antibody 

binds to these cells, but not to Jurxat T-cells that do not 

express the IL-2 receptor (Figure 90). As controls, the 

.... ~ 
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ConstructionofplasmidstoexpresshumanizedLightandheavy|

chains q

The heavy chain Xba I fragment was isolated from

the pUC19 plasmid in which it had been inserted and then
5 inserted into the Xba I site of the vector pV71l (ges,

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

orientation by atandard methods, to produce the plasmid

PHUGTAC1 (Figure 7). This plasmid will express high levels

of a complete heavy chain when transfected into an

10 appropriate host cell.

The two light chain Xba I - Hind III fraqments were

isolated from the 0UC18 plasmids in which they had been

inserted. The vector plasmid pV«l (see, commonly asaigned
U.8.8.N. 223,037) was cut with Xba I, dephosphorylated and

15 ligated with the two fragments by standard methods. The

desired reaction product has the circular form: vector - Xba

I - fragment 1 - Hind III - fragment 2 - Xba I - vector.

Several pliasnid isolates were analyzed by restriction mapping

and sequencing, and one with this form chosen. This plasmid,

20 pHuLTAC (Figure &), therefore contains thea complete humanized

light chain (Figure 4) and wil! express high levels of the

light chain when transfected into an appropriate host cell.

Synthesisandaffinityofhumanizedantibody

25 The plasmids pHuGTACi and pHuLTAC were transfected

into mouse Sp2/0 cells, and cells that integrated tha

plasmids were selected on the basis of resistance to
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mycophenolic acid and/or hygronycin B conferred by the gpt

and hyg genes on the plasmids (Figures 7,8) by standard

30 methods. To verify that these cella secreted antibody that

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

incubated with HUT-102 cells that are known to express the .
IL-2 receptor. After washing, the cells were incubated with

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

35 analyzed for fluorescence on a FACSCAN cytofluorometer. The

results (Figure 9A), clearly show that the humanized antibody

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

express the IL-2 receptor (Figure 9D). As controls, the iadardabnebendhCodieaeheECares
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original mouse anti-T~~ antibody wa• also used to stain thea~ 

cella (Figure 9B,C), giving similar result•. 

For further experiments, cells producing the 

humanized antibody were injected into mico, and the resultant 

5 ascites collected. Humanized anr.ibody W."!S purified to 

substantial homogeneity from the ascites by passage through 

an affinity column of goat anti-human immunoglobulin 

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

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

10 techniques. To determine the affinity o! the humanized 

antibody relative to the original anti-Tac antibody, a 

competitive binding experiment vas performed. About 5 x 105 

HUT-192 cells were incubated with known quantitie• (10 - 40 

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

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

anti-Tee vas added to the cells and incubated tor 30 min at 4 

~eg. This quanti~y of anti-Tac had previously been 

determined to be sufficient to saturate the binding sites on 

the cells, but not to be in large excess. Then the cells 

20 were washed twice with 2 ml of phosphate buffered saline 

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

incubated for JO min at 4 deg with 250 ng of 

phycoerythrin-conjugated avidin, vhich bound to the 

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

25 were washed again as above, fixed in PBS containing 1\ 

paraformaldehyde, and analyzed tor fluorescence on a FACSCAN 

cytofluorometer. 

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

anti-Tac antibody as competitor in the first step decreased 

30 the amount o! biotinylated anti-Tac that could bind to the 

cells in the second step, and therefore the amount of 

phycoerythrin-conjugated avidin that bound in the last step, 

thus decreasing fluorescence (Figure lOA). Equivalent 

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

35 competitor d~creased the fluorescence to approximately the 

same degree (Figure lOB). This shove that theaa antibodies 

have approximately the same affinity (within J to 4 fold), 

because if one had much greater affinity, it would have more 
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e!tectively competed with the biotinylated anti-Tee, thua 

decreasing fluorescence more. 

Biological propertiea ot the humanized antibody 

5 For optimal use in treatment o! human disease, tho 

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

body that express the IL-2 receptor. One mechani•m by wh!ch 

antibodies may destroy target cells is antibody-dependent 

cell-mediated cytotoxicity, abbreviated AOCC (Fyndacental 

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

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

target cell and an ~ffector cell such as a macroph~ge that 

can ~yse the target. To determine whether the humanized 

antibody a~d the original mouse anti-Tac antibody con mediate 

15 AOCC, a chromium release assay was performed by standard 

methods. Specifically, human leuke~ia HUT-102 cella, which 

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

them to absorb this radionuclide. The HUT-102 cells vere 

then incubated with an ~xcess ot either anti-Tac or humanized 

20 anti-Toe antibody. The HUT-102 cella were next incubated tor 

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

which were normal purified human peripheral blood mononuclear 

cells that had been activated by incubation tor about 20 hrs 

with human recombinant IL-2. Release of 51Cr, which indicated 

25 lysis of thd target HUT-102 cells, was measured and the 

background subtracted (Table 1). The reaulta ahov that at 

either ratio ot effector cells, anti-~ac did not lyae a 

significant number of the target cells (less than 51), while 

the humanized antibody did (more than 201). Hence, the 

JO humanized antibody is likely to be more ~!!icacious than the 

original mouse antibody in treating T-cell leukemia or other 

T-eall mediated diaeaaes. 

. . • :"".;;.. 
.· "-~ ·:~·-.=~ .. ·= •. 
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effectively competed with the biotinylated anti-Tac, thus

decreasing fluorescence more.

Biologicalpropertiesofthehumanizedantibody

. For optimal use in treatment of human disease, tha

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

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

antibodies may destroy target cella is antibody-dependent

cell-mediated cytotoxicity, abbreviated ADCC (Fundamental

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

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

target cell and an effector cell such as a macrophage that

can lyse the target. To determine whether the humanized
antibody and the original mouse anti~Tac antibody can mediate

Abcc, a chromium release assay was performed by standard

methods. Specifically, human leukemia HUT-102 cells, which

express the IL-2 receptor, were incubated with “!cr to allow
them to absorb this radionuclide. The HUT-102 cells were

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

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

6 hre with either a 30:1 or 100:1 ratio of effector celis,

which were normal] purified human peripheral blood mononuclear

cells that had been activated by incubation for about 20 hrs

with human recombinant IL-2. Release of “cr, which indicated

lysis of tha target HUT-102 cells, was measured and the

background subtracted (Table 1). The results show that at

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

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

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

humanized antibody is likely to be more efficacious than the

original mouse antibody in treating T-cell leukemia or other
T-cell mediated diseases. 
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Antibody 

Anti-Tac 

Humanized 
anti-Toe 

33 

TABLE 1 

Percent 51Cr release atter AOCC 

Ettcctor; Target ratio 

30:1 100:1 

4t 

24\ 

<H 

23l 

From the foregoing, it will be appreciated that the 

human-like imm,moglobulins ot the present invention otter 
numerous advantages ot other antibodies. For example, in 

comparison to enti-Tac mouse monoclonal antibodies, the 

20 present human-like IL-2 receptor i~unoglobulinr can be more 

economically produced and contain substantially less foreign 

amino acid sequences. Th!.s reduced likelihood of 

antigenicity after injection into a human patient represents 

a ~ignificant therapeutic improvement tor immunoglobulins 

25 dqsigned in accordance with the above criteria. 

Although the present invention has been described 

in some detail by way of illustration and example for 

purposes of clarity and understanding, it will be apparent 

that certain changea and modification• may be practiced 

30 within the scope of the appended claims. 

. . ~ . . .. .. ,. . ,,:_,_ . ., . 
. :·.~~-~- ~--.,._>; ~ ·--~:·:··~ ~;·: <:.::~:'-~-~~~~- .: 
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Percent “!cr release after ADCC

Effector:Targetratio
30:1 10031

Antibody
Anti-Tac 4t < 1%

Humanized 24% 233%
anti-Ta¢

From the foregoing, it will be appreciated that the

human-like immunoglobulins of the present invention offer

numerous advantages of other antibodies. For example, in

comparison to enti-Tac mouse monoclonal antibodies, the

present human-like IL-2 receptor immunoglobuling can be more

economically produced and contain substantially less foreign

amino acid sequences. This reduced likelihood of

antigenicity after injection into a human patient represents

a cignificant therapeutic improvement for immuncglobulins

dasigned in accordance with the above criteria.

Although the present invention has been described

in some detail by way of illustration and example for

purposes of clarity and understanding, it will be apparent

that certain changes and modifications may be practiced

within the scope of the appended clains.
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HE CUIM: 

1. A compo~ition comprising a substantially pure 

human-like immunoglobulin specifically reactive with p55 Tac 

5 protein. 

2. A composition according to Claim 1, wherein 

the immunoglobulin comprises two pairs of light/heavy chain 

dimers, wherein each chain comprises a variable region and a 

1n constant region. 

15 

J. A composition comprising a substantially pure 

human-lik~ immunoglobulin capable of inhibiting binding of 

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

4. A composition according to Claim l, wherein 

the immunoglobulin exhibits a binding affinity to a human IL-

2 receptor of about 101 M-1 or stronger. 

20 5. A canpo•ition according to Claim 1, wherein 

25 

JO 

the immunoglobulin comprises complementarity determining 

regions from one ir~unoglobulin and framework regions from 

least one differen1: immunoglobulin. 

6. A recombinant immunoglobulin composition 

comprising a human-like framework and one or more foreign 

complementarity determining regions not naturally associated 

vith the framework, wherein said immunoglobulin is c~pable of 

binding to a human interleukin-2 receptor. 

7. A composition according to Claim 6, vherein 

the i~unoglobulin 1• an IgC
1 

immunoglobulin isotype. 

8. A composition according to Claim 6, vherein 

35 the mature light and heavy variable region protein sequences 

are substantially homologous to the mature protein sequences 

in Figures J and 4. 
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. 1, A composition comprising a substantially pure
human-like immunoglobulin specifically reactive with p55 Tac
protein.

2. A composition according to Claim 1, wherein

the immunoglobulin comprises two pairs of light/heavy chain

dimers, wherein each chain comprises a variable region and a

constant region.

3. A composition comprising a substantially pure

human-like immunoglobulin capable of inhibiting binding of
human interleukin-2 (IL-2) to a human IL-2 receptor.

4. A composition according to Claim 1, wherein

the immunoglobulin exhibits a binding affinity to a human IL-

2 receptor of about 10° mM? or stronger.

5. A conposition according to Claim 1, wherein

the immunoglobulin comprises complementarity determining

regions from one irmunoglobulin and framework regions from at

least one different: immunoglobulin.

6. A recombinant immunoglobulin composition

comprising a human-like framework and one or more foreign

complementarity determining regions not naturally associated

with the framework, wherein said immunoglobulin is capable of

binding to a human interleukin-2 receptor.

7. A composition according to Claim 6, wherein

the immunoglobulin is an IgG, immunoglobulin isotype.

8. A composition according to Claim 6, wherein

the mature light and heavy variable region protein sequences

are substantially homologous to the mature protein sequences

in Figures 3 and 4.
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9. A human-like immunoglobulin having two pairs 
of .light chain/heavy chain dimera -and capable of ospeciri-cally 
reacting with an epitope on a human interleukin-2 recept~r 

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

5 heavy chains comprising complementarity determining regions 

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

are from different immunoglobulin molecule• than the 
framework regions. 

10 10. An immunoglobulin according to Claim 9, which 

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

human IL-2 receptors. 

11. A humanized immunoglobulin capable ot binding 

15 to human interleukin-2 receptors, said immunoglobulin 

comprising one or more complementarity determining regions 

~CDR's) from anti-Tac antibody in a human-like framework, 
wherein the human-like framework region compri••s at least 

one amino acid chosen from the anti-Tac antibody. 
20 

25 

12. A humanized immunoglobulin according to Claim 

11, having a mature heavy chain variable sequence as shown in 

Figure J, and a mature light chain aGquence as shown in 
Figure 4. 

13. A humanized immunoglobulin according to Claim 

11, whorein an additional amino acid from the anti-Tac 

antibody is immediately adjacent a CDR. 

30 14. A method ot treating T-cell mediated disorders 

35 

in a human patient, said method comprising administering to 
saiu patient a therapeutically effective dose of an 
i~munoglobulin according to Claim 1. 

15. An immunoglobulin according to Claim 1 which 
was produced in a myeloma or hybridoma cell. 
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9. A human-like immunoglobulin having two pairs

of .light chain/heavy chain dimers and capable of -epecifically

reacting with an epitope on a human interieukin-2 receptor

with an affinity of at least about 10° M”'. said light and
heavy chains comprising complementarity determining regions

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

are from differant immunoglobulin molecules than the

framework regions.

10. An immunoglobulin according to Claim 9, which

4s capable of blocking the binding of interleukin-2 (IL-2) to

human IL-2 receptors.
.

121. A humanized immunoglobulin capable of binding

to human interleukin-2 receptors, said immuneglobulin

comprising one or more complementarity determining regions

‘CDR's) from anti-Tac antibody in a human-like framework,

wherein the human-like framework region comprises at least

one amino acid chosen from the anti-Tac antibody.

12. A humanized immunoglobulin according to Claim

11, having a mature heavy chain variable sequence as shown in

Figure 3, and a mature light chain saquence as shown in

Figure 4.

13. <A humanized immunoglobulin according to Claim

il, whorein an additional amino acid from the anti-Tac

antibody is immediately adjacant a CDR.

14. A method of treating T-cell mediated disorders

in a human patient, said method comprising administering to
saiu patient a therapeutically effective dose of an

immunoglobulin according to Claim 1.

15. An dimmunogiobulin according to Claim 1 which

was produced in a myeloma or hybridoma cell.

   ewes >
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16. A polynucleotide molecule compricing a first 

sequence coding !or human-like immunoglobulin framework 
regions and a second sequence coding for one or mora mouse 
iamunoglobulin complementarity determining regions, wherein 

5 upon expression said polynucleot{de encodes an immunoglobulin 
specifically reactive with p55 Tac protein and capable of 

blocking the binding of interleukin-2 (IL-2) to the IL-2 
receptor on human T-cells. 

10 17. A cell line tranafected with a polynucleotide 
of Claim 16. 

18. A method of designing a humanized 
immun~globulin (Ig) chain having one or more complemwntarity 

15 determining region• (CDR'a) from a donor Ig and a framework 
region from a human Ig, aaid method comprising: comparing 
the framework or variable region amino acid sequence of the 
donor Ig light or heavy chain with corresponding sequences in 

a collection of human Ig chainsr and selecting to provide the 
20 human Ig light or heavy chain framework one of the about 

three most homologous aequances from the collection. 

19. A method of designing a humanized 
immunoglobulin chain having a framework region from a human 

25 acceptor immunoglobulin and complementarity determining 
regions (CDR's) from a donor immunoglobulin capable of 
binding to an antigen, said method comprising the steps of 
substituting at least one human framework amino acid of the 
acceptor immunoglobulin with a corresponding amino acid from 

30 the donor immunoglobulin at a position in the immunoglobulins 
where: 

(a} the amino acid in the human framework region 
of the acceptor immunoglobulin is rare for said position and 
the corresponding amino acid in the donor immunoglobulin is 

35 common for said position in human immunoglobulin aequences7 
or 

(b) the amino acid is immediately adjacent to one 
of the CDR's; or 

:':~~---~~-t~ .. ·~:::-;·: ;~/:~~:-: ..... ,..-: -~ -:~~:.: .::.-f.._\t;. ~:~!;-~ ~-:-:·~r:; ·:: : ~-·.i.-:>~·:·.:··:::-. 7: -~-~:.~.---: : ~~~~f~~\~f~;~~~?:-~n~-~-~J-
,. :·· • !" • __ .. 
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16. A polynuclectide molecule comprising a first

sequence coding for human-like immunoglobulin framework

regions and a second sequence coding for one or more mouse

immunoglobulin complementarity determining regions, wherein

upon expression said polynucleotide encodes an immunoglobulin

specifically reactive with p55 Tac protein and capabie of

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

receptor on human T-cells.

17. A cell line transfected with a polynuclectide
of Claim 16.

18. A method of designing a humanized

immunoglobulin (Ig) chain having one or more complementarity
determining regions (CDR‘s} from a donor Ig and a framework

region from a human Ig, said mathod comprising: cemparing

the framework or variable region amino acid sequence of the

donor Ig light or heavy chain with corresponding sequences in

a collection of human Ig chains; and selecting to provide the

human Ig light or heavy chain framework one of the about

three most homologous sequences from the collection.

19. <A method of designing a humanized

immunoglobulin chain having a framework region from a human

acceptor immunoglobulin and complementarity determining

regions (CDR's) from a donor immunoglebulin capable of

binding to an antigen, said method comprising the steps of

substituting at least one human framework amino acid of the

acceptor immunoglobulin with a corresponding amino acid fron

the donor immunoglobulin at a position in the immunoglobulins
where:

(a) the amino acid in the human framework region

of the acceptor immuncglobulin is rare for said position and

the corresponding amino acid in the donor immunoglobulin is

common for said position in human immunoglobulin sequences;
or

(b) the amino acid is immediately adjacant to one
of the CDR's; or

oenig

eer_PPIRTPOFETTE.BarendPANNREACATEDSUNAINCUEa4aNTaleeBemaS|

 

 
Ny)

a

OealalDaas
 

rierpeedcackhoeacchabeas

PFIZER EX. 1502

Page 1050



\\'0 90/07A61 PCT /US89/05857 

37 

(c) the amino ac!d ia predicted to have a •ide 

.chain ,atom·>Within ebout 3A ·ot ·the "COR~• in 1l 'tbree

dimensional immunoglobulin model and to be capable or 

interacting with the antigen or with the CDR's ot the 

5 humanized immunoglobulin. 

20. A method according to Claim 19, wherein the 

humanized immunoglobulin chain comprises in addition to the 

COR's at least three amino acids from the donor 

10 immunoglobulin chosen by criteria (a), (b) or (c). 

15 

21. A method according to Claim 20, wherein at 

le~st one ot the a~ino acids substituted from the donor is 

immediately adjacent a CDR. 

22. A humanized immunoglobulin designed according 
to Claims 18, 19, or 20. 
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(c) the amino acid ia predicted to have a side

wchain-atom-within about 3A of the ‘CDR‘s in a three-

dimensional immunoglobulin model and to be capable of
interacting with the antigen or with the COR's of the

5 humanized immunoglobulin.

20. A method according to Claim 19, wherein the

humanized immunoglobulin chain comprises in addition to the
CDR's at least three amino acids from the donor

10 immunoglobulin chosen by criteria (a), (b) or (c).

21. A method according to Claim 20, wherein at

least one of the amino acids substituted from the donor is

immediately adjacent a CDR.
15

22. A humanized immunoglobulin designed according
to Claims 18, 19, or 20. 
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FIGL'RE J 

10 20 lO 40 50 60 
TCTACATGCGATGGAGCTGCATCTTTCT~.~CCT~CTGTCACCTACCGCCCGCGTGCACT 

M G W S W I F t F L L S G T A G V H 

70 80 90 100 110 120 
CTCACC7CCACCTTCTCCAGTCTGGGGCTGAACTCAACAAACCTGGCTC~AGCGTGAACG 
S Q V Q L V Q Z G I £ V K K P G S S V K 

1 JO • 140 150 160 170 180 
7=rc:~c:~CCCTTCTGGCTACACCTTTACTACCTACAGCATGCACTGCGTAAGGCAGG 
~ S C K A S G Y T F T S Y R M H W V R Q 

190 200 210 220 230 240 
CCCCTCCACACGGTCTGGAATGCATTGGATATATTAATCCCTCCACTGCCTATACTCAAT 
A P G Q G L £ W I G Y I N P S T G Y T E 

250 260 270 280 290 JOO 
ACAATCACAAC~CAACGACAACCCAACAATTACTCCACACGAATCCACCAATACACCCT 
Y N Q K F K D K A T I T A 0 E S T N T A 

310 320 330 340 350 360 
ACATCCAACTCACCACCCTCAGATCTCAGGACACCCCACTCTATTACTCTCCAACACGGG 
Y M E L S S L R S E 0 T A V Y Y C A R G 

370 380 390 400 410 420 
GCGCCCTCTTTCACTACTGGGCCCAACGAACCCTCCTCACACTCTCCTCACGTCAGTCCT 
G C V F 0 Y W G Q G T L V T V S S 

430 
TA.AAACCTCTAGA 

, : ... -. 
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FIGURE 3

10 206 30 40 506 60
TCTAGATGGGATGGAGCTGGATCTITCTOMTCCTSCTGTCAGGTACCGCGGGCGTCGCACT

MGwes WIFiFuLLis ©@ T A G VK

70 80 90 100 110 120
CTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTCSAGCGTGAAGG
§ @veQLtLv@Qs5 6A EV K K PGS SVK

120 “140 150 160 170 180
TOTCOTSCAAGG CTTCTGGCTACACCTTTACTAGCTACAGGATGCACTGGGTAAGGCAGG
’ oS ¢€ K A § G Y¥Y T F T S Y R M H W VR Q

190 200 210 220 230 240
COCCTGGACAGGGTCTGGAATGGATTIGGATATATTAATCCGTCGACTGGGTATACTGAAT
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CCACTCCATCCTCTACCTACTAAhCCTCTACCCAGAAGCCTTCCAGGAGACCTTCACCCT 
CCACCCAGC 

H£Sl4 TATATTAATCCCTCCACTCCCTATACTCAATACAATCACAAGTTCAACCACAACCCAACA 
ATTACTCCACACCAATCCACCAATACACCCTACATCCAACTCACCA~CCTGACATCTCAG 

CACA 

H£515 ATATCCTCTACAGCTTTTAAGCACTCACCTCAGCACACTCTCACCAGGCTTCCTTCCCCC 
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AGCCTCCT 

H£Sl2 HES14 
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} ‘FIGURE 5
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4 HES12 AGCTTCTAGATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGTACCGCGGGCOTG
4 CACTCTCAGCTCCAGCTIGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTICGAGCGTG
: MAGCTC

i HES13  CCCAGTCGACCGATTAATATATCCAATCCATTCCAGACCCTGTCCAGGGGCCTGCCTTAC
: CCAGTGCATCCTGTAGCTAGTAAAGGTGTAG CCAGAAGCCTTGCAGGAGACCTTCACGCT
A CGAGCCAGG

A HESI14 TATATTAATCCGTCCACTGGCTATACTGAATACAATCAGAAGTTCAAGGACAACGCAACA
Hi ATTACTCCACACGAATCCACCAATACAGCCTACATGGAACTGAGCAGCCTGAGATCTIGAG
3 GACA

A HES1S ATATCGTCTAGAGGTTTTAAGGACTCACCTGAGGAGACTGTGACCAGGETTCCITGGOCC
, CAGTAGTCAAAGACCCOCCCOCCTCTIGCACAGTAATAGACTGCGGTGTCCTCAGATCTC

§ AGGCTGCTAFt
a 8B
5

A HES12 HES14
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FIGURE 6 6/10 

3FD1 CAAATCTACATCCACACCCATACCCTCCTCCTATCCCTCCTCCTCCTATCCCTCCCACGA 
TCAACCGGAGATATTCACATGACCCACTCTCCATCTACCCTCTCTGCTAGCCTCGGCGAT 

3FD2 ATAAATTAGAAGCTTCCGAGCTTTCCCTGCCTTC!GCTGGTACCACTCCATCTAACTTAT 
ACTTCAGCTGGCAGACCAGCTTATGCTCACCCTATCCCCGACGCTAGCACAGAG 

3FOJ GCTCCCAAGCTTCTAATTTATAC~CATCCAACCTGCCTTCTCCACTCCCTCCTCGCTTC 
ACTGGCACTCGATCTGGGACCGACTTCACCCTCACAATCAGCTCTCTGCACCCAGATGAT 
TTC 

3FD4 TATATCTAGAAAACTCTACTTACCTTTCACCTCCACCTTCCTCCCCTCACCCAACGTCAC 
TCCGTAACTACTCCTTTGATGCCACTAATAACTGGCCAAATCATCTCGCTCCACACACCT 
GA 

3FCl 3FD3 
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~------------------JFD4 

PFIZER EX. 1502 
Page 1057



L.! ............ ~;:o.· ~·-- ...... ;;._-~--- ~ __ .......... • ....... ... 

PCr /US89/03857 

FIGURE 7 
7/10 

Rl lg Pronoter 

p8R322 
Xbo 

Xbo 

Pvu II 

Hind I I I 

Bon HI 
Hyg 

PFIZER EX. 1502 
Page 1058

PCT/US89/05857

Eco RI Eco R! 
PFIZER EX. 1502

Page 1058



........ -,k ~ ~... • . • • ~ .. - I L 11 • •• ~· .... 

wo 90/07861 PCT/U£-39/05857 

8/10 

FICURE B 

tg Pronoter 

Xbo I 

p8R322 
VJ 

c): 

Gpt 

PFIZER EX. 1502 
Page 1059

ee

 
 

 
Wo 90707861 pew

eY

panneacere
m4?

    
 

 
Caoe Eco RI Eco RI lq Promotereveanoon

rae.ée
pBR322

VJUEPEEYEEYaEi,iesems
italna

EyEA

Cok hoheHodeecoh
iadvetCe

 
 

getccs

CeUitos3cetera
4

ame
>; ’bmtetraanemeee}

aeSN
82< TEAaaokaerat

 

 SONKTata

eee 
PFIZER EX. 1502

Page 1059



~/10 

FICU~ 9 A 
B HUT-102 

HOT-102 :aal3 taaa 

• r\ 

/\ 
! \ 

I I 
' \ ; I 

' I 

I 
I ' ' I 

. 
1. 

13 
13 113 13 
1 a 13 

Human!zed anti-Tac 
Anti-Tac 

D Jurkat 
Jurkat 

aaaca 

i\ 
. 
. 
. 
l ~ 

II ~. .. 
.~l a. a aaa ta 1 sa 2 a a 

J"'Ll 
Anti-Tac 

Buaanized anti-Tao 

. ~~~-~~~~~ :.;~· ·:~~~-~~- .. ~ . . '-:' 

•· • .. . : ~ ~ =-:. 

PFIZER EX. 1502 
Page 1060

aac ee ee ek

 
 

 
WO90707861

8/10

PIGURE 9
EeeeeOa HUT~102

1aa9a

  

 wm

SaeinAielaWaldcncece
‘f i

 

 
 
 

 1a! 192
Ful

Human!zed anti-Tac

ie 198 1a! iae 1a2
Ful

Anti-Tac

in y

 

 

yreT

p EJurkat Jurkat Bg
1aeae

SESONES
itir

a:
1a! 102 1a? 199 ig! 102 102

Ful

Humanized anti-Tac

Aae
Anti-Tac enrar<4

 
 Syew cana dead laces fin de eee " ae

npAN ESeae aeee AsaereeVTEem oe . oe ma ieae

poee Fg ae matsteeyee . Tas« i

 7 emt
7 4g har te ee  

PFIZER EX. 1502

Page 1060



.. ~- *' -·~ 

WOf0/07861 

10/10 

FICURE 10 

A 

....... 
----

... 

PCT/US89/M8!7 

0 nq anti-Tac 
10 ng 
20 ng 
•o ng 

o nq anti-Tao 
20 nq anti-Tao 
20 nq buaanized anti-Tao 

PFIZER EX. 1502 
Page 1061

ae

 
we oe

WO 90/0786!

 

PGT ¥ J e TT Ls.
eS SAS Shes

PCT/US89/05857

10/10

FIGURE 10

Oo ng anti-Tac
- .« 10 ng

eoeeses 20 ng
40 ng

Oo ng anti-Tac
—s 20 ng anti-Tac
seaeeses

26 ng husanized anti-tac

~v‘ m.

PFI

 
ZER EX. 1502

Page 1061



+w •1!nHSR7R«_.-1p• ... , .. =·-
~ 

INT!fltNATIONAL SEARCH flt!PORT 

·-· ... ·• ............. "• PCT/US89/0ii8'i7 

G.S. 530/387; 424/85~ 435/69.1,172.3; 536/27; 435/240.1 

Y,P 

X 
y 

X 
v 

o.. ...... ,.. • .,_.. ... ,..,_., et"'- ttw" ww.-.. Dec~wt,.... 
tt ,...,. I•WI\t -&Nil ave Pt. Oecu.....,..t t4'1 IAU_.._ tft '"' ,,.,.,. 14•••"•• 1 

----------------------1 

trS,A 

EP,A 

tJO,A 

GB,A 

",816,567 (CABn.LY £'I .AL) bruAd 
28 Ha.rch 1989, See ent.ire doCU~~~Mt. 

239,400 (l:D."'I:R) !IJUad 30 September 1937 
See en tire dOC\.IlleJl t.. 

89/01783 (~ E'I' At) b.IIUI!d 
09 &rdl 1989, See entire doont:nt. 

2188941 (DIAMANIS'I'EIN EI AL) Issued 
14 October 1987. See entire c::i.o<:umlant. 

Science, Volune 238 leeued 20 ~ 1987 
(\1it11A El' AL) "Rac!ui~ Mtur. '• poi•ons to 
create anU-t\tl\Or reagents" , pp 1098-1104. 
~e entire docu:'lent. 

(eon't) 

1-22 

18-22 
-r-r1 

lA-22 
--r:T1 

1-22 

....... " ....... .,... ................. ,.. .. . .,. .... leler 41M.,.....~ ._,....._. aft•• tlk& fMt,.....ft~el 1\t,"e fete 

.. A .... _,,......,.. ........ .._. t .. t.....,..l lfat• ef ltlilll: ef\ wft .. Pii fl fl•t 
al•tt ..... te ... oM MI'\ICW'IAI ..... lAt. .•. r.:::7.:::-· .... _ ................ "'· .... _ ... .... 

•&. • ........... ••lrC" ~f ...... ··~· _. .,... ... , C'-IMf't) er •" .. " ..... .., .. -···It·· '"'- ."' ....................... , 
&ll.aUM 11 .. "'' -...c•er , • .,... lie • ....,. .. , 

•o· ........... ...,.,., .. •• .... ~ •••w•-. . ., ...... ~ ..... •• .,,., ,. .. ~. 
...- .,...,._.."' avt1Ne•e4 •"•' te ,,.. ••~ .. , 1111•1 ,. ... '"' 

'-"'•' .......... ....,.., ..... lllliiiii'M 

I SAlUS 
•-PCT/l&A/110-~ 1 ...... 1MII 

•••• , .... , .... •"• *•• .,., ••""'C1 .... ,.. , .... h •• ·~ , ...... "" .. , .... ~ ..... ,,.,,, .... ., ~ "''"''"• .,.. .,. .. " ... " . ... ·-~ .......... , ........... : ............. "'"...,"'" ''""It ................... ., ..................... . 
tA•etwt 1ft -...anuw• 1110 

•y• •Hv....,.1 et Nrtftw .. t ...... "IIJ ~ ,...,,_., _. .... , .. ~ 
Ct""_, ee Ufltttl.,... te M•l ..... .._ tfl ... !,_. lfll _..,. ,...,_ 

•••v•••• •• ••-••••• ••" ••• ., ., .. ,,..,., awe'- ••••· ..-•• , •. •we" ••-•~ ... ..,., ... ,.""' .. • ,., • .,. •••Hid 
'" t111111 ef'\. 

..... w ..................................... .., 

0 2 JUL 1990 
r-.:.:··.,..···"' .... "' .. ~·~ ~ 
!~Michell• Mara 

........ 

PFIZER EX. 1502 
Page 1062

 
 
 
 
 

 
 
 

 

 
 
 

  
  

baitOak fedein‘
o
ro

 
 

 
 

 
 
 

 
 
 

 
 
 
 

 

 

ea

 

INTERNATIONAL SEARCH REPORT

tnseenettoast Apeteonen Me=PCT/USB9/OSBS7 _
2. CLABBWIC ATION OF SUBJECT MATTER Uf aeverai cigasihicstion semoasto ERS, Inger oth)
Bonene 16 inigranrenss Posen, CoeseMzanan GPCI OF te FOIA tegingne! Cleeeifisauan ang 1F C

fp. 8) eae 21700; Cin $7165970115700
1 u.s. CL +: 530/387; 435/69.1,240.1; 536/27
 
 
 
 

t, WELOe Stanecnsd
dtiaimym Oocumeatation Segre red ¢a

Clerefeahen Seeiem |

U.S. 530/387; 424/85; 435/69.1,172.3; 536/27; 435/240.1

Clasetcation Symocia

 
  

 
Boeymamation Goarened other than dtinimaem Doc umeniston

te tne Lewent tras euch Ga cumente ove fativecsd tn ihe Pieide Sanvahed 3  

14, DOCUMENTS COMBIOERID FO BS RELEVANT 14I
Cetegery * Creation SI DGerm oar, +h awem msesON, SHEE EBS BOMSEA, BF IAG tqmmsant passegat §f + Meieceat te Claim mg 1sSe

4,816,567  (CABILLY ET AL) Jamuad 1-22Y,P uS,A
28 March 1989, See entire document.

EP.A 239,400 (WINTER) Issued 30 September 197° 18-22
See entire document.a>

89/01783 (BOOMER ET AL) Issued : 1R-22
OS March 1989, See entire docaxment. t-1?

ae wo 8>

1-4 7-8, 14-15
‘SSSOTIER

GB,A 2188941 (DIAMANTSTEIN ET AL) Tasued
14 October 1987. See entire document.wg

Y Science, Volume 238 Ismusd 20 November 1987 1-22
(VITETTA ET AL) “Redesigning nature's poigons to
ereate anti-tumor reagents” , pp 1098-1104.
See entira document.

(eon't) Sa
* Soers! cowgened of eed seeumente: ft
"hh Setunent Sefining tne Genet! tale Of The afl whan 18 Kelsere6ered ta be of Bert wis! Pmevants

t wer Cece! Sui PwOUEhed e8 Of Ger tne MiernatiEnel oxing aeie
"L” dmeumemrt which mat threw Cevete OF pervert? ciaimnia) OF

whieh 06 et0d te astobhan thse puarraren goe si atether oy-SASUBA O: SINEs Bpectel renaan 12% speeog)
*O° aueument elecring 6 8 Srei Cissienurs, vee, CRMIRTAN OFthet manne
OP geovement aubliahed OM47 19 the Imtgmnoteng! Atng dete BUAtater than ine pray Gait siaimes

 
°T~ laler desu~ment eubnehed ata: ing imernenenel Aine sete@! atierty Gate End Ket in canter ade me Vebeates Fut

Ces te WAMETELAAE The BAARCIOw SF tNeery AgEripiAg IretAvention
Pocwment of sarteriar Petrancs: INE CAs me tntianSOONG! BO SENMETOE RETOL OF sEnnet Be Be .E1emrEe IF
sAwerTS OF IeTEMwe S165
setument of sarteuias Paiowense; The Cigimed meeni.gnLEARE BE COREG STOR 19 eWEEK Mepting BI8d @nER Ihe
FAUMGn -o CEME AEE ad OA6 OF MEME SidG! EVEN OBEY:
Meats 4uER PEMbAStIQA BEAg BOviovE tes P4'8En Balledin ine on

*£" gacumont momhes a! the 186 perest Igmty 
t¥, CERTIFICATION
Dove of tne Actual Compieues of He internauene! Beergn t

j_O1 Ame 1990

t Date of Many Of this inietnauenat Bearen Asset *

'__02 JUL 1990
mrernenenatBeneningaerate(0esaneeafaramaBEAISA/US | Hichalie Marks

Pere PCTNEA/2 10 inesord enced iMey 1998)

PFIZER EX. 1502

Page 1062



r 

; ...... 

PCTIUS89/05S57 

,,.., ~ ...... , ~" ...,...., ,.., ,.., ...... ,.,. .... -.... "' ..... C"t •' .. ,...." .. .,... .,..., ~,.. .... nm ,., .... ..,.,. ............. , .. ~ .. 
1.0 ''"'"' .. -.. . - ....................... -.-........................ , !Ill& ...... _..,_ ....... ly. 

1 (J (lOll" ,..,,_ •.......•.•• ...._..,...I"" Ieiiia II Mt\1 ~ N IMa_IJ,ftll IO·IOC.I~fl 111M •• ~M UMIIr •U IN ,. .. r ..... f ... _ 
JP!Iti'U to IWC" I"' ••tt•t tl't&C 1"11 ...... ~vJ "'tl'f"'llt .. AII ... R:" tiA M C'l"lllod ewt '• t.-.ctnc..Uta 

tCl o- .... ._._..._ ___ .. _,_,_.__.,...__._-. .. _ .... ,._ ........ -~ 
PCT "'- I A!t). 

See Attaclment Sheet. (page 4). 

1.Qil At H _.,.,...HI--• ... , -• _., ...... ,,.. .... IU .... tkoe __ "-... ' '-" ,._, ,._,, •• 11•c- alol

ef- - .. -'."'""'' ..... 
I 0 AI IA'f .... etl ttl4 ... vNII. a4! ..................... tt-.t, .... '' ttl• la.IIU•t. tWa·~·· ... , •• ...., MNfl ..v. 

'"• .. ......... .., ................... , ....... " ... .., •""'-" .......... i4. ,....;,.,..,., ... ,..,., 

LC) Ill -ltH W-1 _..,. t- -·I-f"" IY IN UIIIUflt. (lftMCIIt""',l,.. ..,...,._I&Htlll f'IIMft II ltti"CIH It 
1M "'flll.ftllt" ftttl •1"1JIAH fA thl «Jtlllftt; t\ II Ce.otf_. a, Cllttt\ k,...,t: 

4.CJ :.::: :::::::,·:·.':~-:.~~~~:::-,=,.._.. •RIIIilvt 1'111t ft~~ltt¥•1 a• .. tlftte"-1 1M. ,,._ IMif"lt ..... t a..tCJikRG A .. u.e,.._ eta AOI .._ .... _ 
C!l t ... a.HIWfltl MaliA INI- •c.c•- .. 11-lfll'l -Ht. 

0 Me---·--· ..... ,_tel ... _, ..... ~ ... L 

-~--e-.o.cl! 

-· , .. ·r-:::~; 
. •. :l: ·,· ...... ~ . , 

-••• ~ • .J . -~ 

PFIZER EX. 1502 
Page 1063

 

 
ineornquanel Aseesawen he. BOOTAGED/OSBST——

FURTHER (MFORMATIS A CONYIMUEO PAOM THE SECOND BHEET

v.C) CeernvATIONS WHERE CERTAIN CoA'ME WERE FOUNO UNBEARCHABLE'
TPO ECRSEAE! DOALEA FERET AEE RO REOR COLERLEROS ln PRAmETt Of certain Guten ender A rligts 17(T) fs) fer the leweming ressens:

1.0 cum numeers . DOCEUEE Inee relate LO Subiect Mane! 1 RET required to be GEErEAGS By Inte Autnorny, namely!
+

203 Clete nembere. , Recdute they teléts (6 OSE ef Whe Imiemnatens! BCRNCELER IRE SO AGT LEMS? GEA (Ne PrESEMBEd MeareORE RS EVER BR OL2EAT TARE Re Mesamete! INtErMOIIBAE! Aperen Ces Be COTed Bui '. specifcaty:

10) Gaanperio,PenneeFey OE Sopendery Sere nel erehed F severderos wh Ae t0054d ond Foe soreness ofPCT Fuse 8 ALE).

wi f® ORCERVATIONS WHERE UNITY OF ie WENTION (1S Lacnine!
Yale treenetane! Beerching Auihertty trund mviste inventions in Gus International Epsicaven a0 felleet:

See Attachment Sheet, (page 4).

Q £6 06 regred O49 WORE OOE7CN EE Ore LOE; Bele BE ING AEPICEAd, {Ale IneRRALENG! SAOPER Peper! Covers aN deerchebic clalmaOf ONO Interna tene! eppiineien.

f og 4 Calg Same Of tha PEquiVes Adeninne! SesrER tose move Hmel, Bare by TRS SOE PTiCSAI, thin internenDad! O647ER PEROT Severs Salyikeee iawne Gf the internevece! eselicetion ter ahich teed were paid. Anoahaaliy ginrmss

sO MS EVitOd CSSHEAE! BSETER teed Were [emaT Hels By PRE BOsicent Censeguenty, Ids ALoraUena! BESiERn rebel U6 fadinalog t4thd PAVOALOR FIRE MENUENOE MLNS COIMS! 1d Cowered By Claim RUMBers:

6 Ae ob peorehenio claims ceuls Be Bsarenss aARat BAaN juEHhying OA Sedrional! Loe, the Internationa! Besrchung Authermy aia notWevtia pay mani Of any Sectional tes,
Reman on rete

(FD Tre coanenst occren (oad wore accamoanies By APPNCENI'E Dreveat
[D) tte pment sacemesniod he permet of eceBens! sesrat fons.

73
  

ce feet

ERE

 

“PFIZ

Eavheadtitebereeekeekheee
icedAieaRoadvoeid

X. 1502

Page 1063



-·o en z· 

l. ~.~.~.- l-~. 14 anc J~, cravn to a coaooa1t1cn of 
·-•••••••-••1 ~~~• &waau-•~ce ~aaunoJlooulin lpec1f1c 
ao~ f~~ Tac &n4 • .. ~noo Of treat1Qi T cell diaordara 
~~"• .~a 1aauno••oo~a. cla.•1t~•c 1a Cl~•• jJO, 
IUOC.I.&II ~o] &04 Ci&ll 4~4 IUbCl&ll 0'• 

.1..1.. \.Ulaa :>-iJ aaa :.l:t. ,. •• _ •• • ........ .,_. ~""""-~"'" 
ouaac •mmunoi.LODul1n, claaa1t1e4 in Cla.a 435, aubelaae 
0~.1, 17,.J &DG C4&al )JU IUDCl&ll Jb7. 

l ·.1. '-J.&J.u lo &114 17, duvu to DNA uc:Od1DI a bucu.n 
rrauworc re111oo &11.4 aar1DI CVk ot an 1-.uaoalobulin 
tcn~otJ, ~i••••ztac La ~l&aa lJo, •uDcl&al ~7. 

·ra. •avaatioca ara rroupa4 accorc1o.t to the unitY •• ~···M~•w" coacapt retLacted 1D ~· il.~. Tn. 
1ovaat1ooa are ~1&t1~t, each troa the Otftlf beeauaa of 
tDI lO.L.I.OV1~ t&a&On.l 
1o9aat1o~ ~roup ill &C4 uroup Il are related •• 
cutua.LJ.1 &1elua1v& •P•~•• 1a 1atar-.41eta-t1nal pr04uct 
ra•at1o~ll1p. 

.LaYeat1ona uroup 
COao1n&t10D &Dd 
\otoup ona ca.n D4 
G1ttera rroa tna 

1 &D4 Croup 11 arP- related aa 
auocoeo1n&t1oa. Alao 1 the pro4uct ot 

8&4& 01 & D.Oa•r&04111J11n&at .. tbod 1 wl\lc:b 
pr04uct of ~roup II. 

~ .. ; •· ' ~. 

PFIZER EX. 1502 
Page 1064

+

PUT/USO9/US857

Vie VOOERVATIUNS Witae UNITY UF INVLRTLUN IS LACKINGoeeer
4. tiaras fmm, i ang 15, drawn co @ composition of
cucevcnserses pute umenm2ixe lamunoglobulin specific
for po> Teac ana 4 wetnog of creating T cell disordara
velug waiQ APMUNOgoObulin, classified in Classe 330,
sucClass Jo] ana clase 444 subclass 05,

pial
Soules

4he Ulaimg S]@23 and wl. Avrewa om Pocembinens ciiimesit
Bumad immunogiodulin, classiried in Clase 435, subclass
O¥ed, i7405 40d Crass 53U subclass 347.

ia. Giates 20 and 17, drawn to DNA @ncoding a buaan
rravewore tegion and wuring CUK of an lamunoglobulio
(coaios), Classizried tn Clase S30, subclass 4).

Taha anventions are grouped according co the unity
oe bmveuteun COScepe retiactead in mules i13,d, The
inventions are distinct, each from che otner because of
Che fOiiowing reagona:

dnventions Group IIL and Wroup II are related as
Sulualiy exciusive species in tarermediate-final product
Feiationsatp,.

dnvections wroup I ana Group 122 are related ag
Compinstion and sudcomsination, 4lao, tha product of
wroup COS Can Be Made DY @ NOn~rgcompinant @ethod, which
Gittera trom tha procuct of Group II.

. . 4 a,
1S Re a Oe

teh ak EEEfan Ou eae

 
han et

PFIZER EX. 1502

Page 1064

 



-.., · .. · .. 

r ~ .....__., . ...._. "-· __ ... 
'" I/O~B~7 

X 
y 

X 
y 

X I 

y 

Science, Volume 229 Issued 20 September 1985 
ibiUUSOY ""Tran.e!ec:tcc.u provide novel chi.m!ric 
antibodies," pp. 1202-1207, See entire dOC\Jllent, 

Science, VolU!Illl 232 r .. ued 09 .wy 1986 WA.UiiA.~ 
"'lhle •trw:ture1 function Uld e.xprudon of lntar
lw.ld.n-2 receptora m normal and m&liinant lym
phocytes," pp. 727-732. See .:ntire d.oc:uftent. 

Journal of Inm..~ Vol\lmll 126(4) Issued 
04 Aprli 1961 lOli "A mcncclonal antibody 
(An u-Iac ) na.c: t.1 ve V1 th ac u va tad and .t\lnc ':.ion
ally m& ture tn.r.wl I cell•" • See en tin docu:~Cl t • 

Science. Voll:De 239 baued 25 March 1986 
~ E:I JJ.. "Ruh.api.n.g tu:.n antibodiu: 
~ting en ant1lyaoeym. acUV1ty 1 " pp. 1534-
!536. S&e ent.in d.c>c:uMnt. 

Nsture, VolUDe 321 r .. u.ed 29 !try 1986 JC!:l:S ET JJ.. 
~ae1.ng t.M eanpl.aa.ntar1 t}"'-de tel'1!\i.n1ng regiau 
sn a l'ltDIIn ant1body V1 th those !rom a mouae," I 
pp. 522-525. S.. antin docuDent. 

18-2.2 

1-17 

18-22 
T-Ii 

Nature , Vol \.De 332 luued 24 Ku'ch 1988 R.IF.CmiA..'\N 1 ].8..22, 11. 
'i:f"Jr"""Raaha.pina hl.lma2 mtibodiu for U.rapy" 1-0 &1S:17 
pop. .323--326 • Sea entire doc:o.-ent • 

,_ "CT l'-.vz1 0 1WWS 1t...a ...... t Mil 

PFIZER EX. 1502 
Page 1065

 
 

taternsteans! Apetesees tig.

 ICORTINUED FROM Tee SECONO ENEET;     . AS —_.
crew} Crpeer af idemant, © oth inamaden, where eperwnrints. ef ihe relevent enccsgee *! | Ratorsmse Canam mere  
 

 

  

18-22  Seienca, Volum 229 Issued 20 September 1985
HORRISON “Transfectamas provide novel chimeric

  
 

 

  antibodies,” pp. 1202-1207. See entire document.

  . structure, fumction and expression of inter-
iemucin-2 receptors on normal and malignant lym-
phocytes,” pp. 727-732, Saa entire document.

 

  
Science, Volume 232 Issued 09 May 1986 WALDMANN | 1-17

|

I

|  Journal of Inmmology, Volume 126(4) Issuad
DlAprilI56lUCYAKA “A monoclonal antibody | SSPRIE

(Anti-Tac) reactive with activated and fimesion- |
ally mature human T cells”. See entire document. |>

Seitence, Volume 239 Issued 25 March 1988 16-22
VERFDETEN ET AL “Reshaping furan antibodies: 1-17

ting en antilysozyme activity,” pp. 1534- |
536. See entire documant. :

  
 
 

ASaUaakNTaNaeahceaohcedecane
  
  
  
 

QO

  
Nature, Volume 321 Issued 29 May 1986 JONES ET AL !
“Replacing the complamentarity—determining regions | t-17
in a Pruman antibody vith those from a mouse, '
pp. 522525. See entire documant. ' bugaoPEELtekstSe     
Neture, Volume 332 Jasued 24 March 1988 RIECHMANN | 18-22 14

EfAL“Reshaping human antibodies for therapy” : FOSTRYPp. 323-326. See entire document.

  
 

 

shee

Sarre PCTABA/210 naws ormet (hte 1964)

 LySyeee
ye MRataterrr whe Te

PFIZER EX. 1502

Page 1065



f 

1,, . ' l 

Per WORLD IN'mU.BCIUAL PROPER.TY OR.GANIZA'IlON 
IDicmatioDal Bureau 

INTERNATIONAL ·APPLICATION PUBLISHED UNDER 'IHE PATENT COOPERATION TREA1Y (PC1) 

(51) &temaUoaal Pateat <lasslficaUoa 5: 
CllP 21/08, CllN 15/13 
A61K 39/395, C07K 15/06 
C1lN 5/10; 15/62 

(11) laCeruaUoaal PllbUadioa Namber: W091/09967 

A1 (43) lllteraatloaal PUUcation Date: 11 July 1991 (11.07.91) 

(ll) llderaatlouai ApplicaUoo Namber: PCT/GB90/02017 (74)Ageut: MERCER, Christopher, Paul; Carpmaels & Rans
ford, 43 Bloomsbwy Square, London WCIA 2RA (GB). 

(30) Priority data: 
8928874.0 

21 December 1990 (21.12.90) 

21 December 1989 (21.12.89) GB 

(71) Applicant (for all designated State.s ext:epl US): CELL TECH 
LIMITED [GB/OB]; 216 Bath Road. Slough, Berbhirc 
SLl 4EN (GB). 

('72) Imeators; ami 
(7S) Imeutors/Appliamts (for US only) :ADAIR, John, Robert 

[GB/GB]; 23 George Road, Stokenchurch, High Wy
combe, Buckinghamshire HP14 3RN (OB). AniWAL, 
Diljeet, Singh [GB/GB]; Flat 35, Knoliys House, Tavis
tock Square, London WCI (GB). EMTAOE, John, Spen
cer [GB/GB); 49 Temple MiU Island, Temple, Marlow, 
Buckinghamshire SL7 lSQ (OB). 

(54) Dtle: HUMANISED ANTIBODIES 

(57) Abstract 

(81) Designated States: AT, AT (European patent), AU, BB, BE 
(European patent), BF (OAPI patent), BO, BJ (OAPI 
patent), BR, CF (OAPI patent), CG (OAPI patent), CH, 
CH (European patent), CM (OAPI patent), DE, DE 
(European patent), DK, FI, FR (European patent), GA 
(OAPI patent), OB, OB (EuE>~ patent}, OR, HU, IT 
(European patent), JP, KP, KR, LK, LU, LU (European 
patent}, MC, MG, ML (OAPI patent), MR (OAPI pa
tent), MW, NL. NL (European patent), NO, RO, SD, 
SE, SE (European patent), SN (OAPI patent), SU, TD 
(OAPI patent}, 1G (OAPI patent), US. 

Published 
With interMtional search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

W4th a tqUeit for ft!ICIJ{ICIIIion under Rule 9/./(j). 

CDR-grafted antibody heavy and light chains comprise acceptor framework and donor antigen binding regions. the heavy 
chains comprising donor 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). The CDR-grafted tight chains comprise donor residues at at least one of positions (I) and/or 
(3) and (46) and/or (47) or at at least one of positons (46, 48, 58) and (71). The CDR-grafted antibodies arc preferably humaniscd 
antibodies, having non human. e.g. rodent, donor and human acceptor frameworks, and may be used for in 11ivo therapy and di-

. agnosis. A generally applicable protocol is disclosed for obtaining CDR-grafted antibodies. 

- . , -~·,. 
f ... ·,.. ·:--:.- ... 
,; . ' 

(----
Carteret al. P0709Pl 
SN: 08/146,206. .. . . -
Filed November 17,1993 

PFIZER EX. 1502 
Page 1066

 & PCT WORLD INTELLECTUAL PROPERTY ORGANIZATIONInternational Bureau

INTERNATIONAL ‘APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 : (11) Interuational Publication Number: WO 91/09967
C12P 21/08, C12N 15/13
AGIK 39/395, CO7K 15/06 Al|(43) International Publication Date: 11 July 1991 (11.07.91)
C12N 5/10; 15/62

(21) Iuternstional lication Number: PCT/GB90/02017 Agent: MERCER, Christopher, Paul; gels & Rans-APP “— ford, 43MERCER,Cs Square, ‘London WCI1A 2RA (GB).
(22) International Filing Date: 21 December 1990 (21.12.90)

(81) Destenared States: AT, AT (European patent), AU, BB, BE(4) Priority data: pean patent), ‘BF (OAPI patent), BG, BJ (O.OAPI

8928874.0 21 December 1989 (21.12.89) GB araBR, CF (OAPI patent), CG (OAPI pate» CH
(71) Applicant (forail designated States except US): CELLTECH

LIMITED [GB/GBJ; 216 Bath Road, Slough, Berkshire JP, KP, K,
SLI 4EN (GB). SAPI patent), MR (OAPI pa-

NL, NL (European patent), NO, RO, SD,(72) Inventors; and SE.he (Eampcan patent), SN (OAPI patent), SU, TD
(75) Inventors/Applicants (for US only) : ADAIR, John, Robert (OAPI patent), TG (OAPI patent), US.

IGB/G.B]; 23 George Road, Stokenchurch, High Wy-combe, Buckinghamshire HP14 3RN (GB). ATHWAL,
Diljeet, Singh [GB/GB); Flat 35, Knollys House, Tavis-| Published
tock Square, London WC1 (GB). 'EMTAGE, John, Spen- With international search report.
cer [GB/GB]; 49 Temple Mill Island, Temple, Marlow, Before thetheexpiration of the time limit for amending theBuckinghamshire SL7 1SQ (GB). claims andtobe republished in the event of the receipt ofamendments.

With a request for rectification under Rude 91.1().

 
4)Tides HUMANISED ANTIBODIES

(57) Abstract

CDR-grafted antibody heavy and light chains comprise acceptor framework and donor antigen binding regions, the heavy
chains comprising donorresidues 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). The CDR-grafted light chains comprise donorresidues at at least one of positions (1) and/or
(3) and (46) and/or (47) orat at least one of positons (46, 48, 58) and (71). The CDR-grafted antibodies aze preferably humanised
antibodies, having non human, e.g. rodent, donor and human acceptor frameworks, and may be used for in vivo therapy and di-

- agnosis. A generally applicable protocol is disclosed for obtaining CDR-grafted antibodies.

  

Carteret al.
SN: 08/146,206 .

Filed NovemberV, 1993
PFIZER EX. 1502

Page 1066

 

Ppo70sPi



FOR 7IlB PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCf on the front pages of pamphlets publishing international 
applications under the PCf. 

lt.T 1\ca&ria BS SpaiD MG Med•P'A' 
AU Auaralia ... Flalud ML Mall 

•• BarbaciG5 n F,._ MN Mollplia 
aa Bcl&l- GA Oaboa Ma Maurhaala ., BurklllaF- G8 Unllad Klnplam MW Malawi ' . 
ac Bulpria GN Gum- NL NoaJ.rlanda 
IU Beam Gil o..- NO N_.J 
aa BtaU HU HUIIP'7 ... Poflllld 
Cit. canada rr IWJ RO ltotnanla I 
CJ7 Ccaual African Republic JP Japan so Sudan 
cc CDnp 10' Democratic People's Rcpubllc SB Swaden 
01 SwllaUiaad oiiCMu SN Saacpf 
a C6co d'holn: D Republic: of Kon:a su Soviet Unloa 
CM c.- u lJccbiCDIIdD TO Clad 
C& Ctec'-'-lda LK Sri Laaka TC Tap 
D& Ooralall)' LU Iu b ... us Unillld 5\au. ol Amerk:a 
DK Dcnmart MC toloaKo 

PFIZER EX. 1502 
Page 1067

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.

AT
AU
BB
se
SP

Madagascar
Mail
Mongolia

Spato
Finland
France
Gabon
United Kingdom
Guinca
Groece
Hungary
ily

Netherlands

Poland :
Romania a

Japan Sudan
Democratic Peapic’s Republic Sweden
of Korea
Republic of Korca
Uechteasicin
Sri Lanta
Luxcmbourg
Monaco

Chad
‘Togo

SERSESSIESORCRIE GAGLRRBSASEEEEES8G
a)
SR
CA
oe
cc
cH
a
cM
Gs
De
DK

 
PFIZER EX. 1502

Page 1067



·wo 91/09967 PCT/GB90/0l017 

- 1 -

BDMANrSED ANTrBoorEs 

Field of the rnvention 
The present invention r-elates to .bnmaniaed antibody 
molecules, to processes for their production using 
recombinant DNA techn~loqy, and to their therapeutic uses. 

The term •humanised antibody molecule• is uaed 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 determining regions 
(CDRs) which determine the binding specificity of the 
antibody molecule and which are carried on appropriate 
framework regions in the variable domains. There are 3 
CDRs (CDRl, ·cDR2 and CDR3) in each of the heavy and liqht 
chain variable domains. 

rn 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 rnvention 
Natural ; mmnnoglobulins have been known for many years, as 
have the various fragments thereof, such as the Pab, 
(Pab')2 and Fe fragments, which can be derived by 
enzymatic cleavage. Natural immunoglobulins comprise a 
generally 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, diagnosis 
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 
significant step towards the realisation of tba potential 
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of immunoglobulins as therapeutic agents was the discovery 
of procedures for the production of monoclonal antibodies 
(MAbs) of defined specificity (1). 

However, m.Ost 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 BAMA (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 effectiveness. Xn 
practice, MAbs of rodent origin may not he used in 

patients for more than one or a few treatments as a BAMA 
response soon develops rendering the MAb ineffective as 
well as giving rise to undesirable reactions. For 
instance, OKT3 a mouse XgG2a/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 immunosuppressant in the treatment of acute 
allograft rejection [Chatenoud et al (2) and Jeffers et al 
( 3) ] • However, in view of the rodent nature of this and 
other such MAbs, a significant BAMA response which may 
include a maj~r anti-idiotype component, may build up on 
use. C~~arly, it would be highly desirable to diminish 
or abolish this undesirable BAMA response and thus enlarge 
the areas of use of these very useful antibodies. 

Proposals have therefore been made to render non-human 
MAbs less antigenic in humans. Such techniques can be 
ge~erically termed "humanisation" techniques. These 

• 

' 

' 

PFIZER EX. 1502 
Page 1069

.WO 91/09967 . . PCT/GB90/02017

. : -2-
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techniques typically involve the uaa of recambinant DNA 
technology to manipulate DNA sequences encoding the 
polypeptide chains of the antibody molecule. 

Early methods for humanising MAbs involved production of 
ch~eric 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. 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 immunoglobulin. Such humanised chimeric 
antibodies, however, still contain a significant 
proportion of non-human amino acid sequence, i.e. the 
complete non-human variable domains, and thus may still 
elicit some BAMA response, particularly if administered 
over a prolonged period [Begent 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 
by site directed mutagenesis using long oligonucleotides. 
The present invention rela~es to humanised antibody 
molecules prepared according to this alternative approach, 
i.e. CDR-grafted humanised antibody molecules. Such 
CDR-grafted humanised antibodies are much less likely to 
give rise to a BAMA response than humanised chimeri-c 
antibodies in view of the much lower proportion of 
non-human amino acid sequence which they contain. 
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The earliest work on bnmen;sing MAbs by CDR-grafting was 
carried out on MAbs recognising ~ynthetic antigens, such 
as the NP or NIP antigens. However, example a in which a a 

mouse MAb recognising lysozyme and a rat MAb recognising 
an antigen on human T-cella were bnmenj sed by CDR-grafting t 

have been described by Verhoeyen et al (5) and Riecbmann 
et al (6) respectively. The preparation of CDR-grafted 
antibody to 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 
satisfactory antigen binding activity in the CDR-grafted 
product. Riechmenn et al 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. This residue at position 27 of the 
heavy chain is within the structural loop adjacent to 
CDRl. 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 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 antigen binding activity for CDR-grafted 
antibodies which recognise more complex antigens. Even 
so.the binding affinity of the best CDR-grafted antibodies : 
obtained was still significantly less than the original 
MAb. 

Very recently Queen et al (9) have described the 
preparation of a humanised antibody that binds to the 

' 
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interleukin 2 receptor, by combining the CDRs of a murine 
·MAb (anti -~ac) with human i '!!!1111mog lobulin framework and 
constant regions. The.human framework regions were 
chosen to maximise h~logy with the anti-Tac MAb 
sequence. Zn addition computer modelling was used to 
identify framework amino acid residues which ware likely 
to interact with the CDRs or antigen, and mouse amino 
acids ware used at these positions in the hnmanised 
antibody. 

Zn WO 90/07861 Queen et al propose four criteria for 
designing bumanised immunoglobulins. The first criterion 
is to use as the human acceptor the framework from a 
particular human immunoglobulin that is unusually 
homologous to the non-human donor immunoglobulin to be 
humanised, or to use a consensus framework from many human 
antibodies. The 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 use 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 residua at framework 
positions at which the amino acid is predicted to have a 
side chain atom within about 3 A of the CDRs in a 
three-dimensional immunoglobulin model and to be capable 
of interacting with the antigen or with the CDRs of the 
humanised immunoglobulin. It is proposed that criteria 
two, three or four may ~e applied in addition or 
alternatively to criterion one, and may be applied singly 
or in any combination. 

WO 90/07861 describes in detail the preparation of a 
single CDR-grafted humanised antibody, a humanised 
antibody having specificity for the p55 Tac protein of the 
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er in any combination.

 

WO 90/07861 describes in detail the preparation of a
single CDR-grafted humanised antibody, a humanised
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IL-2 receptor. The combination of all four cr~ter~a, as 
above, were employed .in designing this bnman i sed antibody, 
the variable region frameworks of the human antibody Eu 
(7) being used as acc•ptor. Xn the resultant hnmenised 

I 

antibody the donor CDRs were as defined by Kabat et al (7 ~ 

and 8) and ~n addition the mouse donor residues were used 
in place of the human acceptor residues, at positions 27, 
30, 48., 66, 67, 89, 91, 94, 103, 104, 105 and 107 in the 
heavy chain and at positions 48, 60 and 63 in the light 
chain, of the variable region frameworks. The humanised 
anti-Tac antibody obtained is reported to have an affinity 
for p55 of 3 x 109 Mrl, about one-third of that of the 
murine MAb. 

We have further investigated the preparation of CDR
grafted humanised antibody molecules and have identified a 
hierarchy of positions within the framework of the 
variable regions (i.e. outside both the Kabat CDRs and 
structural loops of the variable regions) at which the 
amino acid identities of the ·residues are important for 
obtaining CDR-grafted products with satisfactory binding 
affinity. This has 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 residues which we have identified 
as being of critical importance does not coincide with the 
residues identified by Queen et al (9). 

the Invention 
Accordingly, in a first aspect the invention provides a 
CDR-grafted antibody heavy 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 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. 

' 
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In preferred embodiments, the heavy chain framework 
campri.ses donor resi.dues at posi. tiona '23, "21 , 4·9, 'il , '73 

and 78 or at posi.ti.ons 23, 24 and 49. The residues at 
positi.ons 71, 73 and 78 of the heavy chain framework are 
preferably either all acceptor or all donor residues. 

In particularly preferred embodiments the heavy chain 
framework addi.tionally comprises donor residues at one, 
aame or all of positions 6, 37, 48 and 94. Also it is 
particularly preferred that residues at positions of the 
heavy chain framework which are commonly conserved across 
species, i.e. positions 2, 4, 25, 36, 39, 47, 93, 103, 

104, 106 and 107, if not conserved between donor and 
acceptor, additionally comprise donor residues. Most 
preferably the heavy chain framework additionally 
comprises donor residues 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 comprises 
· 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 residua), 
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 
comprising acceptor framework and donor antigen binding 
regions. It will be appreciated that the invention is 
widely applicable to the CDR-grafting of antibodies in 
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general. Thus, the donor and acceptor antibodies may· be 
derived £rom ·"Blli:mal:s of -the 'Bam& ...species -and ·even same 
antibody class or sub-class. More usually, however, the 
donor and acceptor an~ibodies are derived from animals of 
different species. Typically the donor antibody is a 
non-human antibody, such as a rodent MAb, 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. Osually·the donor 
antigen binding region comprises at least two and 
preferably all three CDRs of each of the heavy chain 
and/or light chain variable regions. The CDRs may 
comprise the Kabat CDRs, the structural loop CDRs or a 
composite of the Kabat and structural loop CDRs and any 
combination of any of these. Preferably, the antigen 
binding regions of the CDR-grafted heavy chain variable 
domain comprise CDRs corresponding to the Kabat CDRs at 
CDR2 (residues 50-65) and CDR3 (residues 95-100) and a 
composite of the Kabat and structural loop CDRs at CDRl 
(residues 26-35). 

The residue designations given above and elsewhere in the 
present application are numbered according to the Kabat 
numbering [refs. (7) and (8)]. Thus the resi~e 
designations do not always correspond directly with the 
linear numbering of the amino acid residues. ~he actual 
linear amino acid sequence may contain fewer or additional 
amino acids than in the strict Kabat numbering 
corresponding to a shortening of, or insertion into, a 
structurai component, whether framework or CDR, of the 
basic variable domain structure. For example, the· heavy 
chain variable region of the anti-Tac antibody described 
by Queen et al (9) contains a single amino acid insert 
(residue 52a) after residue 52 of CDR2 and a three amino 

' 
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acid insert (residues 82a, 82b and 82c) after framework 
res i dna .82"" -in .:the .ltabat .numberinq. The correct Kabat 
numbering of residues may be determined for a given 
antibody by alignment ~t 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 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 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 liqht 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, sa and 71. 

In a preferred embodiment of the third aspect, the 
framework 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, 47, 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, 64-69, 98, 99, 101 and 102, if not conserved between 
donor and acceptor, additionally comprise donor residues • 
Most preferably ·the light chain framework additional1y 
comprises donor residues at positions 2, 4, 6, 35, 36, 38, 
44, 47, 49, 62, 64-69, as, 87, 98, 99, 101 and 102. 
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Xn addit~on the framework of the second or th~d aspects 
optionally comprises donor residues at one, same or all of 
positions: t 

1 and 3, 

~, ~ 

60 (if 60 and 54 are able to foDD at potential saltbr~dge), 
70 (if 70 and 24 are able to form a potential saltbr~dge), 
73 and 21 (if 47 is different between donor and acceptor), 
37 and 45 (if 47 is different between donor and acceptor), 
and 

any one or more of 10, 12, 40, 80, 103 and 105. 

Preferably, the antigen b~ding regions of the CDR-grafted 
light chain variable domain compr~se CDRs corresponding to 
the Kabat CDR& at CDR1 (res~due 24-34), CDR2 (residues 
50-56) and CDR3 (res~dues 89-97). 

The invent~on further provides ~ a fourth aspect a 
CDR-grafted antibody molecule comprising at least one 
CDR-grafted heavy chain and at least one CDR-grafted l~ght 
chain accord~ng to the f~st and second or first and th~rd 
aspects of the ~vention. 

The humanised antibody molecules and chains of the present 
invention may comprise: a complete antibody molecule, 
having full length heavy and light chainsJ a fragment 
thereof, such as a Fab, (Fab')2 or FV fragmentJ a light 
chain or heavy chain monomer or dimerJ or a single chain 
antibody, e.g. a s~gle chain FV in which heavy and light 
chain variable reg~ons are jo~ned by a peptide linkerJ or 
any other CDR-grafted molecule with the same specificity e 

as the orig~nal donor antibody. Similarly the 
CDR-grafted heavy and light chain variable region may be 
combined w~th other antibody domains as appropr~ate. 
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Also the heavy or light chains or hnmanised antibody 
molecules ·of the ·present 'inventi--on -may ilave -attached to 
them an effector or reporter molecule. For instance, it 
may have a macrocycle~ for chelating a heavy metal atom, 
or a toxin, &uch as ricin, attached to it by a covalent 
bridging structure. Alternatively, the procedures of 
recombinant DNA technology may be used to produce an 
fmmn,noglobulin molecule in which the Fe fragment or CB3 
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. 
Conveniently, the framework may be chosen to maximise/ 
optimise homology with the donor.antibody sequence 
particularly 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 
present invention. The present invention identifies a 
hierarchy of framework residue positions at which donor 
residues may be important or desirable for obtaining a 
CDR-grafted antibody product having satisfactory binding 
properties. The CDR-grafted products usually have 
binding affinities of at least 10S Mrl, preferably at 
least about 108 Mrl, or especially in the range 10B-1o12 
Jr 1. ·. In principle, the pres eat 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 invention to any 
particular donor-acceptor antibody pair is given 
hereinafter. Examples of.human frameworks which may be 
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used are KOL, BEWM, REI, EU, LAY and POM (refs. 4 and 5) 
·and the l.J.ke; for instance ·KOL ·and 'lmWM for the heavy 
chain and REI for the l.J.ght chain and EtJ, LAY and POM for 
both the heavy chain and the light chain. 

Also the constant region domains of the produc~s of the 
invention may be selected having regard to the proposed 
function of the antibody i.n particular the effector 
functions which may be required. Por exampl.e, the 
constant region domains may be human IgA, IgE, IgG or·IgM 
domains. In particular, IgG human constant region 
domains may be used, especially of the IgGl and IgG3 
isotypes, when the humanised antibody molecule is intended 
for therapeutic uses, 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 l.ymphokine 
activity. 

However, the reme;nder of the antibody molecules need not 
comprise only proteJ.n sequences from immunoglobulins. 
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 effe~tor or 
reporter molecule. 

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

Thus in further aspects the invention also includes DNA 
sequences coding for the CDR-grafted heavy and light 
chains, cloning and expression vectors ~ontaining the DNA 
sequences, host cells transformed with the DNA sequences 
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and processes for producing the CDR-grafted chains and 
antibody molecules comprising expressing the DNA sequences 
in the transformed host cells. 

The general methode by which the vectors may be 
constructed, transfection methods and culture methods are 
well known per se and for.m no part of the invention. Such 
methods are shown, for instance, in refe~encas 10 and 11. 

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

DNA coding for acceptor, e.g. human acceptor, sequences 
may be obtained in any appropriate way. For example DNA 
sequences coding for preferred human acceptor frameworks 
such as KOL, REI, EO 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 
products. Desired DNA sequences may be synthesised 
completely 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 al (ref. 20) may be 
used. Also oligonucleotide directed mutagenesis 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 
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oligonucleotides using T4 DNA polymerase as, for example, 
·described by Queen ·et -al (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. q. E. coli, and 
other ~crobial systems may be used, .in particular for 
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, 
including complete antibody molecules. Suitable 
mammalian host cells include CBO cells and myeloma or 
bybridoma cell lines. 

Thus, 1n a further aspect the present 1nvent1on provides a 
process for producing a CDR-grafted antibody product 
comprising: 

(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 inventionJ 

and/or 

(b) producing in an expression vector an operon having a 
DNA sequence which encodes a complementary antibody 
light chain according to the second or third aspect 
of the invention;-

(c) transfecting a host cell with the or each vectorJ and 

(d) culturing the transfected cell line to produce the 
CDR-grafted antibody product. 
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oligonucleotides using Tg DNA polymerase as, for example,

‘described by Queen et al (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

. @xpression of antibody fragments such as FAb and (Fab’)92
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,

including 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

comprising:

(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 antibody

light chain according to the second or third aspect

of the invention:.-

(c) transfecting a host cell with the or each vector; and

(d) culturing the transfected cell line to produce the

CDR-grafted antibody product.

PFIZER EX. 1502

Page 1081



• 

• 

• 

. wo 91109967 PCJ'/GB90/02017 

- 15 -

The CDR-grafted product may comprise only heavy or light 
chain derived polypeptide, in which case only a heavy 
chain or light chain polypeptide coding sequence is used 
to transfect the host cells. 
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 containing 
an operon encoding a heavy chain-derived polypeptide. 
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 used, the vector including the sequences 
encoding both light chain- and heavy chain-derived 
polypeptides. 

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 chain 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 
invention 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 cell surface
specific antibodies, suitable for use in in vivo therapy 
or diagnosis, e.g. tumour imaging. Examples of ce~ 
surface-specific antibodies are anti-T cell antibodies, 
such as anti-CD3, and CD4 and adhesion molecules, such as 
CR3, ICAM and ELAM. The antibodies may have specificity 
for interleukins (including lymphokines, growth factors 
and stimulating factors), hormones and other biologically 
active compounds, and receptors for any of these. For 
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example, the antibodies may have specificity for any of 
the followin.g: I.nterferonso{, .. p, )"or a., ILl, IL2, ILJ, 

or I.L4 , etc. , TRF, GCSF, GMCSF, EPO, hGH, or insulin, etc. 

~he the present invention also includes therapeutic and 
diagnostic compositions comprising the CDR-grafted 
products 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. This protocol and 
ratlonale are given without prejudice to the generality of 
the invention as hereinbefore described and defined. 

Protocol 
I.t 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. 
I.t is also necessary to choose appropriate acceptor heavy 
and light chain variable regions, of known amino acid 
sequence. The CDR-grafted chain is then designed 

t 

PFIZER EX. 1502 
Page 1083



.. 

· WOtJ/09967 PCr/GB90/0l017 

-· 17 -

starting from the basis of the acceptor sequence. It 
wlll. be appreciated :that J.n ..aome .casas i;he donor -and 

acceptor amino acid residues may be identical at a 
particular position ~d thus no change of acceptor 
framework residue is required. 

1. As a first step donor residues are substituted for 
. acceptor residues in the CDRa. For this purpose the 

CDRs are preferably defined as followst 

Heavy chain CDR!: residues 26-35 

CDR2: residues 50-65 

CDRl: residues .95-102 

Light chain CDR!: residues 24-34 

CDR2: residues 50-56 

CDRl: residues 89-97 

The positions at which donor residues are to be 
substituted for acceptor in the framework are then 
chosen as follows, first of all with respect to the 
heavy chain and subsequently with respect to the 
light chain. 

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. 
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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

particularposition and thus no change of acceptor
framework residue is required.

i. As a first step donor residues are substituted for

- acceptor residues in the CDRa. For this purpose the

CDRs are preferably defined as follows:

Heavy chain - CDR1: residues 26-35

- CDR2: residues 50-65

- CDR3: residues 95-102

Light chain - CDR1: residues 24-34

- CDR2: residues 50-56

- CDR3: residues 89-97

The positions at which denor residues are to be

substituted for acceptor in the framework are then

chosen as follows, first of all with respect to the

heavy chain and subsequently with respect to the
light chain.

Heavy Chain

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).

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.
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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. Zf 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 

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

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 e 

residues at one, some or any of1 

i. 1, 3 

ii. 63 
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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

ve If at 69 the donor residue is chosen, consider

80 and then 20

vi. §7

vii. If at 67 the donor residue is chosen, consider

82 and then 18

v. 91

ix. 68

Xe 9, 11, 41, 87, 108, 110, 112

}-hfe
*

Light Chain

Choose donor at 46, 48, 58 and 71

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

2, 4, 6, 35, 38, 44, 47, 49, 62, 64-69 inclusive, 85,

87, 98, 99, 101 and 102

To furtheroptimise affinity consider choosing donor e
residues at one, some or any of:

i. 1, 3
ii. 63
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iii. 60, if 60 and 54 are able to form potential 
-aaltbridge 

iv. 70, if 70 and 24 are able to form potential 
. sal tbridge 

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 the variability of 
different regions of antibody variable regions. 
Three regions per domain were recognised. In 
the light chain the sequences are 24-34, 50-56, 
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 regions 
corresponded in the main to loop regions which 
extended from the ~ bcu;rel framework of the light 
and heavy variable domains. For Bl there was a 
discrepancy in that the loop ·was from 26 to 32 
inclusive and for B2 the loop was 52 to 56-and 
for L2 from 50 to.53. However, with the 
exception of B1 the CDR regions encompassed the 
loop regions and extended into the f3 strand 
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frameworks. In B1 residue 26 tends to be a 
serine and 27 a 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 B1 
CDR therefore would include 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-B1. In order to produce 
efficient antigen binding, residue 27 also needed 
to be recruited from the donor (rat) antibody. 

2. Non-CDR residues which contribute to antigen 
binding 

2.1.1.· 

2.1.2 

By examination of available X-ray structures we 
have identified ~ number of residues which may 
have an effect on net antigen binding and which 
can be demonstrated by experiment. These 
residues can be sub-divided into a number of 
groups. 
Surface residues near CDR [all numbering as in 

Kabat et al (ref. 7)]. 
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 residue should be used 
if there is a difference. 
Light Chain - Many residues close to the CORa, 
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 

! 
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is unusual, then it would be of benefit to 
analyse 'tbe l·iitely ·eontritmti"'n "llllre ·'l:l:oaely. 
other residues which may also contribute to 
binding are ~ 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 + 54J 70 + 24. 
Packing residues near the CDRs. 
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 glycine& and 107 if not a threonine. 
Residues which may make a further contribution to 
stable packing of the heavy chain and hence 
improved 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. Pinally, residues which contribute to 

packing in this region but from a longer range 
are 18, 20, 80 1 82 and 86. 82 packs against 67 
and in turn 18 packs against 82. 80 packs 
against 69 and in turn 20 packs against 80. 86 
forms an B bond network with 38 and 46. Many of 
the mouse-human differences appear minor e.g. 
Leu-Ile, but could have an minor impact on 
correct packing which could translate into 
altered positioning of the CDRs. 
Light Chain - Key residues are 48, 58 and 71. 
Other key residues would be 6 if not glutamine, 
35 if not tryptophan, 62 if not phenylalanine or 
tryosine, 64 ,. 66, 68, 99 and 101 if not glycine& 
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 
distance packing contributions of a minor nature. 
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Residues at the variable domain interface between 
heavy and light chai.ns ·- 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 character, ~ 

e.g. size or charge, it should be considered for 
retention as the murine residua. 
Heavy Chain - Residues which need to be 
considered 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 
tryptophan, 91 if not a phenylalanine or 
tyrosine, 93 if not an alanine and 103 if not a 
tryptophan. Residue 89 is a1so at the interface 
but is not in a position where the side chain 
could be of great impact. 
Light Chain - Residues which need to be 
considered 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. 

2.4. Variable-Constant region interface - The elbow 
angle between variable and constant regions may 
be affected by a1terations in packing of key 
residues in the variable region against the 
co~stant region which may affect-the position of 
VL and Vs with respect to one another. 
Therefore it is worth noting the residues likely 
to be in contact with the constant region. rn 
the heavy chain the surface residues potentially 
in contact with t~e variable region are conserved 
between mouse and human antibodies therefore the 
variable region contact residues may influence 
the V-C interaction. In the light chain the 
amino acids found at a number of the constant 
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region contact points vary, and the V & C regions 
are not in such close ~roximity as the heavy 
chain. Therefore the influences of the light 
chain v-c in~erface may be minor. 
Baavy Chain- Contact residues are 7,· 11, 41, 87, 
108, 110, 112. 

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

The above analysis coupled with our considerable practical 
experimental experience in the CDR-grafting of a number of 
different antibodies have lead us to the protocol given 
above. 

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

Brief DescriEtion of the Figgres 
Figure 1 

Figure 2 

Figure 3 

Figure 4 

shows DNA and amino acid sequences of the OKT3 
light chain; 
shows DNA and amino acid sequences of the OKT3 
heavy chain; 
shows·the alignment of the OKT3 light variable 
region amino acid sequenc~ with that of the 
light variable region of the human antibody REI; 
shows the alignment of the OKT3 heavy variable 
region amino acid sequence with that of the 
heavy variable region of the human· antibody KOL; 

Figure 5 . shows the heavy variable region amino acid 

Figure 6 

sequences of ORT3, KOL and various 
corresponding CDR grafts; 
shows the light variable region amino acid 
sequences of OKTJ, REI and various 
corresponding CDR grafts; 
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region contact points vary, and the V & C regions

are not in such close proximity as the heavy

chain. Therefore the inflnences of the light
chain V-C interface may be minor.

Heavy Chain - Contact residues are 7, 11, 41, 87,
108, 110, 112. ,
Light Chain - In the light chain potentially

contacting residues are 10, 12, 40, 80, 83, 103
and 105.

The above analysis coupled with our considerable practical

experimental experience in the CDR-grafting of a number of

different antibodies have lead us to the protocol given
above.

The present invention is now described, by way of example

only, with reference to the accompanying Figures 1 - 13.

Brief Description of the Figures
Figure 1

Figure 2

Figure 3

Figure 4

Figure §.

Figure 6

shows DNA and amino acid sequences of the OKT3

light chain;

shows DNA and amino acid sequences of the OKT3

heavy chain;

shows the alignment of the OKT3 light variable

region amino acid sequence with that of the
light variable region of the human antibody REI;

shows the alignment of the OKT3 heavy variable

region amino acid sequence with that of the

heavy variable region of the human antibody KOL;
shows the heavy variable region amino acid

sequences of OKT3, KOL and various

corresponding CDR grafts;

shows the light variable region amino acid
sequences of OKT3, REI and various

corresponding CDR grafts;
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Figure 10 
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shows a graph of binding assay results for 
various grafted OKTJ antibodies' 
shows a graph of blocking assay results for ~ 

various qr~fted OKT3 antibodies; 
shows a similar graph of blocking assay results; ~ 

shows s1milar graphs for both biudjug assay and 
blocking assay results; 
shows further similar graphs for both binding 
assay and blocking assay results7 
shows a graph of competition assay results for 
a minimally grafted OKTJ antibody compared with 
the OKT3 murine reference standard, and 

Figure 13 shows a similar graph of competition assay 
results comparing a fully grafted OKT3 antibody 
with the murine reference standard. 
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DE'l'.An.BD DBSCRIPTIOH OP BMBODDIEift'S OP '1'BB 1NVBRr:IOR 

BDMPLB 1 

CDR-GRAFTING OF OKT3 

MATERIAL AND METHODS 

1. INCOMING CELLS 
Bybridoma cells producing antibody OKT3 were provided 
by Ortho (aeedlot 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 
supernatant 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. 20mL of supernatant was assayed to confirm 
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 same cases, minor 
modifications. DNA sequencing was performed as 
described in Sanger et al (ref. 11) and the Amersham 
International Plc sequencing handbook. Site 
directed mutagenesis was as described in Kramer et al 
(ref. 12) and the Anglian Biotechn_ology Ltd •. -
handbook. COS cell expression and metabolic 
labelling studies· were as described in Whittle et al 
(ref. 13) 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

EXAMPLE 1

CDR-GRAFTING OF OKT3

MATERIAL AND METHODS

il. INCOMING CELLS

Hybridoma cells producing antibody OKT3 were provided

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

supernatant for evaluation and cells for extraction

of RNA. The overgrown supernatant was shown to
eontain 250 uq/mL murine IgG2a/kappa antibody. The

supernatant was negative for murine lambda light

chain and IgGl, IgG2b, IgG3, IgA and IgM heavy
chain. 20mL of supernatant was assayed to confirm
that the antibody present was OKT3.

MOLECULAR BIOLOGY PROCEDURES

Basic molecular biology procedures were as described

in Maniatis et al (ref. 9) with, in some cases, minor
modifications. DNA sequencing was performed as

described in Sanger et al (ref. 11) and the Amersham

International Ple sequencing handbook. Site

directed mutagenesis was as described in Kramer et al

(ref. 12) and the Anglian Biotechnology Ltd...

handbook. cos cell expression and metabolic
labelling studies were as described in Whittle et al
(xef. 13)
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3. RESEARCH ASSAYS 
3 .1. ASSEMBLY ASSAYS 

Assembly assays were performed on supernatants 
from transfected COS cells to deter.mine the amount 
of intact IgG present. ~ 

. 3 .1.1. COS CELLS TRAHSFECTBD WI'l'B MOUSE Olt'l'3 GENES 
The assembly assay for intact mouse IgG in COS 
call supernatants was an ELISA with the following 
foDDat: 
96 well microtitre plates were coated with F(ah')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' )2 (~0 conjugated) was 
then added. Substrate was added to reveal the 
reaction. tJPC10, a mouse IgG2a myeloma, was used 
as a standard. 

3. 1. 2. COS AND CBO CELLS TRANSFECTED WJ:'l'H CHIMERIC OR 
CDR-GRAFTED OK'1'3 GENES 
'l'he assembly assay for chimeric or CDR-grafted 
antibody in COS cell supernatants was an ELISA 
with the following format: 
96 well microtitre plates were coated with F(ab')2 
goat anti-human IgG Fe. The plates were washed 
and samples added and incubated for 1 hour at room 
temperature. 'l'he plates were washed and 
monoclonal mouse anti-human kappa chain was added 
for 1 hour at room temperature. 
The pl~tes were washed and F(ab')2 goat anti-mouse 
IqG Fe (BRPO conjugated) was added. Enzyme ---substrate was added to reveal the reaction. ~ 

Chimeric B72.3 (IgG4) (ref. 13) was used as a 
standard. 'l'he use of a monoclonal anti-kappa 
chain in this assay allows grafted antibodies to 
be read from the chimeric standard. 
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3 • 2. ASSAY FOR ANTIGEN BINDING ACTIVITY 
Material from-COS . .cell ..supernatants •as .asaay.ed 
for OXT3 antigen binding activity onto CD3 
positive cell~ in a direct assay. 
was as follows: 

The procedure 

BUT 78 cells (human ~ cell line, CD3 positive) 
were maintained in culture. Monolayer& of BUT 78 
cells were prepared onto 96 well ELISA plates 
using poly-L-lysine and glutaraldehyde. ·samples 
were added to the monolayer& for 1 hour at roam 
temperature. 
The plates were washed gently using PBS. F(ab')2 

goat anti-human IgG Fe (BRPO conjugated) or F(ab')2 
goat anti-mouse IgG Fe (BRPO conjugated) was added 
as appropriate for bnmanised or mouse samples. 
Substrate was added to reveal the reaction. 
~he negative control for the cell-based assay was 
chimeric B72.3. The positive control was mouse 
Orthomune OICT3 or chimeric Olt'.r3, when available. 
This cell-based assay was difficult to perfor.m, 
and an alternative assay was developed for 
CDR-grafted OICT3 which was more sensitive and 
easier to carry out. 
In this system CDR-grafted OXT3 produced by COS 
cells was tested for its ability to bind to the 
CD3-positive BPB-ALL (human peripheral blood acute 
lymphocytic leukemia) cell line. Xt was also 
tested for its ability to block the binding of 
murine OICT3 to these cells. 
by the following procedure: 

Binding was measured 
BPB-ALL cells were 

harvested from tissue culture. Cells were 
incubated at 4oc for 1 hour with various dilutions 
of test antibody, positive control antibody, or 
negative control antibody. ~he cells 
were washed once and incubated at 4oc for 1 hour 
with an FITC-labelled goat anti-human IgG (Fe-
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ASSAY FOR ANTIGEN BINDING ACTIVITY

Material from .COS cell supernatants was assayed

for OKT3 antigen binding activity onto CD3

positive cells in a direct assay. The procedure
was as follows:
HOT 78 celis (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 glutaraldehyde. ~ Samples

were added to the monolayers for 1 hour at room

temperature.

The plates were washed gently using PBS. F(ab’)?
goat anti-human IgG Fe (HRPO conjugated) or F(ab’)?
goat anti-mouse IgG Fe (HRPO conjugated) was added

as appropriate for humanised or mouse samples.
Substrate was added to reveal the reaction.

The negative control for the cell-based assay was

chimeric B72.3. The positive control was mouse

Orthomune OKT3 or chimeric OKT3, when available.

This 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 its ability to hind 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 culture. Cells were

incubated at 4°C for 1 hour with various 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 (Fe-
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specific, mouse absorbed). The cells were washed 
twice and analysed by cytafluaragraphy. Chimeric 
OKT3 was used as a positive control far 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 OXT3 to block 
murine OKT3 binding, the BPB-ALL cells were 
incubated at 4oc far 1 hour with various dilutions 
of test antibody or control antibody. A fixed 
saturating amount of FITC Olt'l.'l was added. The 
samples were incubated far 1 hour at 4ac, washed 
twice and analysed by cytofluoragraphy. 
FITC-labelled OXT3 was used as a positive control 
to determine mex;m,m binding. Unlabelled murine 
OKT3 serveq as a reference standard far 
blacking. Negative controls were unstained cells 
with or without mock-transfected cell supernatant. 
The ability of the CDR-grafted OKT3 light chain to 
hind COl-positive cells and black the binding of 
murine OKT3 was initially tested in combination 
with the chimeric OltT3 heavy chain. The chimeric 
OKT3 heavy chain is composed of the murine OKT3 
variable region and the human IgG4 constant 
region. The chimeric heavy chain gene is 
expressed in the same expression vector used for 
the CDR-grafted genes. The CDR-grafted light 
chain expression vector and the chimeric heavy 
chain expression vector were ca-transfected into 
COS cells. The fully chimeric OKT3 antibody 
(chimeric light chain and chimeric heavy chain) ~ 

was found to he fully capable of binding to C03 
positive 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 
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specific, mouse absorbed). The cells were washed

twice and analysed by cytofluorography. Chimeric
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 OKT3 to block

murine OKT3 binding, the HPB-ALL cells were
ineubated 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 OKT3 was used as a positive control

to determine maximum binding. Unlabelled murine

ORT3 served as a reference standard for

blocking. Negative controls were unstained cells

with or without mock-transfected cell supernatant.

The ability of the CDR-grafted OKT3 light chain to

bind CD3-pesitive 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 the human IgG4 constant

region. The chimeric heavy chain gene is

expressed in the same expression vector used for

the 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 chimeric heavy chain) =

was found to be fully capable of binding to CD3

positive cells and blocking the binding of murine e
OKT3 to these cells.

DETERMINATION OF RELATIVE BINDING AFFINITY

The relative binding affinities of CDR-grafted
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anti-CD3 monoclonal antibodies were determined by 
competition binding (ref. 6) using the BPB-ALL 
human T cell line as a source of CDJ antigen, and 
fluorescein-c~njugated murine OKT3 (Fl-OKTJ) of 
known binding affinity as .a tracer antibody. The 
binding affinity of Fl-OKTJ tracer antibody was 
determined by a direct binding assay in which 
increasing amounts of Fl-OXT3 were incubated with 
BPB-ALL (5xl05) in PBS with 51 foetal calf serum 
for 60 min. at 4oc. Cells were washed, and the 
fluorescence intensity was determined on a FACScan 
flow cytometer calibrated with quantitative 
microbe ad standards (Flow Cytometry Standards, 
Research Triangle Park, HC). 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, F~ow Cytometry 
Standards). F/P equals the fluorescence intensity 
of beads saturated with Fl-OXT3 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 was 
used to deter.mine the affinity of binding 
(absolute value of the slope). 
For competitive binding, increasing amounts of 
competitor antibody were added to a sub-saturating 
dose of Fl-OKT3 and incubated with Sxlos BPB-ALL in 
200 Dll.of PBS with 51 foetal calf serum, for 60 min 

The fluorescence intensities of the cells 
were measured on a FACScan flow cytometer 
calibrated with quantitative microbead standards. 
The concentrations of bound and free Fl-OKT3 were 
calculated. The affinities of competing anti-

PFIZER EX. 1502 
Page 1096



.J...-..:....·--~--- -. ~~--· .. ·.4; • .:..._,_. ·~"· ....... -

W091/09967 
-.-: .. • .;-·# 

PCT/GB90/0l017 

- 30 -

bodies·were·calculated fram·the equation 
[X]-[OKT3] • (1/Kx) - (1/Ka), where Ka is the 
affinity of murine OKTJ, Kx is the affinity 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 qrown as described above 
and 1.2 x 109 cells harvested and mRHA extracted 
using the guanidinium/LiCl extraction procedure. 
eDNA was prepared by priming from Oligo-dT to 

generate full length eDNA. The eDNA was 
methylated and EcoR1 linkers added for cloning. 

4.2. LIBRARY CONSTRUCTION 
The eDNA library was ligated to pSP65 vector DBA 

which had been EcoRl cut and the 5' phosphate 
groups removed by calf intestinal phosphatase 
(BcoRl/CIP). The ligation was used to transfor.m 
high transformation efficiency Escherichia coli 
(E.coli) BB101. A eDNA library was prepared. 
3600 colonies were screened for the light 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 
sgreening using the oligonucleotidesa 
5' TCCAGATGTTAACTGCTCAC for the light chain, which 
is complementary to a sequence in the mouse kappa 
constant regJ.on, and 5' CAGGGGCCAGTGGATGGATAGAC 

for the heavy chain which is complementary to a 
sequence in the mouse IgG2a constant CBl domain 
region. 12 light chain and 9 heavy chain clones 
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were identified and taken for second round 
screening. Positive. -c~ones from ·the ··second round 
of screening were grown up and DBA prepared. The 
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 Ml3. DNA 
sequence for the 5' untranslated regions, signal 
sequences, variable regions and 3' untranslated 
regions of full length cDNAs [Figures l(a) and 
2(a)] were obtained and the corresponding amino 
acid sequences predicted [(Figures 1(b) and 
2(b)]. In Figure 1(a) the untranslated DNA 
regions are shown in uppercase, and in both 
Figures 1 and 2 the signal sequences are 
underlined. 

7. CONSTRUCTION OF eDNA EXPRESSION VECTORS 
Celltech expression vectors are baaed on the 
plasmid pEE6hCMV (ref. 14). A polylinker for the 

. insertion of genes to be expressed has been 
introduced after the major immediate early 
promoter/enhancer of the human Cytomegalovirus 
(hCMV). Marker genes for selection of the 
plasmid in transfected eukaryotic cella can be 
inserted as BamB1 cassettes in the unique BamB1 
site of pBE6 hCMV; for instance, the nee marker 
to provide pBE6 hCMV neo. It is usual practice 
to insert the nee and gpt markers prior to · 
insertion of the gene of interest~ whereas the GS 
marker is inserted last because of the presence of 
internal EcoRl sites in the cassette. 
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The selectable markers are expressed from the SV40 
late~ramoter which alaoprovides an origin of 
replication 80 that the vectors can be used for 
expression in the COS cell transient expression 
system. 
The mouse sequences were excised from the Ml3 
based vectors described above as EcoRl fragments 
and cloned into either pEE6-hCMV-neo for the heavy 
chain and into BE6-hCKV-gpt for the liqht chain to 
yield vectors pJA136 and pJA135 respectively. 

8 • EXPRESSION OF cDBAS IN COS CELLS 
Plasmids pJA135 and pJA136 ware co-transfec~ed 
into COS cells and supernatant from the transient 
expression 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 
Construction of chimeric genes followed a 
previously described strategy [Whittle et al (ref. 
13)]. A restriction site 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 restriction site for attachment to the 
constant region of choice. 

9.1. LIGHT CHAIN GENE CONSTRUCTION 
The mouse light chain eDNA sequence contains an 
Aval site near the 3' end of the variable region 
[Fig. l(a)]. The majority of the sequence of the 
variable region was isolated as a 396 bp. 
EcoRl-Aval fragment. An oligonucleotide adapter 
was designed to replace the remainder of the 3' 
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region of the variable region fram the Aval site 
and to .inc~ude the S ' residues of the .human 

constant region up to and inc~uding a unique Narl 
site which had been previously engineered into the 
constant region.· 
A Bindlll 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 ligation mixture. 
The constant region.was iso~ated as an Narl-BamBl 
fragment from an Ml3 c~one NW36l and was ligated 
with the variab~e region DNA into an 
EcoRl/BamBl/ClP pSP65 treated vector in a three 
way reaction to yie~d p~asmid JA143. Clones were 
iso~ated after trAnsformation into B.coli and the 
linker and junction sequences were confirmed by 
the presence of the Bindlll 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 variab~e-constant region 
j~nction. In the case of th~ OKT3 light chain 
the amino acids at the chimera junction area 
•••••••• Leu-Glu-Ile-Asn-Arg/ -/Thr-Val-~a -~a 

VARIABLE CONSTANT 
This arrangeme~t of sequence introduces a 
potential site for Asparagine (Asn) linked 
(B-linked) glycosylation·at the V-C junction. 
Therefore, a second version of the ch~eric light 
chain oligonucleotide adapter was designed in 
which the threonine (Thr), the first amino acid of 
the human constant region, was replaced with the 
equivalent amino acid from the mouse constant 
region, Alanine (Ala). 
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region of the variable region from theAval site
and to include the 5’ residues of the human

constant region up to and including a unique Nari
site which had been previously engineered into the

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

The linker was ligated to the V;, fragment and the

413 bp EcoR1-Narl adapted fragment was purified
from the ligation mixture.

The constant region was isolated as an Narl-BamHl

fragment from an M13. clone NW361 and was ligated

with the variable region DNA into an

EcoR1/BamH1/C1P 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 Hindl11ll site and byDNA

sequencing. ,
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:

soceeee-Leu-Glu-Ile-Asn-Arg/ -/Thr-Val-Ala -Ala
VARIABLE CONSTANT

This arrangement of sequence introduces a

potential site for Asparagine (Asn) linked

(N-linked) glycosylationat the V-C junction.

Therefore, a second version of the chimeric light

chain oligonucleotide adapter was designed in

. which the threonine (Thr), the first amino acid of

the human constant region, was replaced with the

equivalent amino acid from the mouse constant

region, Alanine (Ala).
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An internal &Lndlll site was not included in this 
adapter, to differentiate the two chimeric light. 
chain genes. 
The variable ~egion fragment was isolated as a 376 
bp EcoRl-Aval fragment. The oligonucleotide 
linker was ligated to Narl cut pHW361 and then the 
adapted 396bp constant region was isolated after 
recutting the modified pNW361 with BcoRl. The 
variable region fragment and the modified constant 
region fragment were ligated directly into 
EcoRl/ClP treated pEE6hCMVneo to yield pJA137. 
Initially all clones examined had the insert in 
the incorrect orientation. Therefore, the insert 
was re-iaolated 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 eDNA sequence showed a Banl site 
near the 3' end of the variable region [Fig. 2(a)]. 
The majority of the sequence of the variable 
region was isolated as a 426bp. EcoRl/ClP/Banl 
fragment. An oligonucleotide adapter was 
designated to replace the remainder of the 3' 
region of the variable region from the Banl site 
u~ to and including a unique Bindiii site which 
had been previously engineered into the first two 
amino acids of the constant region. 
The linker was ligated to the VB fragment and the 
EcoRl-Bindlll adapted fragment was purified from 
the ligation mixture. 

• 
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The variable region was ligated to the constant 
region by cutting pJA91 with EcoRl and.Bindlll 
removing the intron fragment and replacing it with 
the Vs to yield pJA142. Clones were isolated 
after transformation into B.coli J.M101 and the 
linke~ and junction sequences were confirmed by 
DNA sequencing. (R.B. The Bindlll site is lost 
on cloning). 

CONSTRUCTION OF CHIMERIC EXPRESSION VECTORS 
neo AND qpt VECTORS 
The chimeric light chain (version 1) was removed 
from pJA143 as an EcoRl fragment and cloned into 
EcoRl/ClP treated pEE6hCMVneo expression vector to 
yield pJA145. Clones with the insert in the 
correct orientation were identified 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/BamBl fragment and cloned 
into the EcoR1/Bcl1/ClP treated vector fragment of 
a derivative of pEE6hCMVgpt to yield plasmid 
pJA144. 
GS SEPARATE VECTORS 
GS versions of pJA141 and pJA144 were constructed 
by replacing the neo and gpt cassettes by a 
BamH1/Sal1/C1P treatment of the plasmid&, 
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 pJAlBO. 
GS SINGLE VECTOR CONSTRUCTION 
Single vector constructions containing the cL 
(chim~ric light), cB (chimeric heavy) and GS genes 
on one plasmid in the order cL-cB-GS, or cB-cL-GS 
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and with transcription of the genes being head to 
tail e.q. cL>cB_>GS were constructed. These 
plasmid& were made by treatJ.nq pJA179 or pJA180 
with BamBl/ClP and ligating in a Bglll/Bind111 
hCMV promoter cassette along with either the 
Bind111/BamBl fragment from pJA141 into pJ.Al80 to 
give the cB-cL-GS plasmid pJA182 or the 
Bind111/BamB1 fragment from pJA144 into pJA179 to 
give the cL-cH-GS plasmid pJA181. 

EXPRESSION OF CHIMERIC GENES 
EXPRESSION IN COS CELLS 
The chimeric antibody plasmid pJA145 (cL) and 

pJA144 (cB) were co-transfected into COS cells and 
supernatant from the transient expression 
experiment was shown to contain assembled antibody 
which bound to the BUT 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 reduced gels suggested that the 
potential glycosylation site was being 
glycosylated. Expression in COS cells in the 
presence of tunicamycin show~d a reduction in size 
of the light chain to that shown for control 
chimeric antibodies and the OKT3 mouse light 
chain. Therefore JA141 was constructed and 
expressed. In this case the light chain did not 
show an aberrant mobility or a size shi£t in the 
presence or absence of tunicamycin. This second 
version of the chimeric light chain, when 
expressed in association with chimeric heavy (cB) 
chain, produced antibody which showed good cinding 
to BUT 78 cells. In both cases antigen binding 
was equivalent to that of the mouse antibody. 
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11.2 EXPRESSION IN CHINESE HAMSTER OVARY (CBO) CELLS 
Stable cell lines have been prepared from plasmida 
PJA141/pJA144 and from pJ.A179/pJA180, pJA181 and 
pJA182 by tr~sfection into CBO cella. 

12. CDR-GRAFTING 

12.1. 

The approach taken was to tq to introduce 
sufficient mouse residues into a human variable 
region framework to generate antigen binding 
activity comparable to the mouse and chimeric 
antibodies. 
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 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 interaction of the 
light and heavy chain variable domains. 
The residues chosen for transfer can be identified 
in a number of ways: 
(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 ~omplementarity Determining 
Regions (CDRs) by Wu and Kabat (ref.· 5)] 
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. 
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Residues not identified by (a) and (b) may 
contribute to antigen binding direct1y or 
ind1rect1y by 'affecting -antigen "binding 
site topoloqy, or by inducing a stable 
packing of the individual variable domains ~ 

and stabilising the inter-variable doma j n 

interaction. These residues 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 effects. 

12.1.1. LIGHT CBAIH 
Fiqure 3 shows an alignment of sequences for the 
human framework reqion RE1 and the OXT3 light 
variable region. 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 13.1(c). 
Above the sequence in Fiqure 3 the residue type 
indicates the spatial location of each residue 
side chain, derived by examination of resolved 
structures from X-ray crystallography analysis. 
The key to this residue type designation is as 
follows: 
N - near to CDR (From X-ray Structures) 

.P - Packing B - Buried Non-Packing t 

S - Surface E - Exposed 
I - Interface * - Interface · -

- Packing/Part Exposed 
? - Ron-CDR Residues which may require to be left 
as Mouse sequence. 
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Residues under1ined in Figure 3 are amino acid&. 
·REl cWas ·chosen as the h~ 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. XOL (see below). REl was chosen in 
preference to another kappa light chain because 
the X-ray structure of the light chain baa been. 
determined so that a structural examination of 
individual residues could be made. 

12.1.2. HEAVY CHAIN 

12.2. 

Similarly Figure 4 shows an alignment of sequences 
for the human framework region XOL and the OKT3 
heavy variable region. The structural 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.l(c). The 
residue type key and other indicators used in 
Figure 4 are the same as those used in Figure 3. 

XOL was chosen as the heavy chain framework 
because the x-ray structure has been determined to 
a better resolution than, for example, NEWM and 
also the sequence alignment of OXT3 heavy variable 
region showed a slightly better homology to KOL 
than to NEWM. 
DESIGN OF VARIABLE GENES 
The variable region domains were designed with 
mouse 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 consensus sequence" [Kozak 
(ref. 16)] directly linked to the 5' of ~he signal 
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sequence in the gene. This sequence motif .i.a 
believed to have a beneficia1 role in translation 
initiation in eukaryotes. 
GENE CONSTRUCTION 
To build the variable regions, various strategies 
are available. The sequence may be assembled by 

using oligonucleotides in a manner similar to 
Jones et al (ref. 17) or by simultaneously 
replacing &11 of the CDRs or loop regions by 

oligonucleotide directed site specific mutagenesis 
in a manner 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 
Figures 4 and 5. It was noted in several cases 
that the mutagenesis approach led to deletions and 
rearranq~nts in the gene being remodelled, while 
the success of the assembly approach was very 
sensitive to the quality of the oligonucleotides. 

13. CONSTRUCTION OF EXPRESSION VECTORS 

Genes were isolated from M13 o~ SP65 based 
intermediate vectors and cloned into pEE6hCMVneo 
for the light chains and pEE6hCMVqpt for the heavy 
chains in a manner similar to that for the 
ch~eric genes as described ~ove. 

' 
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'!'ABLE 1 Clll·GRAFJ:ED GD1B OOIISTJUJcrs 

CODE MOUSE SEQUENCE MEtHOD OF 

CONTENT CONSTRUCTION 

ICOZAIC 

SEQUENCE 

+ 

---------------------------------------------------------------------------
LIGHT CHAIN ALL HUMAN FlWIEYORK· RE1 

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

+1, 3, 46, 47 
121B 26-32, S0-56, 91-96 inclusive Parei&l gene ~sembly n.d. + 

+ 46, 47 

221 24-24, 50-56, 91-96 inclusive Pare1al gene assembly + + 
221A 24-34, 50-56, 91-96 inclusive Partial gene assembly + + 

+1, 3, 46, 47 
221:8 24-34, 50-56, 91-96 inclusive Partial gene assembly + + 

+1, "3 

221C 24-34, S0-56, 91-96 inclusive Partial gene assembly + + 

HEAVY CHAIN. ALL HUMAN FRAMEWORK !COL 

121 26-32, 50-56, 95-100:8 inclusive Gene assembly n.cl. + 
131 26-32, S0-58, 95-lOOB inclusive Gene assembly n.d. + 
141 26-32, 50-65, 95-lOOB inclusive Partial gene assembly + n.cl. 
321 26-35, 50-56, 95-lOOB inclusive Pareial gene assembly + n.cl. 
331 26-35, 50-58, 95-lOOB inclusive Partial gene assembly + 

Gene assembly + 
341 26-35, 50-65, 95-lOOB inclusive SDH + 

Partial gene assembly + 
341A 26-35, 50-65, 95-lOOB inclusive Gene assembly n.d. + 

+6, 23, 24, 48, 49, 71, 73. 76, 

78, 88, 91 (+63 - human) 
341B 26-35, 50-65, 95-lOOB inclusive Gene assembly n.cl. + 

+ 48, 49, 71, 73, 76, 78, 88, 91 

( +63 + human) 

KEY 
ii:d. not clone 
SDM Site directed mutagenesis 
Gene assembly Variable region assembled entirely from oligonucleotides 
Partial gene Variable region assembled by combination of restriceion 

assembly fragments either. from other genes originally creaeecl by SDM 
and gene assembly or by oligonucleoeide assembly of part of 
the variable region and reconstruction with restriction 
fragmenes from other genes originally created by SDK and gene 
assembly 
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..EXPRESSION .OF ~R-GRA!'TED GENES 

PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED LIGHT 
(gL) CHAINS WITH MOUSE HEAVY (mB) OR CBIMBRIC 
HEAVY (cB) CHAINS 
~l gL chains, in association with mB or cB 
produced reasonable amounts of antibody. 
Insertion of the Kozak consensus sequence at a 
position 5' to the ATG (kgL constructs) however, 
led to a 2-5 fold improvement in net expression. 
OVer an extended series of experiments expression 
levels were raised fram approximately 200ng/ml to 
approximately 500 ng/ml for kgL/cB or kgL/mB 
combinations. 
When direct binding to antigen on BUT 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 mB or cB. 
A construct designed to include mouse sequence 
based on Kabat CDRs ( gL221) demonstrated same weak 
binding in association with mB or cB. However, 
when framework residues 1, 3, 46, 47 were changed 
from the human to the murine OKT3 equivalents 
based on the arguments outlined in Section 12.1 
antigen binding was demonstrated when both of the 
new constructs, which were termed 12lA and 221A 
were co-expressed with cB. When the effects of 
these residues were examined in more detail, it 
appears that residues 1 and 3 are not major 
contributing residues as the product of the gL221B 
gene shows little detectable binding·activity in 
association with cB. The'light chain product of 
gL221C, in which mouse sequences are present at 46 
and 47, shows good binding activity in assoCiation 
with cB. 

t 
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.EXPRESSION OF .CDR-GRAFTED GENES

PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED LIGHT

(gL) CHAINS WITH MOUSE HEAVY (mH) OR CHIMERIC
HEAVY (cH) CHAINS

All gL chains, in association with mH or cH

' produced reasonable amounts of antibody.

Insertion of the Kozak consensus sequence at a

position 5’ to the ATG (kgL constructs) however,

led to a 2-5 fold improvement in net expression.

Over an extended series of experiments expression

levels ware raised from approximately 200ng/mi to

approximately 500 ng/ml for kgL/cH or kgL/mH
combinations.

When direct hinding 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 (gL.221) demonstrated some weak

binding in association 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 Section 12.1

antigen binding was demonstrated when both of the

new constructs, which were termed 121A and 221A

were co-expressed with cH. When the effects of

these residues were examined in more detail, it

appears that residues 1 and 3 are not major

contributing residues as the product of the gL221B

gene shows little detectable binding activity in
association with cH. The light chain product of
gL221C, in which mouse sequences are present at 46

and 47, shows good binding activity in association
with cH.
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PRODUCTION OF ANTIBODY CONSISTING OP GRAFTED HEAVY 
·{.cJB·) ... CHAINS WITH MOUSE .LIGHT (mL) .OR CHIMERIC 

LIGHT (cL) CBAXNS 
Expression of-the gB 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 gB genes. 
Expression appears to be slightly improved hut 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 CDR! is. 
used, e.g. gB12l, 131, 141 and.no conclusions can 
be drawn about these constructs. 
Moreover, co-expression of the gB341 gene with cL 
or mL has been variable and has tended to produce 
lower amounts of antiJ:?ody than the cB/ cL or mB/mL 

combinations. The alterations to gB341 to 
produce gB341A and gB341B lead to improv~d levels 
of expression. 
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 
possible internal packing problems with the rest 
of the human framework. This arrangement also 
occurs in gH331 and gB321. 
When gB32l or gB331 were expressed in association 
with cL, antibody was produced but antibody 
binding activity was not detected. 
When the more conservative gB341 gene was used 
antigen binding could be detected in association 
with cL or mL, but the activity was only 
marginally above the background level. 
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When further mouse residues were substituted baaed 
on the ~guments in 12.1, antigen binding cou~d be 
clearly demonstrated for the antibody produced 

. when kgB341A aiid kgB341B were expressed in 

association with cL. 
14.3 PRODUCTION OF FULLY CDR-GRAFTED ANTIBODY 

The kgL221A gene was co-expressed with kgB341, 
kgB341A or kgB341B. For the c~ination 
kgB221A/kgH341 very little material was produced 
in a normal cos cell expression. 
For the combinations kgL221A/kgB341A or 
kgB221A/kgB341B amounts of antibody similar to 
gL/cH was produced. 
In several experiments no antigen binding activity 
could be detected with kgB221A/gB341 or 
kgB22lA/kgB341 combinations, although expression 
levels were very low. 
Antigen binding was detected when kgL22lA/kgB.341A 
or kgB221A/kgB341B combinations were expressed. 
In the case of the antibody produced from the 
kgL221A/kgB341A combination the antigen binding 
was very similar to that of the chimeric antibody. 

An analysis of the above results is given below. 

15. DISCUSSION OF CDR-GRAFTING RESULTS 

15.1. 

In the design of the fully humenjsed antibody the 
aim was to transfer the minimum number of mouse 
amino acids that would confer antigen binding onto 
a human antibody framework. 
LIGHT CHAIN 

15 .1. 1. EXTENT OF THE CDRs 
For the light chain the regions defining the loops 
known from structural studies of other antibodies 
to contain the antigen contacting residues, and 

' 
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When further mouse residues were substituted based

on 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.

PRODUCTION OF FULLY CDR~GRAFTED ANTIBODY

The kgL221A gene was co-expressed with kgH341,

kgH341A or kgH341B. For the combination

kgH221A/kgH341 very little material was produced

in a normal COS cell expression.

For the combinations kgL221A/kgH341A or

kgH221A/kgH341B amounts of antibody similar to

gL/cH was produced. —
In several experiments no antigen binding activity

could be detected with kgH221A/gH341 or

kgH221A/kgH341 combinations, although expression

levels were very low.

Antigen binding was detected when kgqL221A/kgH341A

or kgH221A/kgH341B combinations were expressed.

In 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 results is given below.

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 framework.
LIGHT CHAIN ,

EXTENT OF THE CDRs ,

For the light chain the regions defining the loops
known from structural studies of other antibodies

to contain the antigen contacting residues, and
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those hypervarl.able sequences defined by .Kabat ~ 
~ .(r.e£a .. 4 ...and .5} ..as .Camp.lementarity Determining 
Regions (CDRs) are equivalent for CDR2. For CDRl 
the hypervariable region extends from residues 
24-34 inclusive while the structural loop extends 
from 26-32 inclusive. In the case of OKT3 there 
is only one amino acid difference between the two 
options, at amino acid 24, where the mouse 
sequence is a serine and the human framework REl 
has glutamine. For CDR3 the loop extends from 
residues 91-96 inclusive while the Kabat 
hypervariability extends from residues 89-97 
inclusive. For OXT3 amino acids 89, 90 and 97 
are the same between OK~3 and REl (Fig. 3). When 
constructs based on the loop choice for CDR! 
(gL12l) and the Kabat choice (gL22l) were made and 
co-expressed with mB or cB no evidence for antigen 
binding activity could be found for gLl21, 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 ware 
reasonably well expressed in the transient 
expression system. 

15. 1. 2. FRAMEWORK RESIDUES 
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 OKTl 
showed differences from the consensus framework 
for the mouse subgroup (subgroup VI) to which OIC'1'3 
shows most homo.logy. Four positions 1, · 3, 46 and 
47 were identified and their possible contribution 
was examined by substituting the mouse amino acid 
for the human amino acid at each position. 
Therefore gL221A (gL221 + DlQ, Q3V, L46R, L47W, 
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see Figure 3 and Table l) was made, cloned .in 

BB6hCMVneo and ~a-expressed with cB (pJ~44). The 
resultant antibody was well expressed and showed 
good binding activity. When the related genes 
gL22lB (gL221 + D1Q, Q3V) and gL221C (gL221 + 
L46R, L47W) were made and simi1arly tested, while 
both genes produced antibody when co-expressed 
with cB, only the gL221C/cB combination showed 
good antigen bWd; ng. When the gL121A ( qL121 + 
D1Q, Q3V, L46R, L47W) gene was made and 

co-expressed with cB, antibody was produced which 
also bound to antigen. 
HEAVY CHAIN 

15.2.1. EXTENT OF THE CDR& 
For the heavy chain the loop and hypervariability 
analyses agree only in CDR3. For CDRl the loop 
region extends from residues 26-32 inclusive 
whereas the Kabat CDR extends from residues 31-35 
inclusive. For CDR2 the loop region is from 
50-58 inclusive while the hypervariable region 
covers amino acids 50-65 inclusive. Therefore 
humanised heavy chains were constructed using the 
framework from antibody KOL and with various 
combinations of these CDR choices, including a 
shorter choice for CDR2 of S0-56 inclusive as 
there was some uncertainty as to the definition of 
the end point fer the CDR2 loop around residues 56 
to 58. The genes were co-expressed with mL or cL 

initially. In the case of the gB genes with loop 
choices for CDRl e.g. gH121, g8131, g8141 very 
little antibody was produced in the culture 
supernatants. As no free liqht chain was 
detected it was presumed that the antibody was 

being made and assembled inside the cell but that 
the heavy chain was aberrant in some way, possibly 
incorrectly folded, and therefore the antibody was 

t 

• 
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being degraded internally. In same experiments 
.trace. -amounts -of ...antibody ..coul.d .be .detected ..in 3~.s 
labell~ng sta~es. 

As no net antibody was produced, analysis of these 
constructs was not pursued further. 
When, however, a combination of the loop choice 
and the Kabat choice for CDRl was tested (mouse 
amino acids 26-35 inclusive) and ~ which residues 
31 (Ser to Arq), 33 (Ala to Thr), and 35 (Tyr to 
His) were changed fram- the human residues. to the 
mouse residue and compared to the first series, 
antibody was produced for gB321, kgB331 and kgB341 
when co-expressed with cL. Expression was · 
generally low and could not be markedly improved 
by the insertion of the.Kozak consensus sequence 
5' to the ATG 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 in net 
antibody production. However, only in the case 
o£ gB34l/mL or kgB341/cL could marginal antigen 
binding activity be demonstrated. When the 
kgB341 gene was co-expressed with kgL221A, the net 
yield of antibody was too low to give a signal 
above the background level in the antigen binding 
aasay. 

15. 2. 2. FRAMEWORK RESIDtlES 
As in the case of the light chain the heavy chain 
frameworks 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 kgB34lA and kgB341B were 
constructed, with 11 or 8 human residues 
respectively substituted by mouse residues 
compared to gB341, and with the CDR2 residue 63 
returned to the human amino acid potentially to 
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~prove domain packing. Both showed antigen 
.binding when ..crmzld ned .with .cL .or JtgL22lA, ..the 

kgB341A gene with all 11 changes appearing to be 

the superior choice. 
INTERIM CONCLOSIORS 
It has bean demonstrated, therefore, for OKT3 that 
to transfer antigen binding ability to the 
hnmanised antibody, mouse residues outside the CDR 
regions defined by the Kabat hypervariability or 
structural loop choices are 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. 
Of the changes seven (l 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. It has been shown here that 
residues 1 and 3 in the light chain are not 
absolutely required to be the mouse sequence; and 
for the heavy chain the gB341B 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 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-GRAFTIRG EXPERIMENTS 
Additional CDR-grafted heavy chain genes were 
prepared substantially as described above. With 
reference to Table 2 the further heavy chain genes 
were based upon the gh34l (plasmid pJAl78) and 

" 
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gB34lA (plasmid pJAl85) with either mouse OXT3 or 
human KOL residues at.~., 23., ..24., 48, .49, 63, 71, 
73, 76, 78, 88 and ·91, as indicated. The CDR
grafted light·chain genes used in these further 
experiments ware g~21, gL22lA, gL221B and gL221C 
as described above • 
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TABLE 2 

OKT3 HEAVY CHAIN CDR. GRAPTS 
'! 

1. gH341 and derivati-ws 

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

OKT3vb g K A I G }I' T K s A A y 

gH341. E s s v A F R N N L G F .JA178 

gH341A 9 K A I G v T K s A A Y .JAlSS 

gH341E g K A I G v T. K s A G G .JA198 

gH341* 9 K A I G v T 'K N ~ G F .JA207 

gH341* 9 K A I .c v a N N ! G F .JA209 

gH341D 9 K A I G v T K Jt L G F .JA197 

gH341* 9 K A I G y it • .. L G F .JA199 

gH341C g K A v A .! 1l IT 11 L G F .JA184 

gH341* 9 s A I G v T X s A A y .JA203 

gH341* E s A I G v T lC s A A y .JA205 

gH341B E s s I G " '1' Jt s A A y .JA183 

gH341* g s A I G v T K s A G F .JA204 

gH341* E s A I G v T K s A G F .JA206 

. gH341* g s A I G v '7 K It !! c F .JA208 

KOL E s s v A il • Jl I. c F 

. OKT3 LIGHT CHAIN CDR GRAFTS 

2. gL221 and derivativas 

RES HUM 1 3 46 47 

OKT3vl g v tt v 
GL221 D Q ~ ·· hL DA221 

! 

gL221A g v R v DA221A 
• gL221B g v I. I. DA221B 

GL221C D Q R W DA221C 

RE1 D Q L L 

MlJlUNE RESIDUES ABE 1JNDERLINED 
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The CDR-grafted heavy and light chain genes were 
co~axpressed .in alS ..cel.ls ~ther .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 BPB-ALL cells as described above. 

The results of the assays for various grafted heavy chains 
co-expressed with the gL221C light chain are given in 
Figures 7 and 8 (for the JA184, JA185, JA197 and JA198 
·constructs- see Table 2), in Figura 9 (for the JA183, 
JA184, JA185 and JA197.constructs) in Figure 10 (for the 
chimeric, JA185, JA199, JA204, JA205, JA207, JA208 and 
JA209 constructs) and in Figure 11 (for the JA183, JA184, 
JA185, JA198, JA203, JA205 and JA206 constructs). 

The basic grafted product without any human to murine 
changes in the variable frameworks, i.e. gL221 
co-expressed with gh341 (JA178), and also the •fully 
grafted" product, having most human to murine changes in 
the grafted heavy chain framework, i.e. gL221C 
co-expressed with gh341A (JA185), were assayed for 
relative binding affinity in a competition assay against 
murine OKT3 reference standard, using BPB-ALL cells. The 
assay used was as described above in section 3.3. The 
results obtained are given in Figure 12 for the basic 
grafted product and in Figure 13 for the fully grafted 
product. These results indicate that the basic grafted 
product has neglibible binding ability as compared with 
the OKT3 murine reference standard; whereas the •fully 
grafted• product has a binding ability very similar to 
that o£ the OKT3 murine reference standard • 

The binding and blocking assay results indicate the 
following: 
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The JA198 and JA207 constructs appear to have the best 
binding character.Lstic• 'ADd -•imilar ·bi.ndinq·--abi.l±ti.-ea, 
both subatantia.lly the same as the chimeric and fully 
grafted gB341A products. This indicates that positions 
88 and 91 and position 76 are not highly critical for 
maintaining the OKT3 binding ability7 whereas at .least 
same 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 s~lar binding ability to one another, are of 
lower binding ability than the JA198 and JA207 
constructs. This indicates the importance of having 
mouse residues at positions 71, 73 and 78, which are 
either completely or partially human in the JA199 and 
JA209 constructs respectively. 

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 JA2os 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 mouse 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 bi.nding affi.nity at 71, 73 and 78. 

Similar Experiments were carried out to CDR-graft a number 
of the rodent antibodies including antibodies having 
specificity for CD4 (0KT4), ICAM-1 (R6-S), TAG72 (B;2.3), 
and '1'NF 0(( 61E71, 101. 4, h'l'NFl, h'1'NF2 and hTNF3) • 

!! 

,. 
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The JA198 and JA207 constructs appear to have the best

binding characteristics -and similar bindingabilities,

both substantially the same as the chimeric and fully

grafted gH341A products. This indicates that positions
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

constructs. This indicates the importance of having

mouse residues at positions 71, 73 and 78, which are
either completely or partially human in the JA199 and

JA209 constructs reepectively.

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 mouse 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. ,

(o
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 (B72.3},
and TNFo<(61E71, 101.4, hTNF1, hTNF2 and hTNF3).
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BXAHPLB 2 

CDR-GRAFTING OF A MURINE ANTI -CD4 T CELL 
RECEPToR ANTIBODY, OK'l'4A 

PCT/GB90/020J7 

Anti ORT4A CDR-grafted heavy and light chain ganaa were 
prepared, expressed and tested substantially as described 
above in Example 1 for CDR-grafted OKT3. The CDR 
grafting of OltT4A is described in detail in Ortho patent 
application PCT/GB 90 ••••••••• of even date herewith 
entitled "Bumanised Antibodies". The disclosure of this 
Ortho patent application PCT/GB 90 ••••••••• is 
incorporated herein by reference. A number of . 
CDR-qrafted OKT4 antibodies have been prepared. 
Presently the CDR-grafted OKT4A of choice is the 
combination of the grafted light chain LCDR2 and the 
grafted heavy chain BCDR10. 

THE LIGBT CHAIN 
The human acceptor framework used for the grafted light 
chains was RBl. The preferred LCDR2 light.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 within the 
preferred extended CDRs of the present invention 
(positions 33 and 34 in CDR1 and position. 89 in CDR3). 
The human to mur~ne changes at positions 38 and 49 
corresponds to positions at which the amino acid residues 
are preferably donor murine amino acid residues in 
accordance with the present invention. 
A comparison of the amino acid sequences of the donor 
murine light chain variable domain and the REl human 
acceptor light chain variable further reveals that the 
murine and human residues ~e identical at all of 
pos.i tions 4 6, 4 8 and 71 and at.· all of posi tiona 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 
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the human RE1 framework residue not the mouse OKT4 residue 
as would be preferred in accordance with the present 
invention. 

THE HEAVY CHAIN 

The human acceptor framework used for the grafted heavy 
chains was KOL. 
The preferred CDR qraft BCDR10 heavy chain has human to 
mouse changes at positions 24, 35, 57, sa, 60, 88 and 91 
in addition to the structural loop CDRs. 
Of these positions, positions 35 (CDR1) and positions 57, 
58 and 60 (CDR2) fall within the preferred extended CDRs 
of the present invention. ~so 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 positions 88 and 91 correspond t~ positions at 
which the amino acid residues are optionally donor murine 
residues. 
Moreover, a comparison of the murine OKT4A and human ItOL 
heavy chain variable amino acid sequences reveals that the 
murine and human residues are identical at all of 
positions 23, 49, 71, 73 and 78 and at all of positions 2, 
4, 6, 25, 36, 37, 39, 47, 48, 93, 94, 103, 104, 106 and 
107. 
Thus the OitT4A CDR-grafted heavy chain BCDRlO corresponds 
to a particularly preferred embodiment according to the 
present invention. 
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BXAMPLB 3 

CDR-GRAFTING OF AN ANTI-MUCIN SPECIFIC MORINE 

ANTIBODY, 872. 3 
The cloning of the genes coding for the anti-mucin 
specific murine monoclonal antibody 872.3 and the 
preparation 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 RE1. 
The regions transferred were: 

CDR Number 
1 

2 

3 

Residues 
24-34 
S0-56 

90-96 

The activity of the resulting grafted light chain 
was a·ssessed by ·co-expression in COS cell~, of 
genes for the combinations: 

B72.3 cB/B72.3 cL 
and 872.3 cB/B72.3 gL 

Supernatants were assayed for antibody 
concentration and for the ability to bind to 
microtitre plates coated with mucin. ~be 

results obtained indicated that, in combination 
with the 872.3 cB chain, B72.3 cL and 872.3 gL 
had similar binding properties • 

Comparison of the murine B72.3 and REI ·light chain. amino 
acid sequences reveals that the residues are identical at 
positions 46, 58 and 71 but are different at position 48. 
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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, (872.3 gL) 
in accordance with th~ present invention. 

(b) 872.3 heavy chain 
i. Choiee of framework 

At the outset it was necessary to make a 
choice of human framework. Simply put, 
the question was as fsllowa: Was it 
necessary to use the framework regions from 
an antibody whose crystal structure was 
known or could the choice ba made on some 
other criteria? 
For 872.3 heavy chain, it was reasoned 
that, while 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 frameworks was maximised. 
Comparison of the B72.3 heavy chain 
sequence with those in Kabat (ref. 4) for 
human heavy chains showed clearly that 
872.3 had poor homology for KOL and NEWM 

(for which crystal structures are 
available) but was very homologous to the 
heavy chai.n for !!! • 
On this basls,·EU was chosen for the 

_ CDR-grafting and the following residues 
transferred as CDRs. 

CDR Number 
1 
2 

3 

Residues 
27-36 

50-63 

93-102 
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~so it was noticed that the FR4 region of 
BU was unlike that of any other human (or 
mouse) antibody. Consequently, in the 
gr~fted heavy chain genes this was also 
changed to produce a •consensus• human 
sequence. (Preliminary experiments showed 
that qrafted heavy chain genes containing 
the EU FR4 sequence expressed very poorly 
in transient expression aystama.) 

ii. Results with grafted heavy chain genes 
Expression of grafted heavy chain genes 
containing all 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,vo lOt of B72.3 by 

exposure to pBs of 2-3.5. 
This observation provided a clue as to how 
the activity of the grafted antibody could 
be improved without acid treatment. It 
was postulated that acid exposure brought 
about the protonation of an acidic residue 
(pKa of aspartic acid a 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 fram the mouse to 
human frameworks, only two positions.had 
been changed in such a way that a~idic 
residues had· been introduced. These 
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positions are at residues 73 and 81, where 
K to B and Q to B changes had been made, 
respectively. • 
Which of these positions might be important 
was determined by ex•~ining the crystal 
structure of the KOL antibody. In ltOL 
heavy chain, position 81 is far removed 
fram either of the CDR loops. 
Position 73, however, is close to both CDRs 
1 and 3 of the heavy chain and, in this 
position it was possible to envisage that a 
K to E change in this region could have a 
detrimental effect on antigen binding. 

iii. Framework changes in B72.3 gB gene 
On the basis of the above analysis, E73 was 
mutated to a lysine (K). It was found 
that this change had 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 mutated gB/gL 
combination to bind to mucin was similar to 
that of the B72.3 chimeric antibody. 

iv. Other framework changes 
In the course of the above exper~ents, 
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 s~lar binding properties to 
B72.3. 
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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 determined by examining the crystal a

structure of the KOL antibody. In KOL

heavy chain, position 81 is far removed

from either of the CDR loops.

Position 73, however, is close to both CDRs

l and 3 of the heavy chain and, in this

position it was possible to envisage that a

K to E change in this region could have a

detrimental effect on antigen binding.

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 change had a dramatic effect on

the ability of the grafted Ab to bind to

mucin. Purther the ability of the grafted

B72.3 produced by the mutated gH/gL
combination to bind to mucin was similar to

that of the B72.3 chimeric antibody.

Other framework changes -

In the course of the above experiments,

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.

Other

All assays used measured the ability of the :

grafted Ab to bind to mein and, as a whole,

indicated that the single framework change t
at position 73 is sufficient to generate an

antibody with similar binding properties to
B72.3.
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Comparison of the B72.3 murine and EO heavy 
chain sequences 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 corresponds to a preferred embodiment 
of the present invention • 
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CDR-GRAFTING OF A MOR::mE ANTX-rCAM-1 MONOCLONAL ANTIBODY 

A murine antibody, R6-5-D6 (EP 0314863) having specificity 
for Intercellular Adhesion Molecule 1 (ICAM-1) was 
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. 
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 and grafted heavy chain 
gB341D which has a binding affinity for ICAM 1 of about 
75% of that of the corresponding mouse-human ch±meric 
antibody. 
LIGHT CHAIN 
gL221A has murine CDRs at positions 24-34 (CDRl), S0-56 
(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 
stability of the conformation of the antigen binding 
region. The residues which have been retained as mouse 
are at positions 2, 3, 48 (?), 60, 84, 85 and 87. 
Comparison of the murine anti-ICAM 1 and human EO light 
chain amino acid sequences reveals that the murine and 
human residues are identical at positions 46, 58 and 71. 
HEAVY CHAIH 

gB341D has murine CDRs at positions 26-35 (CDRl), 50-56 e 

(CDR2) and94-100B (CDR3). In addition murine residues 
were used in gB341D at positions 24, 48, 69, 71, 73 1 SO, t 

88 and 91. Comparison of the murine anti-ICAM 1 and 
human EU heavy chain amino acid sequences are identical at 
positions 23, 49 and 78. 
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EXAMPLE 4

CDR-GRAFTING OF A MURINE ANTI-ICAM-1 MONOCLONAL ANTIBODY r

A murine antibody, R6-5-D6 (EP 0314863) having specificity

for Intercellular Adhesion Molecule 1 (ICAM-1) was ‘

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.

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 and grafted heavy chain
9H341D which haa a binding affinity for ICAM 1 of about

75% of that of the corresponding mouse~human chimeric

antibody.
LIGHT CHAIN

gL221A has murine CDRs at positions 24-34 (CDR1), 50-56

(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

stability of the conformation of the antigen binding

region. The residues which have been retained as mouse

are at positions 2, 3, 48 (2), 60, 84, 65 and 87.

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.
HEAVY CHAIN

GH341D has murine CDRs at positions 26-35 (CDR1), 50-56 &

(CDR2) and94-100B {CDR3). In addition murine residues

were used in gH341D at positions 24, 48, 69, 71, 73, 80, e

88 and 91. Comparison of the murine anti-ICAM 1 and

human EU heavy chain amino acid sequences are identical at

positions 23, 49 and 78.
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EXAMPLE 5 

CDR-Grafting of murine anti-THF8 antibodies 
A number of murine anti-THFa monoclonal antibodies were 
CDR-grafted substantially as described above in previous 
examples. These antibodies include the murine monoclonal 
antibodies designated 61 B71, hTRFl, hTRF3 and 101.4 A 
brief anmmary of the CDR-grafting of each of these 
antibodies is given below. 

61B71 
A similar analysis as described above (Example 1, Section 
12.1.) was done for 61E71 and for the heavy chain 10 
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 hTHF3 and 101.4 antibodies were RE1 
for the light chain and KOL for the heavy chain. 
Three ganes ware built, the first of which contained 23, 
24, 48, 49, 71 and 73 [gB341(6)] as murine residues. The 
second gene also had 75 and 88 as murine residues 
[gB341(8)] while the third gene additionally had 68, 69, 
75 and 88 as murine residues [gB341(10)]. Each was 
co-expressed with gL221, the minimum grafted light chain 

. . 
(CDRs only). The gL221/gB341(6) and gL221/gB341(8) 
antibodies both bound as well to TNF as murine 61E71. 
The gL22l/gB341(10) antibody did not express and thia 
combination was not taken further. 
Subsequently the gL221/gB341(6) antibody was assessed in 
an L929 cell competition assay in which the antibody 
competes against the TNP receptor on L929 cells for 
binding to TNF in solution. In this assay the 
gL22l/gB341(6) antibody was approximately 101 as ac~ive as 
murine 611!:71. 
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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 previous
examples. These antibodies include the murine monoclonal
antibodies designated 61 E71, HhTNF1, HTNF3 and 101.4 A

brief summary of the CDR-grafting of each of these

antibodies is given below.

61E71

A similar analysis as described above (Example 1, Section

12.1.) was done for 61E71 and for the heavy chain 10
residues were identified at 23, 24, 48, 49, 66, 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 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, 65,

75 and 88 as murine residues [{gH341({10)]j. Each was

co-expressed with gL221, the minimum 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 in

an L929 cell competition assay in which the antibody

competes against the TNF receptor on L929 cells for

binding to TNF in solution. In this assay the

gL221/gH341(6) antibody was approximately 10% as active as
murine 61E71.
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hTNFl 
hTBFl ~~~ a monoclonal antibody wh·ich -recognises an epitope 
on human THP- The EO human framework was used £or ~ 

CDR-grafting of both the heavy and light variable domains. 

Heavy Chain 
In the CDR-grafted heavy chain ( ghDJF1) mouse CDRs were 
uaed at positions 26-35 (CDR1), 50-65 (CDR2) and 95-102 
(CDR3). MOuse residues ware also used in the frameworks 
at positions 48, 67, 69, 71, 73, 76, 89, 91, 94 and 108. 
Comparison of the TNF1 mouse and EU human heavy chain 
residues reveals that these are identical at positions 23, 
24, 29 and 78. 

Light Chain 
In the CDR-grafted light chain (gLhTNF1) 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. 
Comparison of the hTNP1 mouse and EU human light chain 
residues reveals that these are identical at positions 46, 
58 and 71. 

The grafted hTNFl heavy chain was co-expressed with the 
ch~eric 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 TN!' slightly better than the fully ch~eric 
product. 

Similarly, a grafted heavy chain/grafted light chain 
product was co-expressed and compared with the fully • 
chimeric product and found to have closely s~lar binding 
properties to the latter product. 
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h'l'NFJ 
hTHF3 recc:»gnises an epitQpe on human TNF-.o(. The· 
sequence of h!l'NF3 shows only 21 differences compared to 
61E71 in the light an~ heavy chain variable regions, 10 in 
the light chain (2 in the CDRs at positions 50, 96 and 8 
in the framework at 1, 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 the framework at 1, 10, 
38, 40, 67, 73, 87 and 105). 'l'he light and heavy chains 
of the 61E71 and h'l'NF3 chimeric antibodies can be 
exchanged without loss of activity in the direct binding 
assay. However 61E71 is an order of maqnituda less able 
to compete with the '1'NF receptor on L929 cells for TNF-a 
compared to h!l'NP3. Based on the 61E71 CDR grafting data 
gL221 and gB341(+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 THF-a, but competes very 
poorly in the L929 assay. It is possible that in this 
case also the framework 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 
recognise human TNF-a. The heavy chain of this antibody 
shows good homology to KOL and so the CDR-grafting has 
been based on REl for the light chain and XOL for the 
heavy chain. Several grafted heavy chain genes have been 
constructed with conservative choice• for the CDR's 
(gB341) 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 'rNF equivalent 't·o the 
ch~eric antibody is seen and when co-expressed with cL 
the resultant antibodies are able to compete well in the 
L929 assay. However, with gL221 the resultant antibodies 
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are at least an order of magnitude less able to compete 
for TNF against the THF receptor on L929 cells. 

Mouse resi~ues at oth~r positions in the heavy chain, for 
example, at 23 and 24 together or at 76 have been 
demonstrated to provide no improvement to the competitive 
abi.lity of the grafted antibody 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 (CBA) e.g. the monoclonal 
antibody ASB7 (ref. 21}, have been successfully 
CDR-grafted according to the present invention. 
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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are at least an order of magnitude less able to compete

for TNF against the TNF receptor on L929 cells.

Mouse residues at other positions in the heavy chain, for
example, at 23 and 24 together or at 76 have been : *
demonstrated to provide no improvement to the competitive

ability of the grafted antibody 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

antibody A5B7 (ref. 21), have been successfully

CDR-grafted according to the present invention.

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 inventicn.
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. 
1. -A ·CDR-qra£ted lmti:body heavy ·chain. -having ·a -variable 

region domain comprising acceptor framework and donor 
antigen binding ~egions wherein the frameWork 
comprises donor 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. 

2. A CDR-grafted heavy chain acco~g to Claim 1 
comprising donor residues at positions 23, 24, 49, 
71, 73 and 78, or at positions 23, 24 and 49. 

3. A CDR-grafted heavy chain according to Cla~ 2 
comprising donor residues at positions 2, 4, 6, 25, 
36, 37, 39, 47, 48, 93, 94, -103, 104, 106 and 107 •. 

4. A CDR-grafted heavy chain according to Claim 2 or 3, 

comprising donor residues at one, some or all of 
positions a 
1 and 3, 
69 (if 48 is different between donor and acceptor), 
38 and 46 (if 48 is the donor residue),· 
67, 
82 and 18 (if 67 is the donor residue), 
91, and 
any one or more of 9, 11, 41, 87, 108, 110 and-112. 

5. A CDR-grafted heavy chain •~cording to any of the 
preceding comprising donor CDRs at positions 26-35, 
50-65 and 95-100 • 

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 

·1 and/or 3 and 46 and/or 47. 
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7. A CDR-grafted light chain according to Claim 6 

8. 

. .camprising .donor raaid.ues at positions ..t6 and .47. 

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. 

9. A CDR-gra£ted light chain according to Claim 8 
comprising donor residues at positions 46, 48, 58 and 
71. 

10. A C~R-grafted light chain according to Claim 8 or 9, 
comprising donor residues at positions 2, 4, 6, 35, 
36, 38, 44, 47, 49, 62, 64-69, 85, 87, 98, 99, 101 
and 102. 

11. A CDR-grafted light chain accordinq to Claim 9 or 
comprising donor residues at one, some or all of 
positions: 
1 and 3 1 

631 
60 (if 60 and 54 are able to form a potential 
saltbridge), 
70 (if 70 and 24 are able to form a potential 
saltbridge) 1 
73 anJ~·21 (if 47 is different between donor and 
acceptor) 1 

37 and 45 (if 47 if different between donor and 
acceptor) 1 and 

any one or more of 10, 12, 40, 83 1 103 and lOS. 

12. A CDR-grafted light chain according to any one of 
Claims 6-11 1 compr~s1ng donor CDRs at positions 
24-34 1 S0-56 and 89-97. 

10, 

" 

" 

t 
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13. A CDR-grafted antibody molecule comprising at least 
one .CDR-!gl:&£ted .beavy . .cba; n .. according ..to .any -ODS ..t?f 
Claims 1-S and at least one CDR-grafted light chain 
according to any_one o£ Claims 6-12. 

14. A CDR-grafted antibody molecule according to Claim 
13, which is a site-specific antibody mo~ecule. 

15. A CDR-grafted antibody molecule according to Claim 13 
which bas specificity for an interleukin, hormone or 
other biologically active compound ·or a receptor 
therefor. 

16. A CDR-grafted antibody heavy or light chain or 
molecule according to any one of the preceding claims 
comprising human acceptor residues and non-human 
donor residues. 

17. A DNA sequence which codes for a CDR-grafted heavy 
chain according to Claim 1 or a CDR-grafted light 
chain according to Claim 6 or Claim 8. 

18. A cloning or expression vector containing a DNA 
sequence according to Claim 17. 

19. 

20. 

21. 

A host cell transformed with a DHA sequence according 
to Claim 17. 

A process for the production of a CDR-grafted 
antibody sequence according to Claim 17 in a 

· transformed host cell • 

A process for producing_a CDR-grafted antibody· 
product comprising: 
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(a) producing in an expression vector an operon 
having a DBA sequence which encodes an ant.ihody 
heavy chain according to Claim 1; 

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

having a DNA sequence which encodes a 
complementary ant.ihody light chain according to 
Claim 6 or Claim 8; 

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

the CDR-grafted antibody product. 

22. A therapeutic or diagnostic composition comprising a 
CDR-grafted antibody heavy chain according to C~ 
1, or a CDR-grafted light chain according to Claim 6 
or Claim 8, or a CDR-grafted antibody molecule 
according to Claim 13 in combination with a 
pharmaceutically acceptable carrier, diluent or 
exci.pient. 

23. A method of therapy or diagnosis comprising 
administering an effective amount of a CDR-grafted 
heavy chain according to Claim 1, or a CDR-grafted 
light chain according to Claim 6 or Claim 8, or a 
CDR-grafted antibody molecule according to Claim 13 
to a human or animal subject. 

t 

f 

PFIZER EX. 1502 
Page 1137

WO91/09967

22.

23.

PCT/GB90/02017

“ : - 70 -

(a) producing in an expression vector an operon

having a DNA sequence which encodes an antibody

heavy chain according to Claim 1;
and/or /

(b) producing in an expression vector an operon

having a DNA sequence which encodes a

complementary antibody light chain according to
Claim 6 or Claim 8;

(c) transfecting a host cell with the or each vector;
and

(d) culturing the transfected cell line te produce

the CDR-grafted antibody product.

A therapeutic or diagnostic composition comprising a

CDR-grafted antibody heavy chain according te Claim

1, or a CDR-grafted light chain according to Claim 6
or Claim 8, or a CDR-grafted antibody molecule
according to Claim 13 in combination with a

pharmaceutically acceptable carrier, diluent or

excipient.

A method cf therapy or diagnosis comprising

administering an effective amount of a CDR-grafted

heavy chain according to Claim 1, or a CDR-grafted

light chain according to Claim 6 or Claim 8, or a

CDR-grafted antibody molecule according to Claim 13

te a human or animal subject. .
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REQUEST FOR RECTIFICATION UNDER PCT RULE 91.1 (f) 

Dear Sirs, 

Re: International Patent Application No. Pcr/GB90/0201W 
Celltegh L1mitad at al. 

I refer to your Invitation issued on 14th January 1991. The required 
Authorisations and Formal Drawings will be filed in due course. 

In checking the application, it has become apparent that there are 
three mistakes in the Request Form. 

Firstly, •••• 

Secondly, •• ; • 

Thirdly, for reasons which are not apparent, an old version ot the 
Request Form (PCT/R0/101 of July 1987) was used instead ot the moat 
up-to-date version. As a result of this, some PCT states were not 
designated although it was the Applicant's intention that all 
possible states should have been designated. As evidence of this, 
I attach a copy ot the information sheet which was qiven to me by 
hand by the Applicant•s Patent Manager on the date the application 
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REQUEST FOR RECTIFICATION UNDER PCT RULE 91.1(f)

Dear Sirs,

Re: International Patent Application No. PCT/GB90/02017f
CelitechLimitedefal.

I refer to your Invitation issued on 14th January 1991. The required
Authorisations and Formal Drawings will be filed in due course.

In checking the application, it has become apparent that there are
three mistakes in the Request Forn.

Firstly, ....

Secondly,..:.

* Thirdly, for reasons which are not apparent, an old version of the
Request Form (PCT/RO/101 of July 1987) was used instead of the most
up-to-date version. As a result of this, some PCT states were not
designated although it was the Applicant's intention that all
possible states should have been designated. As evidence of this,
I attach a copy of the information sheet which was given to me by
hand by the Applicant's Patent Manager on the date the application
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was filed. It can ba seen that this clearly ind.icata& that all 
tarritarias should have been designated. 

I also enclose evidence that the out-or-date Request Form was used 
·inadvertently. ·At 'the same time as the present app"ll.catlon was II! 

filed, I also filed two other PCT applications, Nos. PCT/GB90"/02015 
and PCT/GB90/02018. I enclose copies of the Raqua&t Forms for these 
cases which, as you can see, are the most up-to-data versions of the • 
forms. 

:t therefore request that the Request Form be amended by adding 
thereto the d-iCJDationa of canada and Spain as national applications 
and Greece, Spain and Denmark as designated stat- within the EPC 
designation. :t note that it will not ~a necessary to pay any extra 
fees in respect of these inadvertently omitted designations. 

:In order to effect all these corrections, I enclose a retyped, up
to-date (at the date of filinq) Request Form and request that this 
be substituted far the present, out-of-date Request Form. 

Yours truly, 

MERCER, Christopher Paul 
Authorised Representative. 
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‘inadvertently. At the same time as the present application was °
filed, I also filed two other PCT applications, Nos. PCT/GB90/02015
and PCT/GB90/02018. I enclose copies of the Request Forms for these
cases which, aS you Can see, are the most up-to-date versions of the °
forms.

I therefore request that the Request Form be amended by adding
thereto the designations of Canada and Spain as national applications
and Greece, Spain and Denmark as designated states within the EFC
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~ GAATTCCCAA.AGACAA&otq qattttgooq tgcagatttt cagcttcctg 

51 ctaatcagtg cctcaqtcat aatatccaqa qgacaaattq ttctcaccca 

101 qtctccagca atcatqtctq catctccagg ggagaagqtc accatgacct 

151 qcaqtqccaq ctcaaqtqta aqttacatqa actqqtacca qcagaaqtca 

201 qgcacctccc ccaaaagatg gatttatgac acatccaaac tqqcttctgq 

251 aqtccctqct cacttcaggq gcaqtgqqtc tgqgacctct tactctctca 

301 caatcaqcgg catggaggct gaagatgctg ccacttatta ctgccagcag 

351 tggaqtaqta acccattcac gttcggctcg ggqacaaaqt tggaaataaa 

401 ccgggctgat actgcaccaa ctgtatccat cttcccacca tccaqtgagc 

45~ agttaacatc tggaggtgcc tcaqtcqtgt qcttcttqaa caacttctac 

501 cccaaagaca tcaatgtcaa gtgqaagatt qatqqcaqtq aacgacaaaa 

551 tggcgtcctg aacagttgga ctgatcagga cagcaaagac agcacctaca 

601 gcatgagcaq caccctcacg ttqaccaagq acqaqtatga acgacataac 

651 agctatacct gtgaqgccac tcacaaqaca tcaacttcac ccattgtcaa 

7 01 gagcttcaac aqgaatgagt qtTAGAGACA AAGGTCCTGA GACGCCACCA 

7 51 CCAGCTCCCA GCTCCATCCT. ATCTTCCCTT CTAAGGTCTT GGAGGCTTCC 

8 01 CCACAAGCGC tTAC.CACTGT TGCGGTGCTC tAAACCTCCT CCCACCTCCT 

851 TCTCCTCCTC CTCCCTTTCC TTGGC~L'z•z•z•A TCATGCTAAT ATTTGCAGAA 

901 AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA 

Fig. 1 (a) 

1 MDFOVOiFSF LLISASVIIS BGQXVLTQSP A:IMSASPGEK VTMTCSASSS 

51 VSYMNWYQQK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME 

101 AEDAATYYCQ QWSSNPFTFG SGTKLEDIRA DTAPTVSIFP PSSEQLTSGG 

151 ASVVCFLNNF YPKDINVKWK IDGSERQNGV LNSWTDQDSK DS'l'YSMSSTL 

201 TLTKDEYERH NSYTCEATHK TSTSPIVRSF NRNEC* 

Fig. l(b) 
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51

101

151

201

251

301

351

402

451

501

551

601

651

701

751

B01

851

901

51

101

151

201

“V5

PCT/GB90/02017

GAATTCCCAAAGA tt cagettect:

gctaatcagtgcetcagtcataatatccagaggacaaattg ttctcaccca

atcatgtctg catctccagg ggagaaggtc accatgacctgtctccagca

geagtgecag
ggceacctccc

agtccctgcet

caatcagcegg

tggagtagta

cegggcetgat

agttaacatc
eccaaagaca

tggcegtectg

gcatgagceag

agctatacct

gagcttcaac

CCAGCTCCCA

CCACAAGCGC

TeTecrecTc

ctcaagtgta agttacatga

ccaaaagatg gatttatgac

cacttcaggg gcagtgggtc

catggaggcet gaagatgctg

acccattcac gtteggctcg

actgcaccaa ctgtatccat

tggaggtgee tcagtcgtgt

tcaatgtcaa gtggaagatt

aacagttgga ctgatcagga

caccctcacg ttgaccaagg

gtgaggccac tcacaagaca

aggaatgagt gtTAGAGACA
GCTCCATCCT. ATCTTCCCTT

CTACCACTGT TGCGGTGcTc

CTCCCTTTCC TIGGCITTITA

Fig. 1(a)

actggtacca

acatccaaac

tgggacctct

ecacttatta

gggacaaagt
cttcccacca

gcttcttgaa

gatggceagtg

cagcaaagac

acgagtatga

tcaacttcac

AAGGTCCTGA

CTAAGGTCTT

tAAACCTCCT

gcagaagtca

tggettctgg

tactctctca

ctgccagcag

tggaaataaa

tccagtgagc

caacttctac

aacgacaaaa

agcacctaca

acgacataac

ccattgtcaa

GACGCCACCA

GGaAGGccTTcc

CccaccTccT

TCATGCTAAT ATTITGCAGAA

AATATTCAAT AAAGTGAGTC TITGCCTIGA AAAAAAAAAA AAA

MDFOVOIFSFLLISASVIISRGQIVLTQSP AIMSASPGEK VIMTCSASSS

VSYMNWYQQK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME

AEDAATYYCQ QWSSNPFTIFG SGTKLEINRA DTAPTVSIFP PSSEQLTSGG

ASVVCFLNNF YPKDINVKWK IDGSERQNGV LNSWTDQDSK DSTYSMSSTL

TLTKDEYERH NSYTCEATHK TSTSPIVKSF NRNEC*

Fig. 1(b)
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l 

51 

101 

1.51 

201 

251 

301 

351 

401 

451 

501 

551 

601 

651 

701 

751 

801 

851 

901 

951 

1001 

1051 

1101 

1151 

1201 

1251 

1301 

1351 

1401 

1451 

1501 

1551 

2/15 

GAATTCCCCT CTCCACAGAC ACTGAAAACT CTGACTCAAC ATGGAMGGC 

AC'J'GGATCTT TCTACTCCTG TTCiTCAGTM CTGCAGGTGT CCACTCCCAG 

GTCCAGCTGC AGCAGTCTGG GGC'l'GAACTG GCAAGACC'l'G GGGCCTCAGT 

GAAGATGTCC TGCAAGGC'rl' CTGGCTACAC CTT'l'ACTAGG TACACGATGC 

ACTGGGTAAA ACAGAGGCCT GGACAGGGTC TGGAATGGAT TGGATACATT 

AATCCTAGCC GTGGTTATAC TAATTACAAT CAGAAG'l'TCA AGGACAAGGC 

CACA'l'TGACT ACAGACAAAT CCTCCAGCAC AGCCTACATG CAACTGAGCA 

GCCTGACATC TGAGGACTCT GCAGTCTATT ACTG'l'GCAAG ATAT'l'ATGAT 

GATCATTACT GCCTTGACTA CTGGGGCCAA GGCACCACTC TCACAGTCTC 

CTCAGCCAAA ACAACAGCCC CATCGGTCTA TCCACTGGCC CCTGTGTGTG 

GAGATACAAC TGGCTCCTCG GTGACTCTAG GATGCCTGGT CAAGGGTTAT 

TT~CCTGAGC CAGTGACCTT GACCTGGAAC TCTGGATCCC TGTCCAGTGG 

TGTGCACACC TTCCCAGCTG TCCTGCAGTC TGACCTCTAC ACCCTCAGCA 

GCTCAGTGAC TGTAACCTCG AGCACCTGGC CCAGCCAGTC CATCACCTGC 

AATGTGGCCC ACCCGGCAAG CAGCACCAAG GTGGACAAGA AAATTGAGCC 

CAGAGGGCCC ACAATCAAGC CCTGTCCTCC ATGCAAATGC CCAGCACCTA 

ACCTCTTGGG TGGACCATCC GTC'l"l'CATCT TCCCTCCAAA GATCAAGGAT 

GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATGTGTGG TGGTGGATGT 

GAGCGAGGAT GACCCAGATG TCCAGATCAG .CTGGTTTGTG AACAACGTGG 

AAGTACACAC AGCTCAGACA CAAACCCATA GAGAGGATTA CMCAGTACT 

CTCCGGGTGG TCAGTGCCCT CCCCATCCAG CACCAGGACT GGATGAGTGG 

CAAGGAGTTC AAATGCAAGG TCAACAACAA AGACCTCCCA GCGCCCATCG 

AGAGAACCAT CTCAAAACCC AAAGGGTCAG TAAGAGCTCC ACAGGTATAT 

GTCTTGCCTC CACCAGAAGA AGAGATGACT AAGAAACAGG TCACTCTGAC 

CTGCATGGTC ACAGAC'l'TCA TGCC'l'GAAGA CATTTACGTG GAGTGGACCA 

ACAACGGGAA AACAGAGCTA AACTACAAGA ACACTGAACC AGTCCTGGAC 

TCTGATGGTT CTTACTTCAT GTACAGCAAG .CTGAGAGTGG AAAAGAAGAA 

CTGGGTGGAA AGAAATAGC'l' ACTCCTGTTC AGTGGTCCAC GAGGGTCTGC 

ACAATCACCA CACGACTAAG AGCTTCTCCC GGACTCCGGG TAAATGAGCT 

CAGCACCCAC AAAACTCTCA GGTCCAAAGA GACACCCACA CTCATCTCCA 

TGCTTCCCTT GTATAAATAA AGCACCCAGC AATGCCTGGG ACCATGTAAA 

AAAAAAAAAA AAAGGAATTC 

. Fig. 2(a) 
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° ~ 25

1 GAATTCCCCT CTCCACAGAC ACTGAAAACT CTGACTCAAC ATGGAAAGGC

51ACTGGATCTYTCTACTCCTGTIGTCAGTAACTGCAGGTGTCCACTCCCAG
101 GTCCAGCTGC AGCAGTCTGG GGCITGAACTG GCAAGACCTG GGGCCTCAGT

151 GAAGATGTCC TGCAAGGCTT CIGGCTACAC CTTTACTAGG TACACGATGC

201 ACTGGGTAAA ACAGAGGCCT GGACAGGGTC TGGAATGGAT TGGATACATT

251 AATCCTAGCC GTGGTTATAC TAATTACAAT CAGAAGTTCA AGGACAAGGC

301 CACATTGACT ACAGACAAAT CCTCCAGCAC AGCCTACATG CAACTGAGCA

351 GCCTGACATC TGAGGACTCT GCAGTCTATT ACTGTGCAAG ATATTATGAT

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 GIGGACAAGA AAATTGAGCC

751 CAGAGGGCCC ACAATCAAGC CCTGTCCTCC ATGCAAATGC CCAGCACCTA

801 ACCTCTTGGG TGGACCATCC GTCTTCATCT TCCCTCCAAA GATCAAGGAT

851 GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATGTGTGG TGGTGGATGT

901 GAGCGAGGAT GACCCAGATG TCCAGATCAG CTGGTTTGTG AACAACGTGG

951 AAGTACACAC AGCTCAGACA 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 GAGTGGACCA

1251 ACAACGGGAA AACAGAGCTA AACTACAAGA ACACTGAACC AGTCCTGGAC

1301 TCTGATGGTT CTTACTTCAT GTACAGCAAG CTGAGAGTGG AAAAGAAGAA

1351 CIGGGTGGAA AGAAATAGCT ACTCCTGTTC AGTGGTCCAC GAGGGTCTGC

1401 ACAATCACCA CACGACTAAG AGCTTCTCCC GGACTCCGGG TAAATGAGCT

° 1451 CAGCACCCAC AAAACTCTCA GGTCCAAAGA GACACCCACA CTCATCTCCA
1501 TGCTTCCCTT GTATAAATAA AGCACCCAGC AATGCCTGGG ACCATGTAAA

1551 AAAAAAAAAA AAAGGAATTC

_ Fig. 2(a)

SUBSTITUTE SHEET

PFIZER EX. 1502

Page 1141



• 

W091109967 PCI'/GB90/01017 

·,·· 3/15 

OKT 3 HEAVY CHAIN PROft:IN SEQUENCE DEDUCED FROM DNA SEQUENCE 

1 MEBHWXU.T.T. LSVTAGVBSQ 'VQLQQSGAEL AltPGAsvntS .. CKASG!1l'Fl'R 

51 Y'l'MHWVKQRP GQGLEWIGYI NPSRGYTNYN QKFKDKATLT TDKSSSTAYM 

101 QLSSLTSEDS AVYYCARYl'D DHYCLDYWGQ GTTLTVSSAK TTAPSVYPLA 

151 PVCGD'l'TGSS VTLGCLVKGY FPEPVTLTWH SGSLSSGVBT FPAVLQSDLY 

2 01 TLSSSVTVTS STWPSQSITC NVABPASSTK VDKKIEPRGP TIKPCPPCJCC 

251 PAPNLLGGPS VFIFPPKnm VLMISLSPIV TCVVVDVSED DPDVQISWFV 

301 NNVEVHTAQT QTHREDYNST LRVVSALPIQ HQDWMSGKEF KCXVNNKDLP 

351 APIERTISKP KGSVRAPQVY VLPPPEEEMT KKQVTLTCMV TDFMPEDIYV 

401 EWTNNGKTEL NYKNTEPVLD SDGSYFMYSK LRVEKKNWVE RNSYSCSVVH 

451 EGLHNHHTTK SFSRTPGK* 
Fig. 2(b) 

RES TYPE 

Okt3v1 

REI 

RES TYPE 

Okt3vl 

REI 

1 

NN N· 

23 

N 

42 

N N 

SBspSPESssBSbSsSssPSPSPsPSsse*s*p*Pi-ISsSe 
QrvLTQSPAIMSASPGEKVTMTCSASS.SVS~QQKSGT 

DIQMTQSPSSLSASVGDRVTITCQASQDIIXYLNWYQ~PGK 

? ? 

CDRl. 

CDR1 

(LOOP) 
(KABAT) 

56 

******* 

*********** 

85 

N NN 

*IsiPpieesesssSBEsePsPSBSSEsPspsPsseesSPePb 

SPKRWIYDT~SGVPAX~GSGSGTSYSLTIS~DAAT 

APKLLIYEASNLQAGVPSRFSGSGSGTDXT,lTISSLQPEDXAT 

? ?? ? ? 
******* COR2 (LOOP/KABAT) 

102 108 

RES TYPE PiPIPies**iPIIsPPSPSPSS 

Okt3vl YYCQQWSSNPFTFGIGT.KLEIBR Fig. 3 
REivl YYCQQYQSLPYTFGQG~I%R 

-? ? 

****** 

******·*** 

COR3 (LOOP) 

CRD3 (KABAT) 
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RES TYPE 

Okt3h 

KOL 

PCT/GB90/0l017 

4/15 

NN.N 23 26 32 35 N39 43 

SESPs-sBsss-sSSsSpSpSPsPSEbSBssBePiPipiesss 

QVQLQQI.GAELIBPGASVIQISCKASGYTF'l'RYTMHWVKQRPGQ 

QVQLVESGGG!YQPGBSLRLSCJ§SGFXFSSYAMYWVRQAPGK 

? ?? 
****** CDRl. (LOOP) 

***** CDR1 (KABAT) 

52 a 60 65 N N N S2abc 89 

RESTYPE IIeippp-ssssssss-ps-pSSsbSpsessssesp-pSpsSBsss-ePb 

Okt3vh GLEWIGYINPSRGYTNTNQ~KATLTTDKSSSTAYMQLSSLTSEDSAV 

KOL GLEWv,AIIWDDGSDQHYADSVKGRFTISRDBS~LQMDSLR2EDTAV 

RES TYPE 

Okt3vh 

KOL 

?? ? ? ? ? ? 

************ CDR2 (LOOP) 

******************* CDR2 (KABAT) 

92 N 107 113 

PiPIEissssiiisssbibi*EIPIP*spSBSS 

YYCARYYDDHY ••••••• CLDYWGQGTTLTVSS 

Y,fCARDGGHGFCSSASCFGPDYWGQGT,lVTVSS 

***************** CRD3 (KABAT/LOOP) 

Fig. 4 
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OKT 3 HEAVY CHAIN CDR GRAFTS 

1. qh341 and derivatives 

Okt3vh 
qH341 

gH341A 

1 26 35 39 43 
QVQLQQSGAELARPGASVRMSCKASGYTFTRYTMHWVKQRPGQ 

QVQLVESGGGVVQPGRSLRLSCSSSGXTFTBYTMHWVRQAPGK JA178 

QVQLV~SGGGVVQPGRSLRLS~QAPGK JA185 

qH34lE QVQLVQSGGGVVQPGRSLRLSCKASGYTfTRYTMHWVRQAPGK JA198 
gH34l* QVQLY~SGGGVVQPGRSLRLSCKASGYTFTBYTMHWVRQAPGK JA207 
qH34l* QVQLV~SGGGVVQPGRSLRLSCKASG~XTMHWVRQAPGK JA209 
gH341D QVQLV2SGGGVVQPGRSLRLS~QAPGK JA197 

.gH341* QVQLVgSGGGVVQPGRSLRLS~SGYTFTRYTMBWVRQAPGK JA199 
gH341C QVQLV2SGGGVVQPGRSLRLS~QAPGK JA184. 

qH341* QVQLVgSGGGVVQPGRSLRLSCSASGXTFTRYTMHWVRQAPGK 
. gH34l* QVQLVESGGGVVQPGRSLRLSCS~QAPGK 

qH341B QVQLVESGGGVVQPGRSLRLSCSS~QAPGK 

gH341* QVQLV~SGGGVVQPGRSLRLSCSASGXTFTBYTMHWVRQAPGK 

gH341* QVQLVESGGGVVQPGRSLRLSCSiSGXTFTRYTMHWVRQAPGK 
qH341* ~VQLV2SGGGVVQPGRSLRLSCSASGYTFTRXTMHWVRQAPGX 

KOL QVQLVESGGGVVQPGRSLRLSCSSSGFIFSSYAMXWVRQAPGK 

Fig~ 5(J_) 
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OktJvh 

qH341 

qH341A 

PCT/GB90/0l0l7 

6/15 

44 50 65 83 

GLEWIGYINPSRGYTNYNQKFKDKAT.LTTDKSSSTAY.MQLSSLT 

GLEWVAXIHPSRGYTNYNQKFKQRFTISRDNSKNTLFLQMDSLRJA178 

G RG RFTISIOJSSK~P'LQMDSLR JA185 

gH341* GLEWIGXINPSBGYTNYNQ~RFTISIC!SKNT~FLQMDSLR JA207 

gH341* GLEWIGYINPSBGXTNYNOXVKQRFTISRDNSKNT,FLQMDSLR JA209 

qH341D GLEWliXIHPSBGXTNYNOKV,KDRFTISIOISKNTLFLQMDSLR JA197 

qH341* GLEWISXIHPSBGYTNXNOKVIQRFTISRDNSKNTLFLQMDSLR JA199 
gH341C GLEWVAYIHPSRGXTNYNQKFKPRFTISRDNSKNTLFLQMDSLR JA184 

gHJ41* GLEWiiXIHPSRGYTNYNOKVKQRFTISIO!SK§TlFLQMDSLR JA207 

qH341* GLEWIGYIHPSRGXTNYNOKY,KgRFTISIOISK~TlFLQMDSLR JA205 

gH341B 

gH341* 

gH341* 

gH341* 

KOL 

GLEWIGYINPSRGXTNYNOKY.KDRFTISIO~SK~T~FLQMDSLR JA183 

GLEWI§YINfSRGXTNYNOKV,KDRFTISIDISK~TiFLQMDSLR JA204 

GLEWIGYINPSRGYTHXNO~RFTISZO!SK&T~FLQMDSLR JA206 

GLEWieYINPSRGYTNYNOKY.KnRFTIS.D!SKNT!FLQMDSLR JA208 

GLEWVAIIWDDGSDQHXADSVKGRFTISRDNSKNTLFLQMDSLR 

Fig. 5 (ii) 
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WO91/09967

~ oe

oOkt3vh

gH341

gH341A

GH341E

gH341*

gH341%*

gH341D

GH341*

gH341C

gH341*

gH341%

gH341B

gH341*

GH341%

gH341*

KOL

PCT/GB90/02017

6/15

44 50 65 83

GLEWIGYINPSRGYTNYNQKFKDKATLTTDKSSSTAYMOQLSSLT

GLEWVAYINPSRGYINYNOKFRORFTISRDNSKNTLFLOMDSLR JA178
GLEWIGYINPSRGYINYNOKVEDRFTISIDKSKSTAFLOMDSLR JA185

GLEWIGYINPSRGYINYNOKVKDRFTISTDKSKSTAFLOMDSLR

GLEWIGYINPSRGYTNYNOKVEDRFTISIDKSKNTAFLOMDSLR

GLEWIGYINPSRGYINYNOKVKDRFTISRDNSKNTAFLOMDSLR

GLEWIGYINPSRGYTINYNOKVKDRFTIS[DKSKNTLFLOQMDSLR

GLEWLGYINPSRGYTNYNOKVKDRFTISRDNSKNTLFLOMDSLR
GLEWVAYINPSRGYTINYNOKFKORFTISRDNSKNTLFLOMDSLR

GLEWIGYINPSRGYTNYNOKVEDRFTISTDKSKSTAFLOMDSLR

GLEWIGYINPSRGYTNYNOKVEDRFTISTDKSKSTAFLOMDSLR

GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLOMDSLR

GLEWLGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLOMDSLR

GLEWLGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLOMDSLR

GLEWIGY INPSRGYTNYNOKVEDRFTISTDKSKNTAFLQMDSLR

GLEWVAIIWDDGSDQHYADSVKGRFTISRDNSKNTLFLQMDSLR

Fig. 5(ii)
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Okt3vh 

gH341 

gH341A 

gH341E 

gH341* 

gH3410 

qH341* 

gH341* 
gH341C 

gH341* 

gH341*. 

gH341B 

gH341* 
gH341* 

qH341* 

KOL 

PCr/GB90/0l017 

7/15 

84 95 102 113 

SEOSAVYYCARYYDDHY •••••• ,CLDYWGQGTTLTVSS 

PEDTGVYFCARyypOHY •••.••• CLOYWGQGTTLTVSS 

PEDT!VYICARYXDDHX·······CLOYWGQGTTLTVSS 

PEDTGVYFCARYYDDHX•••••••CLOYWGQGTTLTVSS 

PEDTGVYFCARyyQDHX·······CLOYWGQGTTLTVSS 
PEDTGVYF~YYQOHY ..••.•. CLDYWGQGTTLTVSS 

PEDTGVYFCARYYDDHY·······CLOYWGQGTTLTVSS 

PEDTGVYFCARyyDDHX·······CLDYWGQGTTLTVSS 

PEDTGVYFCARYYDDHY·······CLDYWGQGTTLTVSS 

PEDT!VYICARYXQDHX·······CLDYWGQGTTLTVSS 

PEDTiVYICARYYQDHX·······CLDYWGQGTTLTVSS 

PEDT!VYXCARYYDDHX·······CLDYWGQGTTLTVSS 

PEDTGVYFCARXYDQHY ••••••• CLDYWGQGTTLTVSS 

. PEDTGVYFCARyyDDHX·······CLOYWGQGTTLTVSS 

PEDTGVYFCARYXDDHY I •• • , ' • I CLDYWGQGTTLTVSS 

PEDTGVYFCARDGGHGFCSSASCFGPOYWGQGTPVTVSS 

Fig. 5 (iii) 
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Okt3vh

GH341

gH341A

QHI41E

gGH341i*

gH341D

gH341*

gH341*

gH341¢C

gH341*

gH341*

gH3415B

gH341*

gH341i*

gH341*

KOL

PCT/GB90/02017

. 71%

84 95 102 113

SEDSAVYYCARYYDDHY.......CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY....-..CLDYWGQGTTLTVSS

PEDTAVYYCARYYDDHY.......CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY.....-.CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY.....-.CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY,..22...CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY.2...+-CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY...-.-.CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY.......CLDYWGQGTTLTVSS

PEDTAVYYCARYYDDHY.....-.CLDYWGQGITLIVSS

PEDTAVYYCARYYDDHY,......CLDYWGQGTTLTVSS

PEDTAVYYCARYYDDHY.+122+.CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY11:e++sCLDYWGQGTTLTVSS

' PEDTGVYFCARYYDDHY.....-.-CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY..--.s2sCLDYWGQGTTLTVSS
PEDTGVYFCARDGGHGFCSSASCFGPDYWGQGTPVTVSS

Fig. 5 (iii)
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OKTJ LIGHT CHAIN CDR GRAFTING 

1. qL221 and derivatives 

Okt3vl 
gL221 

gL221A 

gL221B 

gL221C 

REI 

Okt3vl 
qL221 

gL221A 

gL221B 

gL221C 

REI 

1 24 34 42 

QrvLTQSPAIMSASPGEKVTMTCSASS.SVSYMNWYQQKSGT 

DIQMTQSPSSLSASVGDRVTITCSASS.sySXMNWYQQTPGK 

~I!MXQSPSSLSASVGDRVTITCSASS.svSXMNWYQQTPGK 

QIXMTQSPSSLSASVGDRVTITCSASS.SVSXMNWYQQTPGK 

DIQMTQSPSSLSASVGDRVTITCSASS.sySXMNWYQQTPGK 

DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLNWYQQTPGK 

43 so 56 85 

SPKRWIYDTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAAT 

APKLLIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

AP~YPT§KLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 

APKB!IYQTSKLASGVPSRFSGSGSGTDYTFTISSLQP~IAT 

AP~YDT$KLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT 
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I 

-MET-HOD -faR -MAK·I-NG ,fiUMANIZED "ANTIBODIES. 

Field of the Invention 

This invention relates to methods for the preparation and use of variant antibodies and 

10 finds application particularly in the fields of immunology and cancer diagnosis and therapy. 

Background of the Invention 

Naturally occurring antibodies (immunoglobulins) comprise two heavy chains linked 

15 together by disulfide bonds and two light chains, one light chain being linked to each of the 

heavy chains by disulfide bonds. Each heavy chain has at one end a variable domain (VH) 

followed by a number of constant domains. Each light chain has a variable domain (VL) at one 

end and a constant domain at its other end; the constant domain of the light chain is aligned 

with the first constant domain of the heavy chain, and the light chain variable domain is 

20 aligned with the variable domain of the heavy chain. Particular amino acid residues are 

believed to form an interface between the light and heavy chain variable domains, see e.g. 

Chothia eta/., J: Mol. Bioi. 186:651-663 (1985); Novotny and Haber, Proc. Nat/. Acad. Sci. 

USA 82:4592-4596 (1985). 

The constant domains are not involved directly in binding the antibody to an antigen, 

25 but are involved in various effector functions, such as participation of the antibody in antibody

dependent cellular cytotoxicity. The variable domains of each pair of light and heavy chains 

are involved directly in binding the antibody to the antigen. The domains of natural light and 

heavy chains have the same general structure, and each domain comprises four framework 

(FR) regions, whose sequences are somewhat conserved, connected by three hyper-variable 

( ·' 
30 or complementarity determining regions (CDRs) (see Kabat, E. A. et al., Sequences of Proteins 

of Immunological Interest, National Institutes of Health, Bethesda, MD, (1987)). The four 

framework regions largely adopt a P-sheet conformation and the CDRs form loops connecting, 

and in some cases forming part of, the P-sheet structure·. The CDRs in each chain are held in 

close proximity by the framework regions and, with the CDRs from the other chain, contribute 
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Field of the Invention

This invention relates to methods for the preparation and use of variant antibodies and

finds application particularly in the fields of immunology and cancer diagnosis and therapy.

Backaround of the invention

Naturally occurring antibodies (immunoglobulins) comprise two heavy chains linked

together by disulfide bonds and two light chains, one light chain being linked to each of the
heavy chains by disulfide bonds. Each heavy chain has at one end a variable domain (V,,)

followed by a numberof constant domains. Each light chain has a variable domain (V,) at one

end and a constant domainatits other end; the constant domain of thelight chain is aligned_

with the first constant domain of the heavy chain, and the light chain variable domain is

aligned with the variable domain of the heavy chain. Particular amino acid residues are

believed to form an interface between the light and heavy chain variable domains, see e.g.

Chothia et a/., J. Mol. Biol. 186:651-663 (1985); Novotny and Haber, Proc. Natl. Acad. Sci.

USA 82:4592-4596 (1985). ;

The constant domains are not involved directly in binding the antibody to an antigen,

but are involved in various effector functions, such as participation of the antibody in antibody-

dependent cellular cytotoxicity. The variable domains of each pair of light and heavy chains

are involved directly in binding the antibody to the antigen. The domains of naturallight and

heavy chains have the same general structure, and each domain comprises four framework

{FR} regions, whose sequences are somewhat conserved, connected by three hyper-variable

or complementarity determining regions (CDRs) (see Kabat, E. A. et a/., Sequences of Proteins

of Immunological interest, National Institutes of Health, Bethesda, MD, (1987)}. The four

framework regions largely adopt a f-sheet conformation and the CDRs form loops connecting,

and in some cases forming part of, the &-sheet structure. The CDRs in each chain areheld in
close proximity by the framework regions and, with the CDRs from the other chain, contribute
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to the formation of the antigen binding site. 

··· · "Widespread use has been made of monoclonal antibodies. particularly those derived 

from rodents including mice, however they are frequently antigenic jn human clinical use. For 

example, a major limitation in the clinical use of rodent monoclonal antibodies is an 

5 anti-globulin response during-therapy (Miller, R. A. eta/., Blood 62:988-995 (1983); Schroff, 

R. W. eta/., CancerRes. 45:879-885 (1985)). 

The art has attempted to overcome this problem by constructing "chimeric" antibodies 

in which an animal antigen-binding variable domain is coupled to a human constant domain 

(Cabilly et at., U.S. patent No. 4,816,567; Morrison, S. L. eta/., Proc. Nat/. Acad. Sci. USA 

10 81:6851-6855 (1984); Boulianne, G. L. eta/., Nature 312:643-646 (1984); Neuberger, M.S. 

eta/., Nature 314:268-270 (1985)}. The term "chimeric" antibody is used herein to describe 

a polypeptide comprising at least the antigen binding portion of an antibody molecule linked 

to at least part of another protein (typically an immunoglobulin constant domain). 

The isotype of the human constant domain may be selected to tailor the chimeric 

15 antibody for participation in antibody-dependent cellular cytotoxicity (ADCC) and 

20 

25 

complement-dependent cytotoxicity (see e.g. Bruggemann, M. et a/., J. Exp. Med. 

166:1351-1361 11987); Riechmann, L. eta/., Nature 332:323-327 (1988); Love et at., 

Methods in Enzymology 178:515-527 (1989); Bindon eta/., J. Exp. Med. 168:127-142 

(.1988). 

In the typical embodiment, such chimeric antibodies contain about one third rodent (or 

other non-human species) sequence and thus are capable of eliciting a significant anti-globulin 

response in humans. For example, in the case of the murine anti-CD3 antibody,·OKT3, much 

of the resulting anti-globulin response is directed against the variable region rather than the 

constant region (Jaffers, G. J. et at., Transplantation 41:572-578 (1986)). 

In a further effort to resolve the antigen binding functions of antibodies and to minimize 

the use of heterologous sequences in human antibodies, Winter and colleagues (Jones, P. T. 

et a/., Nature 321:522-525 ( 1986); Riechmann, L. et a/., Nature 332:323-327 (1988); 

Verhoeyen, M. et al., Science 239:1534-1536 (1988)) have substituted rodent CDRs or CDR 

sequences for the corresponding segments of a human antibody. As used herein, the term 

30 "humanized" antibody is an embodiment of chimeric antibodies wherein substantially less than 

an intact human variable domain has been substituted by the corresponding sequence from a 

non-human species. In practice, humanized antibodies are typically human antibodies in which 

some CDR residues and possibly some FR residues are substituted by residues from analogous 

sites in rodent antibodies. 
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The therapeutic promise of this approach is supported by the clinical efficacy of a 

humanized antibody specific for the CAMPATH-1 antigen with two non-Hodgkin lymphoma 
··""-· ,;-·4 • 

patients. one of whom had previously developed an anti-globulin response to the parental rat 

·antibody ·(Riechmann, L. er ·at •• Nature 332:323-327 (1<988); ··Hate, G. et ·at., Lancet 

i: 1 394-1399 ( 1 988)). A murine antibody to the interleukin 2 receptor has also recently been 

humanized (Queen, C. et at., Proc. Nat/. Acad. Sci. USA 86:10029-10033 (1989)) as a 

potential immunosuppressive reagent. Additional references related to humanization of 

antibodies include Co eta/., Proc. Nat/. Acad. Sci. USA 88:2869-2873 (1991 ); Gorman eta/., 

Proc. Nat/. Acad. Sci. USA 88:4181-4185 (1991 ); Daugherty eta/., Nucleic Acids Research 

10 19(9):2471-2476 (1991); Brown eta/., Proc. Nat/. Acad. Sci. USA 88:2663-2667 (1991); 

Junghans eta/., Cancer Research 50:1495-1502 (1990). 

In some cases, substituting CDRs from rodent antibodies for the human CDRs in human 

frameworks is sufficient to transfer high antigen binding affinity (Jones, P. T. eta/., Nature 

321:522-525 ( 1986); Verhoeven, M. eta/., Science 239: 1534-1536 ( 1988)), whereas in other 

15 cases it has been necessary to additionally replace one (Riechmann, L. et a/., Nature 

332:323-327 (1988)) or several (Queen, C. et a/., Proc. Nat/. Acad. Sci. USA 

86:10029-10033 (1989)) framework region (FR) residues. See also Co eta/., supra. 

For a given antibody a small number of FR residues are anticipated to be important for 

·antigen binding. Firstly for example, certain antibQdies have been shown to contain a few FR 

20 residues which directly contact antigen in crystal structures of antibody-antigen complexes 

(e.g., reviewed in Davies, D. R. eta/., Ann. Rev. Biochem. 59:439-473 (1990)). Secondly, 

a number of FR residues have been proposed by Chothia, Lesk and colleagues (Chothia, C. & 

Lesk, A. M., J. Mol. Bioi. 196:901-917 (1987); Chothia, C. eta/., Nature 342:877-883 

(1989); Tramontano, A. eta/., J. Mol. Bioi. 215:175-182 (1990)) as critically affecting the 

2S conformation of particular CDRs and thus their contribution to antigen binding. See also 

Margolies eta/., Proc. Nat/. Acad. Sci. USA 72:2180-2184 (1975). 

It is also known that, in a few instances, an antibody variable domain (either VH or VL) 

may contain glycosylation sites, and that this glycosylation may improve or abolish antigen 

binding, Pluckthun, Biotechnology 9:545-51 (1991 ); Spiegelberg eta/., Biochemistry 9:4217- . 

30 4223 (1970); Wallie eta/., J. Exp. Med. 168:1099-1109 (1988); Sox et at .• Proc. Nat/. Acad. 

Sci. USA 66:975-982 (1970); Margni et a/., Ann. Rev. lmmuno/. 6:535-554 (19881. 

Ordinarily, however, glycosylation has no i!lfluence on the antigen-binding properties of an 

antibody, Pluckthun, supra, (1991 ). 

The three-dimensional structure of immunoglobulin chains has been studied, and crystal 
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structures for intact immunoglobulins, for a variety of immunoglobulin fragments. and for 

antibody-antigen complexes have been published (see e.g., Saul eta!., .Journal of Biological 

Chemistry 25:585-97 (1978); Sheriff..et..al., Pr.oc .. Nati..Acad. Sci..USA 84:8075-7.S (19871: 

Segal et a/., Proc. Nat/. Acad. Sci. USA 71:4298-4302 (1974); Epp eta/., Biochemistry 

5 14(22):4943-4952 (1975); Marquart eta/., .1. Mol. Bioi. 141:369-391 (1980); Furey eta!., 

.1. Mol. Bioi. 167:661-692 (1983); Snow and Amzel, Protein: Structure, Function, and 

Genetics 1:267-279, Alan R. Liss. Inc. pubs. (1986); Chothia and Lesk, .J. Mol. Bioi. 196:901-

917 (1987); Chothia eta/., Nature 342:877-883 (1989); Chothia eta/., Science 233:755-58 

(1986); Huber eta/., Nature 264:415-420 (1976); Bruccoleri et at., Nature 335:564-568 

10 (1988) and Nature 336:266 (1988); Shermanet at., .Journal of Biological Chemistry 263:4064-

4074 (1988); Amzel and Poljak, Ann. Rev. Biochem. 48:961-67 (1979); Silverton eta/., Proc. 

Nat/. Acad. Sci. USA 74:5140-5144 (1977); and Gregory eta!., Molecular Immunology 

24:821-829 (19871. It is known that the function of an antibody is dependent on its three 

dimensional structure, and that amino acid substitutions can change the three-dimensional 

15 structure of an antibody, Snow and Amzel. supra. It has previously been shown that the 

' antigen binding affinity of a humanized antibody can be increased by mutagenesis based upon 

molecular modelling (Riechmann, Let a/., Nature 332:323-327 (1988); Queen, C. eta!., Proc. 

Nat/. Acad. Sci. USA 86:10029-10033 (1989)). 

Humanizing an antibody with retention of high affinity for antigen and other desired 

20 biological activities is at present difficult to achieve using currently available procedures. 

Methods are needed for rationalizing the selection of sites for substitution in preparing such 

antibodies and thereby increasing the efficiency of antibody humanization. 

The proto-oncogene HER2 (human epidermal growth factor receptor ~~ encodes a 

protein tyrosine kinase (p185HER2J that is related to and somewhat homologous to the human 

25 epidermal growth factor receptor (see Coussens, L. eta!., Science 230:1 132-1139 ( 1985); 

Yamamoto, T. et al., Nature 319:230-234 (1986); King, C. R. eta/., Science 229:974-976 

(1985)). HER2 is also known in the field as c-erbB-2, and sometimes by the name of the rat 

·homolog, neu. Amplification and/or overexpression of HER2 is associated with multiple human 

malignancies and appears to be integrally involved in progression of 25-30% of human breast 

30 and ovarian cancers (Siamon, D. J. eta/., Science 235:177-182 (1987), Slamon, D. J. et al., 

Science 244:707-712 (1989)). Furthermore, the extent of amplification is inversely correlated 

with the observed median patient survival time (Siamon, supra, Science 1989). 

The murine monoclonal antibody known as muMAb4D5 (Fendly. B. M. eta! .. Cancer 

Res. 50:1550-1558 (1990)). directed against the extracellular domain (ECDJ of p185HER2, 
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5 
specifically inhibits the growth of tumor cell lines overexpressing p185HER2 in monolayer 

cult&J.r~ gcin soft agar (Hudziak, R. M. eta/., Molec. Cell. Bioi. 9:1165-1172 (1989); Lupu, R . 

eta/., Science 249:1552-1555 (199CHI. MuMAb405 also has the potential of enhancing 

tumor cell sensitivity ·to tumor necrosis .. factor, ·an imponant effector ·molecule in 

macrophage-mediated tumor cell cytotoxicity (Hudziak, supra, 1989; Shepard, H. M. and 

Lewis, G. 0. J. Clinical Immunology 8:333-395 {1988)). Thus muMAb405 has potential for 

clinical intervention in and imaging of carcinomas in which p185HER2 is overexpressed. The 

muMAb405 and its uses are described in PCT application WO 89/06692 published 27 July 

1989. This murine antibody was deposited with tne ATCC and designated ATCC CRL 10463. 

10 However, this antibody may be immunogenic in humans. 

It is therefore an object of this invention to provide methods for the preparation of 

antibodies which are less antigenic in humans than non-human antibodies but have desired 

antigen binding and other characteristics and activities. 

It is a further object of this invention to provide methods for the efficient humanization 

15 of antibodies, i.e. selecting non-human amino acid residues for importation into a human 

antibody background sequence in such a fashion as to retain or improve the affinity of the non

human donor antibody for a given antigen. 

20 

2S 

f ,30 

It is another object of this invention to provide humanized antibodies capable of binding 

p185HER2. 

Other objects, features, and characteristics of the present invention will become 

apparent upon consideration of the following description and the appended claims. 

, 
Summary of the Invention 

The objects of this invention are accomplished by a method for making a humanized 

antibody comprising amino acid sequence of an import, non-human antibody and a human 

antibody, comprising the steps of: 

a. obtaining the amino acid sequences of at least a portion of an import antibody 

variable domain and of a consensus variable domain; 

b. identifying Complementarity Determining Region (COR) amino acid sequences 

in the import and the human variable domain sequences; 

c. substituting an import CDR amino acid sequence for the corresponding human 

CDR amino acid sequence; 

d. aligning the amino acid sequences of a Framework Region (FR) of the import 
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antibody and the corresponding FR of the consensus antibody; 

e. identifying import antibody FR residues in the aligned FR sequences that are 

non-homologous to the..corr.esponding..consensus antibody residues: 

f. 

g. 

determining if the non-homologous import amino acid residue is reasonably 

expected to have at least one of the following effects: 

1. non-covalently binds antigen directly, 

2. interacts with a COR; or 

3. participates in the V L - V H interface; and 

for any non-homologous import antibody amino acid residue which is reasonably 

expected to have at least one of these effects, substituting that residue for the 

corresponding amino acid residue in the consensus antibody FR sequence. 

Optionally, the method of this invention comprises the additional steps of determining 

if any non-homologous residues identified in step {e) are exposed on the surface of the domain 

or buried within it, and if the residue is exposed but has none of the effects identified in step 

IS {f), retaining the consensus residue. 

Additionally, in certain embodiments the method of this invention comprises the feature 

wherein the corresponding consensus antibody residues identified in step (e) above are 

selected from the group consisting of 4L, 35L, 36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 

65L,66L,67L,68L,69L, 70L, 71L, 73L,85L,87L,98L,2H,4H,24H,36H,37H,39H,43H, 

20 45H,49H,58H,60H,67H.68H,69H,70H,73H,74H,75H,76H,78H,91H,92H,93H,and 

1 03H (utilizing the numbering system set forth in Kabat, E. A. eta/., Sequences of Proteins 

of Immunological Interest (National Institutes of Health, Bethesda. MD, 1987)). 

In certain embodiments, the method of this invention comprises the additional steps of 

searching either or both of the import, non-human and the consensus variable domain 

25 sequences for glycosylation sites, determining if the glycosylation is reasonably expected to 

be important for the desired antigen binding and biological activity of the antibody (i.e., 

determining if the glycosylation site binds to antigen or changes a side chain of an amino acid 

residue that binds to antigen, or if the glycosylation enhances or weakens antigen binding, or 

is important for maintaining antibody affinity}. If the import sequence bears the glycosylation 

30 site, it is preferred to substitute that site for the corresponding residues in the consensus 

human if the glycosylation site is reasonably expected to be important. If only the consensus 

sequence, and not the import, bears the glycosylation site, it is preferred to eliminate that 

glycosylation site or substitute therefor the corresponding amino acid residues from the import 

sequence. 
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Another embodiment of this invention comprises aligning import antibody and the 

consensus antibody FR sequences, identifying import antibody FR residues which are non

ho~·~log~us with the aligned consensus FR sequence, and for each such non-homologous 

"" .. impor.t ..antibody .FB _r.esidue. 4ietermining Jf the -corresponding . .consensus .antibody residue 

5 represents a residue which is highly conserved across all species at that site, and if it is so 

conserved, preparing a humanized antibody which comprises the consensus antibody amino 

acid residue at that site. 

Certain alternate embodiments of the methods of this invention comprise obtaining the 

amino acid sequence of at least a portion of an import, non-human antibody variable domain 

10 having a CDR and a FR, obtaining the amino acid sequence of at least a portion of a consensus 

antibody variable domain having a CDR and a FR, substituting the non-human CDR for the 

human CDR in the consensus antibody variable domain, and then substituting an amino acid 

residue for the consensus amino acid residue at at least one of the following sites: 

a. (in the FR of the variable domain of the light chain) 4L, 35L, 36L, 38L, 43L, 

15 44L,58L,46L,62L,63L, 64L,65L,66L,67L,68L, 69L, 70L, 71L, 73L,85L, 

87L, 98L, or 

b. (in the FR of the variable domain of the heavy chain) 2H, 4H, 24H, 36H, 37H, 

39H,43H,45H,49H,58H,60H,67H,68H,69H,70H,73H,74H,75H,76H, 

78H, 91 H, 92H, 93H, and 1 03H. 

20 In preferred embodiments, the non-CDR residue substituted at the consensus FR site is the 

residue found at the corresponding location of the non-human antibody. 

25 

Optionally. this just-recited embodiment comprises the additional steps of following the 

method steps appearing at the beginning of this summary and determining whether a particular 

amino acid residue can reasonably be expected to have undesirable effects. 

This invention also relates to a humanized antibody comprising the CDR sequence of 

an import, non-human antibody and the FR sequence of a human antibody, wherein an amino 

acid residue within the human FR sequence located at any one of the sites 4L, 35L, 36L, 38L, 

43L,44L,46L,58L,62L,63L,64L,65L,66L,67L,68L,69L, 70L, 71L, 73L,85L,87L,98L, 

2H,4H,24H,36H,37H,39H,43H,45H,49H,58H,60H,67H,68H,69H,70H,73H,74H, 

30 75H, 76H, 78H, 91 H, 92H, 93H, and 1 03H has been substituted by another residue. In 

preferred embodiments, the residue substituted at the human FR site is the residue found at 
' the corresponding location of the non-human antibody from which the non-human CDR was 

obtained. In other embodiments, no human FR residue other than those set forth in this group 

has been substituted. 
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This invention also encompasses specific humanized antibody variable domains, and 

isofateci.polypeptides having homology with the following sequences. 

1. SEQ. ID NO. 1., which is the light ,ehain var.iable domain of a humanized version of 

muMAb4D5: 

Dl QMTQSPS SLSASVGDRVTITCRASQDVNT A VA WYQQKPGKAPKLLIYSASFLESGVP 

SRFSGSRSGTDFTL TISSLQPEQFATYYCQQHYTTPPTFGQGTKVEIKRT 

2. SEQ. ID NO.2, which is the heavy chain variable domain of a humanized version of 

muMAb4D5): 

EVQLVESGGGL VQPGGSLRLSCAASGFNIKDTYIHWVROAPGKGLEWVARIYPTNGYTR 

Y ADSVKGRFTISADTSKNT A YLQMNSLRAEDT AVYYCSRWGGDGFY AMDVWGQGTL V 

TVSS 

In another aspect, this invention provides a consensus antibody variable domain amino 

15 acid sequence for use in the preparation of humanized antibodies, methods for obtaining, 

using, and storing a computer representation of such a consensus sequence, and computers 

comprising the sequence data of such a sequence. In one embodiment, the following 

consensus antibody variable domain amino acid sequences are provided: 

20 

25 

SEQ. ID NO. 3 (light chain): 

DIQMTQSPSSLSASVGDRVTITCRASQDVSSYLAWYQQKPGKAPKLLIYAASSLESGVP 

SRFSGSGSGTDFTL TISSLQPEDFATYYCQQYNSLPYTFGQGTKVEIKRT, and 

SEQ. ID NO. 4 (heavy chain): · 

EVQL VESGGGL VQPGGSLRLSCAASGFTFSDY AMSWVRQAPGKGLEWVAVISENGGYT 

RYADSVKGRFTISADTSKNT AYLQMNSLRAEDTA VYYCSRWGGDGFY AMDVWGQGTL 

VTVSS 

30 Brief Description of the Drawings 

FIGURE 1 A shows the comparison of the Vl domain amino acid residues of 

muMAb4D5, huMAb4D5, and a consensus sequence (Fig. 1A, SEQ.ID NO.5, SEQ. ID NO. 1 

and SEQ. ID NO.3, respectively). FIGURE 18 shows the comparison between the VH domain 

PFIZER EX. 1502 
Page 1168



W092/22653 PCf/US92/05126 

amino acid residues of the muMAb4d5, huMAb4D5, and a consensus sequence (Fig. lB. SEQ. 

ID NO. 6, SEQ. ID NO.2 and SEQ. ID NO.4, respectively). Both Figs 1A and 1B use the 
.. -·-- ~ •'# 

generally accepted numbering scheme from Kabat, E. A., eta/., Sequences of Proteins of 

., lmmunologicallnteres(.(National~nstitutes,ofHealth,.Bethesda, MD (1987)). In-both Fig. 1A 

5 and Fig. 18, the CDR residues determined according to a standard sequence definition (as in 

Kabat, E. A. et a/., Sequences of Proteins of Immunological Interest (National Institutes of 

Health, Bethesda, MD, 1987)) are indicated by the first underlining beneath the sequences, and 

the CDR residues determined according to a structural definition (as in Chothia, C. & Lesk, A. 

M., J. Mol. Bioi. 196:901-917 (1987)) are indicated by the second, lower underlines. The 

10 mismatches between genes are shown by the vertical lines. 

FIGURE 2 shows a scheme for humanization of muMAb4D5 VL and VH by gene 

conversion mutagenesis. 

FIGURE 3 shows the inhibition of SK-BR-3 proliferation by MAb4D5 variants. Relative 

cell proliferation was determined as described (Hudziak, R. M. et a/., Molec. Cell. Bioi. 

15 9:1165-1172 (1989)) and data (average of triplicate determinations) are presented as a 

percentage of results with untreated cultures for muMAb4D5 (1), huMAb4D5-8 (n) and 

huMAb4D5-1 (1). 

FIGURE 4 shows a stereo view of a-carbon tracing for a model of huMAb4D5-8 VL and 

VH . The CDR residues (Kabat, E. A. et al., Sequences of Proteins of Immunological interest 

20 (National Institutes of Health, Bethesda, MD, 1 987)) are shown in bold and side chains of VH 

residues A7 1, T73, A78, S93, Y1 02 and VL residues Y55 plus R66 (see Table 31 are shown. 

FIGURE 5 shows an amino acid sequence comparison of VL (top panel) and VH {lower 

panel) domains of the murine anti-CD3 monoclonal Ab UCHT1 (muxCD3, Shalaby et a/., J. 

Exp. Med. 175,217-225 (1992) with a humanized variant ofthis antibody (huxCD3v91. Also 

25 shown are consensus sequences (most commonly occurring residue or pair of residues) of the 

most abundant human subgroups, namely VL K 1 and VH Ill upon which the humanized 

sequences are based (Kabat, E. A. eta/., Sequences of Proteins of Immunological Interest, 5"' 

edition, National Institutes of Health, Bethesda, MD, USA (1991 )). The light chain sequences-

muxCD3, huxCD3v9 and huKI-correspond to SEO.ID.NOs 16, 17, and 18, respectively. The 

30 heavy chain sequences--muxCD3, huxCD3v9 and huKI--correspond to SEO.ID.NOs 19, 20, and 

21, respectively. Residues which differ between muxCD3 and huxCD3v9 are identified by an 

asterisk (•), whereas those which differ between humanized and consensus sequences are 

identified by a sharp sign (#). A bullet (0 } denotes that a residue at this position has been 

found to contact antigen in one or more crystallographic structures of antibody/antigen 
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complexes (Kabat eta/., 1991; Mian, I. S. eta/., J. Mol. Bioi. 217,133-151 (1991)). The 

locatio;· of CDR residues according to a sequence definition (Kabat et a/., 1991 l and a 

structural definition (Chothia and Lesk...supra 1.9.81)..ar,e..sbDwn.b.y.aJine.and.carats n beneath 

the sequences, respectively. 

FIGURE 6A compares·murine and humanized amino acid sequences for the heavy chain 

of an anti-COl 8 antibody. H52H4-160 (SEQ. ID. NO. 22) is the murine sequence, and pH52-

8.0 (SEQ. 10. NO. 23) is the humanized heavy chain sequence. pH52-8.0 residue 143S is the 

final amino acid in the variable heavy chain domain VH, and residue 144A is the first amino 

acid in the constant heavy chain domain CH1. 

10 FIGURE 68 compares murine and humanized amino acid sequences for the light chain 

15 

of an anti-COl 8 antibody. H52L6-158 (SEQ. 10. NO. 24) is the murine sequence. and pH52-

9.0 (SEQ. 10. NO. 25) is the humanized light chain sequence. pH52-9.0 residue 128T is the 

final amino acid in the light chain variable domain VL, and residue 1 29V is the first amino acid 

in the light chain constant domain CL. 

Detailed Description of the Invention 

Definitions 

In general, the following words or phrases have the indicated definitions when used in 

20 the description, examples, and claims: 

The murine monoclonal antibody known as muMAb405 (Fendly, B. M. et at., Cancer 

Res. 50:1550-1558 (1 990)) is directed against the extracellular domain (ECO) of pl 85HER2. 

The muMAb4D5 and its uses are described in PCT application WO 89/06692 published 27 July 

1989. This murine antibody was deposited with the ATCC and designated ATCC CRL 10463. 

25 In this description and claims, the terms muMAb405, chMAb405 and huMAb405 represent 

murine, chimerized and humanized versions of the monoclonal antibody 405, respectively. 

A humanized antibody for the purposes herein is an immunoglobulin amino acid 
·, 
· sequence variant or fragment thereof which is capable of binding to a predetermined antigen 

and which comprises a FR region having substantially the amino acid sequence of a human 

30 immunoglobulin and a CDR having substantially the amino acid sequence of a non-human 

immunoglobulin. 

Generally, a humanized antibody has one or more amino acid residues introduced into 

it from a source which is non-human. These non-human amino acid residues are referred to 

herein as "import" residues, which are typically taken from an "import" antibody domain, 
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particularly a variable domain. An import residue, sequence, or antibody has a desired affinity 

and{,~r ~P.ecificity, or other desirable antibody biological activity as discussed herein. 

In general, the humanized antibody will comprise substantially all of at least one, and 

· ·typically·two, variable-domains (Fab, Fab', F(ab') 2• Fabc, Fv) in which all ·or ·substantially all 

of the CDR regions correspond to those of a non-human immunoglobulin and all or substantially . 

all of the FR regions are those of a human immunoglobulin consensus sequence. The 

humanized antibody optimally also will comprise at least a portion of an immunoglobulin 

constant region (Fe), 'typically that of a human immunoglobulin. Ordinarily, the antibody will 

contain both the light chain as well as at least the variable domain of a heavy chain. The 

10 antibody also may include the CH1, hinge, CH2, CH3, and CH4 regions of the heavy chain. 

The humanized antibody will be selected from any class of immunoglobulins, including 

lgM, lgG, lgD, lgA and lgE, and any isotype, including lgG1, lgG2, lgG3 and lgG4. Usually the 

constant domain is a complement fixing constant domain ·where it is desired that the 

humanized antibody exhibit cytotoxic activity, and the class is typically lgG,. Where such 

15 cytotoxic activity is not desirable, the constant domain may be of the lgG2 class. The 

humanized antibody may comprise sequences from more than one class or isotype, and 

selecting particular constant domains to optimize desired effector functions is within the 

ordinary skill in the art. 

The FR and CDR regions of the humanized antibody need not correspond precisely to 

20 the parental sequences, e.g., the import CDR or the consensus FR may be mutagenized by 

substitution, insertion or deletion of at least one residue so that the CDR or FR residue at that 

site does not correspond to either the consensus or the import antibody. Such mutations, 

however, will not be extensive. Usually, at least 75% of the humanized antibody residues will 

correspond to those of the parental FR and CDR sequences, more often 90%, and most 

25 preferably greater than 95%. 

In general, humanized antibodies prepared by the method of this invention are produced 

by a process of analysis of the parental sequences and various conceptual humanized products 

using three dimensional models of the parental and humanized sequences. Three dimensional 

immunoglobulin models are commonly available and are familiar to those skilled in the art. 

30 Computer programs are available which illustrate and display probable three dimensional 

conformational structures of selected candidate immunoglobulin sequences. Inspection of 

these displays permits analysis of the likely role of the residues in the functioning of the 

candidate immunoglobulin sequence, i.e., the analysis of residues that influence the ability of 

the candidate immunoglobulin to bind its antigen. 
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Residues that influence antigen binding are defined to be residues that are substantially 

respon;ible for the antigen affinity or antigen specificity of a candidate immunoglobulin, in a 

positive or a negative.sense. Tbe.invention...is.directed to the selection and combination of FR 

residues from the consensus and import sequence so that the desired immunoglobulin 

s characteristic is achieved. Such desired characteristics include increases in affinity and greater 

specificity for the target antigen, although it is conceivable that in some circumstances the 

opposite effects might be desired. In general, the CDR residues are directly and most 

substantially involved in influencing antigen binding (although not all CDR residues are so 

involved and therefore need not be substituted into the consensus sequence). However, FR 

10 residues also have a significant effect and can exert their influence in at least three ways: 

They may noncovalently directly bind to antigen, they may interact with CDR residues and they 

may affect the interface between the heavy and light chains. 

A residue that noncovalently directly binds to antigen is one that, by three dimensional 

analysis, is reasonably expected to noncovalently directly bind to antigen. Typically, it is 

15 necessary to impute the position of antigen from the spatial location of neighboring CDRs and 

· the dimensions and structure of the target antigen. In general, only those humanized antibody 

residues that are capable of forming salt bridges, hydrogen bonds, or hydrophobic interactions 

are likely to be involved in non-covalent antigen binding, however residues which have atoms 

which are separated from antigen spatially by 3.2 Angstroms or l.ess may also non-covalently 

20 interact with antigen. Such residues typically are the relatively larger amino acids having the 

side chains with the greatest bulk, such as tyrosine, arginine, and lysine. Antigen-binding FR 

residues also typically will have side chains that are oriented into an envelope surrounding the 

solvent oriented face of a CDR which extends about 7 Angstroms into the solvent from the 

CDR domain and about 7 Angstroms on either side of the CDR domain, again as visualized by 

25 three dimensional modeling. 

A residue that interacts with a CDR generally is a residue that either affects the 

conformation of the CDR polypeptide backbone or forms a noncovalent bond with a CDR 

residue side chain. Conformation-affecting residues ordinarily are those that change the spatial 

position of any CDR backbone atom (N, Ca, C, 0, Cp) by more than about 0.2 Angstroms. · 

30 Backbone atoms of CDR sequences are displaced for example by residues that interrupt or 

modify organized structures such as beta sheets. helices or loops. Residues that can exert a 

profound affect on the conformation of neighboring sequences include proline and glycine, both 

of which are capable of introducing bends into the backbone. Other residues that can displace 

backbone atoms are those that are capable of participating in salt bridges and hydrogen bonds. 

PFIZER EX. 1502 
Page 1172



W092/22653 
I~ 

PCT/US92105126 

A residue that interacts with a CDR side chain is one that is reasonably expected to 

form a noncovalent bond with a CDR side chain, generally either a salt bridge or hydrogen 
. ~· ~~ ..,;- . * 

bond. Such residues are identified by three dimensional positioning of their side chains. A salt 

-.. -or·ion bridge could ·be expected to form ·between two -side chains positioned ·within about 2:5 -

s 3.2 Angstroms of one another that bear opposite charges, for example a lysinyl and a 

10 

glutamyl pairing. A hydrogen bond could be expected to form between the side chains of 

residue pairs such as seryl or threonyl with aspartyl or glutamyl Cor other hydrogen accepting 

residues). Such pairings are well known in the protein chemistry art and will be apparent to 

the artisan upon three dimensional modeling of the candidate immunoglobulin. 

Immunoglobulin residues that affect the interface between heavy and light chain 

·variable regions ("the VL- VH interface") are those that affect the proximity or orientation of 

the two chains with respect to one another. Certain residues involved in interchain interactions 

are already known and include VL residues 34, 36, 38, 44, 46, 87, 89, 91, 96, and 98 and 

. V" residues 35, 37, 39, 45, 47,91, 93, 95, 100,and 103 (utilizing the nomenclature set forth 

15 in Kabat eta!., Sequences of Proteins of Immunological Interest (National Institutes of Health, 

Bethesda, MD, 1987)). Additional residues are newly identified by the inventors herein, and 

include 43L. 85L, 43H and 60H. While these residues are indicated for lgG only, they are 

applicable across species. In the practice of this invention, import antibody residues that are 

reasonably expected to be involved in interchain int.eractions are selected for substitution into 

20 the consensus sequence. It is believed that heretofore no humanized antibody has been 

prepared with an intrachain-affecting residue selected from an import antibody sequence. 

Since it is not entirely possible to predict in advance what the exact impact of a given 

substitution will be it may be necessary to make the substitution and assay the candidate 

antibody for the desired characteristic. These steps, however, are per se routine and well 

25 within the ordinary skill of the art. 

CDR and FR residues are determined according to a standard sequence definition (Kabat 

et at., Sequences of Proteins of Immunological Interest, National Institutes of Health, Bethesda 

MD (1987). and a structural definition.(as in Chothia and Lesk, J. Mol. Bioi. 196:901-917 

( 1987). Where these two methods result in slightly different identifications of a CDR, the 

30 structural definition is preferred, but the residues identified by the sequence definition method 

are considered important FR residues for determination of which framework residues to import 

into a consensus sequence. 

Throughout this description, reference is made tci the numbering scheme from Kabat, 

E. A., et a/., Sequences of Proteins of Immunological Interest (National Institutes of Health, 
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Bethesda, MD c1987l and {1991). In these compendiums, Kabat lists many amino acid 

sequences for antibodies for each subclass, and lists the most commonly occurring amino acid 

for each residue position in that subclass. Kabat uses a method .for .assigning a residue number 

to each amino acid in a listed sequence, and this method for assigning residue numbers has 

5 become standard in the field. The Kabat numbering scheme is followed in this description. 

For purposes of this invention, to assign residue numbers to a candidate antibody amino 

acid sequence which is not included in the Kabat compendium, one follows the following 

steps. Generally, the candidate sequence is aligned with any immunoglobulin sequence or any 

consensus sequence in Kabat. Alignment may·be done by hand, or by computer using 

10 commonly accepted computer programs; an example of such a program is the Align 2 program· 

discussed in this description. Alignment may be facilitated by using some amino acid residues 

which are common to most Fab sequences. For example, the light and heavy chains each 

typically have two cysteines which have the same residue numbers; in VL domain the two 

cysteines are typically at residue numbers 23 and 88, and in the VH domain the two cysteine 

15 residues are typically numbered 22 and 92. Framework residues generally, but not always, 

have approximately the same number of residues, however the CDRs will vary in size. For 

example, in the case of a CDR from a candidate sequence which is longer than the CDR in the 

sequence in Kabat to which it is aligned, typically suffixes are added to the residue number to 

indicate the insertion of additional residues {see, e.g. residues 100abcde in Fig. 5). For 

20 candidate sequences which, for example, align with a Kabat sequence for residues 34 and 36 

but have no residue between them to align with residue 35, the number 35 is simply not 

assigned to a residue. 

Thus, in humanization of an import variable sequence, where one cuts ~ut an entire 

human or consensus CDR and replaces it with an import CDR sequence, (a) the exact number 

2S of residues may be swapped, leaving the numbering the same, {b) fewer import amino acid 

residues may be introduced than are cut, in which case there will be a gap in the residue 

numbers, or {c) a larger number of amino acid residues may be introduced then were cut. in 

~which case the numbering will involve the use of suffixes such as 100abcde. 

The terms "consensus sequence" and "consensus antibody" as used herein refers to 

30 an amino acid sequence which comprises the most frequently occurring amino acid residues 

at each location in all immunoglobulins of any particular subclass or subunit structure. The 

consensus sequence may be based on immunoglobulins of a particular species or of many 

species. A "consensus" sequence, structure, or antibody is understood to encompass a 

consensus human sequence as described in certain embodiments of this invention, and to refer 
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to an amino acid sequence which comprises the most frequently occurring amino acid residues 

at e~.chJocation i;1 all human immunoglobulins of any particular subclass or subunit structure. 

This invention provides consensus human structures and consensus structures which consider 

other ·species·in addition ·to1luman. 

The subunit structures of the five immunoglobulin classes in humans are as follows: 

Ctass Heavy Chain St rhclasses I ight Chain Malec• rlar Form• ria 

lgG y y1, y2, y3, y4 K or A (rr,l , (y,A21 

lgA a a1, a2 K or A Car2ln" , (a,A,ln" 

lgM p none K or A (pr,ls , (p,A,ls 

I gO 6 none K or A (62K2) , (6,A2) 

lgE E none K or A (E~2) , (E,A2) 

(" n may equal , , 2. or 31 

In preferred embodiments of an lgGy1 human consensus sequence. the consensus 

variable domain sequences are perived from the most abundant subclasses in the sequence 

compilation of Kabat et al .• Sequences of Proteins of Immunological Interest, National Institutes 
. . . -

of Health. Bethesda MD (1987), namely VL K subgroup I and VH group Ill. In such preferred 

embodiments. the V L consensus domain has the amino acid· sequence: 

20 01 QMTQSPSSLSASVGDRVTITCRASQDVSSYLAWYQQKPGKAPKLLIY AASSLESGVPSRFSG 

SGSGTDFTLTISSLQPEDFATYYCQQYNSLPYTFGQGTKVEIKRT (SEQ. 10 NO. 3); 

the VH consensus domain has the amino acid sequence: 

EVQLVESGGGL VQPGGSLRLSCAASGFTFSOY AMSWVROAPGKGLEWVAVISENGGYTRYAD 

SVKGRFTISADTSKNT AYLQMNSLRAEOTAVYYCSRWGGDGFYAMDVWGQGTL VTVSS (SEQ. 

25 10 NO.4). 

These sequences include consensus CDRs as well as consensus FA residues (see for example 

in Fig. 11. 

While not wishing to be limited to any particular theories. it may be that these preferred 

embodiments are less likely to be immunogenic in an individual than less abundant subclasses. 

30 However, in other embodiments, the consensus sequence is derived from other subclasses of 

human immunoglobulin variable domains. In yet other embodiments. the consensus sequence 

is derived from human constant domains. 

Identity or homology with respect to a specified amino acid sequence of this invention 

is defined herein as the percentage of amino acid residues in a candidate sequence that are 
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identical with the specified residues. after aligning the sequences and introducing gaps, if 

necessary, to achieve the maximum percent homology, and not considering any conservative 

substitutions as part of the sequence identity. None of N,terminal, .C·ter:minal or internal 

extensions. deletions. or insertions into the specified sequence shall be construed as affecting 

5 homology. All sequence alignments called for in this invention are such maximal homology 

alignments. While such alignments may be done by hand using conventional methods, a 

suitable computer program is the "Align 2" program for which protection is being sought from 

the U.S. Register of Copyrights (Align 2, by Genentech, Inc., application filed 9 December 

1991 ). 

10 "Non-homologous" import antibody residues are those residues which are not identical 

to the amino acid residue at the analogous or corresponding location in a consensus sequence, 

after the import and consensus sequences are aligned. 

The term "computer representation" refers to information which is in a form that can 

be manipulated by a computer. The act of storing a computer representation refers to the act 

IS of placing the information in a form suitable for manipulation by a computer. 

This invention is also directed to novel polypeptides, and in certain aspects, isolated 

novel humanized anti-p185HER2 antibodies are provided. These novel anti-p185HER2 

antibodies are sometimes collectively referred to herein as huMAb405, and also sometimes 

as the light or heavy chain variable domains of huMAb405, and are defined herein to be any 

20 polypeptide sequence which possesses a biological property of a polypeptide comprising the 

25 

30 

following polypeptide sequence: 

01 QMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYOQKPGKAPKLLIYSASFLESGVP 

SRFSGSRSGTDFTL TISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIKRT (SEQ. 10 NO. 1, 

which is the light chain variable domain of huMAb405); or 

EVQL VESGG G l VQPGGSLRLSCAASGFNlKDTYIHWVRQAPGKGLEWVARIYPTNGYTR 

Y ADSVKGRFTlSADTSKNT A YLQMNSLRAEDTAVYYCSRWGGDGFYAMDVWGQGTL V 

TVSS (SEQ. 10 NO. 2, which is the heavy chain variable domain of huMAb405). 

"Biological property", as relates for example to anti-p185HER2, for the purposes herein 

means an in vivo effector or antigen-binding function or activity that is directly or indirectly 

performed by huMAb405 (whether in its native or denatured conformation). Effector functions 

include p185HER2 binding, any hormonal or hormonal antagonist activity, any mitogenic or 

agonist or antagonist activity, any cytotoxic activity. An antigenic function means possession 
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n 
of an epitope or a11tigenic site that is capable of cross-reacting with antibodies raised against 

the polypeptide sequence of huMAb405 . 
. , .. ,- ,;. . ~ 

Biologically active huMAb405 is defined herein as a polypeptide that shares an effector 

function ofhuMAb405. ,A principal·known-effector function-of-huMAb405 ;sits·anility"to ·bind 

s to p1 ssHER2. 

Thus, the biologically active and antigenically active huMAb4DS polypeptides that are 

the subject of certain embodiments of this invention include the sequence of the entire 

translated nucleotide sequence of huMAb405; mature huMAb405; fragments thereof having 

a consecutive sequence of at least 5, 10, 15, 20, ·25, 30 or 40 amino acid residues comprising 

10 sequences from muMAb405 plus residues from the human FR of huMAb405; amino acid 

sequence variants of huMAb405 wherein an amino acid residue has been inserted N- or C

terminal to, or within, huMAb405 or its fragment as defined above; amino acid sequence 

variants of huMAb405 or its fragment as defined above wherein an amino acid residue of 

huMAb405 or its fragment as defined above has been substituted by another residue, including 

15 predetermined mutations by, e.g., site-directed or PCR mutagenesis; derivatives of huMAb405 

or its fragments as defined above wherein huMAb405 or its fragments have been covalent 

modified, by substitution, chemical, enzymatic, or other appropriate means, with a moiety 

other than a naturally occurring amino acid; and glycosylation variants of huMAb405 (insertion 

of a glycosylation site or deletion of any glycosylation site by deletion, insertion or substitution 

20 of suitable residues). Such fragments and variants exclude any polypeptide heretofore 

identified, including muMAb405 or any known polypeptide fragment, which are anticipatory 

order 35 U.S.C.1 02 as well as polypeptides obvious thereover under 35 U.S.C. 1 03. 

An "isolated" polypeptide means polypepti'de which has been identified and separated 

and/or recovered from a component of its natural environment. Contaminant components of 

25 its natural environment are materials which would interfere with diagnostic or therapeutic uses 

for the polypeptide. and may include enzymes, hormones, and other proteinaceous or 

nonproteinaceous solutes. In preferred embodiments, for example, a polypeptide product 

comprising huMAb405 will be purified from a cell culture or other synthetic environment { 1) 

to greater than 95% by weight of protein as determined by the Lowry method, and most 

30 preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15 residues 

of N-terminal or internal amino acid sequence by use of a gas- or liquid-phase sequenator (such 

as a commercially available Applied Biosystems sequenator Model 470, 477, or 473), or (3) 

to homogeneity by SDS-PAGE under reducing or nonreduCing conditions using Coomassie blue 

or. preferably, silver stain. Isolated huMAb405 includes huMAb4D5 in situ within recombinant 
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cells since at least one component of the huMAb4D5 natural environment will not be present. 

Ordinari-ly, however. isolated huMAb4D5 will be prepared by at least one purification step. 

In accordance with this invention, huMAb4D5 nucleic .acid js RNA ~or .DNA-containing 

greater than ten bases that encodes a biologically or antigenically active huMAb4D5, is 

5 complementary to nucleic acid sequence encoding such huMAb4D5, or hybridizes to nucleic 

acid sequence encoding such huMAb4D5 and remains stably bound to it under stringent 

· conditions, and comprises nucleic acid from a muMAb4D5 CDR and a human FR region. 

Preferably, the huMAb4D5 nucleic acid encodes a polypeptide sharing at least 75% 

sequence identity, more preferably at least 80%. still more preferably at least 85%. even more 

10 preferably at 90%. and most preferably 95%, with the huMAb4D5 amino acid sequence. 

Preferably. a nucleic acid molecule that hybridizes to the huMAb4D5 nucleic acid contains at 

least 20. more preferably 40. and most preferably 90 bases. Such hybridizing or 

complementary nucleic acid, however. is further defined as being novel under 35 U.S.C. 102 

and unobvious under 35 U.S.C. 103 over any prior art nucleic acid. 

15 Stringent conditions are those that (1) employ low ionic strength and high temperature 

for washing. for example. 0.015 M NaCI/0.001 5 M sodium citrate/0/1% NaDodS04 at 50° C; 

(2) employ during hybridization a denaturing agent such as formamide. for example, 50% 

· (vol/voll formamide with 0. 1 %bovine serum albumin/0/1 % Ficoll/0/1 % polyvinylpyrrolidone/50 

mM sodium phosphate buffer at pH 6.5 with 750 mM NaCI, 75 mM sodium citrate at 42° C; 

20 or (3) employ 50% formamide, 5 x SSC (0. 75 M NaCI. 0.075 M sodium citrate), 50 mM 

sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt's solution, sonicated 

salmon sperm DNA (50 g/ml), 0.1% SDS, and 10% dextran sulfate at 42 C, with washes at 

42 C in 0.2 x SSC ~nd 0.1% SDS. 

The term "control sequences" refers to DNA sequences necessary for the expression 

25 of an operably linked coding sequence in a particular host organism. The control sequences 

that are suitable for prokaryotes. for example. include a promoter, optionally an operator 

sequence, a ribosome binding site, and possibly. other as yet poorly understood sequences. 

'' Eukaryotic cells are known to utilize promoters. polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional relationship with 

30 another nucleic acid sequence. For example, DNA for a presequence or secretory leader is 

operably linked to DNA for a polypeptide if it is expressed as a preprotein that participates in 

the secretion of the polypeptide; a promoter or enhancer is operably linked to a coding 

sequence if it affects the transcription of the sequence; or a ribosome binding site is operably 

linked to a coding sequence if it is positioned so as to facilitate translation. Generally, 
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"operably linked" means that the DNA sequences being linked are contiguous and, in the case 

of r. ;;Cretory leader, contiguous and in reading phase. However enhancers do not have to 
••• ,. ;.•'1 

be contiguous. Linking is accomplished by ligation at c wenient restriction sites. If such sites 

<fo not ·-exist, then ~synthetic oligonucleotide <!daptors ·tlr tinkers are used in accord with 

5 conventional practice. 

An "exogenous" element is defined herein to mean nucleic acid sequence that is foreign 

to the cell, or homologous to the cell but in a position within the host cell nucleic acid in which 

the element is ordinarily not found. 

As used herein, the expressions "cell."· "cell line," and "cell culture" are used 

10 interchangeably and all such designations include progeny. Thus. the words "transformants" 

and "transformed cells" include the primary subject cell and cultures derived therefrom without 

regard for the number of transfers. It is also understood that all progeny may not be precisely 

identical in DNA content, due to deliberate or inadvertent mutations. Mutant progeny that 

have the same function or biological activity as screened for in the originally transformed cell 

15 are included. Where distinct designations are intended, it will be clear from the context. 

"Oligonucleotides" are short-length, single- or double-stranded polydeoxynucleotides 

that are chemically synthesized by known methods (such as phosphotriester. phosphite, or 

phosphoramidite chemistry, using solid phase techniques such as described in EP 266.032 

published 4 May 1988, or via deoxynucleoside H-phosphonate intermediates as described by 

20 Froehler et a/., Nucl. Acids Res .• H_: 5399-5407 [1986)). They are then purified on 

polyacrylamide gels. 

The technique of "polymerase chain reaction." or "PCR. • as used herein generally refers 

to a procedure wherein minute amounts of a specific piece of nucleic acid, RNA and/or DNA. 

are amplified as described in U.S. Pat. No. 4,683,195 issued 28 July 1987. Generally, 

25 sequence information from the ends of the region of interest or beyond needs to be available. 

such that oligonucleotide primers can be designed; these primers will be identical or similar in 

sequence to opposite strands of the template to be amplified. The 5' terminal nucleotides of 

the two primers may coincide with the ends of the amplified material. PCR can be used to 

amplify specific RNA sequences, specific DNA sequences from total genomic DNA, and eDNA 

30 transcribed from total cellular RNA. bacteriophage or plasmid sequences. etc. See generally 

Mullis eta/., Cold Spring Harbor Symp. Quant. Bioi., QJ_: 263 (1987); Erlich, ed., PCR 

Technology (Stockton Press, NY. 1989). As used herein, PCR is considered to be one, but 

not the only, example of a nucleic acid polymerase reaction method for amplifying a nucleic 

acid test sample, comprising the use of a known nucleic acid (DNA or RNA) as a primer and 
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utilizes a nucleic acid polymerase to amplify or generate a specific piece of nucleic acid or to 

arTi'pi"ity.~r generate a specific piece of nucleic acid which is complementary to a particular 

nucleic acid. 

Suitable Methods for Practicing the Invention 

Some aspects of this invention include obtaining an import, non-human antibody 

variable domain, producing a desired humanized antibody sequence and for humanizing an 

antibody gene sequence are described below. A particularly preferred method of changing a 

10 gene sequence. such as gene conversion from a non-human or consensus sequence into a 

humanized nucleic acid sequence, is the cassette mutagenesis procedure described in Example 

1. Additionally, methods are given for obtaining and producing antibodies generally. which 

apply equally to native non-human antibodies as well as to humanized antibodies. 

Generally, the antibodies and antibody variable domains of this invention are 

IS conventionally prepared in recombinant cell culture, as described in more detail below. 

Recombinant synthesis is preferred for reasons of safety and economy, but it is known to 

prepare peptides by chemical synthesis and to purify them from natural sources; such 

preparations are included within the definition of antibodies herein. 

20 Molecular Modeling 

An integral step in our approach to antibody humanization is construction of computer 

graphics models of the import and humanized antibodies. These models are used to determine 

if the six complementarity-determining regions (CORsi can be. successfully transplanted from 

the import framework to a human one and to determine which framework residues from the 

25 import antibody, if any, need to be incorporated into the humanized antibody in order to 

maintain CDR conformation. In addition, analysis of the sequences of the import and 

humanized antibodies and reference to the models can help to discern which framework 

residues are unusual and thereby might be involved in antigen binding or maintenance of proper 

antibody structure. 

30 All of the humanized antibody models of this invention are based on a single three-

dimensional computer graphics structure hereafter referred to as the consensus structure. This 

consensus structure is a key distinction from the approach of previous workers in the field, 

who typically begin by selecting a human antibody structure which has an amino acid 

sequence which is similar to the sequence of their import antibody. 

PFIZER EX. 1502 
Page 1180



5 

WO 92/22653 PCf/US92/05126 
21 

The consensus structure of one embodiment of this invention was built in five steps as 

described below. 
-··- .;. . ~ 

Step 1: Seven Fab X-ray crystal structures frorr :he Brookhaven Protein Data 

· ~sank.were·used..(entries 2FB4, 2RHE, 3FAB;and 1flEI~hich1ne·human·structures, and 2MCP, 

1 FBJ, and 2HFL which are murine structures). For each structure, protein mainchain geometry. 

and hydrogen bonding patterns were used to assign each residue to one of three secondary 

structure types: alpha-helix, beta-strand or other (i.e. non-helix and non-strand). The 

immunoglobulin residues used in superpositioning and those included in the consensus 

structure are shown in Table 1. 
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·Table I 
lmmlUlo.globulin Residues Used in Superpositioning 11.Dd Those Included in the 

Consensus Structure 

VL'IC domain 
lga 2FB4 2RHE 2MCP 3FAB lFBJ 2HFL 1REI Conscnsusb 

2-ll 
18-24 18-24 19-25 18-24 19-25 19-25 19-25 16-27 
32-37 34-39 39-44 32-37 32-37 32-37 33-38 33-39 

41-49 
60-66 62-68 67-72 53-66 60•65 60-65 61-66 59-77 
69-74 71-76 76-81 69-74 69-74 69-74 70-75 
84-88 86-90 91-95 84-88 84-88 84-88 85-89 82-91 

101-105 
RMSC 0.40 0.60 0.53 0.54 0.4C 0.50 

VH domain 
Jg8 2FB4 2MCP 3FAB IFBJ 2HFL Conscnsusb 

3-8 
18-25 18-25 18-25 18-25 18-25 17-23 
34-39 34-39 34-39 34-39 34-39 33-41 
46-52 46-52 46-52 46-52 46-52 45-51 
57-61 59-63 56-60 57-61 57-61 57-61 
68-71 70-73 67-70 68-71 68-71 66-71 
78-84 80-86 77-83 78-84 78-84 15-82 
92-99 94-101 91-98 92-99 92-99 88-94 

102-108 
RMSC 0.43 0.85 0.62 0.91 
RMSd 0.91 0.73 0.77 0.92 

a Four-letter code for Protein Data Bank file. 
b Residue numbers for th: crystal structures arc taken from the Protein Data 

Bank files. Residue numbers for the consensus structure are according to 
Kabat et al. 

c Root-mean-square deviation in A for (N,Ca,C) atoms superimposed on 2FB4. 
d Root-mean-square deviation in A for (N,Ca,C) atoms superimposed on 2HFL. 

PFIZER EX. 1502 
Page 1182



•. 
5 

W092/22653 PCf/US92105126 

Z3 
Step 2: Having identified the alpha-helices and beta-strands in each of the seven 

stru.~~ur:es, the structures were superimposed on one another using the INSIGHT computer 

program CBiosym Technologies, San Diego, CAl as follows: The 2FB4 structure was arbitrarily 

chosen as the template (or reference)·structure. The 2FB4 was held-fixed in space and·the 

other six structures rotated and translated in space so that their common secondary structural 

elements (i.e. alpha-helices and beta-strands) were oriented such that these common elements 

were as close in position to one another as possible. (This superpositioning was performed 

using accepted mathematical formulae rather than actually physically moving the structures 

. by hand.) 

10 Step 3: With the seven structures thus superimposed, for each residue in the 

template (2F84) Fab one calculates the distance from the template alpha-carbon atom (Cal to 

the analogous Caatom in each of the other six superimposed structures. This results in a table 

of Co-Ca distances for each residue position in the sequence. Such a table is necessary in 

order to determine which residue positions will be included in the consensus model. Generally, 

15 if all Co-Ca distances for a given residue position were s 1 .OA, that position was included in 

the consensus structure. If for a given position only one Fab crystal structure was > 1.0A, 

the position was included but the outlying crystal structure was not included in the next step 

(for this position only). In general, the seven P-strands were included in the consensus 

structure while some of the loops connecting the P-strands, e.g. complementarity-determining 

20 regions (CDRs), were not included in view of Co divergence. 

Step 4: For each residue which was included in the consensus structure after step 

3, the average of the coordinates for individual mainchain N, Co, C, 0 and CP atoms were 

calculated. Due to' the averaging procedure, as well as variation in bond length. bond angle 

and dihedral angle among the crystal structures, this "average" structure contained some bond 

25 lengths and angles which deviated from standard geometry. For purposes of this invention, 

"standard geometry" is understood to include geometries commonly accepted as typical, such 

as the compilation of bond lengths and angles from small molecule structures in Weiner, S.J. 

et. a/., J. Amer. Chem. Soc., 106: 765-784 (1984). 

Step 5: In order to correct these deviations, the final step was to subject the 

30 "average" structure to 50 cycles of energy minimization (DISCOVER program. Biosym 

Technologies) using the AMBER !Weiner, S.J. et. a/., J. Amer. Chem. Soc., 106: 765-784 

(1984)) parameter set with only the Co coordinates fixed (i.e. all other atoms are allowed to 

move) (energy minimization is described below). This allowed any deviant bond lengths and 

angles to assume a standard (chemically acceptable) geometry. See Table II. 
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Table II 
Average Bond Lengths and Angles for "Average" (Before) and 

Energy-Minimized Consensus (After 50 ·cycles) 'Structures 

VLK VLK VH VH Standard . 
before after before after Geometry 

<A> <A> cA> cA> <A> 
N-Ca 1.459(0.012) 1.451(0.004) 1.451(0.023) 1.452(0.004) 1.449 
Ca-C 1.515(0.012)• 1.523(0.005) 1.507(0.033) 1.542(0.005) 1.522 
oc 1.208(0.062) 1.229(0.003) 1.160(0.177) 1.231(0.003) 1.229 
C-N 1.288(0.049) 1.337(0.002) 1.282(0.065) 1.335(0.004) 1.335 
Ca-C~ 1.508(0.026) 1.530(0.002) 1.499(0.039} 1.530(0.002) 1.526 

r> r> c·> r> r> 
C-N-Ca 123.5(4.2) 123.8(1.1) 125.3(4.6) 124.0(1.1) 121.9 
N-Ca-C 110.0(4.0) 109.5(1.9) 110.3(2.8) 109.5(1.6) 110.1 
Ca-C-N 116.6(4.0) 116.6(1.2) 117.6(5.2) 116.6(0.8) 116.6 
O=C-N 123.1(4.1) 123.4(0.6) 122.2(4.9) 123.3(0.4) 122.9 
N-Ca-Cp 110.3(2.1) 109.8(0.7) 110.6(2.5) 109.8(0.6) 109.5 
Cf)-Ca-C 111.4(2.4) 111.1(0.7) 11 1.2(2.2) 111.1(0.6) 111.1 

Values in parentheses are standard deviations. Note that while some bond length 
and angle averages did not change appreciably after energy-minimiution, the 
corresponding standard deviations are reduced due to deviant geometries assuming 
standard values after energy-minimization. Standard geometry values are from the 
AMBER forcefieJd as implemented in DISCOVER (Biosym Technologies). · 
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The consensus structure might conceivably be dependent upon which crystal structure 

was chosen as the template on which the l"thers were superimposed. As a test, the entire 
-~ .. : -· .:- ... 

procedure was repeated using the crystal structure with the worst superposition versus 2FB4, 

i.e. the 2HFL Fab-structure.·as the new template-(referencel. The two consensus·structures 

s compare favorably (root-mean-squared deviation of 0.1 1A for all N, Ca and C atoms). 

Note that the consensus structure only includes mainchain (N, Ca, C, 0, CP atoms) 

coordinates for only those residues which are part of a conformation common to all seven X

ray crystal structures. For the Fab structures, these include the common P-strands (which 

. comprise two P-sheets) and a few non-CDR lo·ops which connect these P-strands. The 

10 consensus structure does not include CDRs or sidechains, both of which vary in their 

conformation among the seven structures. Also, note that the consensus structure includes 

only the VL and VH domains. 

This consensus structure is used as the archetype. It is not particular to any species, 

and has only the basic shape without side chains. Starting with this consensus structure the 

15 model of any import, human, or humanized Fab can be constructed as follows. Using the 

amino acid sequence of the particular antibody VL and VH domains of interest, a computer 

graphics program (such as INSIGHT, Biosym Technologies) is used to add sidechains and CDRs 

to the consensus structure. When a sidechain is added, its conformation is chosen on the 

basis of known Fab crystal structures (see the Background section for publications of such 

20 crystal structures) and rotamer libraries (Ponder, J.W. & Richards, F. M., J. Mol. Bioi. 193: 

775-791 (1987)). The model also is constructed so that the atoms .of the sidechain are 

positioned so as to not collide with other atoms in the Fab. 

CDRs are added to the model (now having the backbone plus side chains) as follows. 

The size (i.e. number of amino acids) of each import CDR is compared to canonical CDR 

25 structures tabulated by Chothia eta/., Nature, 342:877-883 (1989)) and which were derived 

from Fab crystals. Each CDR sequence is also reviewed for the presence or absence of certain 

specific amino acid residues which are identified by Chothia as structurally important: e.g. light 

chain residues 29 (CDR 1) and 95 (CDR3), and heavy chain residues 26, 27, 29 (CDR 1) and 

55 (CDR2). For light chain CDR2, and heavy chain CDR3, only the size of the CDR is 

30 compared to the Chothia canonical structure. If the size and sequence (i.e. inclusion of the 

specific, structurally important residues as denoted by Chothia et al. l of the import CDR agrees 

in size and has the same structurally important residues as those of a canonical CDR, then the 

mainchain conformation of the import CDR in the model is taken to be the same as that of the 

canonical CDR. This means that the import sequence is assigned the structural configuration 
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of the canonical CDR, which is then incorporated in the evolving model. 

~-- However, if no matching canonical CDR can be assigned for the import CDR, then one 

of two options can be exercised. First, usin.g a program such as JNSIGHT (Biosym 

Technologies). the Brookhaven Protein Data Bank can be searched for loops with a similar size 

5 to that of the import CDR and these loops can be evaluated as possible conformations for the 

import CDR in the model. Minimally, such loops must exhibit a conformation in which no loop 

atom overlaps with other protein atoms. Second, one can use available programs which 

calculate possible loop conformations, assuming a given loop size, using methods such as 

described by Bruccoleri eta/., Nature 335: 564-568 (1988). 

10 When all CDRs and sidechains have been added to the consensus structure to give the 

final model (import, human or humanized). the model is preferably subjected to energy 

minimization using programs which are available commercially (e.g. DISCOVER, Biosym 

Technologies). This technique uses complex mathematical formulae to refine the model by 

performing such tasks as checking that all atoms are within appropriate distances from one 

15 another and checking that bond lengths and angles are within chemically acceptable limits. 

Models of a humanized, import or human antibody sequence are used in the practice 

of this invention to understand the impact of selected amino acid residues of the activity of 

the sequence being modeled. For example, such a model can show residues which may be 

important in antigen binding, or for maintaining the _conformation of the antibody, as discussed 

20 in more detail below. Modeling can also be used to explore the potential impact of changing 

any amino acid residue in the antibody sequence. 

Methods for Obtaining a Humanized Antibody Sequence 

In the practice of this invention, the first step in humanizing an import antibody is 

25 deriving a consensus amino acid sequence into which to incorporate the import sequences. 

Next a model is generated for these sequences using the methods described above. In certain 

embodiments of this invention, the consensus human sequences are derived from the most 

'abundant subclasses in the sequence compilation of Kabat et al. (Kabat, E. A. et a!., 

Sequences of Proteins of Immunological Interest (National Institutes of Health; Bethesda, MD, 

30 1987)), namely Vl K subgroup I and VH group Ill, and have the sequences indicated in the 

definitions above. 

While these steps may be taken in different order, typically a structure for the candidate 

humanized antibody is created by transferring the at least one CDR from the non-human, 

import sequence into the consensus human structure, after the entire corresponding human 
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CDR has been removed. The humanized antibody may contain human replacements of the 

nor:t~human import residues at positions within CDRs as defined by sequence variability (Kabat. 

E: A. eta/., Sequences of Proteins of Immunological Interest (National Institutes of Health. 

Bethesda,'MO, 1 987)) or as defined by structural variability (Chothia, C. & Lesk, A. M., J. Mol. 

5 Bioi. 196:901-917 (1987)). For example, huMAb4DS contains human replacements of the 

muMAb4DS residues at three positions within CDRs as defined by sequence variability (Kabat, 

E. A. et a/., Sequences of Proteins of Immunological Interest (National Institutes of Health, 

Bethesda, MD, 1 987)) but not as defined by structural variability (Chothia, C. & Lesk, A. M .• 

10 

. J. Mol. Bioi. 196:901-917 (1987)): Vl-CDR1 K24R, VL-CDR2 R54L and Vl-CDR2 T56S. 

Differences between the non-human import and the human consensus framework 

residues are individually investigated to determine their possible influence on CDR conformation 

and/or binding to antigen. Investigation of such possible influences is desirably performed 

through modeling, by examination of the characteristics of the amino acids at particular 

locations, or determined experimentally through evaluating the effects of substitution or 

15 mutagenesis of particular amino acids. 

20 

25 

• 30 

In certain preferred embodiments of this invention. a humanized antibody is made 

comprising amino acid sequence of an import, non-human antibody and a human antibody, 

utilizing the steps of: 

a. obtaining the amino acid sequences of at least a portion of an import antibody 

variable domain and of a consensus human variable domain; 

b. identifying Complementarity Determining Region (CDR) amino acid sequences 

in the import and the human variable domain sequences; 

c. substituting an import CDR amino acid sequence for the corresponding human 

CDR amino acid sequence; 

d. aligning the amino acid sequences of a Framework Region (FR) of the import 

antibody and the corresponding FA of the consensus antibody; 

e. identifying import antibody FA residues in the aligned FR sequences that are 

non-homologous to the corresponding consensus antibody residues; 

f. determining if the non-homologous import amino acid residue is reasonably 

expected to have at least one of the following effects: 

1. non-covalently binds antigen directly, 

2. interacts with a CDR; or 

3. participates in the vl- VH interface; and 

g. for any non-homologous import antibody amino acid residue which is reasonably 
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expected to have at least one of these effects. substituting that residue for the 

corresponding amino acid residue in the consensus antibody FR sequence. 

Optionally, one determines if any non-homologous residues identified in step (e) ·are 

exposed on the surface of the domain or buried within it, and if the residue is exposed but has 

5 none of the effects identified in step (f), one may retain the consensus residue. 

Additionally, in certain embodiments the corresponding consensus antibody residues 

identified in step (e) above are selected from the group consisting of 4L, 35L, 36L, 38L, 43L, 

44L,46L,58L,62L,63L,64L,65L,66L,67L,68L,69L, 70L, 71L, 73L,85L,87L,98L,2H. 

4H,24H,36H,37H,39H,43H,45H,49H,58H,60H,67H,68H,69H,70H,73H,74H,75H, 

10 76H, 78H, 91 H, 92H, 93H, and 1 03H (utilizing the numbering system set forth in Kabat, E. 

A. et a/., Sequences of Proteins of Immunological Interest (National Institutes of Health, 

Bethesda, MD. 1987)). 

In preferred embodiments, the method of this invention comprises the additional steps 

of searching either or both of the import, non-human and the consensus variable domain 

15 sequences for glycosylation sites, determining if the glycosylation is reasonably expected to 

be important for the desired antigen binding and biological activity of the antibody (i.e., 

determining if the glycosylation site binds to antigen or changes a side chain of an amino acid 

residue that binds to antigen, or if the glycosylation enhances or weakens antigen binding, or 

is important for maintaining antibody affinity). If the import sequence bears the glycosylation 

20 site, it is preferred to substitute that site for the corresponding residues in the consensus 

human sequence if the glycosylation site is reasonably expected to be important. If only the 

consensus sequence, and not the import, bears the glycosylation site, it is preferred to 

eliminate that glycosylation site or substitute therefor the corresponding amino acid residues 

from the import sequence. 

25 Another preferred embodiment of the methods of this invention comprises aligning 

import antibody and the consensus antibody FR sequences, identifying import antibody FR 

residues which are non-homologous with the aligned consensus FR sequence, and for each 

such non-homologous import antibody FR residue, determining if the corresponding consensus 

antibody residue represents a residue which is highly conserved across all species at that site, 

30 and if it is so conserved, preparing a humanized antibody which comprises the consensus 

antibody amino acid residue at that site. 

In certain alternate embodiments, one need not utilize the modeling and evaluation steps 

described above, and may instead proceed with the steps of obtaining the amino acid sequence 

of at least a portion of an import, non-human antibody variable domain having a CDR and a FR, 
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obtaining the amino acid sequence of at least a portion of a consensus human antibody 

variable domain having a CDR and a FR, substituting the non-human CDR for the human CDR 
-.~· ~· ...... 

in the consensus human antibody variable domain, and then substituting an amino acid residue 

for 'the -consensos -amino "acid Tesiduecn-at ·teast ·one 'Of the following sites: 

5 a. (in the FR of the variable domain of the light chain) 4L, 35L, 36L, 38L, 43L, 

44L,58L,46L, 62L, 63L,64L, 65L, 66L, 67L,68L,69L, 70L, 71L, 73L,85L, 

87L, 98L, or 

10 

15 

b. (in the FR of the variable domain of the heavy chain) 2H, 4H, 24H, 36H, 37H, 

39H,43H,45H,49H,58H,60H,67H,68H,69H,70H,73H,74H, 75H,76H. 

78H, 91H, 92H, 93H, and 103H. 

Preferably, the non-CDR residue substituted at the consensus FR site is the residue found at 

the corresponding location of the non-human antibody. If desired, one may utilize the other 

method steps described above for determining whether a particular amino acid residue can 

reasonably be expected to have undesirable effects, and remedying those effects. 

If after making a humanized antibody according to the steps above and testing its 

activity one is not satisfied with the humanized antibody, one preferably reexamines the 

potential effects of the amino acids at the specific locations recited above. Additionally, it is 

desirable to reinvestigate any buried residues which are reasonably expected to affect the VL-

VH interface but may not directly affect CDR conformation. It is also desirable to reevaluate 

20 the humanized antibody utilizing the steps of the methods claimed herein. 

In certain embodiments of this invention, amino acid residues in the consensus human 

sequence are substituted for by other amino acid residues. In preferred embodiments, residues 

from a particular non-human import sequence are substituted, however there are 

circumstances where it is desired to evaluate the effects of other amino acids. For example, 

25 i'f after making a humanized antibody according to the steps above and testing its activity one 

is not satisfied with the humanized antibody, one may compare the sequences of other classes 

or subgroups of human antibodies, or classes or subgroups of antibodies from the particular 

non-human species, and determine which other amino acid side chains and amino acid residues 

are found at particular locations and substituting such other residues. 

30 

Antibodies 

Certain aspects of this invention are directed to natural antibodies and to monoclonal 

antibodies, as illustrated in the Examples below and by antibody hybridomas deposited with 

the ATCC (as described below). Thus. the references throughout this description to the use 
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~· of monoclonal antibodies are intended to include the use of natural or native antibodies as well 

as huma~ized and chimeric antibodies. As used herein, the term "antibody" includes the 

antibody variable domain and other.separable antibody domains unless specificaiJy·excluded. 

In accordance with certain aspects of this invention, antibodies to be humanized (import 

5 antibodies) are isolated from continuous hybrid cell lines formed by the fusion of 

antigen-primed immune lymphocytes with myeloma cells. 

In certain embodiments, the antibodies of this invention are obtained by routine 

screening. Polyclonal antibodies to an antigen generally are raised in animals by multiple 

·subcutaneous (scl or intraperitoneal {ip) injections ·of the antigen and an adjuvant. It may be 

10 . useful to conjugate the antigen or a fragment containing the target amino acid sequence to a 

protein that is immunogenic in the species to be immunized, e.g., keyhole limpet hemocyanin, 

serum albumin, bovine thyroglobulin, or soybean trypsin inhibitor using a bifunctional or 

derivatizing agent, for example, maleimidobenzoyl sulfosuccinimide ester (conjugation through 

cysteine residues), N-hydroxysuccinimide (through lysine residues). glutaraldehyde, succinic 

15 anhydride, SOCI 2 , or R1N = C = NR, where Rand R1 are different alkyl groups. 

The route and schedule of the host animal or cultured antibody-producing cells 

therefrom are generally in keeping with established and conventional techniques for antibody 

stimulation and production. While mice are frequently employed as the test model, it is 

contemplated that any mammalian subject including human subjects or antibody-producing 

20 cells obtained therefrom can be manipulated according to the processes of this invention to 

serve as the basis for production of mammalian, including human, hybrid cell lines. 

Animals are typically immunized against the immunogenic conjugates or derivatives by 

combining 1 mg or 1 pg of conjugate (for rabbits or mice, respectively) with 3 volumes of 

Freund's complete adjuvant and injecting the solution intradermally at multiple sites. One 

25 month later the animals are boosted with 1/5 to 1/1 0 the original amount of conjugate in 

Freund's complete adjuvant (or other suitable adjuvant) by subcutaneous injection at multiple 

sites. 7 to 14 days later animals are bled and the serum is assayed for antigen titer. Animals 

are boosted until the titer plateaus. Preferably, the animal is boosted with the conjugate of the 

same antigen, but conjugated to a different protein and/or through a different cross-linking 

30 agent. Conjugates also can be made in recombinant cell culture as protein fusions. Also, 

aggregating agents such as alum are used to enhance the immune response. 

After immunization, monoclonal antibodies are prepared by recovering immune lymphoid 

cells--typically spleen cells or lymphocytes from lymph node tissue--from immunized animals 

and immortalizing the cells in conventional fashion, e.g. by fusion with myeloma cells or by 
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Epstein-Barr CEBI-virus transformation and screening for clones expressing the desired antibody. 

TheJwb.ridoma technique described originally by Kohler and Milstein, Eur. J. lmmunol. 6:511 

(1976) has been widely applied to produce hybrid cell lines that secrete high levels of 

monoclonal antibodies against many specific antigens. 

It is possible to fuse cells of one species with another. However, it is preferable that 

the source of the immunized antibody producing cells and the myeloma be from the same 

species. 

The hybrid cell lines can be maintained in culture in vitro in cell culture media. The cell 

lines of this invention can be selected and/or maintained in a composition comprising the 

10 continuous cell line in hypoxanthine-aminopterin thymidine (HAT) medium. In fact, once the 

hybridoma cell line is established, it can be maintained on a variety of nutritionally adequate 

media. Moreover, the hybrid cell lines can be stored and preserved in any number of 

conventional ways, including freezing and storage under liquid nitrogen. Frozen cell lines can 

be revived and cultured indefinitely with resumed synthesis and secretion of monoclonal 

15 antibody. The secreted antibody is recovered from tissue culture supernatant by conventional 

methods such as precipitation, lon exchange chromatography, affinity chromatography, or the 

like. The antibodies described herein are also recovered from hybridoma cell cultures by 

conventional methods for purification of lgG or lgM as the case may be that heretofore have 

been used to purify these immunoglobulins from pooled plasma, e.g. ethanol or polyethylene 

20 glycol precipitation procedures. The purified antibodies are sterile filtered, and optionally are 

conjugated to a detectable marker such as an enzyme or spin label for use in diagnostic assays 

of the antigen in test samples. 

While routinely rodent monoclonal antibodies are used as the source of the import 

antibody, the invention is not limited to any species. Additionally, techniques developed for 

25 the production of chimeric antibodies (Morrison eta/., Proc. Nat/. Acad. Sci., 81:6851 (1984); 

Neuberger eta/., Nature 312:604 (1984); Takeda eta/., Nature 314:452 (1985)) by splicing 

the genes from a mouse antibody molecule of appropriate antigen specificity together with 

genes from a human antibody molecule of appropriate biological activity (such as ability to 

activate human complement and mediate ADCCl can be used; such antibodies are within the 

30 scope of this invention. 

Techniques for creating recombinant DNA versions of the antigen-binding regions of 

antibody molecules (known as Fab fragments) which bypass the generation of monoclonal 

antibodies are encompassed within the practice of this invention. One extracts antibody

specific messenger RNA molecules from immune system cells taken from an immunized animal, 
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transcribes thes~"into complementary DNA (eDNA). and clones the eDNA into a bacterial 

expr-essic)ns system. One example of such a technique suitable for the practice of this 

invention was developed by researchers.atScrjpps/Str.atagene, ar:~d ~ncorporates a proprietary 

bacteriophage lambda vector system which contains a leader sequence that causes the 

5 expressed Fab protein to migrate to the periplasmic space (between the bacterial cell 

membrane and the cell wall) or to be secreted. One can rapidly generate and screen great 

numbers of functionai.FAb fragments for those which bind the antigen. Such FAb fragments 

with specificity for the antigen are specifically encompassed within the term "antibody" as it 

is defined, discussed, and claimed herein. 

10 

Amino Acid Sequence Variants 

Amino acid sequence variants of the antibodies and polypeptides of this invention 

(referred to in herein as the target polypeptide) are prepared by introducing appropriate 

nucleotide changes into the DNA encoding the target polypeptide, or by in vitro synthesis of 

15 the desired target polypeptide. Such variants include, for example, humanized variants of non

human antibodies. as well as deletions from, or insertions or substitutions of, residues within 
I 

particular amino acid sequences. Any combination of deletion, insertion, and substitution can 

be made to arrive at the final construct, provided that the final construct possesses the desired 

characteristics. The amino acid changes also may alter post-translational processes of the 

20 target polypeptide, such as changing the number or position of glycosylation sites, altering any 

membrane anchoring characteristics, and/or altering the intra-cellular location of the target 

polypeptide by inserting, deleting, or otherwise affecting any leader sequence of the native 

target polypeptide. 

In designing amino acid sequence variants of target polypeptides, the location of the 

25 mutation site and the nature of the mutation will depend on the target polypeptide 

characteristic(s) to be modified. The sites for mutation can be· modified individually or in 

series, e.g., by (1 l substituting first with conservative amino acid choices and then with more 

radical selections depending upon the results achieved, (2) deleting the target residue, or (3) 

inserting residues of the same or a different class adjacent to the located site, or combinations 

30 of options 1-3. In certain embodiments, these choices are guided by the methods for creating 

humanized sequences set forth above. 

A useful method for identification of certain residues or regions of the target 

polypeptide that are preferred locations for mutagenesis is called "alanine scanning 

mutagenesis" as described by Cunningham and Wells (Science, 244: 1081-1085 [1989)). 
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Here, a residue or group of target residues are identified (e.g., charged residues such as arg, 

asp~---~i~ •. lys, and glu) and replaced by a neutral or negatively charged amino acid (most 

preferably alanine or polyalanine) to affect the interaction of the amino acids with the 

··surrounding ·a-queous· environment in "or ·outside ·the cell. Those domains demonstrating 

s functional sensitivity to the substitutions then are refined by introducing further or other 

variants at or for the sites of substitution. Thus, while the site for introducing an amino acid 

sequence variation is predetermined, the nature of the mutation per se need not be 

predetermined. For example, to optimize the performance of a mutation at a given site, ala 

scanning or random mutagenesis may be conducted at the target codon or region and the 

10 expressed target polypeptide variants are screened for the optimal combination of desired 

activity. 

There are two principal variables in the construction of amino acid sequence variants: 

the location of the mutation site and the nature of the mutation. In general, the location and 

nature of the mutation chosen will depend upon the target polypeptide characteristic to be 

IS modified. 

Amino acid sequence deletions of antibodies are generally not preferred, as maintaining 

the generally configuration of an antibody is believed to be necessary for its activity. Any 

deletions will be selected so as to preserve the structure of the target antibody. 

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions ranging 

20 in length from one residue to polypeptides containing a hundred or more residues, as well as 

intrasequence insertions of single or multiple amino acid residues. lntrasequence insertions 

(i.e., insertions within the target polypeptide sequence) may range generally from about 1 to 

10 residues. more preferably 1 to 5. most preferably 1 to 3. Examples of terminal insertions 

include the target polypeptide with an N-terminal methionyl residue, an artifact of the direct 

25 expression of target polypeptide in bacterial recombinant cell culture, and fusion of a 

heterologous N-terminal signal sequence to the N-terminus of the target polypeptide molecule 

to facilitate the secretion of the mature target polypeptide from recombinant host cells. Such 

signal sequences generally will be obtained from, and thus homologous to, the intended host 

cell species. Suitable sequences include STII or lpp for E. coli, alpha factor for yeast, and viral 

30 signals such as herpes gD for mammalian cells. 

Other insertional variants of the target polypeptide include the fusion to the N- or C

terminus of the target polypeptide of immunogenic polypeptides, e.g., bacterial polypeptides 

such as beta-lactamase or an enzyme encoded by the E. coli trp locus, or yeast protein, and 

C-terminal fusions with proteins having a long half-life such as immunoglobulin constant 
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regions (or other immunoglobulin regions), albumin, or ferritin, as described in WO 89/02922 
····-- .--· 

published 6 April 1989. 

~nether group·of -variants·-are amino ·acid substitution variants. These variants have at 

least one amino acid residue in the target polypeptide molecule removed and a different residue 

5 inserted in its place. The sites of greatest interest for substitutional mutagenesis include sites 

identified as the active site(s) of the target polypeptide, and sites where the amino acids found 

in the target polypeptide from various species are substantially different in terms of side-chain 

bulk, charge, and/or hydrophobicity. Other sites for substitution are described infra, 

considering the effect of the substitution of · the antigen binding, affinity and other 

10 characteristics of a particular target antibody. 

Other sites of interest are those in which particular residues of the target polypeptides 

obtained from various species are identical. These positions may be important for the 

biological activity of the target polypeptide. These sites, especially those falling within a 

sequence of at least three other identically conserved sites, are substituted in a relatively 

15 conservative manner. If such substitutions result in a change in biological activity, then other 

-changes are introduced and the products screened until the desired effect is obtained. 

Substantial modifications in function or immunological identity of the target polypeptide 

are accomplished by selecting substitutions that differ significantly in their effect on 

maintaining (a) the structure of the polypeptide backbone in the area of the substitution, for 

20 example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the molecule 

at the target site, or (c) the bulk of the side chain. Naturally occurring residues are divided into 

groups based on common side chain properties: 

(1 l hydrophobic: norleucine, met, ala, val, leu, ile; 

(2) neutral hydrophilic: cys, ser, thr; 

25 (3) acidic: asp, glu; 

(4) basic: asn, gin, his, lys, arg; 

(5) residues that influence chain orientation: gly, pro; and 

(6) aromatic: trp, tyr, phe. 

Non-conservative substitutions will entail exchanging a member of one of these classes 

30 for another. Such substituted residues may be introduced into regions of the target 

polypeptide that are homologous with other antibodies of the same class or subclass. or, more 

preferably, into the non-homologous regions of the molecule. 

Any cysteine residues not involved in maintaining the proper conformation of target 

polypeptide also may be substituted, generally with serine, to improve the oxidative stability 
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of the molecule and prevent aberrant crosslinking . 

.. _ 9~A encoding amino acid sequence variants of the target polypeptide is prepared by 

a variety of methods known in the art. These methods include. but are not limited to. isolation 

from a natural· source '(in·'the --case of naturally -occurring amino acid sequence variants) or 

s preparation by oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis, and 

cassette mutagenesis of an earlier prepared variant or a non-variant version of the target 

polypeptide. A particularly preferred method of gene conversion mutagenesis is described 

below in Example 1. ·These techniques may utilized target polypeptide nucleic acid (DNA or 

RNA), or nucleic acid complementary to the target polypeptide nucleic acid. 

10 Oligonucleotide-mediated mutagenesis is a preferred method for preparing substitution. 

deletion, and insertion variants of target polypeptide DNA. This technique is well known in the 

art as described by Adelman et al., DNA, 2: 183 (1983). Briefly, the target polypeptide DNA 

is altered by hybridizing an oligonucleotide encoding the desired mutation to a DNA template, 

where the template is the single-stranded form of a plasmid or bacteriophage containing the 

IS unaltered or native DNA sequence of the target polypeptide. After hybridization. a DNA 

polymerase is used to synthesize an entire second complementary strand of the template that 

will thus incorporate the oligonucleotide primer, and will code for the selected alteration in the 

target polypeptide DNA. 

Generally, oligonucleotides of at least 25 nucleotides in length are used. An optimal 

20 oligonucleotide will have 12 to 15 nucleotides that are completely complementary to the 

template on either side of the nucleotide(s) coding for the mutation. This ensures that the 

oligonucleotide will hybridize properly to the single-stranded DNA template molecule. The 

oligonucleotides are readily synthesized using techniques known in the art such as that 

described by Crea eta/. (Proc. Natl. Acad. Sci. USA, 75: 5765 [1978)). 

25 Single-stranded DNA template may also be generated by denaturing double-stranded 

plasmid (or other) DNA using standard techniques. 

For alteration of the native DNA sequence (to generate amino acid sequence variants, 

for example), the oligonucleotide is hybridized to the single-stranded template under suitable 

hybridization conditions. A DNA polymerizing enzyme, usually the Klenow fragment of DNA 

30 polymerase I, is then added to synthesize the complementary strand of the template using the 

oligonucleotide as a primer for synthesis. /:. heteroduplex molecule is thus formed such that 

one strand of DNA encodes the mutated form of the target polypeptide, and the other strand 

(the original template) encodes the native. unaltered sequence of the target polypeptide. This 

heteroduplex molecule is then transformed into a suitable host cell, usually a prokaryote such 
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as£. coli JM1 01.'"' After the cells are grown, they are plated onto agarose plates and screened 

using. th; oligonucleotide primer radiolabeled with 32-phosphate to identify the bacterial 

colonies that contain the mutated.DNA. :rhe-mutated.region is then removed and-placed·inan 

appropriate vector for protein production, generally an expression vector of the type typically 

s employed for transformation of an appropriate host. 

The method described immediately above may be modified such that a homoduplex 

molecule is created wherein both strands of the plasmid contain the mutation(s). The 

modifications are as follows: The single-stranded oligonucleotide is annealed to the 

single-stranded template as described above. A mixture of three deoxyribonucleotides, 

10 deoxyriboadenosine CdATP), deoxyriboguanosine (dGTP), and deoxyribothymidine (dTTP), is 

combined with a modified thio-deoxyribocytosine called dCTP-(aS) (which can be obtained from 

Amersham Corporation}. This mixture is added to the template-oligonucleotide complex. 

Upon addition of DNA polymerase to this mixture, a strand of DNA identical to the template 

except for the mutated bases is generated. In addition, this new strand of DNA will contain 

15 dCTP-(aSl instead of dCTP, which serves to protect it from restriction endonuclease digestion. 

After the template strand of the double-stranded heteroduplex is nicked with an 

appropriate restriction enzyme, the template strand can be digested with llilll nuclease or 

another appropriate nuclease past the region that contains the site(s) to be mutagenized. The 

20 reaction is then stopped to leave a molecule that is only partially single-stranded. A complete 

·double-stranded DNA homoduplex is then formed using DNA polymerase in the presence of 

all four deoxyribonucleotide triphosphates, ATP, and DNA ligase. This homoduplex molecule 

can then be transfo;med into a suitable host cell such as E. coli JM101. as described above. 

DNA encoding target polypeptide variants with more than one amino acid to be 

25 substituted may be generated in one of several ways. If the amino acids are located close 

together in the polypeptide chain, they may be mutated simultaneously using one 

oligonucleotide that codes for all of the desired amino acid substitutions. If, however, the 

·am.ino acids are located some distance from each other (separated by more than about ten 

"amino acids}. it is more difficult to generate a single oligonucleotide that encodes all of the 

30 desired changes. Instead, one of two alternative methods may be employed. 

In the first method, a separate oligonucleotide is generated for each amino acid to be 

substituted. The oligonucleotides are then annealed to the single-stranded template DNA 

simultaneously, and the second strand of DNA that is synthesized from the template will 

encode all of the desired amino acid substitutions. 
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The alternative method involves two or more rounds of mutagenesis to produce the 

desired mutant. The first round is as described for the single mutants: wild-type DNA is used 

for the template, an oligonucleotide encoding the first desired amino acid substitution(s) is 

annealed to this template, and the heterodup~ex UNA molecule is-then generated. lhe second 

s round of mutagenesis utilizes the mutated DNA produced in the first round of mutagenesis as 

the template. Thus, this template already contains one or more mutations. The 

oligonucleotide encoding the additional desired amino acid substitution(s) is then annealed to 

this template, and the' resulting strand of DNA now encodes mutations from both the first and 

second rounds of mutagenesis. This resultant DNA can be used as a template in a third round 

10 of mutagenesis, and so on. 

PCR mutagenesis is also suitable for making amino acid variants of target polypeptide. 

While the following discussion refers to DNA, it is understood that the technique also finds 

application with RNA. The PCR technique generally refers to the following procedure (see 

Erlich, supra, the chapter by R. Higuchi, p. 61-70): When small amounts of template DNA are 

15 used as starting material in a PCR, primers that differ slightly in sequence from the 

corresponding region in a template DNA can be used to generate relatively large quantities of 

a specific DNA fragment that differs from the template sequence only at the positions where 

the primers differ from the template. For introduction of a mutation into a plasmid DNA, one 

of the primers is designed to overlap the position of the mutation and to contain the mutation; 

20 the sequence of the other primer must be identical to a stretch of sequence of the opposite 

strand of the plasmid, but this sequence can be located anywhere along the plasmid DNA. It 

is preferred, however, that the sequence of the second primer is located within 200 

nucleotides from that of the first, such that in the end the entire amplified region of DNA 

bounded by the primers can be easily sequenced. PCR amplification using a primer pair like 

25 the one just described results in a population of DNA fragments that differ at the position of 

the mutation specified by the primer. and possibly at other positions, as template copying is 

somewhat error-prone. 

If the ratio of template to product material is extremely low, the vast majority of 

product DNA fragments incorporate the desired mutation(s). This product material is used to 

. 30 replace the corresponding region in the plasmid that served as PCR template using standard 

DNA technology. Mutations at separate positions can be introduced simultaneously by either 

using a mutant second primer. or performing a second PCR with different mutant primers and 

ligating the two resulting PCR fragments simultaneously to the vector fragment in a three (or 

more)-part ligation. 
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In a specific example of PCR mutagenesis. template plasmid DNA (1 pgl is linearized 

.. --
by digestion with a restriction endonuclease that has a unique recognition site in the plasmid 

. DNA_outside.of .the .region .to be amplified. Of this material, 1 OO·ng1s 1!dded to a PCR mixture 

containing PCR buffer. which contains the four deoxynucleotide tri-phosphates and is included 

5 in the GeneAmp® kits (obtained from Perkin-Elmer Cetus, Norwalk, CT and Emeryville, CAl, 

and 25 pmole of each oligonucleotide primer, to a final volume of 50 pl. The reaction mixture 

· is overlayed with 35 pi mineral oil. The reaction is denatured for 5 minutes at 1 OOoC, placed 

briefly on ice, and then 1 pi Thermus aquaticus (Taq) DNA polymerase (5 units/pi, purchased 

from Perkin-Elmer Cetus, Norwalk, CT and Emeryville, CAl is added below the mineral oil layer. 

10 The reaction mixture is then inserted into a DNA Thermal Cycler (purchased from Perkin-Elmer 

Cetus) programmed as follows: 2 min. at 55oC, then 30 sec. at 72oC, then 19 cycles of the 

following: 30 sec. at 94oC, 30 sec. at SSoC, and 30 sec. at 72oC. 

At the end of the program, the reaction vial is removed from the thermal cycler and the 

aqueous phase transferred to a new vial, extracted with phenol/chloroform (50:50:voll. and 

15 ethanol precipitated, and the DNA is recovered by standard procedures. This material is 

.-subsequently subjected to the appropriate treatments for insertion into a vector. 

Another method for preparing variants, cassette mutagenesis, is based on the technique 

described by Wells eta/.(~.~: 315 [1985)). The starting material is the plasmid (or other 

vector) comprising the target polypeptide DNA to be mutated. The codon(s) in the target 

20 polypeptide DNA to be mutated are identified. There must be a unique restriction 

endonuclease site on each side of the identified mutation site(s). If no-such restriction sites 

exist, they may be generated using the above-described oligonucleotide-mediated mutagenesis 

method to introduce them at appropriate locations in the target polypeptide DNA. After the 

restriction sites have been introduced into the plasmid, the plasmid is cut at these sites to 

25 linearize it. A double-stranded oligonucleotide encoding the sequence of the DNA between the 

restriction sites but containing the desired mutation(sl is synthesized using standard 

procedures. The two strands are synthesized separately and then hybridized together using 

standard techniques. This double-stranded oligonucleotide is referred to as the cassette. This 

cassette is designed to have 3' and 5' ends that are compatible with the ends of the linearized 

30 plasmid. such that it can be directly ligated to the plasmid. This plasmid now contains the 

mutated target polypeptide DNA sequence. 

Insertion of DNA into a Cloning Vehicle 

The eDNA or genomic DNA encoding the target polypeptide is inserted into a replicable 
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vector for further cloning (amplification of the DNA) or for expression. Many vectors are 

available, and selection of the appropriate vector will depend on 1 ) whether it is to be used for 

DNA amplification or for DNA expression, 2) the size of the DNA to be inserted into the vector. 

and ·3) the host cell to be transformed with the vector. Each vector contains various 

s components depending on its function (amplification of DNA or expression of DNA) and the 

host cell for which it is compatible. The vector components generally include, but are not 

limited to, one or more of the following: a signal sequence, an origin of replication, one or more 

marker genes, an enhancer element, a promoter, and a transcription termination sequence. 

10 (a) Signal Sequence Component 

In general, the signal sequence may be a component of the vector, or it may be a part 

of the target polypeptide DNA that is inserted into the vector. 

The target polypeptides of this invention may be expressed not only directly, but also 

15 as a fusion with a heterologous polypeptide, preferably a signal sequence or other polypeptide 

having a specific cleavage site at the N-terminus of the mature protein or polypeptide. In 

general, the signal sequence may be a component of the vector, or it may be a part of the 

target polypeptide DNA that is inserted into the vector. Included within the scope of this 

invention are target polypeptides with any native signal sequence deleted and replaced with 

20 a heterologous signal sequence. The heterologous signal sequence selected should be one that 

is recognized and processed (i.e. cleaved by a signal peptidase) by the host cell. For 

prokaryotic host cells that do not recognize and process the native target polypeptide signal 

sequence, the signal sequence is substituted by a prokaryotic signal sequence selected, for 

example, from the group of the alkaline phosphatase, penicillinase; lpp, or heat-stable 

25 enterotoxin II leaders. For yeast secretion the native target polypeptide signal sequence may 

be substituted by the yeast invertase, alpha factor, or acid phosphatase leaders. In mammalian 

cell expression the native signal sequence is satisfactory, although other mammalian signal 

sequences may be suitable. 

• 30 (b) Origin of Replication Component 

Both expression and cloning vectors contain a nucleic acid sequence that enables the 

vector to replicate in one or more selected host cells .. Generally, in cloning vectors this 

sequence is one that enables the vector to replicate independently of the host chromosomal 
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DNA, and includes origins of replication or autonomously replicating sequences. Such 

sequ'e-nces are well known for a variety of bacteria, yeast. and viruses. The origin of 

replication from the plasmid pBR322 is suitable for most ,-Gram-negative bacteria, the 2p 

plasmid origin is suitable for yeast, and various viral origins ISV40, polyoma, adenovirus, VSV 

5 or BPV) are useful for cloning vectors in mammalian cells. Generally, the origin of replication 

component is not needed for mammalian expression vectors (the SV40 origin may typically be 

used only because it contains the early promoter). 

Most expression vectors are "shuttle" vectors. i.e. they are capable of replication in at 

least one class of organisms but can be transfected into another organism for expression. For 

10 _example, a vector is cloned in E. coli and then the same vector is transfected into yeast or 

mammalian cells for expression even though it is not capable of replicating independently of 

the host cell chromosome. 

DNA may also be amplified by insertion into the host genome. This is readily 

accomplished using Bacillus species as hosts, for example, by including in the vector a DNA 

15 sequence that is complementary to a sequence found in Bacillus genomic DNA. Transfection 

of Bacillus with this vector results in homologous recombination with the genome and insertion 

of the target polypeptide DNA. However, the recovery of genomic DNA encoding the target 

polypeptide is more complex than that of an exogenously replicated vector because restriction 

enzyme digestion is required to excise the target polypeptide DNA. 

20 

(c) Selection Gene Component 

Expression and cloning vectors should contain a selection gene, also termed a selectable 

marker. This gene encodes a protein necessary for the survival or growth of transformed host 

25 cells grown in a selective culture medium. Host cells not transformed with the vector 

containing the selection gene will not survive in the culture medium. Typical selection genes 

encode proteins that (a) confer resistance to antibiotics or other toxins, e.g. ampicillin, 

neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply 

critical nutrients not available from complex media, e.g. the gene encoding D-alanine racemase 

30 for Bacilli. 

One example of a selection scheme utilizes a drug to arrest growth of a host cell. 

Those cells that are successfully transformed with a heterologous gene express a protein 

conferring drug resistance and thus survive the selection regimen. Examples of such dominant 

selection use the drugs neomycin (Southern et al., J. Molec. Appl. Genet., 1: 327 [1982]), 
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mycophenolic acid (Mulligan eta/., Science, 209: 1422 [ 1980Jl or hygromycin (Sugden eta/., 

Mol. Cell.. Bioi., Q: 410-413 (198511. The three examples given above employ bacterial genes 

under eukaryotic control to convey resistance to the appropriate drug G4 1 8 or neomycin 

(geneticinl. xgpt tmycophenolic acid). or hygromycin, respectively. 

5 Another example of suitable selectable markers for mammalian cells are those that 

enable the identification of cells competent to take up the target polypeptide nucleic acid, such 

as dihydrofolate reductase (DHFR) or thymidine kinase. The mammalian cell transformants are 

placed under selection pressure which only the transformants are uniquely adapted to survive 

by virtue of having taken up the marker. Selection pressure is imposed by culturing the 

10 transformants under conditions in which the concentration of selection agent in the medium 

is successively changed, thereby leading to amplification of both the selection gene and the 

DNA that encodes the target polypeptide. Amplification is the process by which genes in 

greater demand for the production of a protein critical for growth are reiterated in tandem 

within the chromosomes of successive generations of recombinant cells. Increased quantities 

15 of the target polypeptide are synthesized from the amplified DNA. 

For example, cells transformed with the DHFR selection gene are first identified by 

culturing all of the transformants in a culture medium that contains methotrexate (Mtx). a 

competitive antagonist of DHFR. An appropriate host cell when wild-type DHFR is employed 

is the Chinese hamster ovary (CHO) cell line deficient in DHFR activity, prepared and 

20 propagated as described by Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77: 4216 [1980]. 

The transformed cells are thenexposed to increased levels of methotrexate. This leads to the 

synthesis of multiple copies of the DHFR gene, and, concomitantly, multiple copies of other 

DNA comprising the expression vectors, such as the DNA encoding the target polypeptide. 

This amplification technique can be used with any otherwise suitable host, e.g., ATCC No. 

25 CCL61 CHO-K1, notwithstanding the presence of endogenous DHFR if, for example, a mutant 

DHFR gene that is highly resistant to Mtx is employed (EP 117 ,060). Alternatively, host cells 

(particularly wild-type hosts that contain endogenous DHFR) transformed or co-transformed 

with DNA sequences encoding the target polypeptide, wild-type DHFR protein, and another 

selectable marker such as aminoglycoside 3' phosphotransferase (APH) can be selected by cell 

• 30 growth in medium containing a selection agent for the selectable marker such as an 

aminoglycosidic antibiotic, e.g.. kanamycin, neomycin, or G418. See U.S. Pat. No. 

4,965, 199. 

A suitable selection gene for use in yeast is the trpl gene present in the yeast plasmid 

YRp7 (Stinchcomb eta/., Nature, 282:39 [1979]; Kingsman eta/., Gene,z: 141 (1979]; or 
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Tschemper eta/.:· Gene, lQ: 157 f 1 980)). The trp1 gene provides a selection marker for a 

mutant ~train of yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 

or PEP4-1 (Jones, Genetics, 85: 12 [1977]). The presence of the..lml lesion in the yeast host 

cell genome then provides an effective environment for detecting transformation by growth 

5 in the absence of tryptophan. Similarly, Leu2-deficient yeast strains (ATCC 20,622 or 38,6261 

are complemented by known plasmids bearing the Leu2 gene. 

10 

(d) Promoter Component 

Expression and cloning vectors usually contain a promoter that is recognized by the host 

organism and is operably linked to the target polypeptide nucleic acid. Promoters are 

untranslated sequences located upstream (5') to the start codon of a structural gene (generally 

within about 100 to 1000 bpi that control the transcription and translation of a particular 

nucleic acid sequence, such as that encoding the target polypeptide, to which they are 

15 operably linked. Such promoters typically fall !nto two classes, inducible and constitutive. 

·'Inducible promoters are promoters that initiate increased levels of transcription from DNA 

under their control in response to some change in culture conditions, e.g. the presence or 

·absence of a nutrient or a change in temperature. At this time a large number of promoters 

·recognized by a variety of potential host cells are well known. These promoters are operably 

20 linked to DNA encoding the target polypeptide by removing the promoter from the source DNA 

by restriction enzyme digestion and inserting the isolated promoter sequence into the vector. 

Both the native target polypeptide promoter sequence and many heterologous promoters may 

be used to direct amplification and/or expression of the target polypeptide ON~. However, 

heterologous promoters are preferred, as they generally permit greater transcription and higher 

25 yields of expressed target polypeptide as compared to the native target polypeptide promoter. 

Promoters suitable for use with prokaryotic hosts include the P-lactamase and lactose 

promoter systems (Chang et al., Nature, 275: 615 [1978); and Goedde! eta/., Nature, 281: 

:544 [1979)), alkaline phosphatase, a tryptophan (trp) promoter system (Goedde!, Nucleic Acids 

Res.,~: 4057 [19801 and EP 36,776) and hybrid promoters such as the tac promoter (deBoer 

30 et al., Proc. Natf. Acad. Sci. USA,@: 21-25 [1983)). However, other known bacterial 

promoters are suitable. Their nucleotide sequences have been published, thereby enabling a 

skilled worker operably to ligate them to DNA encoding the target polypeptide (Siebenlist et 

al., Cell, 20: 269 [1980)) using linkers or adaptors to supply any required restriction sites. 

Promoters for use in bacterial systems also generally will contain a Shine-Dalgarno (S.D.) 
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sequence operably linked to the DNA encoding the target polypeptide . 

... .. Suitable promoting sequences for use with yeast hosts include the promoters for 3-

phosphoglycerate kinase (Hitzeman et a/., J. Bioi. Chem., 255: 2073 (1980}) or other 

glycolytic enzymes (Hess et a/., J. Adv. ·enzyme 'Reg., 7: 14'9 (19581; and 'Holland, 

5 Biochemistry, 17:4900[1978]), such as enolase, glyceraldehyde-3-phosphate dehydrogenase, 

hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 

3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose 

isomerase, and glucokinase. 

Other yeast promoters, which are inducible·promoters having the additional advantage 

10 of transcription controlled by growth conditions, are the promoter regions for alcohol 

dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes associated with 

nitrogen metabolism, metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and 

enzymes responsible for maltose and galactose utilization. Suitable vectors and promoters for 

use in yeast expression are further described in Hitzeman et al., EP 73,657 A. Yeast enhancers 

15 also are advantageously used with yeast promoters. 

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an 

AT -rich region located approximately 25 to 30 bases upstream from the site where 

transcription is initiated. Another sequence found 70 to 80 bases upstream from the start of 

transcription of many genes is a CXCAAT region where X may be any nucleotide. At the 3' 

20 end of most eukiuyotic genes is an AAT AAA sequence that may be the signal for addition of 

the poly A tail to the 3' end of the coding sequence. All of these sequences are suitably 

inserted into mammalian expression vectors. 

Target polypeptide transcription from vectors in mammalian host cells is controlled by 

promoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 

25 2,211 ,504 published 5 July 1 989), adenovirus (such as Adenovirus 21. bovine papilloma virus, 

avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus and most preferably 

Simian Virus 40 (SV40), from heterologous mammalian promoters, e.g. the actin promoter or 

an immunoglobulin promoter, from heat-shock promoters, and from the promoter normally 

associated with the target polypeptide sequence, provided such promoters are compatible with 

. 30 the host cell systems. 

The early and late promoters of the SV40 virus are conveniently obtained as an SV40 

restriction fragment that also contains the SV40 viral origin of replication. Fiers et al., Nature, 

273:113 (1978); Mulligan and Berg, Science, 209: 1422-1427 (19801: Pavlakis eta/., Proc. 

NatL Acad. Sci. USA, 78:7398-7402 (19811. The immediate early promoter of the human 
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cytomegalovirus i.s conveniently obtained as a Hind Ill E restriction fragment. Greenaway eta/., 

Gerie·: 1e!: 355-360 (1982). A system for expressing DNA in mammalian hosts using the .. 
bovine papilloma virus as a vector is disclosed jn .U..S. 4,4l.9,44S. -A modification of this 

system is described in U.S. 4,601 ,978. See also Gray eta/., Nature, 295: 503-508 (1982} 

5 on expressing eDNA encoding immune interferon in monkey cells; , Reyes eta/., Nature, 297: 

598-601 {1982) on expression of human P-interferon eDNA in mouse cells under the control 

of a thymidine kinase promoter from herpes simplex virus, Canaani and Berg, Proc Natl. Acad. 

·Sci. USA, 79: 51 66-5170 (1982) on expression of the human interferon P1 gene in cultured 

"mouse and rabbit cells, and Gorman eta/., Proc. Nat!. Acad. Sci. USA,~: 6777-6781 (1982) 

10 . on expression of bacterial CAT seQuences in CV-1 monkey kidney cells, chicken embryo 

15 

fibroblasts, Chinese hamster ovary cells, Hela cells, and mouse NIH-3T3 cells using the Rous 

sarcoma virus long terminal repeat as a promoter. 

(e) Enhancer Element Component 

Transcription of DNA encoding the target polypeptide of this invention by higher 

eukaryotes is often increased by inserting an enhancer sequence into the vector. Enhancers 

are cis-acting elements of DNA. usually about from 1 0-300 bp. that act on a promoter to 

increase its transcription. Enhancers are relatively orientation and position independent having 

20 been found 5' (Laimins eta/., Proc. Natl. Acad. Sci. USA, .z.a: 993 [1981]) and 3' (Lusky et 

·a/., Mol. Cell Bio., ~: 1108 [ 1983]) to the transcription unit, within an intron (Banerji et a/ .• 

Cell, 33: 729 [ 1983]} as well as within the coding sequence itself (Osborne eta/., Mol. Cell 

Bio., ~: 1293 [198411. Many enhancer seQuences are now known from mammalian genes 

(globin, elastase, albumin, a-fetoprotein and insulin). Typically, however, one will use an 

25 enhancer from a eukaryotic cell virus. Examples include the SV40 enhancer on the late side 

of the replication origin (bp 1 00-270), the cytomegalovirus early promoter enhancer, the 

polyoma enhancer on the late side of the replication origin, and adenovirus enhancers.. See 

also Yaniv, Nature, 297: 17-18 (1982) on enhancing elements for activation of eukaryotic 

promoters. The enhancer may be spliced into the vector at a position 5' or 3' to the target 

30 polypeptide DNA, but is preferably located at a site 5' from the promoter. 

(f) Transcription Termination Component 

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, 
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human, or nucleated cells from other multicellular organisms) will also contain sequences 

nec~~s~ry for the termination of transcription and for stabilizing the mRNA. Such sequences 

are commonly available from the 5' and, occasionally 3' untranslated regions of eukaryotic or 

viral ·oNAs or cONAs. These regions contain nucleotide segments transcribed as 

s polyadenylated fragments in the untranslated portion of the mRNA encoding the target 

polypeptide. The 3' untranslated regions also include transcription termination sites. 

Construction of suitable vectors containing one or more of the above listed components 

the desired coding and control sequences employs standard ligation techniques. Isolated 

plasmids or DNA fragments are cleaved, tailored, and religated in the form desired to generate 

10 the plasmids required. 

For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures 

are used to transform E. coli K 12 strain 294 (ATCC 31 ,446) and successful transformants 

selected by ampicillin or tetracycline resistance where appropriate. Plasmids from the 

transformants are prepared, analyzed by restriction endonuclease digestion, and/or sequenced 

15 by the method of Messing et a/., Nucleic Acids Res., ~: 309 ( 1981 l or by the method of 

Maxam eta!., Methods in Enzymology, .2.,2: 499 (1980). 

Particularly useful in the practice of this invention are expression vectors that provide 

for the transient expression in mammalian cells of DNA encoding the target polypeptide. In 

general, transient expression involves the use of an expression vector that is able to replicate 

20 efficiently in a host cell, such that the host cell accumulates many copies of the expression 

vector and, in turn, synthesizes high levels of a desired polypeptide encoded by the expression 

vector. Transient expression systems. comprising a suitable expression vector and a host cell, 

allow for the convenient positive identification of polypeptides encoded by cloned DNAs, as 

well as for the rapid screening of such polypeptides for desired biological or physiological 

25 properties. Thus, transient expression systems are particularly useful in the invention for 

purposes of identifying analogs and variants of the target polypeptide that have target 

polypeptide-like activity. 

· Other methods, vectors, and host cells suitable for adaptation to the synthesis of the 

target polypeptide in recombinant vertebrate cell culture are described in Gething eta!., Nature, 

30 293: 620-62511981]; Mantei eta/., Nature, 281:40-46 [1979]; Levinson eta/.; EP 117,060; 

and EP 117,058. A particularly useful plasmid for mammalian cell culture expression of the 

target polypeptide is pRK5 (EP pub. no. 307,24 7) or pSVI6B. 

Selection and Transformation of Host Cells 
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Suitable li'ost cells for cloning or expressing the vectors herein are the prokaryote, 

yeasf, or higher eukaryote cells described above. Suitable prokaryotes include eubacteria, such 

as Gram-negative or Gram-positive organisms, for example,£. coii~.Sacilli..sJJchas.B. subtilis, 

Pseudomonas species such asP. aeruginosa, Salmonella typhimurium, or Serratiamarcescans. 

5 One preferred E. coli cloning host is E. coli 294 (ATCC 31.446), although other strains such 

as E. coli B. E. colix1776 CATCC 31,537), and E. co/iW3110 CATCC 27,325) are suitable. 

These examples are illustrative rather than limiting. Preferably the host cell should secrete 

·minimal amounts of proteolytic enzymes. Alternatively, in vitro methods of cloning, e.g. PCR 

-· or other nucleic acid polymerase reactions, are suitable. 

10 In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are 

suitable hosts for target polypeptide-encoding vectors. Saccharomyces cerevisiae, or common 

baker's yeast, is the mo~t commonly used among lower eukaryotic host microorganisms. 

However, a number of other genera, species, and strains are commonly available and useful 

herein, such as Schizosaccharomyces pombe [Beach and Nurse, Nature, 1i!Q: 140 ( 1981 ); EP 

15 139,383 published May 2, 19851. Kluyveromyces hosts (U.S. 4,943,529) such as, e.g., K. 

'lac tis (Louvencourt et a/., J. Bacterial., 737 (1 983)], K. fragilis, K. bulgaricus, K. 

·thermotolerans, and K. marxianus, yarrowia [EP 402,226), Pichia pastoris [EP 183,070; 

Sreekrishna et al., J. Basic Microbial., 28: 265-278 (1988)], Candida, Trichoderma reesia (EP 

··244,234], Neurospora crassa (Case et al., Proc. Natl. Acad. Sci. USA, 1.2: 5259-5263 

20 (1979)), and filamentous fungi such as, e.g, Neurospora, Penicillium, Tolypocladium [WO 

25 

· 91/00357 published 10 January 1991], and Aspergillus hosts such as A. nidulans (Ballance 

eta/., Biochem. Biophys. Res. Commun .. 1 12: 284-289 (1983); Tilburn eta/.,~. 26: 205-

221 (1983); Yelton'eta/., Proc. Natl. Acad. Sci. USA, ll: 1470-1474 (1984}] and A. niger 

(Kelly and Hynes, EMBO J., ~: 475-479 (1985}). 

Suitable host cells for the expression of glycosylated target polypeptide are derived from 

multicellular organisms. Such host cells are capable of complex processing and glycosylation 

activities. In principle, any higher eukaryotic cell culture is workable, whether from vertebrate 

~·or invertebrate culture. Examples of invertebrate cells include plant and insect cells. 

Numerous baculoviral strains and variants and corresponding permissive insect host cells from 

30 hosts such as Spodoptera frugiperda (caterpillar), Aedes aegypti (mosquito), Aedes albopictus 

(mosquito), Drosophila melanogaster (fruitfly), and Bombyx mori host cells have been 

identified. See. e.g., Luckow et al .• Bio[Technology, .2_: 4 7-55 (1988); Miller et al., in Genetic 

Engineering. Setlow, J.K. et al., eds., Vol. 8 (Plenum Publishing, 1986), pp. 277-279; and 

Maeda eta!., Nature, 315: 592-594 (1985). A variety of such viral strains are publicly 
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available, e.g., the L-1 variant of Autographa catifornica NPV and the Bm-5 strain of Bombyx 

mor(.J·.J~V.. and such viruses may be used as the virus herein according to the present 

invention, particularly for transfection of Spodoptera frugiperda cells. Rant cell Clitues 

of c·onon, 'COm, ·potato, soybean, petunia, tomato, and tobacco can be utilized as hosts. 

5 Typically, plant cells are transfected by incubation with certain strains of the bacterium 

Agrobacterium tumefaciens, which has been previously manipulated to contain the target 

polypeptide DNA. During incubation of the plant cell culture with A. tumefaciens. the DNA 

encoding target polypeptide is transferred to the plant cell host such that it is transfected, and 

will, under appropriate conditions, express the target polypeptide DNA. In addition, regulatory 

10 and signal sequences compatible with plant cells are available, such as the nopaline synthase 

promoter and polyadenylation signal sequences. Depicker et at., J. Mol. Appl. Gen., 1: 561 

(1982). In addition, DNA segments isolated from the upstream region of the T-DNA 780 gene 

are capable of activating or increasing transcription levels of plant-expressible genes in 

recombinant DNA-containing plant tissue. See EP 321,196 published 21 June 1989. 

15 However, interest has been greatest in vertebrate cells, and propagation of vertebrate 

cells in culture (tissue culture) has become a routine procedure in recent years [Tissue Culture, 

Academic Press, Kruse and Patterson, editors (1973}). Examples of useful mammalian host 

cell lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651 ); human 

embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham 

20 et at., J. Gen Virol.. ~:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL 101; Chinese 

hamster ovary cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77: 4216 

[1980)); mouse sertoli cells (TM4, Mather, Bioi. Reprod., 23: 243-251 [1980)); monkey kidney 

cells (CV1 ATCC CCL 70); African green monkey kidney cells (VER0-76, ATCC .CRL-1 587); 

human cervical carcinoma cells CHELA, ATCC CCL 21; canine kidney cells (MOCK, ATCC CCL 

25 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W1 38, ATCC CCL 

75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC 

CCL51); TRI cells (Mather eta/., Annals N.Y. Acad. Sci., 383:44-68 [1982)); MRC 5 cells; 

FS4 cells; and a human hepatoma cell line (Hep G2). Preferred host cells are human embryonic 

kidney 293 and Chinese hamster ovary cells. 

.30 Host cells are transfected and preferably transformed with the above-described 

expression or cloning vectors of this invention and cultured in conventional nutrient media 

modified as appropriate for inducing promoters, selecting transformants, or amplifying the 

genes encoding the desired sequences. 

Transfection refers to the taking up of an expression vector by a host cell whether or 
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not any coding se"quences are in fact expressed. Numerous methods of transfection are known 

to ·the~·ordinarily skilled artisan, for example, CaP04 and electroporation. Successful 

transfection is generally recognized when any indication .of the.oper.ation of this vector occurs 

within the host cell. 

Transformation means introducing DNA into an organism so that the DNA is replicable, 

either as an extrachromosomal element or by chromosomal integrant. Depending on the host 

cell used, transformation is done using standard techniques appropriate to such cells. The 

calcium treatment employing calcium chloride, as described in section 1.82 of Sambrook et 

· al., supra, is generally used for prokaryotes or other cells that contain substantial cell-wall 

10 barriers. Infection with Agrobacterium tumefaciens is used for transformation of certain plant 

~ cells, as described by Shaw et al., ~. 23: 315 (1983) and WO 89/05859 published 29 

June 1989. For mammalian cells without such cell walls, the calcium phosphate precipitation 

method described in sections 16.30-16.37 of Sambrook eta/, supra, is preferred. General 

aspects of mammalian cell host system transformations have been described by Axel in U.S. 

15 4,399,216 issued 16 August 1983. Transformations into yeast are typically carried out 

··according to the method of Van Solingen eta/., J. Bact., l.J.Q: 946 ( 1977) and Hsiao eta!., 

Proc. Natl. Acad. Sci. <USA), 76: 3829 (1979). However, other methods for introducing DNA 

into cells such as by nuclear injection, electroporation, or protoplast fusion may also be used. 

20 Culturing the Host Cells 

Prokaryotic cells used to produce the target polypeptide of this invention are cultured 

in suitable media as described generally in Sambrook eta/., supra. 

The mammalian host cells used to produce the target polypeptide of this invention 

25 may be cultured in a variety of media. Commercially available media such as Ham's Fl 0 

(Sigma}, Minimal Essential Medium ([MEMJ, Sigma), RPMI-1640 (Sigma). and Dulbecco's 

Modified Eagle's Medium ([DMEML Sigma) are suitable for culturing the host cells. In addition, 

~any of the media described in Ham and Wallace, Meth. Enz., ~: 44 (1979), Barnes and Sato. 

Anal. Biochem., 102: 255 (1980), U.S. 4,767,704; 4,657,866; 4,927,762; or 4,560,655; 

30 WO 90/03430; WO 87/00195; U.S. Pat. Re. 30,985, may be used as culture media for the 

host cells. Any of these media may be supplemented as necessary with hormones and/or 

other growth factors (such as insulin, transferrin, or epidermal growth factor), salts (such as 

sodium chloride, calcium, magnesium, and phosphate). buffers (such as HEPES), nucleosides 

(such as adenosine and thymidine), antibiotics (such as Gentamycinr"' drug), trace elements 
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(defined as inorganic compounds usually present at final concentrations in the micromolar 

ranf:J.~L}md glucose or an equivalent energy source. Any other necessary supplements may 

also be included at appropriate concentrations that would be known to those skilled in the art. 

The culture ·conditions, -such ·as-temperature, -pH, Clnd·the like, are those ·-previously used ·with 

s the host cell selected for expression, and will be apparent to the ordinarily skilled artisan. 

The ho~.~ cells referred to in this disclosure encompass cells in in vitro culture as well 

as cells that are within a host animal. 

It is further envisioned that the target polypeptides of this invention may be produced 

by homologous recombination, or with recombinant production methods utilizing control 

10 elements introduced into cells already containing DNA encoding the target polypeptide 

currently in use in the field. For example, a powerful promoter/enhancer element, a 

suppressor, or an exogenous transcription modulatory element is inserted in the genome of the 

intended host cell in proximity and orientation sufficient to influence the transcription of DNA 

encoding the desired target polypeptide. The control element does not encode the target 

IS polypeptide of this invention, but the DNA is present in the host cell genome. One next 

screens for cells making the target polypeptide of this invention. or increased or decreased 

levels of expression, as desired. 

20 

Detecting Gene Amplification/Expression 

Gene amplification and/or expression may be measured in a sample directly, for 

example, by conventional Southern blotting, northern blotting to quantitate the transcription 

of mRNA (Thomas, Proc. Natl. Acad. Sci. USA, 77: 5201-5205 [19BO)), dot blotting (DNA 

analysis), or in situ hybridization. using an appropriately labeled probe, based on the sequences 

2S provided herein. Various labels may be employed, most commonly radioisotopes, particularly 

32P. However, other techniques may also be employed, such as using biotin-modified 

nucleotides for introduction into a polynucleotide. The biotin then serves as the site for binding 

to avidin or antibodies, which may be labeled with a wide variety of labels, such as 

radionuclides, fluorescers, enzymes, or the like. Alternatively, antibodies may be employed 

. 30 that can recognize specific duplexes, including DNA duplexes, RNA duplexes, and DNA-RNA 

hybrid duplexes or DNA-protein duplexes. The antibodies in turn may be labeled and the assay 

may be carried out wnere the duplex is bound to a surface, so that upon the formation of 

duplex on the surface, the presence of antibody bound to the duplex can be detected. 

Gene expression. alternatively, may be measured by immunological methods, such as 

. . v. 
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immunohistochemical staining of tissue sections and assay of cell culture or body fluids, to 

quantitate directly the expression of gene product. With immunohistochemical staining 

techniques, a cell sample is prepared, ty_pically by dehydration .and Jixation, followed by 

reaction with labeled antibodies specific for the gene product coupled, where the labels are 

s usually visually detectable, such as enzymatic labels, fluorescent labels, luminescent labels, 

and the like. A particularly sensitive staining technique suitable for use in the present invention 

is described by Hsu eta/ .• Am. J. Clin. Path., 75: 734-738 (1980). 

Antibodies useful for immunohistochemical staining and/or assay of sample fluids may 

be either monoclonal or polyclonal, and may be prepared in any mammal. Conveniently, the 

10 antibodies may be prepared against a native target polypeptide or against a synthetic peptide 

based on the DNA sequences provided herein as described further in Section 4 below. 

Purification of The Target polypeptide 

The target polypeptide preferably is recovered from the culture medium as a secreted 

IS polypeptide, although it also may be recovered from host celllysates when directly expressed 

· without a secretory signal. 

When the target polypeptide is expressed in a recombinant cell other than one of human 

origin, the target polypeptide is completely free of proteins or polypeptides of human origin. 

However. it is necessary to purify the target polypeptide from recombinant cell proteins or 

20 polypeptides to obtain preparations that are substantially homogeneous as to the target 

polypeptide. As a first step, the culture medium or lysate is centrifuged to remove particulate 

cell debris. The membrane and soluble protein fractions are then separated. The target 

polypeptide may then ~e purified from the soluble protein fraction and from the membrane 

fraction of the culture lysate, depending on whether the target polypeptide is membrane 

25 bound. The following procedures are exemplary of suitable purification procedures: 

fractionation on immunoaffinity or ion-exchange columns; ethanol precipitation; reverse phase 

HPLC; chromatography on silica or on a cation exchange resin such as DEAE; 

chromatofocusing; SDS-PAGE; ammonium sulfate precipitation; gel filtration using. for 

example, Sephadex G-75; and protein A Sepharose columns to remove contaminants such as 

30 lgG. 

Target polypeptide variants in which residues have been deleted. inserted or substituted 

are recovered in the same fashion, taking account of any substantial changes in properties 

occasioned by the variation. For example, preparation of a target polypeptide fusion with 

another protein or polypeptide, e.g. a bacterial or viral antigen, facilitates purification; an 
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immunoaffinity column containing antibody to the antigen (or containing antigen, where the 

target polypeptide is an antibody) can be used to adsorb the fusion. lmmunoaffinity columns 
..•. ... _;;, . ~ 

such as a rabbit polyclonal anti-target polypeptide column can be employed to absorb the 

target polypeptide-variant by binding.it.to.at least..one r.emaining.lmmune...epitope. A .pr:otease 

s inhibitor such as phenyl methyl sulfonyl fluoride (PMSF) also may be useful to inhibit 

proteolytic degradation during purification, and antibiotics may be included to prevent the 

growth of adventitious contaminants. One skilled in the art will appreciate that purification 

methods suitable for native target polypeptide may require modification to account for changes 

in the character of the target polypeptide or its variants upon expression in recombinant cell 

10 culture. 

· Covalent Modifications of Target Polypeptides 

Covalent modifications of target polypeptides are included within the scope of this 

invention. One type of covalent modification included within the scope of this invention is a 

15 target polypeptide fragment. Target polypeptide fragments having up to about 40 amino acid 

residues may be conveniently prepared by chemical synthesis, or by enzymatic or chemical 

cleavage of the full-length target polypeptide or variant target polypeptide. Other types of 

covalent modifications of the target polypeptide or fragments thereof are introduced into the 

molecule by reacting specific amino acid residues of the target polypeptide or fragments 

20 thereof with an organic derivatizing agent that is capable of reacting with selected side chains 

or the N- or C-terminal residues. 

Cysteinyl residues most commonly are reacted with a-haloacetates (and corresponding 

aminesL such as' chloroacetic acid or chloroacetamide, to give carboxymethyl or 

carboxyamidomethyl derivatives. Cysteinyl residues also are derivatized by reaction with 

2S bromotrifluoroacetone, a-bromo-P-(5-imidozoyl)propionic acid, chloroacetyl phosphate. N

alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl2-pyridyl disulfide, p-chloromercuribenzoate. 

2-chloromercuri-4-nitrophenol, or chloro-7 -nitrobenzo-2-oxa-1 ,3-diazole. 

· Histidyl residues are derivatized by reaction with diethylpyrocarbonate at pH 5.5-7.0 

because this agent is relatively specific for the histidyl side chain. Para-bromophenacyl 

30 bromide also is useful; the reaction is preferably performed in 0.1 M sodium cacodylate at pH 

6.0. 

Lysinyl and amino terminal residues are reacted with succinic or other carboxylic acid 

anhydrides. Derivatization with these agents has the effect of reversing the charge of the 

lysinyl residues. Other suitable reagents for derivatizing a-amino-containing residues include 
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imidoesters such·as methyl picolinimidate; pyridoxal phosphate; pyridoxal; chloroborohydride; 

trinltrooenzenesulfonic acid; 0-methylisourea; 2,4-pentanedione; and transaminase-catalyzed 

reaction with glyoxylate. 

Arginyl residues are modified by reaction with one or several conventional reagents. 

5 among them phenylglyoxal, 2,3-butanedione, 1.2-cyclohexanedione, and ninhydrin .. 

Derivatization of arginine residues requires that the reaction be performed in alkaline conditions 

because of the high pK. of the guanidine functional group. Furthermore, these reagents may 

react with the groups of lysine as well as the arginine epsilon-amino group. 

The specific modification of tyrosyl residues may be made, with particular interest in 

10 introducing spectral labels into tyrosyl residues by reaction with aromatic diazonium 

compounds or tetranitromethane. Most commonly, N-acetylimidizole and tetranitromethana 

are used to form 0-acetyl tyrosyl species and 3-nitro derivatives, respectively. Tyrosyl 

residues are iodinated using 1251 or 131 1 to prepare labeled proteins for use in radioimmunoassay, 

the chloramine T method described above being suitable. 

15 Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with • 

~carbodiimides CR'-N =C =N-R'). where R and R' are different alkyl groups, such as 1-

cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or 1-ethyl-3-(4-azonia-4,4-dimethylpentyl) 

· carbodiimide. Furthermore, aspartyl and glutamyl residues are converted to asparaginyl and 

glutaminyl residues by reaction with ammonium ions. 

20 Derivatization with bifunctional agents is useful for crosslinking target polypeptide to 

·a water-insoluble support matrix or surface for use in the method for purifying anti-target 

polypeptide antibodies, and vice versa. Commonly used crosslinking agents include, e.g., 1,1-

bisldiazoacetyl)-2-phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for example, 

esters with 4-azidosalicylic acid, homobifunctional imidoesters, including disuccinimidyl esters 

25 such as 3,3'-dithiobis(succinimidylpropionate), and bifunctional maleimides such as bis-N

male.imido-1,8-octane. Derivatizing agents such as methyl-3-((p-azidophenyl)dithio]propioimi

date yield photoactivatable intermediates that are capable of forming crosslinks in the presence 

of light. Alternatively, reactive water-insoluble matrices such as cyanogen bromide-activated 

carbohydrates and the reactive substrates described in U.S. 3,969,287; 3,691,016; 

30 4,1 95,128; 4,247 ,642; 4,229.537; and 4,330,440 are employed for protein immobilization. 

Glutaminyl and asparaginyl residues are frequently deamidated to the corresponding 

glutamyl and aspartyl residues, respectively. Alternatively, these residues are deamidated 

under mildly acidic conditions. Either form of these residues falls within the scope of this 

invention. 
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Other modifications include hydroxylation of proline and lysine, phosphorylation of 

hyd~_().?CY] _ _groups of seryl or threonyl residues, methylation of the a-amino groups of lysine. -

arginine, and histidine side chains (T.E. Creighton, Proteins: Structure and Molecular 

.. Properties, W:H.--Freeman ·&-Co., ·San-Francisco. pp. 79-86 (1983}), acetylation of the N

terminal amine. and amidation of any C-terminal carboxyl group. 

Another type of covalent modification of the target polypeptide included within the 

scope of this invention comprises altering the native glycosylation pattern of the polypeptide. 

By altering is meant deleting one or more carbohydrate moieties found in the native target 

polypeptide, and/or adding one or more glycosylation sites that are not present in the native 

10 target polypeptide. 

Glycosylation of polypeptides is typically either N-linked or C-linked. N-linked refers 

to the attachment of the carbohydrate moiety to the side chain of an asparagine residue. The 

tri-peptide sequences asparagine-X-serine and asparagine-X-threonine, where X is any amino 

acid except proline. are the recognition sequences for enzymatic attachment of the 

15 carbohydrate moiety to the asparagine side chain. Thus. the presence of either of these tri

peptide sequences in a polypeptide creates a potential glycosylation site. C-linked 

glycosylation refers to the attachment of one of the sugars N-acetylgalactosamine, galactose. 

or xylose, to a hydroxyamino acid. most commonly serine or threonine, although 5-

hydroxyproline or 5-hydroxylysine may also be used. 

20 Addition of glycosylation sites to the target polypeptide is conveniently accomplished 

by altering the amino acid sequence such that it contains one or more of. the above-described 

tri-peptide sequences (for N-linked glycosylation sites). The alteration may also be made by 

the addition of. or substitution by. one or more serine or threonine residues to the native target 

polypeptide sequence (for C-linked glycosylation sites). For ease. the target polypeptide amino 

25 acid sequence is preferably altered through changes at the DNA level, particularly by mutating 

the DNA encoding the target polypeptide at preselected bases such that codons are generated 

that will translate into the desired amino acids. The DNA mutation(s) may be made using 

methods described above under the heading of "Amino Acid Sequence Variants of Target 

Polypeptide" . 

. 30 Another means of increasing the number of carbohydrate moieties on the target 

polypeptide is by chemical or enzymatic coupling of glycosides to the polypeptide. These 

procedures are advantageous in that they do not require production of the polypeptide in a host 

cell that has glycosylation capabilities for N- and 0- linked glycosylation. Depending on the 

coupling mode used, the sugar(s) may be attached to (a) arginine and histidine, (b) free 
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carboxyl group;~ (c) free sulfhydryl groups such as those of cysteine. ldl free hydroxyl groups 

such ~~-those of serine. threonine, or hydroxyproline, (e) aromatic residues such as those of 

phenylalanine • .tyr.osine, or .tryptophan, or (fl the amide ·group of glutamine. These methods 

are described in WO 87/05330 published 11 September 1987, and in Aplin and Wriston ICRC 

5 Crit. Rev. Biochem., pp. 259-306 [1 981 )). 

Removal of carbohydrate moieties present on the native target polypeptide may be 

accomplished chemically or enzymatically. Chemical deglycosylation requires exposure of the 

polypeptide to the compound trifluoromethanesulfonic acid, or an equivalent compound. This 

treatment results in the cleavage of most or· all sugars except the linking sugar (N-

10 acetylglucosamine or N-acetylgalactosamine). while leaving the polypeptide intact. Chemical 

deglycosylation is described by Hakimuddin eta/. (Arch. Biochem. Biophys., 259:52 [1987]) 

and by Edge eta/. (Anal. Biochem., 118:1 31 [ 1981 J). Enzymatic cleavage of carbohydrate 

moieties on polypeptides can be achieved by the use of a variety of endo- and exo

glycosidases as described by Thotakura eta/. (Meth. EnzymoL 138:350 (1 987]). 

15 Glycosylation at potential glycosylation sites may be prevented by the use of the 

compound tunicamycin as described by Duskin eta/. (J. Bioi. Chem .. 257:3105 (1982)). 

Tunicamycin blocks the formation of protein-N-glycoside linkages. 

Another type of covalent modification of the target polypeptide comprises linking the 

target polypeptide to various nonproteinaceovs polymers, e.g. polyethylene glycol, 

20 polypropylene glycol or polyoxyalkylenes, in the manner set forth in U.S. 4,640.835; 

4,496,689; 4,301,144; 4,670,417; 4,791,192 or 4,179,337. 

The target polypeptide also may be entrapped in microcapsules prepared, for example, 

by coacervation techniques or by interfacial polymerization (for example, 

hydroxymethylcellul ose or gelatin-microcapsules and poly-[methylmethacylate) microcapsules, 

25 respectively). in colloidal drug delivery systems (for example,liposomes, albumin microspheres, 

microemulsions. nano-particles and nanocapsules), or in macroemulsions. Such techniques are 

disclosed in Remington's Pharmaceutical Sciences, 16th edition, Osol, A., Ed., (1980). 

Target polypeptide preparations are also useful in generating antibodies, for screening 

for binding partners, as standards in assays for the target polypeptide (e.g. by labeling the 

30 target polypeptide for use as a standard in a radioimmunoassay, enzyme-linked immunoassay, 

or radioreceptor assay), in affinity purification techniques, and in competitive-type receptor 

binding assays when labeled with radioiodine, enzymes. fluorophores, spin labels, and the like. 

Since it is often difficult to predict in advance the characteristics of a variant target 

polypeptide, it will be appreciated that some screening of the recovered variant will be needed 
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to select the optimal variant. For example, a change in the immunological character of the 

target polypeptide molecule, such as affinity for a given antigen or antibody, is measured by 

a co,,:;,p~titive-type immunoassay. The variant is assayed for changes in the suppression or 

,enhancement ,of.its.activity,,by.comparison to the activity observed for the target polypeptide 

5 in the same assay. Other potential modifications of protein or polypeptide properties such as 

redox or thermal stability, hydrophobicity, susceptibility to proteolytic degradation, stability in 

recombinant cell culture or in plasma, or the tendency to aggregate with carriers or into 

multimers are assayed by methods well known in the art. 

10 Diagnostic and Related Uses of the Antibodies 

The antibodies of this invention are useful in diagnostic assays for antigen expression 

in specific cells or tissues. The antibodies are detectably labeled and/or are immobilized on an 

insoluble matrix. 

The antibodies of this invention find further use for the affinity purification of the 

15 antigen from recombinant cell culture or natural sources. Suitable diagnostic assays for 

the antigen and its antibodies depend on the particular antigen or antibody. Generally, such 

assays include competitive and sandwich assays, and steric inhibition assays. Competitive and 

sandwich methods employ a phase-separation step as an integral part of the method while 

steric inhibition assays are conducted in a single reaction mixture. Fundamentally, the same 

20 procedures are used for the assay of the antigen and for substances that bind the antigen, 

although certain methods will be favored depending upon the molecular weight of the 

substance being assayed. Therefore, the substance to be tested is referred to herein as an 

an:!lyte, irrespective of its status otherwise as an antigen or antibody, and proteins that bind 

to the analyte are denominated binding partners, whether they be antibodies, cell surface 

25 receptors, or antigens. 

30 

Analytical methods for the antigen or its antibodies all use one or more of the following 

reagents: labeled analyte analogue, immobilized analyte analogue, labeled binding partner, 

immobilized binding partner and steric conjugates. The labeled reagents also are known as 

"tracers." 

The label used (and this is also useful to label antigen nucleic acid for use as a probe) 

is any detectable functionality that does not interfere with the binding of analyte and its 

binding partner. Numerous labels are known for use in immunoassay, examples including 

moieties that may be detected directly, such as fluorochrome, chemiluminescent, and 

radioactive labels, as well as moieties, such as enzymes, that must be reacted or derivatized 
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to be detected. Examples of such labels include the radioisotopes 32P, 14C, 1251, 3H, and 131 1, 

fluoroph~res such as rare earth chelates or fluorescein and its derivatives. rhodamine and its 

derivatives, dansyl, umbellifsr.one,.luceriferases, e.g., firefly luciferase and ·bacterialluciferase 

(U.S. Pat. No. 4,737,456}, luciferin, 2,3-dihydrophthalazinediones, horseradish peroxidase 

s (HRP). alkaline phosphatase, P-galactosidase, glucoamylase, lysozyme, saccharide oxidases. 

·e.g.. glucose oxidase, galactose oxidase, and glucose-6-phosphate dehydrogenase, 

heterocyclic oxidases such as uricase and xanthine oxidase, coupled with an enzyme that 

employs hydrogen peroxide to oxidize a dye precursor such as HRP, lactoperoxidase, or 

microperoxidase, biotin/avidin, spin labels, bacterrophage labels, stable free radicals, and the 

10 . like. 

Conventional methods are available to bind these labels covalently to proteins or 

polypeptides. For instance, coupling agents such as dialdehydes, carbodiimides, dimaleimides, 

bis-imidates, bis-diazotized benzidine, and the like may be used to tag the antibodies with the 

above-described fluorescent, chemiluminescent, and enzyme labels. See, for example, U.S. 

IS Pat. Nos. 3,940,475 (fluorimetry) and 3,645,090 (enzymes); Hunter et al., ~. 144: 945 · 

·(1962); David eta/., Biochemistry,~: 1014-1021 (1974); Pain eta/., J. lmmunol. Methods, 

40: 219-230 (1981); and Nygren, J. Histochem. and Cytochem., 30: 407-412 (1982). 

Preferred labels herein are enzymes such as horseradish peroxidase and alkaline phosphatase. 

The conjugation of such label, including the enzymes, to the antibody is a standard 

20 manipulative procedure for one of ordinary skill in immunoassay techniques. See, for example, 

·O'Sullivan et al., "Methods for the Preparation of Enzyme-antibody Conjugates for Use in 

Enzyme Immunoassay," in Methods in Enzymology, ed. J.J. Langone and H. Van Vunakis, Vol. 

73 (Academic Press, New York, New York, 1981), pp. 147-166. Such bonding methods are 

suitable for use with the antibodies and polypeptides of this invention. 

25 Immobilization of reagents is required for certain assay methods. Immobilization entails 

separating the binding partner from any analyte that remains free in solution. This 

conventionally is accomplished by either insolubilizing the binding partner or analyte analogue 

'before the assay procedure, as by adsorption to a water-insoluble matrix or surface (Bennich 

et al . . , U.S. 3, 720,7601. by covalent coupling (for example, using glutaraldehyde cross-linking). 

30 or by insolubilizing the partner or analogue afterward, e.g., by immunoprecipitation. 

Other assay methods, known as competitive or sandwich assays, are well established 

and widely used in the commercial diagnostics industry. 

Competitive assays rely on the ability of a tracer analogue to compete with the test 

sample analyte for a limited number of binding sites on a common binding partner. The binding 
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partner generally is insolubilized before or after the competition and then the tracer and analyte 

boul}~t t_o. the binding partner are separated from the unbound tracer and analyte. This 

separation is accomplished by decanting (where the binding partner was preinsolubilized) or 

by centrifuging (where the binding partner was precipitated after-the competitive reaction). 

The amount of test sample analyte is inversely proportional to the amount of bound tracer as 

measured by the amount of marker substance. Dose-response curves with known amounts 

of analyte are prepared and compared with the test results to quantitatively determine the 

amount of analyte present in the test sample. These assays are called ELISA systems when 

enzymes are used as the detectable markers. 

10 Another species of competitive assay, called a "homogeneous" assay, does not require 

a phase separation. Here, a conjugate of an enzyme with the analyte is prepared and used 

such that when anti-analyte binds to the analyte the presence of the anti-analyte modifies the 

enzyme activity. In this case, the antigen or its immunologically active fragments are 

conjugated with a bifunctional organic bridge to an enzyme such as peroxidase. Conjugates 

15 are selected for use with antibody so that binding of the antibody inhibits or potentiates the 

enzyme activity of the label. This method per se is widely practiced under the name of EMIT. 

Steric conjugates are used in steric hindrance methods for homogeneous assay. These 

conjugates are synthesized by covalently linking a low-molecular-weight hapten to a small 

analyte so that antibody to hapten substantially is unable to bind the conjugate at the same 

20 time as anti-analyte. Under this assay procedure the analyte present in the test sample will 

bind anti-analyte, thereby allowing anti-hapten to bind the conjugate, resulting in a change in 

the character of the conjugate hapten, e.g., a change in fluorescence when the hapten is a 

fluorophore. 

Sandwich assays particularly are useful for the determination of antigen or antibodies. 

25 In sequential sandwich assays an immobilized binding partner is used to adsorb test sample 

analyte, the test sample is removed as by washing, the bound analyte is used to adsorb labeled 

binding partner, and bound material is then separated from residual tracer. The amount of 

bound tracer is directly proportional to test sample analyte. In "simultaneous" sandwich 

assays the test sample is not separated before adding the labeled binding partner. A sequential 

30 sandwich assay using an anti-antigen monoclonal antibody as one antibody and a polyclonal 

anti-antigen antibody as the other is useful in testing samples for particular antigen activity. 

The foregoing are merely exemplary diagnostic assays for the import and humanized 

antibodies of this invention. Other methods now or hereafter developed for the determination 

of these analytes are included within the scope hereof, including the bioassays described 
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above. 

lmmunotoxins 

This invention is also directed to immunochemical derivatives of the antibodies of this 

5 invention such as immunotoxins (conjugates of the antibody and a cytotoxic moiety}. 

Antibodies which carry the appropriate effector functions, such as with their constant 

. domains, are also used to induce lysis through the natural complement process, and to interact 

with antibody dependent cytotoxic cells normally present. 

For example, purified. sterile filtered antibodies are optionally conjugated to a cytotoxin 

10 such as ricin for use in AIDS therapy. US Patent Application Serial No. 07/350,895 illustrates· 

methods for making and using immunotoxins for the treatment of HIV infection. The methods 

of this invention, for example, are suitable for obtaining humanized antibodies for use as 

immunotoxins for use in AIDS therapy. 

The cytotoxic moiety of the immunotoxin may be a cytotoxic drug or an enzymatically 

15 active toxin of bacterial, fungal, plant or animal origin, or an enzymatically active fragment of 

··such a toxin. Enzymatically active toxins and fragments thereof used are diphtheria A chain, 

nonbinding active fragments of diphtheria toxin. exotoxin A chain (from Pseudomonas 

aeruginosa). ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin. Aleurites fordii 

proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and PAP-S), momordica 

20 · charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin, 

restrictocin, phenomycin, enomycin and the tricothecenes. In another embodiment, the 

antibodies are conjugated to small molecule anticancer drugs such as cis-platin or 5FU. 

Conjugates of the monoclonal antibody and such cytotoxic moieties are made using a variety 

of bifunctional protein coupling agents. Examples of such reagents are SPDP, IT, bifunctional 

25 derivatives of imidoesters such as dimethyl adipimidate HCI, active esters such as 

disuccinimidyl suberate, aldehydes such as glutaraldehyde, bis-azido compounds such as bis 

(p-azidobenzoyl) hexanediamine, bis-diazonium derivatives such as bis- (p-diazoniumbenzoyl}

:_ethylenediamine, diisocyanates such as tolylene 2,6-diisocyanate and bis-active fluorine 

compounds such as 1,5-difluoro- 2,4-dinitrobenzene. The lysing portion of a toxin may be 

30 joined to the Fab fragment of the antibodies. 

lmmunotoxins can be made in a variety of ways, as discussed herein. Commonly 

known crosslinking reagents can be used to yield stable conjugates. 

Advantageously, monoclonal antibodies specifically binding the domain of the antigen 

which is exposed on the infected cell surface, are conjugated to ricin A chain. Most 
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advantageously the ricin A chain is deglycosylated and produced through recombinant means. 

An .. ?.flv~mageous method of making the ricin immunotoxin is described in Vitetta et al., 

Science 238:1098 (1987). 

When used to kin inlecteonuman ·cells in vitro for diagnostic purposes. the conjugates 

will typically be added to the cell culture medium at a concentration of at least about 1 0 nM. 

The formulation and mode of administration for in vitro use are not critical. Aqueous 

formulations that are compatible with the culture or perfusion medium will normally be used. 

Cytotoxicity may be read by conventional techniques. 

Cytotoxic radiopharmaceuticals for treating infected cells may be made by conjugating 

10 radioactive isotopes (e.g. I, Y, Pr) to the antibodies. Advantageously alpha particle-emitting 

isotopes are used. The term 'cytotoxic moiety" as used herein is intended to include such 

isotopes. 

In a preferred embodiment, ricin A chain is deglycosylated or produced without 

oligosaccharides, to decrease its clearance by irrelevant clearance mechanisms (e.g .• the liver). 

IS In another embodiment, whole ricin (A chain plus B chain) is conjugated to antibody if the 

galactose binding property of B-chain can be blocked ("blocked ricin"). 

20 

In a further embodiment toxin-conjugates are made with Fab or F(ab'l2 fragments. 

Because of their relatively small size these fragments can better penetrate tissue to reach 

infected cells. 

In another embodiment. fusogenic liposomes are filled with a cytotoxic drug and the 

liposomes are coated with antibodies specifically binding the particular antigen. 

Antibody Dependent Cellular Cytotoxicity 

Certain aspects of this invention involve antibodies which are Cal directed against a 

25 particular antigen and (b) belong to a subclass or isotype that is capable of mediating the lysis 

of cells to which the antibody molecule binds. More specifically, these antibodies should 

belong to a subclass or isotype that, upon complexing with cell surface proteins. activates 

serum complement and/or mediates antibody dependent cellular cytotoxicity (ADCC) by 

activating effector cells such as natural killer cells or macrophages. 

30 Biological activity of antibodies is known to be determined, to a large extent, by the 

constant domains or Fe region of the antibody molecule (Uananue and Benacerraf. Textbook 

of Immunology, 2nd Edition, Williams & Wilkins. p. 218 (1984)). This includes their ability to 

activate complement and to mediate antibody-dependent cellular cytotoxicity (ADCCJ as 

effected by leukocytes. Antibodies of different classes and subclasses differ in this respect, 
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as do antibodies~trom the same subclass but different species; according to the present 

invefntion', antibodies of those classes having the desired biological activity are prepared. 

Preparation of these antibodies involves the .selection of antibody constant-domains ·arelheir 

incorporation in the humanized antibody by known technique. For example, mouse 

5 immunoglobulins of the lgG3 and lgG2a class are capable of activating serum complement 

·upon binding to the target cells which express the cognate antigen, and therefore humanized 

antibodies which incorporate lgG3 and lgG2a effector functions are desirable for certain 

therapeutic applications. 

In general, mouse antibodies of the lgG2a and lgG3 subclass and occasionally lgG1 can 

10 _~ mediate ADCC, and antibodies of the JgG3, lgG2a, and lgM subclasses bind and activate serum 

complement. Complement activation generally requires the binding of at least two JgG 

molecules in close proximity on the target cell. However, the binding of only one lgM molecule 

activates serum complement. 

The ability of any particular antibody to mediate lysis of the target cell by complement 

15 activation and/or ADCC can be assayed. The cells of interest are grown and labeled in vitro; 

the antibody is added to the cell culture in combination with either serum complement or 

immune cells which may be activated by the antigen antibody complexes. Cytolysis of the 

target cells is detected by the release of label from the lysed cells. In fact, antibodies can be 

screened using the patient's own serum as a source of complement and/or immune cells. The 

20 'antibody that is capable of activating complement or mediating ADCC in the in vitro test can 

then be used therapeutically in that particular patient. 

This invention specifically encompasses consensus Fe antibody domains prepared and 

used according to the teachings of this invention. 

25 Therapeutic and Other Uses of the Antibodies 

When used in vivo for therapy, the antibodies of the subject invention are administered 

to the patient in therapeutically effective amounts (i.e. amounts that have desired therapeutic 

effect). They will normally be administered parenterally. The dose and dosage regimen will 

depend upon the degree of the infection, the characteristics of the particular antibody or 

30 immunotoxin used, e.g., its therapeutic index, the patient, and the patient's history. 

Advantageously the antibody or immunotoxin is administered continuously over a period of 1 -2 

weeks, intravenously to treat cells in the vasculature and subcutaneously and intra peritoneally 

to treat regional lymph nodes. Optionally, the administration is made during the course of 

adjunct therapy such as combined cycles of radiation, chemotherapeutic treatment, or 
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administration of tumor necrosis factor. interferon or other cytoprotective or 

imll)unomodulatory agent. 

For parenteral administration the antibodies will be formulated in a unit dosage injectable 

·form (solution. suspension. emulsion) in association with a pharmaceutically acceptable 

parenteral vehicle. Such vehicles are inherently nontoxic, and non-therapeutic. Examples of 

such vehicles are water, saline, Ringer's solution, dextrose solution, and 5% human serum 

albumin. Nonaqueous vehicles such as fixed oils and ethyl oleate can also be used. Liposomes -

may be used as carriers. The vehicle may contain minor amounts of additives such as 

substances that enhance isotonicity and chemical stability, e.g., buffers and preservatives. 

10 The antibodies will typically be formulated in such vehicles at concentrations of about 1 mg/ml 

to 10 mg/ml. 

15 

Use of lgM antibodies may be preferred for certain applications, however lgG molecules 

by being smaller may be more able than lgM molecules to localize to certain types of infected 

cells. 

There is evidence that complement activation in vivo ·leads to a variety of biological 

effects, including the induction of an inflammatory response and the activation of macro phages 

(Uananue and Benecerraf, Textbook of Immunology, 2nd Edition, Williams & Wilkins. p. 218 

(1 984)). The increased vasodilation accompanying inflammation may increase the ability of 

various agents to localize in infected cells. Therefore. antigen-antibody combinations of the 

20 type specified by this invention can be used therapeutically in many ways. Additionally, 

purified antigens (Hakomori, Ann. Rev. lmmunol. 2:103 (1984)) or anti-idiotypic antibodies 

(Nepom eta/., Proc. Nat/. Acad. Sci. 81:2864 (1985); Koprowski et at .• Proc. Nat/. Acad. Sci. 

81 :21 6 ( 1 984)} relating to such antigens could be used to induce an active immune response 

in human patients. Such a response includes the formation of antibodies capable of _activating 

25 human complement and mediating ADCC and by such mechanisms cause infected cell 

destruction. 

Optionally, the antibodies of this invention are useful in passively immunizing patients, 

as e-xemplified by the administration of humanized anti-HIV antibodies. 

The antibody compositions used in therapy are formulated and dosages established in 

30 a fashion consistent with good medical practice taking into account the disorder to be treated. 

the condition of the individual patient, the site of delivery of the composition, the method of 

administration and other factors known to practitioners. The antibody compositions are 

prepared for administration according to the description of preparation of polypeptides for 

administration, infra. 
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Deposit of Materials 

··-· As described above, cultures of the muMAb4D5 have been deposited with the 

American Type Culture Collection, 12301 Parklawn Drive. Rockville,.MD, USA (ATCCl. 

This deposit was made under the provisions of the Budapest Treaty on the International 

5 Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure and the -

Regulations thereunder (Budapest Treaty). This assures maintenance of viable cultures for 30 

years from the date of. the deposit. The organisms will be made available by ATCC under the 

terms of the Budapest Treaty, and subject to an agreement between Genentech, Inc. and 

ATCC, which assures permanent and unrestricted availability of the progeny of the cultures 

10 _ to the public upon issuance of the pertinent U.S. patent or upon laying open to the public of 

any U.S. or foreign patent application, whichever comes first. and assures availability of the 

progeny to one determined by the U.S. Commissioner of Patents and Trademarks to be entitled 

thereto according to 35 USC § 122 and the Commissioner's rules pursuant thereto (including 

37 CFR § 1.12 with particular reference to 886 OG 638). 

15 In respect of those designations in which a European patent is sought, a sample of the 

20 

deposited microorganism will be made available until the publication of the mention of the 

grant of the European patent or until the date on which the application has been refused or 

withdrawn or is deemed to be withdrawn, only by the issue of such a sample to an expert 

nominated by the person requesting the sample. (Rule 28(4) EPCl 

The assignee of the present application has agreed that if the cultures on deposit should 

die or be lost or destroyed when cultivated under suitable conditions, they will be promptly 

replaced on notification with a viable specimen of the same culture. Availability of the 

deposited strain is not to be construed as a license to practice the invention in contravention 

of the rights granted under the authority of any government in accordance with its patent 

25 laws. 

The foregoing written specification is considered to be sufficient to enable one skilled 

in the art to practice the invention. The present invention is not to be limited in scope by the 

donstructs deposited, since the deposited embodiments are intended to illustrate only certain 

aspects of the invention and any constructs that are functionally equivalent are within the 

30 scope of this invention. The deposit of material herein does not constitute an admission that 

the written description herein contained is inadequate to enable the practice of any aspect of 

the invention, including the best mode thereof, nor is it to be construed as limiting the scope 

of the claims to the specific illustrations that they represent. Indeed, various modifications of 

the invention in addition to those shown and described herein will become apparent to those 

PFIZER EX. 1502 
Page 1222



W092122653 PCT /US92105126 

skilled in the art from the foregoing description and fall within the scope of the appended 

clairT)s. .. -. 

It is understood that the application of the teachings of the present invention to a 

specific problem or situation will be within the capabilities of one having ·ordinary skill in the 

s art in light of the teachings contained herein. Examples of the products of the present 

invention and representative processes· for their isolation, use, and manufacture appear below. 

but should not be construed .to limit the invention. 

10 

EXAMPLES 

EXAMPLE 1. HUMANIZATION OF muMAb4D5 

Here we report the chimerization of muMAb4D5 (chMAb4D5) and the rapid and 

simultaneous humanization of heavy (VH) and light (Vll chain variable region genes using a 

15 novel "gene conversion mutagenesis" strategy. Eight humanized variants (huMAb4D5) were 

constructed to probe the importance of several FR residues identified by our molecular 

modeling or previously proposed to be critical to the conformation of particular CDRs (see 

Chothia, C. & Lesk, A. M., J. Mol. Bioi. 196:901-917 (1987); Chothia, C. eta/., Nature 

342:877-883 (1989); Tramontano, A. eta!., J. Mol. Bioi. 215:175-182 (1990)). Efficient 

20 transient expression of humanized variants in non-myeloma cells allowed us to rapidly 

investigate the relationship between binding affinity for p185HER2 ECD and anti-proliferative 

activity against p185HER2 overexpressing carcinoma cells. 

MATERIALS and METHODS 

Cloning of Variable Region Genes. The muMAb405 VH and VL genes were isolated by 

25 polymerase chain reaction (PCR) amplification of mRNA from the corresponding hybridoma 

(Fendly, B. M. et a/., Cancer Res. 50:1550-1558 (1990)) as described by Orlandi et al. 

(Orlandi, R. eta/., Proc. Nat/. Acad. Sci. USA 86:3833-3837 (1989)). Amino terminal 

sequencing of muMAb4D5 VL and VH was used to design the sense strand PCR primers, 

whereas the anti-sense PCR primers were based upon consensus sequences of murine 

. 30 framework residues (Orlandi, R. eta/., Proc. Nat/. Acad. Sci. USA 86:3833-3837 (1 989); 

Kabat, E. A. eta/., Sequences of Proteins of Immunological Interest (National Institutes of 

Health, Bethesda, MD, 1 987)) incorporating restriction sites for directional cloning shown by 

underlining and listed after the sequences: VL sense, 5'

TCCGATATCCAGCTGACCCAGTCTCCA-3' (SEQ. ID NO. 7). EcoRV; VL anti-sense. 5'-
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.. 
GTTTGATCTCCAGCTTGGTACCHSCDCCGAA-3' (SEQ. ID NO. 8), Asp718; VH sense. 5'-

AGGTSMARCTGCAGSAGTCWGG-3' (SEQ. ID NO. 9). Pstl and VH anti-sense. 5'

TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG-3' CSEQ. ID NO. lO).,.BstEII; where H = 

A or C or T, S = C or G, D = A or G or T, M = A or C, R = A or G and W = A or T. The 

5 PCR products were cloned into pUC1 19 (Vieira, J. & Messing, J., Methods Enzymol. 153:3-1 1 

· (1 987)} and five clones for each variable domain sequenced by the dideoxy method (Sanger, 

F. eta/., Proc. Nat!. Acad. Sci. USA 74:5463-5467 (1977}). 

Molecular Modelling. Models for muMAb4D5 VH and VL domains were constructed 

separately from consensus coordinates based upon seven Fab structures from the Brookhaven 

10 ' protein data bank (entries 1 FB4, 2RHE, 2MCP, 3FAB, 1 FBJ, 2HFL and 1 REI}. The Fab 

fragment ~OL (Marquart, M. eta/., J. Mol. Bioi. 141:369-391 (1980)) was first chosen as a 

template for VL and VH domains and additional structures were then superimposed upon this 

structure using their main chain atom coordinates (INSIGHT program, Biosym Technologies). 

The distance from the template Ca to the analogous Cain each of the superimposed structures 

15 was calculated for each residue position. If all (or nearly all) Ca-Ca distances for a given 

c· residue were s 1 A. then that position was included in the consensus structure. In most cases 

the P-sheet framework residues satisfied these criteria whereas the CDR loops did not. For 

each of these selected residues the average coordinates for individual N. Ca. C. 0 and CP 

atoms were calculated and then corrected for resultant deviations from non-standard bond 

20 geometry by 50 cycles of energy minimization using the DISCOVER program CBiosym 

·Technologies) with the AMBER forcefield (Weiner, S. J. et a/., J. Amer. Chem. Soc. 

106:765-784 (1984)) and Ca coordinates fixed. The side chains of highly conserved residues, 

such as the- disulfide-bridged cysteine residues, were then incorporated into the resultant 

consensus structure. Next the sequences of muMAb4D5 VL and VH were incorporated 

25 starting with the CDR residues and using the tabulations of CDR conformations from Chothia 

et al. (Chothia, C. eta/., Nature 342:877-883 C1,989)) as a guide. Side-chain conformations 

were chosen on the basis of Fab crystal structures, rotamer libraries (Ponder, J. W. & Richards. 

F. M., J. Mol. Bioi. 193:775-791 (1987)) and packing considerations. Since VH·CDR3 could 

~not be assigned a definite backbone conformation from these criteria, two models were created 

30 from a search of similar sized loops using the INSIGHT program. A third model was derived 

using packing and solvent exposure considerations. Each model was then subjected to 5000 

cycles of energy minimization. 

In humanizing muMAb4D5, consensus human sequences were first derived from the 

most abundant subclasses in the sequence compilation of Kabat et al. (Kabat, E. A. eta/., 
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Sequences of Proteins of Immunological Interest (National Institutes of Health, Bethesda, MD, 

1 98]J>.p.amely VL K subgroup I and VH group Ill, and a molecular model generated for these 

sequences using the methods described above. A structure for huMAb4D5 was created by 

···mmsferring "the ·CDRs ·from "the ·muMAb405 ·model1nto the ·consensus ·human structure. All 

5 huMAb4D5 variants contain human replacements of muMAb4D5 residues at three positions 

within CDRs as defined by sequence variability (Kabat, E. A. eta/., Sequences of Proteins of 

Immunological Interest {National Institutes of Health, Bethesda, MD, 1987)) but not as defined 

by structural variability (Chothia, C. & Lesk, A. M., J. Mol. Bioi. 196:901-917 (1987)): 

VL·CDR1 K24R, VL·CDR2 R54L and VL·CDR2 T56S. Differences between muMAb4D5 and 

10 the human consensus framework residues (Fig. 1) were individually modeled to investigate 

their possible influence on CDR conformation and/or binding to the p1 85HER2 ECD. 

Construction of Chimeric Genes. Genes encoding chMAb405 light and heavy chains 

were separately assembled in previously described phagemid vectors containing the human 

cytomegalovirus enhancer and promoter, a 5' intron and SV40 polyadenylation signal (Gorman, 

15 C. M. eta/., DNA & Prot. Engin. Tech. 2:3-10 (1990)). Briefly, gene segments encoding 

muMAb405 VL (Fig. 1A) and REI human K 1 light chain CL (Palm, W. & Hilschmann, N., Z. 

Physiol. Chem. 356:167-191 (1975)) were precisely joined as were genes for muMAb4D5 VH 

(Fig. 1Bl and human y1 constant region (Capon, D. J. eta/., Nature 337:525-531 (1989)) by 

simple subcloning (Boyle, A., in Current Protocols in Molecular Biology, Chapter 3 (F. A. 

20 Ausubel et al., eds., Greene Publishing & Wiley-lnterscience, New York, 1990)) and 

site-directed mutagenesis (Carter, P., in Mutagenesis: A Practical Approach, Chapter 1 (IRL 

Press, Oxford, UK 1991 )). The y1 isotype was chosen as it has been found to be the preferred 

human isotype for supporting ADCC and complement dependent cytotoxicity using matched 

sets of chimeric (Bruggemann, M. eta/., J. Exp. Med. 166:1351-1361 (1 987)) or humanized 

25 antibodies (Riechmann, L. eta/., Nature 332:323-327 (1988)). The PCR-generated VL and VH 

fragments (Fig. 1) were subsequently mutagenized so that they faithfully represent the 

sequence of muMAb4D5 determined at the protein level: VH 01 E. VL V1 04L and T1 09A 

(variants are denoted by the amino acid residue and number followed by the replacement 

amino acid). The human y1 constant regions are identical to those reported by Ellison et al. 

30 (Ellison, J. W. eta/., Nucleic Acids Res. 13:4071-4079 (1982)1 except for the mutations 

E359D and M361L (Eu numbering, as in Kabat, E. A. et al., Sequences of Proteins of 

Immunological Interest (National Institutes of Health, Bethesda, MD, 1 987)) which we installed 

to convert the antibody from the naturally rare A allotype to the much more common non-A 

allotype (Tramontano, A. et al., J. Mol. Bioi. 215:175-182 (1990)). This was an attempt to 
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reduce the risk of anti-allotype antibodies interfering with therapy. 

···- 'Construction of Humanized Genes. Genes encoding chMAb4D5 light chain and heavy 

chain Fd fragment C\(H and CH 1 domains) were subcloned ~ogetber.into,.pUC119 (Vieira, J. & 

Messing, J., Methods Enzymol. 153:3-1 1 (1987)) to create pAK1 and simultaneously 

5 humanized in a single step (Fig. 2). Briefly, sets of 6 contiguous oligonucleotides were 

designed to humanize VH and VL (Fig. 11. These oligonucleotides are 28 to 83 nucleotides in 

length, contain zero to 19 mismatches to the murine antibody template and are constrained 

to have 8 or 9 perfectly matched residues at each end to promote efficient annealing and 

ligation of adjacent oligonucleotides. The sets of VH and VL humanization oligonucleotides (5 

10 pmol eachl were phosphorylated with either ATP or y-32P-ATP (Carter, P. Methods Enzymol. 

154:382-403 (1987)) and separately annealed with 3.7 pmol of pAK1 template in 40 pi 10 

mM Tris-HCI (pH 8.0) and 10 mM MgCI2 by cooling from 100 oc to room temperature over 

- 30 min. The annealed oligonucleotides were joined by incubation with T 4 DNA ligase (12 

units; New England Biolabs) in the presence of 2 pi 5 mM ATP and 2 pi 0.1 M OTT for 10 min 

IS at 14 oc. After electrophoresis on a 6% acrylamide sequencing gel the assembled 

·oligonucleotides were located by autoradiography and recovered by electroelution. The 

assembled oligonucleotides ( -0.3 pmol each) were simultaneously annealed to 0.15 pmol 

·single-stranded deoxyuridine-containing pAK1 prepared according to Kunkel et al. (Kunkel, T. 

A. eta{ .• Methods Enzymol. 154:367-382 (1987)) in 10pl40 mM Tris-HCr' (pH 7.5) and 16 

20 mM MgCI2 as above. Heteroduplex DNA was constructed by extending the primers with T7 

DNA polymerase and transformed into E. coli BMH 71-18 mutl as _previously described 

(Carter, P., in Mutagenesis: A Practical Approach, Chapter 1 (IRL Press, Oxford, UK 1991 )). 

The resultant phagemid DNA pool was enriched first for huVL by restriction purification using 

Xhol and then for huVH by restriction selection using Stul as described in Carter, P., in 

25 Mutagenesis: A Practical Approach, Chapter 1 (IRL Press. Oxford, UK 1991 ); and in Wells, 

J. A. eta!., Phil. Trans. R. Soc. Lond. A 317:415-423 (1986). Resultant clones containing 

both huVL and huVH genes were identified by nucleotide sequencing (Sanger, F. et ai.,-Proc. 

Nat/. Acad. Sci. USA 74:5463-5467 (19771) and designated pAK2. Additional humanized 

variants were generated by site-directed mutagenesis (Carter, P., in Mutagenesis: A Practical 

30 Approach, Chapter 1 (IRL Press. Oxford, UK 1991 )). The muMAb4D5 Vl and VH gene 

segments in the transient expression vectors described above were then precisely replaced 

with their humanized versions. 

Expression and Purification of MAb405 Variants. Appropriate MAb4D5 light and heavy 

chain eDNA expression vectors were co-transfected into an adenovirus transformed human 
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embryonic kidney cell line, 293 (Graham, F. L. eta!., J. Gen. Virol. 36:59-72 (1977)) using a 

high.efficiency procedure (Gorman, C. M. eta!., DNA & Prot. Engin. Tech. 2:3-10 (19901; 

Gor: . .31'), C .• in DNA Cloning, volll, pp 143-190 (0. M. Glover, ed .• IRL Press, Oxford. UK 

1985)). 'Media were harvested daily for up to 5 days and the cells re-fed with serum free 

media. Antibodies were recovered from the media and affinity purified on protein A sepharose. 

CL-48 (Pharmacia) as described by the manufacturer. The eluted antibody was 

buffer-exchanged into phosphate-buffered saline by G25 gel filtration. concentrated by 

ultrafiltration (Centriprep-30 or Centricon-1 00, Amicon), sterile-filtered (Millex-GV, Millipore) 

and stored at 4 oC. The concentration of antibody was determined by using both total 

10 immunoglobulin and antigen binding ELISAs. The standard used was huMAb4D5-5. whose 

concentration had been determined by amino acid composition analysis. 

Cell Proliferation Assay. The effect of MAb4D5 variants upon proliferation of the 

human mammary adenocarcinoma cell line, SK-BR-3, was investigated as previously described 

(Fendly, B. M. et a/., Cancer Res. 50:1550-1558 (1990)) using saturating MAb4D5 

15 concentrations. 

Affinity Measurements. The antigen binding affinity of MAb4D5 variants was 

determined using a secreted form of the p1 85HER2 ECD prepared as described in Fendly, B. 

M. eta!., J. Bioi. Resp. Mod. 9:449-455 (1990). Briefly, antibody and p185HER2 ECD were 

incubated in solution until equilibrium was found to be reached. The concentration of free 

20 antibody was then determined by ELISA using immobilized p185HER2 ECD and used to 

calculate affinity (Kd) according to Friguet et al. (Friguet, B. et a/., J. lmmunof. Methods 

77:305-319 (1985)). 

25 

RESULTS 

Humanization of muMAb4DS. The muMAb4DS VL and VH gene segments were first 

cloned by PCR and sequenced (Fig. 1 ). The variable genes were then simultaneously 

humanized by gene conversion mutagenesis using preassembled oligonucleotides (Fig. 2). A 

31 1 -iner oligonucleotide containing 39 mismatches to the template directed 24 simultaneous 

amino acid changes required to humanize muMAb4DS VL. Humanization of muMAb4D5 VH 

.30 required 32 amino acid changes which were installed with a 361 -mer containing 59 

mismatches to the muMAb4D5 template. Two out of 8 clones sequenced precisely encode 

huMAb4DS-5, although one of these clones contained a single nucleotide imperfection. The 

6 other clones were essentially humanized but contained a small number of errors: < 3 

nucleotide changes and < 1 single nucleotide deletion per kilobase. Additional humanized 
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,k 
variants (Table 3) were constructed by site-directed mutagenesis of huMAb405-5. 

--"" Expression levels of huMAb405 variants were in the range of 7 to 15 pg/ml as judged 

by ELISA using immobilized p 185HER2 ..ECD. Successive.harvests of five 10 cml)lates allowed 

200 pg to 500 mg of each variant to be produced in a week. Antibodies affinity purified on 

s protein A gave a single band on a Coomassie blue stained SDS polyacrylamide gel of mobility 

consistent with the expected Mr of - 150 kDa. Electrophoresis under reducing conditions gave 

2 bands consistent with the expected Mr of free heavy (48 kOa) and light (23 kDa) chains (not 

shown). Amino terminal seQuence analysis (1 0-cycles) gave the mixed seQuence expected 

(see Fig. 1) from an eQuimolar combination of light and heavy chains (not shown). 

10 

huMAb4D5 Variants. In general, the FR residues were chosen from consensus human 

seQuences (Kabat, E. A. et at., Sequences of Proteins of Immunological Interest (National 

Institutes of Health, Bethesda, MD, 1987)) and CDR residues from muMAb405. Additional 

variants were constructed by replacing selected human residues in huMAb405-1 with their 

IS muMAb405 counterparts. These are VH residues 71, 73, 78, 93 plus 102 and VL residues 

55 plus 66 identified by our molecular modeling. VH residue 71 has previously been proposed 

by others (Tramontano, A. eta/., J. Mol. Bioi. 215:175-182 (1990)) to be critical to the 

conformation of VH-CDR2. Amino acid sequence differences between huMAb405 variant 

molecules are shov.m in Table 3, together with their pl85HER2 ECD binding affinity and 

20 maximal anti-proliferative activities against SK-BR-3 cells. Very similar Kd values were 

obtained for binding of MAb405 variants to either SK-BR-3 cells or to p185HER2 ECD (Table 

3). However, Kd estimates derived from binding of MAb405 variants to p185HER2 ECD were 

more reproducible with smaller standard errors and consumed much smaller Quantities of 

antibody than binding measurements with whole cells. 

25 The most potent humanized variant designed by molecular modeling, huMAb405-8, 

contains 5 FR residues from muMAb405. This antibody binds the p 185HER2 ECD 3-fold more 

tightly than does muMAb405 itself (Table 3) and has comparable anti-proliferative activity with 

SK-BR-3 cells (Fig. 3). In contrast, huMAb405-1 is the most humanized but least potent 

muMAb405 variant, created by simply installing the muMAb405 CDRs into the consensus 

30 human seQuences. huMAb405-1 binds the p185HER2 ECD SO-fold less tightly than does the 

murine antibody and has no detectable anti-proliferative activity at the highest antibody 

concentration investigated (16 pg/ml). 

The anti-proliferative activity of huMAb405 variants against p185HER2 overexpressing 

SK-BR-3 cells is not simply correlated with their binding affinity for the p185HER2 ECO. For 
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example, installation of three murine residues into the VH domain of huMAb405-2 CD73T, 

L78_~_al)q A93S) to create huMAb405-3 does not change the antigen binding affinity but does 

confer significant anti-proliferative activity (Table 3). 

The ·importance ·of VH residue 71 {Tramontano, A. eta/., J. Mot. Bioi. 215:175~1'82 

(1990)) is supported by the observed 5-fold increase in affinity for p185HER2 ECD on 

replacement of R71 in huMAb405-1 with the corresponding murine residue, alanine 

(huMAb405-2). In contrast, replacing VH L78 in huMAb405-4 with the murine residue, 

alanine (huMAb405-5), does not significantly change the affinity for the p18sHER2 ECD or 

change anti-proliferative activity, suggesting that residue 78 is not of critical functional 

10 significance to huMAb4D5 and its ability to interact properly with the extracellular domain of 

plSSHER2. 

VL residue 66 is usually a glycine in human and murine K chain sequences (Kabat, E. 

A. et a/., Sequences of Proteins of Immunological Interest (National Institutes of Health, 

Bethesda, MD, 1 987)) but an arginine occupies this position in the muMAb405 k light chain. 

15 The side chain of residue 66 is likely to affect the conformation of VL·CDR 1 and VL·CDR2 and 

the hairpin turn at 68-69 (Fig. 4). Consistent with the importance of this residue, the mutation 

VL G66R (huMAb405-3 -+ huMAb4D5-5) increases the affinity for the p185HER2 ECD by 

4-fold with a concomitant increase in anti-proliferative activity. 

From molecular modeling it appears that the tyrosyl side chain of muMAb405 VL 

20 residue 55 may either stabilize the conformation of VH-CDR3 or provide an interaction at the 

VL-VH interface. The latter function may be dependent upon the presence of VH Yl 02. In the 

context of huMAb405-5 the mutations VL E55Y (huMAb405-6) and V H V1 02Y (huMAb4D5-7) 

individually increase the affinity for pl 85HER2 ECD by 5-fold and 2-fold respectively, whereas 

together (huMAb405-8) they increase the affinity by 11-fold. This is consistent with either 

25 proposed role of VL Y55 and VH Y102. 

Secondary Immune Function of huMAb405-8. MuMAb405 inhibits the growth of 

human breast tumor cells which overexpress p 185HER2 (Hudziak, R. M. et a/., Mole c. Cell. 

Bio/:9:1 165-1172 (1989)). The antibody, however, does not offer the possibility of direct 

tumor cytotoxic effects. This possibility does arise in huMAb4D5-8 as a result of its high 

. 30 affinity (Kd = 0.1 pMl and its human lgG 1 subtype. Table 4 compares the ADCC mediated 

by huMAb4D5-8 with muMAb4D5 on a normal lung epithelial cell line, Wl-38, which expresses 

a low level of p185HER2 and on SK-BR-3, which expresses a high level of p185HER2. The 

results demonstrate that: (1 l huMAb4D5 has a greatly enhanced ability to carry out ADCC as 

compared with its murine parent; and (2) that this activity may be selective for cell types 

PFIZER EX. 1502 
Page 1229



wo 92/22653 PCf /US92/0S126 

which overexpre;s p185HER2 . 
. ,.- ,-·· 

·DISCUSSION 

MuMAb4D5 is potentially useful for human therapy since it is cytostatic towards 

5 human breast and ovarian tumor lines overexpressing the HER2-encoded p185HER2 

receptor-like tyrosine kinase. Since both breast and ovarian carcinomas are chronic diseases 

it is anticipated that the optimal MAb4D5 variant molecule for therapy will have low 

immunogenicity and will be cytotoxic rather than solely cytostatic in effect. Humanization of 

muMAb4D5 should accomplish these goals. We have identified 5 different huMAb4D5 

10 _ ... variants which bind tightly to p185HER2 ECD (Kd s 1 nMl and which have significant 

15 

anti-proliferative activity (Table 3). Furthermore huMAb4D5-8 but not muMAb4D5 mediates 

ADCC against human tumor cell lines overexpressing p185HER2 in the presence of human 

effector cells (Table 4) as anticipated for a human y1 isotype (Bruggemann, M. et at., J. Exp. 

Med. 166:1351-1361 (1987); Riechmann, L. eta/., Nature 332:323-327 (1988)). 

Rapid humanization of huMAb4D5 was facilitated by the gene conversion mutagenesis 

strategy developed here using long preassembled oligonucleotides. This method requires less 

than half the amount of synthetic DNA as does total gene synthesis and does not require 

convenient restriction sites in the target DNA. Our method appears to be simpler and more 

reliable than a variant protocol recently reported (Rostapshov, V. M. et a/., FEBS Lett. 

20 249:379-382 (1989)). Transient expression of huMAb4D5 in human embryonic kidney 293 

cells permitted the isolation of a few hundred micrograms of huMAb4D5 variants for rapid 

characterization by growth inhibition and antigen binding affinity assays. Furthermore, 

different combinations of light and heavy chain were readily tested by co-tral)sfection of 

corresponding eDNA expression vectors. 

25 The crucial role of molecular modeling in the humanization of muMAb4D5 is illustrated 

by the designed variant huMAb4D5-8 which binds the p185HER2 ECD 250-fold more tightly 

than the simple CDR loop swap variant, huMAb4D5-1. It has previously been shown that the 

antigen binding affinity of a humanized antibody can be increased by mutagenesis based upon 

molecular modelling (Riechmann, L. eta/., Nature 332:323-327 (1988); Queen, C. eta/., Proc. 

30 Nat/. Acad. Sci. USA 86:10029-10033 (198911. Here we have extended this earlier work by 

others with a designed humanized antibody which binds its antigen 3-fold more tightly than 

the parent rodent antibody. While this result is gratifying, assessment of the success of the 

molecular modeling must await the outcome of X-ray structure determination. From analysis 

of huMAb4D5 variants (Table 3) it is apparent that their anti-proliferative activity is not a 
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tl 
simple function of their binding affinity for p1 ssHER2 ECO. For example the huMAb405-8 

variant .binds p1 ssHER2 3-fold more tightly than muMAb405 but the humanized variant is 

slightly less potent in blocking the proliferation of SK-BR-3 cells. Additional huMAb405 

variants are. currently being constructed in an attempt to identify residues triggering the 

s anti-proliferative activity and in an attempt to enhance this activity. 

In addition to retaining tight receptor binding and the ability to inhibit cell growth, the 

huMAb405-8 also confers a secondary immune function (AOCC). This allows for direct 

cytotoxic activity of the humanized molecule in the presence of human effector cells. The 

apparent selectivity of the cytotoxic activity for cell types which overexpress p 185HER2 allows 

10 for the evolution of a straightforward clinic approach to those human cancers characterized 

by overexpression of the HER2 protooncogene. 
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Table 3. p1 85HER2 ECD binding affinity and anti-proliferative activities of MAb4D5 variants 

V8 .Resi..due • lTL Residue" 

5 MAb4D5 71 73 78 93 102 55 66 K/ Relative 

cell 

Variant FR3 FR3 FR3 FR3 CDR3 CDR2 FR3 nM 

proliferation* 

10 huMAb4D5-l R D L A v E G 25 102 

huMAb4D5-2 Ala D L A v E G 4.7 101 

huMAb4D5-3 Ala Thr Ala Ser v E G 4.4 66 

huMAb4D5-4 Ala Thr L Ser v E Arg 0.82 56 

huMAb4D5-5 Ala Thr Ala Ser v E Arg 1.1 48 

IS huMAb4D5-6 Ala Thr Ala Ser v Tyr Arg 0.22 51 

huMAb4D5-7 Ala Thr Ala Ser TY.r E Arg 0.62 53 

huMAb4D5-8 Ala Thr Ala Ser Tyr Tyr Arg 0.10 54 

muMAb4D5 Ala Thr Ala Ser Tyr Tyr Arg 0.30 37 

20 Human and murine residues are shown in one letter and three letter amino acid code 

respectively. 

t Kd values for the pl ssHER2 ECD were determined using the method of Friguet et sl. (431 and 

the standard error of each estimate is s ± 10%. 

* Proliferation of SK-BR-3 cells incubated for 96 hr with MAb4D5 variants shown as a 

2S percentage of the untreated control as described (Hudziak, R. M. et sl., Mo/ec. Cell. Bioi. 

9:1165-1172 (1989)). Data represent the maximal anti-proliferative effect for each variant 

(see Fig. 3Al calculated as the mean of triplicate determinations at a MAb4D5 concentration 

of 8 pg/ml. Data are all taken from the same experiment with an estimated standard error of 
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s ± 15%. 
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Table 4. Selectivity of antibody dependent tumor cell cytotoxicity mediated by huMAb405-8 
• ~: -• ;- • I 

'WI- 38• SK-BR-3 

Effector:Target 

muMAb4D5 huMAb4D5-8 muMAb4D5 huMAb4D5-8 

A.* 25:1 <1.0 9.3 7.5 40.6 

12.5:1 <1.0 11.1 4.7 36.8 

6.25:1 <1.0 8.9 0.9 35.2 

3.13:1 <1.0 8.5 4.6 19.6 

B. 25:1 <1.0 3.1 6.1 33.4 

12.5:1 <1.0 1.7 5.5 26.2 

6.25:1 1.3 2.2 2.0 21.0 

3.13:1 <1.0 0.8 2.4 13.4 

• Sensitivity to ADCC of two human cell lines (WI-38, normal lung epithelium; and SK-8R-3, 

human breast tumor cell line) are compared. Wl-38 expresses a low level of p185HER2 (0.6 

pg per pg cell protein} and SK-8R-3 expresses a high level of p185HER2 (64 pg p185HER2 per 

pg cell protein}. as determined by ELISA (Fendly et al., J. Bioi. Resp. Mod. 9:449-455 (1990)}. 

t ADCC assays were carried out as described in Bruggemann et al., J. Exp. Med. 

166:1351-1361 (19871. Effector to target ratios were of IL-2 activated human peripheral 

blood lymphocytes to either Wl-38 fibroblasts or SK-BR-3 tumor cells in 96-well microtiter 

plates for 4 hours at 37 oC. Values given represent percent specific cell lysis as determined 

by Sl Cr release. Estimated standard error in these Quadruplicate determinations was s 

± 10%. 

~ Monoclonal antibody concentrations used were 0.1 pg/ml (A) and 0.1 pg/ml (81. 
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··· ·· E.XAMPLE 2. Schematic Method for Humanizing an Antibody Sequence 

This example illustrates one stepwise elaboration of the methods for 

creating a humanized sequence described above. It will be understood that 

not all of these steps are essential to the claimed invention, and that steps 

may be taken in different order. 

1. ascertain a consensus human variable domain amino acid sequence and 

prepare from it a consensus structural model. 

2. prepare model of import (the non-human domain to be humanized) 

3. 

variable domain sequences and note structural differences with respect 

to consensus human model. 

identify CDR sequences in human ahd in import, both by using Kabat 

(supra, 1987) and crystal structure criteria. If there is any difference 

in CDR identity from the different criteria, use of crystal structure 

definition of the CDR, but retain the Kabat residues as important 

framework residues to import. 

4. substitute import CDR sequences for human CDR sequences to obtain 

initial "humanized" sequence. 

5. compare import non-CDR variable domain sequence to the humanized 

sequence and note divergences. 

6. Proceed through the following analysis for each amino acid residue 

where the import diverges from the humanized. 

a. 

b. 

If the humanized residue represents a residue which is generally 

highly conserved across all species, use the residue in the 

humanized sequence. If the residue is not conserved across all 

species, proceed with the analysis described in 6b. 

If the residue is not generally conserved across all species, ask if 

the residue is generally conserved in humans. 

i. If the residue is generally conserved in humans but the 

import residue differs, examine the structural models of the 

import and human sequences and determine if the import 

residue would be likely to affect the binding or biological 
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activity of the CDRs by considering 1 ) could it bind antigen 

directly and 21 could it affect the conformation of the CDR. 

If the conclusion is that an affect on the .COBs is .likely, 

substitute the import residue. If the conclusion is that a 

CDR affect is unlikely, leave the humanized residue 

unchanged. 

ii. If the residue is also not generally conserved in humans, 

examine the structural models of the import and human 

sequences and determine if the import residue would be 

likely to affect the binding or biological activity of the CDRs 

be considering 1) could it bind antigen directly and 2) could 

it affect the conformation of the CDR. If the conclusion is 

that an affect on the CDRs is likely, substitute the import 

residue. If the conclusion is that a CDR affect is unlikely, 

proceed to the next step. 

a) Examine the structural models of the import and 

human sequences and determine if the residue is 

exposed on the surface of the domain or is buried 

within. If the residue is exposed, use the residue in 

the humanized sequence. If the residue is buried, 

proceed to the next step. 

(i) Examine the structural models of the import and 

human sequences and determine if the residue is 

likely to affect the VL - VH interface. Residues 

involved with the interface include: 34L, 36L, 

38L,43L, 33L, 36L, 85L, 87~ 89~ 91~ 96L, 

98L, 35H, 37H, 39H, 43H, 45H, 47H, 60H, 

91 H, 93H, 95H, 1 OOH, and 1 03H. If no effect 

is likely, use the residue in the humanized 

sequence. If some affect is likely, substitute the 

import residue. 

7. Search the import sequence, the consensus sequence and the 

humanized sequence for glycosylation sites outside the CDRs, and 

determine if this glycosylation site is likely to have any affect on 
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antigen binding and/or biological activity. If no effect is likely, use the 

human sequence at that site; if some. affect is likely, eliminate the 

glycosylation site or use the import sequence at that site. 

Alter completing the above analysis, determine the planned humanized 

sequence and prepare and test a sample. If the sample does not bind 

well to the target antigen, examine the particular residues listed below, 

regardless of the question of residue identity between the import and 

humanized residues. 

a. Examine particular peripheral (non-CDR) variable domain residues 

that may, due to their position, possibly interact directly with a 

macromolecular antigen, including the following residues (where 

the • indicates residues which have been found to interact with 

antigen based on crystal structures): 

i. Variable light domain: 36, 46, 49·, 63-70 

15 ii. Variable heavy domain: 2, 47·, 68, 70, 73-76. 

20 

25 

30 

b. Examine particular variable domain residues which could interact 

with, or otherwise affect, the conformation of variable domain 

CDRs, including the following (not including CDR residues 

themselves, since it is assumed that, because the CDRs interact 

with one another, any residue in one CDR could potentially affect 

the conformation of another CDR residue) (L = LIGHT, 

H =HEAVY, residues appearing in bold are indicated to be 

structurally important according the Chothia et a/., Nature 

342:877 (1989), and residues appearing in italic were altered 

during humanization by Queen eta/. (POL), Proc. Natl. Acad. Sci. 

USA 86:10029 (1989) and Proc. Natl. Acad. Sci. USA 88:2869 

(1991 ).): 

i. Variable light domain: 

a) CDR-1 (residues 24L-34Ll: 2L, 4L, 66L-69L, 71 L 

bl CDR-2 (residues 50L-56L): 35L, 46L, 47L, 48L, 49L, 

58L, 62L, 64L-66L, 71L, 73L 

c) CDR-3 (residues 89L-97l): 2L, 4L, 36L, 98L, 37H, 

45H,47H,58H,60H 

ii. Variable heavy domain: 
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a) CDR-1 (residues 26H-35H): 2H, 4H, 24H, 36H, 71H. 

73H. 76H, 78H.92H.94H 

b) CDR-2 (residues SOH-SSH}: 4.9H • ..69H, 69H, 71H, 

73H,78H 

c) CDR-3 (residues 95H-102H): examine all residues as 

possible interaction partners with this loop, because 

this loop varies in size and conformation much more 

than the other CDRs. 

If after step 8 the humanized variable·domain still is lacking in desired 

binding, repeat step 8. In addition, re-investigate any buried residues 

which might affect the VL- VH interface (but which would not directly 

affect CDR conformation). Additionally, evaluate the accessibility of 

non-CDR residues to solvent. 
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EXAMPLE 3. Engineering a Humanized Bispecific F!ab')2 Fragment 

This.example .demonstrates.the..construction.of..a .humanized.bispecific 

antibody (BsF(ab')2v1 by separate £. coli expression of each Fab' arm 

followed by directed chemical coupling in viiro. BsF(ab') 2 vt Canti-CD3 I 

anti-p 185HER2) was demonstrated to retarget the cytotoxic activity of human 

CD3+ CTL in vitro against the human breast tumor cell line, SK-BR-3, which 

overexpresses the p185HER2 product of the protooncogene H£R2. This 

example demonstrates the minimalistic humanization strategy of installing as 

few murine residues as possible into a human antibody in order to recruit 

antigen-binding affinity and biological properties comparable to that of the 

murine parent antibody. This strategy proved very successful for the anti

p185HER2arm of BsF(ab'hv1. In contrast BsF(ab') 2 vl binds toT cells via its 

anti-CD3 arm much less efficiently than does the chimeric BsF(ab'l 2 which 

contains the variable domains of the murine parent anti-CD3 antibody. Here 

we have constructed additional BsF(ab') 2 fragments containing variant anti

CD3 arms with selected murine residues restored in an attempt to improve 

antibody binding toT cells. One such variant, Bs F(ab'h v9. was created by 

replacing six residues in the second hypervariable loop of the anti-CD3 heavy 

chain variable domain of BsF(ab'l 2 v1 with their counterparts from the murine 

parent anti-CD3 antibody. BsF(ab'h v9 binds toT cells (Jurkat) much more 

efficiently than does BsF(ab') 2 vt and almost as efficiently as the chimeric 

BsF(ab') 2• This improvement in the efficiency of T cell binding of the 

humanized BsF(ab') 2 is an important step in its development as a potential 

therapeutic agent for the treatment of p 1 85HER2-overexpressing cancers. 

Bispecific antibodies (BsAbs) with specificities for tumor-associated 

·antigens and surface markers on immune effector cells have proved effective 

for retargeting effector cells to kill tumor targets both in vitro and in vivo 

(reviewed by Fanger, M. W. eta/., lmmunol. Today 10: 92-99 (1989); 

Fanger, M. W. eta/., lmmunol. Today 12: 51-54 (1991); and Nelson, H., 

Cancer Cells 3: 163-t 72 (1991 )). BsF(ab') 2 fragments have often been used 

in preference t.o intact BsAbs in retargeted cellular cytotoxicity to avoid the 

risk of killing innocent bystander cells binding to the Fe region of the 

antibody. An additional advantage of BsF(ab') 2 over intact BsAbs is that they 
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-are generally much simpler to prepare free of contaminating monospecific 

m.olecules {reviewed by Songsi~ilai, S. and Lachmann, P. J .. Clin. Exp. 

lmmunol. 79: 315-321 .( 1990) .and Nolan, 0 .. and .Q!Kennedy, ·R., Biochim. 

Biophys. Acta 1040: 1-11 (1990)). 

BsFCab'l 2 fragments are traditionally constructed by directed chemical 

coupling of Fab' fragments obtained by limited proteolysis plus mild reduction 

of the parent rodent monoclonal Ab (Brennan. M. eta/., Science 229, 81-83 

(1 9851 and Glennie, M. J. eta/., J. lmmunol. 139: 2367-2375 (1987)). One 

such BsF(ab'l 2 fragment (anti-glioma associated antigen I anti-CD31 was 

found to have clinical efficacy in glioma patients (Nitta, T. eta/., Lancet 335: 

368-371 ( 1990) and another BsF{ab'l 2 (anti-indium chelate I anti

carcinoembryonic antigen) allowed clinical imaging of colorectal carcinoma 

(Stickney, D. R. eta/., Antibody, lmmunoconj. Radiopharm. 2: 1-13 (1 989)). 

Future BsF(ab') 2 destined for clinical applications are likely to be constructed 

from antibodies which are either human or at least "humanized" (Riechmann. 

L. eta/., Nature 332: 323-327 (19881 to rec;iuce their immunogenicity (Hale, 

G. et al., Lancet i: 1394-1399 (1988)). 

Recently a facile route to a fully humanized BsFCab'l2 fragment designed 

for tumor immunotherapy has been demonstrated CShalaby, M. R. eta/., J. 

Exp. Med. 175: 217-225 (1992)). This approach involves separate E. coli 

expression of each Fab' arm followed by traditional directed chemical 

coupling in vitro to form the BsF(ab') 2 • One arm of the BsF(ab'h was a 

humanized version (Carter. P. eta/.. Proc. Nat/. A cad. Sci. USA ( 1 99 2a) and 

Carter, P .• eta/., Bio/Technology 10: 163-167 (1992b)) of the murine 

monoclonal Ab 4D5 which is directed against the p185K£Rl product of the 

protooncogene HER2 (c-erbB-21 (Fendly, B. M. et al .. Cancer Res. 50: 1550-

1558 ( 1989)). The humanization of the antibody 4DS is shown in Example 

1 of this application. The second arm was a minimalistically humanized anti

CD3 antibody (Shalaby et al. supra) which was created by installing the CDR 

loops from the variable domains of the murine parent monoclonal Ab UCHT1 

(Beverley, P. C. L. and Callard. R. E., Eur. J. lmmunol. 1 1: 329-334 (1981)) 

into the humanized anti-p185HER2 antibody. The BsF(ab')2 fragment 

containing the most potent humanized anti-CD3 variant (v1) was 

demonstrated by flow cytometry to bind specifically to a tumor target 
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overexpressing p185HER2 and to human peripheral blood mononuclear cells 

... - cp~rying CD3. In addition, Bs F(ab' )2 vl enhanced the cytotoxic effects of 

activated human CTL 4-fold against SK-BR-3 tumor cells overexpressing 

-p1"85JWU. Tile··example descries efforts "to improve ·the ·antigen binding 

affinity of the humanized anti-CD3 arm by the judicious recruitment of a 

small number of additional murine residues into the minimalistically 

humanized anti-CD3 variable domains. 

MATERIALS AND METHODS 

Construction of mutations in the anti-CD3 variable region genes. 

The construction of genes encoding humanized anti-CD3 variant 1 (v1) 

variable light CVtl and heavy CV"l chain domains in phagemid pUC119 has 

been described (Shalaby et at. supra). Additional anti-CD3 variants were 

generated using an efficient site-directed mutagenesis method (Carter, P .• 

Mutagenesis: a practical approach, (M. J. McPherson, Ed.), Chapter 1, IRL 

Press, Oxford, UK ( 1 991)) using mismatched oligonucleotides which either 

install or remove unique restriction sites. Oligonucleotides used are listed 

below using lowercase to indicate the targeted mutations. Corresponding 

coding changes are denoted by the starting amino acid in one letter code 

followed by the residue numbered according to Kabat, E. A. et al., Sequences 

of Proteins of Immunological Interest, 5th edition, National Institutes of 

Health. Bethesda, MD, USA (1991 ), then the replacement amino acid and 

finally the identity of the anti-CD3 variant: 

HX1 1, 5' GTAGATAAATCCtctAACACAGCCTAtCTGCAAATG 3' 

(SEQ.ID. NO. 1 1 l VH K75S, v6; 

HX12, 5' GTAGATAAATCCAAAtctACAGCCTAtCTGCAAATG 3' 

(SEQ.ID. NO. 12) VH N76S, v7;. 

HX1 3, 5' GTAGATAAATCCtcttctACAGCCTAtCTGCAAATG 3' 

(SEQ.ID. NO. 13) VH K75S:N76S, v8; 

X14, 5' CTTATAAAGGTGTTtCcACCTATaaCcAgAaatTCAA 

GGatCGTTTCACgATAtcCGTAGATAAATCC 3' CSEQ.ID.NO. 14) 

VH T57S:A60N:D61 O:S62K:V63F:G65D, v9; 

LX6, 5' CTATACCTCCCGTCTgcatTCTGGAGTCCC 3' (SEQ.ID. NO. 15) 
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VL E55H. v11. 

Oligonucleotides HX 11 • HX 12 .and .HX l3 ..each .remove -a site ,for BspMl, 

whereas LX6 removes a site for Xhol and HX14 installs a site for EcoRV 

(bold). Anti-CD3 variant v1 0 was constructed from v9 by site-directed 

mutagenesis using oligonucleotide HX 13. Mutants were verified by 

dideoxynucleotide sequencing (Sanger, F. et a/., Proc. Nat/. A cad. Sci. USA 

74: 5463-5467 (1977)). 

E. coli expression of Fab' fragments 

The expression plasmid, pAK19, for the co-secretion of light chain and 

heavy chain Fd' fragment of the most preferred humanized anti-p1 85HER2 

variant, HuMAb405-8, is described in Carter eta/., 1992b, supra. Briefly, 

the Fab' expression unit is bicistronic with both chains under the 

transcriptional control of the phoA promoter. Genes encoding humanized VL 

and VH domains are precisely fused on their 5' side to a gene segment 

encoding the heat-stable enterotoxin II signal sequence and on their 3' side 

to human k1 CL and lgG1 CH 1 constant domain genes. respectively. The CH 1 

gene is immediately followed by a sequence encoding the hinge sequence 

CysAiaAia and followed by a bacteriophage .A t 0 transcriptional terminator. 

Fab' expression plasmids for chimeric and humanized anti-CD3 variants (v1 

to v4, Shalaby et al.,supra; v6 to v1 2, this study) were created from pAK 19 

by precisely replacing anti-p185HER2 VL and VH gene segments with those 

encoding murine and corresponding humanized variants of the anti-CD3 

antibody, respectively, by sub-cloning and site-directed mutagenesis. The 

Fab' expression plasmid for the most potent humanized anti-CD3 variant 

identified in this study (v9) is designated pAK22. The anti-p185HER2 Fab' 

fragme~t was secreted from E. coli K12 strain 25F2 containing plasmid 

pAK 1. 9 grown for 32 to 40 hr at 37 • C in an aerated 10 liter ferment or. The 

final cell density was 120-1 50 00550 and the titer of soluble and functional 

anti-p185HER2 Fab' was 1-2 g/liter as judged by antigen binding ELISA (Carter 

eta/., 1992b, supra). Anti-CD3 Fab' variants were secreted from E. coli 

containing corresponding expression plasmids using very similar 

fermentation protocols. The highest expression titers of chimeric and 
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humanized anti-CD3 variants were 200 mg/liter and 700 mg/liter, 

respectively, as judged by total immunoglobulin ELISA. 

Construction of BsF(ab 'J 2 fragments 

Fab' fragments were directly recovered from E. coli fermentation pastes 

in the free thiol form (Fab'-SH) by affinity purification on Streptococcal 

protein G at pH 5 in the presence of EDTA (Carter eta/., 1992b supra). 

Thioether linked BsF(ab'l 2 fragments (anti-p185HER2 /. anti-CD3) were 

constructed by the procedure of Glennie· et a/. supra with the following 

modifications. Anti-p185HER2 Fab'-SH in 100 mM Tris acetate, 5 mM EDTA 

(pH 5.0) was reacted with 0.1 vol of 40 mM N,N'-1 ,2-phenylenedimalemide 

(o-PDMl in dimethyl formamide for - 1.5 hr at 20 ·C. Excess o-PDM was 

removed by protein G purification of the Fab' maleimide derivative (Fab'-mal) 

followed by buffer exchange into 20 mM sodium acetate, 5 mM EDTA (pH 

5.3) (coupling buffer) using centriprep-30 concentrators (Amicon). The total 

concentration of Fab' variants was estimated from the measured absorbance 

at 280 nm (HuMAb405-8 Fab' e0
·''" = 1 .56, Carter eta/., 1992b, supra). 

The free thiol content of Fab' preparations was estimated by reaction with 

5, 5'-dithiobis(2-nitrobenzoic acid) as described by Creighton, T. E., Protein 

structure: a practical approach, (T. E. Creighton, Ed.), Chapter 7, IRL Press, 

Oxford, UK (1990). Equimolar amounts of anti-p185HER2 Fab'-mal (assuming 

quantitative reaction of Fab'-SH with o-PDMl and each anti-CD3 Fab'-SH 

variant were coupled together at a combined concentration of 1 to 2.5 mg/ml 

in the coupling buffer for 14 to 48 hr at 4 ·C. The coupling reaction was 

adjusted to 4 mM cysteine at pH 7.0 and incubated for 1 5 min at 20 • C to 

reduce any unwanted disulfide-linked Flab' )2 formed. These reduction 

conditions are sufficient to reduce inter-heavy chain disulfide bonds with 

virtually no reduction of the disulfide between light and heavy chains. Any 

free thiols generated were then blocked with 50 mM iodoacetamide. 

BsF(ab'l 2 was isolated from the coupling reaction by S1 00-HR (Pharmacia) 

size exclusion chromatography (2.5 em x 100 em) in the presence of PBS. 

The BsF(ab'h samples were passed through a 0.2 mm filter flash frozen in 

liquid nitrogen and stored at -70 ·C. 
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Flow cytometric analysis of Ffab' )1 binding. to Jurkat cells 

The Jurkat human acute T cell leukemia cell line was purchased from 

the American Type Culture Collection .(Rockvjfle, MD) ·(ATCC TIB 152) and 

grown as recommended by the ATCC. Aliquots of 10e Jurkat cells were 

incubated with appropriate concentrations of BsF(ab') 2 (anti-p 185HER2 I anti

CD3 variant) or control mono-specific anti-p 18 5HER2 F(ab') 2 in PBS plus 0.1% 

(w/v) bovine serum albumin and 10 mM sodium azide for 45 min at 4 ·C. 

The cells were washed and then incubated with fluorescein-conjugated goat 

anti-human F(ab') 2 (Organon Teknika, West Chester, PAl for 45 min at 4 ·C. 

Cells were washed and analyzed on a FACScan· (Becton Dickinson and Co., 

Mountain View, CAl. Cells (8 x 103
) were acquired by list mode and gated 

by forward light scatter versus side light scatter excluding dead cells and 

debris. 

RESULTS 

Design of humanized anti-CD3 variants 

The most potent humanized anti-CD3 variant previously identified, v1, 

differs from the murine parent antibody, UCHT1 at 19 out of 107 amino acid 

residues within VL and at 37 out of 122 positions within VH (Shalaby et 

al.,supra) 1992). Here we recruited back additional murine residues into anti

CD3 v1 in an attempt to improve the binding affinity for CD3. The strategy 

chosen was a compromise between minimizing both the number of additional 

murine residues recruited and the number of anti-CD3 variants to be 

analyzed. We focused our attentions on a few CDR residues which were 

originally kept as human sequences in our minimalistic humanization regime. 

Thus human residues in VH CDR2 of anti-CD3 v1 were replaced en bloc with 

their murine counterparts to give anti-CD3 v9: 

T57S:A60N:D61 Q:S62K:V63F:G65D (Fig. 5). Similarly, the human residue 

E55 in VL CDR2 of anti-CD3 v1 was replaced with histidine from the murine 

anti-CD3 antibody to generate anti-CD3 v11. In addition, VH framework 

region (FR) residues 75 and 76 in anti-CD3 v1 were also replaced with their 

murine counterparts to create anti-CD3 v8: K75S:N76S. VH residues 75 and 

76 are located in a loop close to VH CDR1 and CDR2 and therefore might 
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influence antigen binding. Additional variants created by combining 

mutations at these three sites are described below. 

Preparation of BsFfab'J2 ·fragments 

Soluble and functional anti-p185HER2 and anti-C03 Fab' fragments were 

recovered directly from corresponding E. coli fermentation pastes with the 

single hinge cysteine predominantly in the tree thiol form (7 5-1 00 % Fab'

SH) by affinity purification on Streptococcal protein G at pH 5 in the 

presence of EDTA (Carteret a/., 1992b, supra). Thioether-linked BsF(ab')2 

fragments were then constructed by directed coupling using o-POM as 

described by Glennie eta/., supra. One arm was always the most potent 

humanized anti-p185HER2 variant, HuMAb405-8 (Carteret a/., 1992a, supra) 

and the other either a chimeric or humanized variant of the anti-CD3 

antibody. Anti-p185HERl Fab'-SH was reacted with o-PDM to form the 

maleimide derivative (Fab'-mal) and then coupled to the Fab'-SH for each 

anti-CD3 variant. F(ab') 2 was then purified away from unreacted Fab' by size 

exclusion chromatography as shown for a representative preparation 

(8sF(ab') 2 v8) in data not shown. The F(ab') 2 fragment represents -54% of 

the total amount of antibody fragments (by mass) as judged by integration 

of the chromatograph peaks. 

SOS-PAGE analysis of this BsF(ab') 2 vB preparation under non-reducing 

conditions gave one major band with the expected mobility CM, - 96 kDl as 

well as several very minor bands (data not shown). Amino-terminal seque~ce 

analysis of the major band after electroblotting on to polyvinylidene difluoride 

membrane Matsudaira, P., J. Bioi. Chem. 262: 10035-10038 (1987) gave 

the expected mixed sequence from a stoichiometric 1: 1 mixture of light and 

heavy chains (VL I VH: 0/E, IN, 0/0, M/L, TN, 0/E, S/S) expected for 

BsF(ab'b· The amino terminal region of both light chains are identical as are 

both heavy chains and correspond to consensus human FR sequences. We 

have previously demonstrated that F(ab'b constructed by directed chemical 

coupling carry both anti-p 185HER2 and anti-CD3 antigen specificities (Shalaby 

eta/., supra). The level of contamination of the BsF(ab') 2 with monospecific 

F(ab' )2 is likely to be very low since mock coupling reactions with either anti

p1 85HER2 Fab'-mal or anti-CD3 Fab'-SH alone did not yield detectable 
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quantities of F(ab' b· Furthermore the coupling reaction was subjected to a 

mild reduction step followed by alkylation to remove trace amounts of 

disulfide-linked F(ab' b that might be _pr.esent. .SDS-PAGE ,of .the purified 

F(ab' )2 under reducing conditions gave two major bands with 

electrophoretic mobility and amino terminal sequence anticipated for free light 

chain and thioether-linked heavy chain dimers. 

Scanning LASER densitometry of a o-PDM coupled F(ab') 2 preparation 

suggest that the minor species together represent - 10% of the protein. 

These minor contaminants were characterized by amino terminal sequence 

analysis and were tentatively identified on the basis of stoichiometry of light 

and heavy chain sequences and their electrophoretic mobility (data not 

shown). These data are consistent with the minor contaminants including 

imperfect F(ab' )2 in which the disulfide bond between light and heavy chains 

is missing in one or both arms, trace amounts of Fab' and heavy chain 

thioether-linked to light chain. 

Binding of BsFfab'J2 to Jurkat cells 

Binding of BsF(ab'l 2 containing different anti-CD3 variants to Jurkat 

. cells (human acute T cell leukemia) was investigated by flow cytometry (data 

not shown). BsF(ab'):z v9 binds much more efficiently to Jurkat cells than 

does our starting molecule, BsF(ab'l 2 v1, and almost as efficiently as the 

chimeric BsF(ab')2 • Installation of additional murine residues into anti-CD3 

v9 to create v1 0 (VH K75S:N76Sl and v12 (VH K75S:N76S plus VL E55H) did 

not further improve binding of corresponding BsF(ab') 2 to Jurkat cells. Nor 

did recruitment of these murine residues into anti-CD3 v1 improve Jurkat 

binding: VHK75S (v6), VHN76S (v7), VHK75S:N76S (v8), VL ESSH (v1 1) 

(not shown). BsF(ab')2 v9 was chosen for future study since it is amongst 

the most efficient variants in binding to Jurkat cells and contains fewest 

murine residues in the humanized anti-CD3 arm. A monospecific anti

p1 85HER2 F(ab' )2 did not show significant binding to Jurkat cells consistent 

with the interaction being mediated through the anti-CD3 arm. 

DISCUSSION 

A minimalistic strategy was chosen to humanize the anti-p185HER2 

PFIZER EX. 1502 
Page 1246



5 

10 

15 

20 

25 

30 

wo 92/22653 PCf /US92105126 

'81-
(Carteret a/ .• 1 992a. supra) and anti-CD3 arms {Shalaby et al .• supra) of the 

BSF(ab'l 2 in this study in an attempt to minimize the potential immunogenicity 

of the resulting humanized antibody in the clinic. Thus we tried to install the 

minimum number of murine CDR and FR residues into the context of 

consensus human variable domain sequences as required to recruit antigen

binding affinity and biological properties comparable to the murine parent 

antibody. Molecular modeling was used firstly to predict the murine FR 

residues which might be important to antigen binding and secondly to predict 

the murine CDR residues that might not be required. A small number of 

humanized variants were then constructed to test these predictions. 

Our humanization strategy was very successful for the anti-p185"ER2 

antibody where one out of eight humanized variants 1HuMAb405-8, lgG1) 

was identified that bound the p 18 5"ER2 antigen - 3-fold more tightly than the 

parent murine antibody (Carteret a/., 1 992a, supra). HuMAb405-8 contains 

a total of five murine FR residues and nine murine CDR residues, including V" 

CDR2 residues 60-65, were discarded in favor of human counterparts. In 

contrast, BsF(ab'h v1 containing the most potent humanized anti-CD3 

variant out of four originally constructed (Shalaby eta/., supra) binds J6 cells 

with an affinity (Kdl of 140 nM which is -.70-fold weaker than that of the 

corresponding chimeric BsF(ab'h· 

Here we have restored T cell binding of the humanized anti-CD3 close 

to that of the chimeric variant by replacing six human residues in V" CDR2 

with their murine counterparts: T57S:A60N:D61 Q:S62K:V63F:G65D (anti

CD3 v9, Fig. 5). It appears more likely that these murine residues enhance 

antigen binding indirectly by influencing the conformation of residues in the 

N-terminal part of VH CDR2 rather than by directly contacting antigen. 

Firstly, only N-terminal residues in VH CDR2 (50-58) have been found to 

contact antigen in one or more of eight crystallographic structures of 

antibody/antigen complexes (Kabat eta/., supra; and Mian, I. S. eta/., J. 

Mol. Bioi. 217: 133-151 (1991), Fig. 5). Secondly, molecular modeling 

suggests that residues in the C-terminal part of VH CDR2 are at least partially 

buried (Fig. 5). BsF(ab'l 2 v9 binds to SK-BR-3 breast tumor cells with equal 

efficiency to BsF(ab'l 2 v1 and chimeric BsF(ab') 2 as anticipated since the anti

p185HER2 arm is identical in all of these molecules (Shalaby eta/., supra, not 
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shown). 

Our novel approach to the construction of BsF(ab') 2 fragments exploits 

..an E. coli-expression ''SYStem ·which secretes humanized ·Fab' fragments at 

gram per liter titers and permits their direct recovery as Fab'-SH {Carteret 

a/., 1992b, supra). Traditional directed chemical coupling of Fab'-SH 

fragments is then used to form BsF(ab')2 in vitro (Brennan et al.,supra; and 

Glennie eta/., supra!. This route to Fab'-SH obviates problems which are 

inherent in their generation from intact antibodies: differences in 

susceptibility to proteolysis and nonspecific cleavage resulting in 

heterogeneity, low yield as well as partial reduction that is not completely 

selective for the hinge disulfide bonds. The strategy of using £. coli-derived 

Fab'-SH containing a single hinge cysteine abolishes some sources of 

heterogeneity in BsF(ab'l 2 preparation such as intra-hinge disulfide formation 

and contamination with intact parent antibody whilst greatly diminishes 

others, eg. formation of FCab' h fragments. 

BsF(ab')2 fragments constructed here were thioether-linked as originally 

described by Glennie et a/., supra with future in vivo testing of these 

molecules in mind. Thioether bonds, unlike disulfide bonds, are not 

susceptible to cleavage by trace amounts of thiol, which led to the proposal 

that thioether-linked Flab' )2 may be more stable than disulfide-linked F(ab' 

) 2 in vivo (Glennie et a/., supra). This hypothesis is supported by our 

preliminary pharmacokinetic experiments in normal mice which suggest that 

thioether-linked BsFCab')2 v1 has a 3- fold longer plasma residence time than 

BsF(ab')2 v1 linked by a single disulfide bond. Disulfide and thioether-linked 

chimeric BsFCab'l2 were found to be indistinguishable in their efficiency of cell 

binding and in their retargeting of CTL cytotoxicity, which suggests that o

PDM directed coupling does not compromise binding of the BsF(ab') 2• to 

either antigen (not shown). Nevertheless the nature of the linkage appears 

not to be critical since a disulfide-linked BsF(ab'h (murine anti-p1 85HER2 1 

murine anti-CD3) was recently shown by others (Nishimura et a/., Int. J. 

Cancer 50: 800-804 (1992) to have potent anti-tumor activity in nude mice. 

Our previous study CShalaby eta/., supra) together with this one and that of 

Nishimura, T. et a/., supra improve the potential for using BsFCab'l 2 in 

targeted immunotherapy of p185HER2-overexpressing cancers in humans. 
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EXAMPLE 4. Humanization of an anti-CD1 8 antibody 

A murine antibody directed against the leukocyte adhesion receptor P
chain (known as ·me H52 antibody! was ·humanized·following -the'Ttlethods 

described above. Figures 6A and 68 provide amino acid sequence 

comparisons for the murine and humanized antibody light chains and heavy 

chains. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Genen"tech, inc. 

(ii) TITLE OF INYENTION: Immunoglobulin Variants 

(iii) NUMBER OF SEQUENCES: 25 

(iv) CORRESPONDENCE ADDRESS: 
(A) ADDRESSEE: Genentech, Inc. 
(B) STREET: 460 Point San Bruno Blvd 
(C) CITY: South San Francisco· 
(D) STATE: California 
(E) COUNTRY: USA 
(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 

PCT /US92/05126 

(A) MEDIUM TYPE: 5.25 inch, 360 Kb floppy disk 
(B) COMPUTER: IBM PC compatible 
(C) OPERATING SYSTEM: PC-DOSfMS·DOS 
(D) SOFTYARE: patin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
(B) FILING DATE: 
(C) CLASSIFICATION: 

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

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Adler, Carolyn R. 
(B) REGISTRATION NUMBER: 32,324 
(C) REFERENCE/DOCKET NUMBER: 709Pl 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 415/225-2614 
(B) TELEFAX: 415/952-9881 
(C) TELEX: 910/371-7168 

(2) INFORMATION FOR SEQ ID NO;l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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~( 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

.~Asp Ile Cln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 ,10 15 

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

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

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

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

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

His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 

I le Lys Arg Thr 
109 

95 100 105 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

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

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

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

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

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

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

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 
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92 
Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 

95 100 105 

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

{2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

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

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

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

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

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

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

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

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

I le Lys Arg Thr 
109 

95 100 105 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

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

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

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
20 25 30 
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:p Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

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

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
65 10 75 

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

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

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

(2) INFORMATION FOR SEQ ID NO:S: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

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

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

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

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

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

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

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

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

Ile Lys Arg Ala 
109 

95 100 105 
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(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

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

PCf /US92/05126 

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

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

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

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

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

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

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

Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser Val Thr Val Ser Ser 
llO 

(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

llS 

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

TCCGATATCC AGCTGACCCA GTCTCCA 27 

(2) INFORMATION FOR SEQ ID N0:8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 31 bases 
(B) TYPE: nucleic acid 

120 
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(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

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

GTTTGATCTC CAGCTTGGTA CCXXCXCCGA A 31 

(2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear 

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

AGGTXXAXCT GCAGXAGTCX GG 22 

(2) INFORMATION FOR SEQ ID NO:lO: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

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

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34 

(2) INFORMATION FOR SEQ ID NO:ll: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

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

GTAGATAAAT CCTCTAACAC AGCCTATCTG CAAATG 36 

PCf /US92/05126 
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~~ 
(2) INFORMATION FOR SEQ ID NO:l2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 bases 
{B)lYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOG~: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l2: 

GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 36 

(2) INFORMATION FOR SEQ ID NO:l3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l3: 

GTAGATAAAT CCTCTTCTAC AGCCTATCTG CAAATG 36 

(2) INFORMATION FOR SEQ ID NO:l4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 68 bases 
{B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l4: 

PCT /US92/05126 

CTTATAAAGG TGTTTCCACC TATAACCAGA AATTCAAGGA TCGTTTCACG 50 

ATATCCGTAG ATAAATCC 68 

(2) INFORMATION FOR SEQ ID NO:l5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 
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'i+ 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:lS: 

CTATACCTCC CGTCTGCATT CTGGAGTCCC 30 

(2) INFORMATION FOR SEQ ID NO:l6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l6: 

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

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

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

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

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

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

Gly Asn Thr Leu Pro Trp Thr Phe Ala Gly Gly Thr Lys Leu Glu 

lle Lys 
107 

95 100 105 

(2) INFORMATION FOR SEQ ID NO:l7: 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l7: 

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

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Ile Arg 
20 25 30 
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Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

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

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

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

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

Ile Lys 
107 

(2) INFORMATION FOR SEQ ID NO:l8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l8: 

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

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

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

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

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

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

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

Ile Lys 
107 

95 100 105 
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(2) INFORMATION FOR SEQ ID NO:l9: 

r• (i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 129 amino acids 
(B) .TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l9: 

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

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

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

Glu Trp Met Gly Leu Ile Asn Pro Tyr Lys 
so 55 

Asn Gln Lys Phe Lys Asp Arg Phe Thr lle 
65 70 

Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr 
80 85 

Asn Ser Leu Thr Ser Glu Asp Ser Ala Val 
95 

Ser Gly Tyr Tyr Gly Asp Ser Asp Trp 
110 

Ala Gly Thr Thr Val Thr Val Ser Ser 
125 129 

(2) INFORMATION FOR SEQ ID N0:20: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
{B) TYPE: amino acid 
(D) TOPOLOGY: linear 

100 

Tyr 
115 

His Gly Lys Asn Leu 
45 

Gly Val Ser Thr Tyr 
60 

Ser Lys Ala Thr Leu 
75 

Leu Met Glu Leu Leu 
90 

Tyr Tyr Cys Ala Arg 
105 

Phe Asp Val Trp Gly 
120 

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

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

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

Gly Tyr Thr Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 
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Glu Trp Val Ala Leu Ile Asn Pro Tyr Lys Gly Val Ser Thr Tyr 
so 55 60 

Asn Gln Lys Phe ..Ly.s .Asp ·Arg Phe Thr Ile Ser Val Asp I:.ys 'Ser 
65 70 75 

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

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

Asp Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val 
110 . 115 120 

Ser Ser 
122 

(2) INFORMATION FOR SEQ ID N0:21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

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

Glu Val Gln Leu Val Glu Ser Gly Gly G1y Leu Val Gln Pro Gly 
1 5 10 15 

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

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

Clu Trp Val Ser Val lle Ser Gly Asp Gly Gly Ser Thr Tyr Tyr 
50 55 60 

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

Lys Asn Thr Leu Tyr 
80 

Thr Ala Val Tyr Tyr 
95 

Ser Gly Leu Tyr Asp 

Ser Ser 
122 

110 

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
85 90 

Cys Ala Arg Gly Arg Val Gly Tyr Ser Leu 
100 105 

Tyr Trp Cly Cln Gly Thr Leu Val Thr Val 
115 120 
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(2) INFORMATION FOR SEQ ID N0:22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 454 amino acids 
(B) TYPE: amino ·acid 
(D) TOPOLOGY: linear 

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

PCf/US92/05126 

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

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

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

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

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

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

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

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

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

Ala Pro Ser Ser Lys Ser Thr Ser G1y Gly Thr Ala Ala Leu Gly 
140 145 150 

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

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

Leu G1n Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
185 190 195 

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

His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 
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Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu 
230 235 240 

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

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val 

.! 

260 265 

Val Asp Val Ser His Glu Asp Pro Glu Val 
275 280 

Val Asp Gly Val Glu Val His Asn Ala Lys 
290 295 

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val 
305 310 

Leu His Gln Asp Trp Leu Asn Gly Lys Glu 
320 325 

Ser Asn Lys Ala Leu Pro Ala Pro Ile G1u 
335 340 

Ala Lys Gly Gln Pro Arg Glu Pro G1n Val 
350 355 

Ser Arg Glu Glu Met Thr Lys Asn Gln Val 
365 

Val Lys Gly Phe Tyr Pro Ser Asp Ile 
380 

Asn Gly Gln Pro Glu Asn Asn Tyr Lys 
395 

Asp Ser Asp Gly Ser Phe Phe Leu Tyr 
410 

Lys Ser Arg Trp Gln Gln Gly Asn Val 
425 

His Glu Ala Leu His Asn His Tyr Thr 
440 

Ser Pro Gly Lys 

(2) 

454 

INFORMATION FOR SEQ ID N0:23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 557 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

370 

Ala 
385 

Thr 
400 

Ser 
415 

Phe 
430 

Gln 
445 

270 

Lys Phe Asn Trp Tyr 
285 

Thr Lys Pro Arg Glu 
300 

Ser Val Leu Thr Val 
315 

Tyr Lys Cys Lys Val 
330 

Lys Thr Ile Ser Lys 
345 

Tyr Thr Leu Pro Pro 
360 

Ser Leu Thr Cys Leu 
375 

Val Glu Trp Glu Ser 
390 

Thr Pro Pro Val Leu 
405 

Lys Leu Thr Val Asp 
420 

Ser Cys Ser Val Met 
435 

Lys Ser Leu Ser Leu 
450 

PFIZER EX. 1502 
Page 1262



WO 92/22653 PCT /US92/05126 
lo.3 

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

'ais His.Gln Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys 
1 5 10 15 

,, Pro Gly Ala Ser Val Lys Ile Ser Cys Lys Thr Ser Gly Tyr Thr 
20 25 30 

Phe Thr Glu Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala 
10 35 40 45 

Thr Ala Thr Gly Val His Ser Glu Val Gln Leu Val Glu Ser Gly 
50 55 60 

15 Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala 
65 70 75 

Thr Ser Gly Tyr Thr Phe Thr Glu Tyr Thr Met His Trp Met Arg 
80 85 90 

20 
Gln Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Gly Ile Asn Pro 

95 100 105 

Lys Asn Gly Gly Thr Ser His Asn Gln Arg Phe Met Asp Arg Phe 
25 110 115 120 

Thr Ile Ser Val Asp Lys Ser Thr Ser Thr Ala Tyr Met Gln Met 
125 130 135 

30 Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg 
140 145 150 

Trp Arg Gly Leu Asn Tyr Gly Phe Asp Val Arg Tyr Phe Asp Val 
155 160 165 

35 
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys 

170 175 180 

Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser 
40 185 190 195 

Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro 
200 205 210 

45 Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly 
215 220 225 

Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser 
230 235 240 

50 
Leu Ser Ser Val Val Thr Val Thr Ser Ser Asn Phe Gly Thr Gln 

245 250 255 
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Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val 
260 265 270 

Asp Lys Thr Val Glu Arg L_ys C_ys Cys Val Thr Cys .Pro Pro Cys 
5 275 280 285 

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro 
290 295 300 

10 Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val 
305 310 315 

Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys 
320 "325 330 

15 
Glu Cys Pro Pro Cys Pro Ala Pro Pro Val Ala Gly Pro Ser Val 

335 340 345 

Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg 
20 350 355 360 

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp 
365 370 375 

25 Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Met Glu Val His 
380 385 390 

Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Phe 
395 400 405 

30 
Arg Val Val Ser Val Leu Thr Val Val His Gln Asp Trp Leu Asn 

410 415 420 

Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ala 
35 425 430 435 

Pro Ile Glu Lys Thr Ile Ser Lys Thr Lys Gly Gln Pro Arg Glu 
440 445 450 

40 Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys 
455 460 465 

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser 
470 475 480 

45 
Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn 

485 490 495 

Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe 
50 500 505 510 

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly 
515 520 525 
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Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His 
530 535 540 

Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys 
545 550 555 

(2) INFORMATION FOR SEQ ID N0:24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 214 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:24: 

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

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

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

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

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

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

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

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

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

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

Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu 
155 160 165 

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr 
170 175 180 

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu 
185 190 195 
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Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn 

Arg Gly Glu Cys 
"214 

200 205 210 

(2) INFORMATION FOR SEQ ID N0:25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 233 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

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

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 
1 5 10 15 

Gly Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu 
20 25 30 

Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser 
35 40 45 

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

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

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr 
80 85 90 

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

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

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

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

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

Gln Trp Lys Val Asp Asn Ala Leu Gln Ser G1y Asn Ser G1n Glu 
170 175 180 

Ser Val Thr G1u G1n Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 
185 190 195 
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Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val 
200 205 210 

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr 
5 215 220 225 

Lys Ser Phe Asn Arg Gly Glu Cys 
230 233 
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CLAIMS 

WE CLAIM: 

1. 

2. 

A .method for making a humanized ·antibody comprising amino ·acid 

sequence of a non-human. import antibody and a human antibody, 

comprising the steps of: 

a. obtaining the amino acid sequences of at least a portion of an 

import variable domain and of a consensus human variable 

domain; 

b. identifying Complementarity Determining Region (CDR) amino 

acid sequences in the import and the human amino variable 

domain sequences; 

c. substituting an import CDR amino acid sequence for the 

d. 

corresponding human CDR amino acid sequence; 

aligning the amino acid sequences of a Framework Region (FR) of 

the import antibody and the corresponding FR of the consensus 

antibody; 

e. identifying import antibody FR residues in the aligned FR 

f. 

g. 

sequences that are non-homologous to the corresponding 

consensus antibody residues; 

determining if the non-homologous import amino acid residue is 

reasonably expected to have at least one of the following effects: 

1. non-covalently binds antigen directly, 

2. interacts with a CDR; or 

3. participates in the VL- VH interface; and 

for any non-homologous import antibody amino acid residue 

which is reasonably expected to have at least one of these 

effects. substituting that residue for the corresponding amino acid 

residue in the consensus antibody FR sequence. 

The method of claim 1, having an additional step of determining if any 

such non-homologous residues are exposed on the surface of the 

domain or buried within it, and if the residue is exposed, retaining the 

consensus residue. 
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3. The method of claim 1, having the additional steps of searching the 

import variable domain sequence for glycosylation sites, determining if 

any such glycosylation site is reasonably expected to affect the antigen 

-binding ·or ·affinity ·of "the -antibody. -and ·if ·so, -substituting ·the 

5 glycosylation site into the consensus sequence. 

10 

4. The method of claim 1, having the additional steps of searching the 

consensus variable domain sequence for glycosylation sites which are 

not present at the corresponding amino acid in the import sequence, 

and if the glycosylation site is not present in the import sequence, 

substituting the import amino acid residues for the amino acid residues 

comprising the consensus glycosylation site. 

5. The method of claim 1, having an additional step which comprises 

15 aligning import antibody and consensus antibody FR sequences, 

identifying import antibody FR residues which are non-homologous with 

the aligned consensus FR sequence, and for each such non

homologous import antibody FR residue, determining if the 

corresponding consensus antibody residue represents a residue which 

20 

6. 

25 

is highly conserved across all species at that site, and if it is so 

conserved, preparing a humanized antibody which comprises the 

consensus antibody amino acid residue at that site. 

The method of claim 1, wherein the corresponding consensus antibody 

residues are selected from the group consisting of 4l, 35l, 36L, 38l, 

43l,44L, 46L, 58L, 62l, 63L, 64L, 65L, 66L, 67l, 68l, 69L, 70L, 

71L, 73L,85L,87L,98L,2H,4H,24H, 36H,37H,39H, 43H,45H, 

49H, 58H, SOH, 67H, 68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, 

91H, 92H, 93H, and 103H. 

. 30 

7. A method comprising providing at least a portion of an import, non

human antibody variable domain amino acid sequence having a CDR 

.and a FR, obtaining the amino acid sequence of at least a portion of a 

consensus human antibody variable domain having a CDR and a FR, 
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substituting the non-human CDR for the human CDR in the consensus 

human antibody variable domain, and then substituting an amino acid 

·residue for the 1:onsensus -amino acid residue at at least one of the 

following sites: 

4L,35L.3SL,38L,43L,44L,4SL.58l,S2L,S3L,S4L,S5L,SSL,S7L, 

SSL, S9L, 70L, 71L, 73L. 85L, 87l, 98L, 2H, 4H, 24H, 3SH, 37H, 

39H,43H,45H,49H, 58H, SOH, S7H, SSH, S9H, 70H, 73H, 74H, 

75H,7SH, 78H,91H,92H,93H,and 103H. 

8. The method of claim 7. wherein the substituted residue is the residue 

found at the corresponding location of the non-human antibody. 

9. The method of claim 1 or 7, wherein the consensus human variable 

domain is a consensus based on human variable domains and 

1 5 additionally variable domains from species other than human. 

20 

25 

30 

10. A humanized antibody variable domain having a non-human CDR 

incorporated into a. human antibody variable domain, wherein the 

improvement comprises substituting. an amino acid residue for the 

human residue at a site selected from the group consisting of: 

4L.35L,3SL,38L,43L,44L,4SL,58L.S2L,S3L.S4L,S5L,SSL,S7L, 

SSL, S9L, 70l, 71l, 73l, 85L, 87L, 98L, 2H, 4H, 24H, 3SH, 37H, 

39H,43H,45H,49H, 58H, SOH, S7H, S8H,S9H, 70H,73H, 74H, 

75H, 7SH,78H,91H,92H,93H,and 103H. 

11. The humanized antibody variable domain of claim 10. wherein the 

substituted residue is the residue found at the corresponding location 

of the non-human antibody from which the non-human CDR was 

obtained. 

12. The humanized antibody variable domain of claim 10, wherein no 

human FR residue other than those set forth in the group has been 

substituted. 
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A polypeptide comprising the amino acid sequence: 

DIOMTQ5.·SSLSASVGDRVTITCRASODVNTAVAWYQQKPGKAPKLLI 

YSASFLESGVPSRFSGSRSGTDFTL TISSLQPEDFATYYCQQHYTTPPTF 

GQGTKVEIKRT 

14. ·A polypeptide comprising the sequence: 

EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVR OAPGKGLEWV 

ARIY PTNGYTRY ADSVKGRFTISADTSKNT A YLQMNSLRAEDT A VYYC 

SRWGGDGFYAMDVWGQGTL VTVSS 

15. A method for engineering a humanized antibody comprising introducing 

amino acid residues from an import antibody variable domain into an 

amino acid sequence representing a consensus .of mammalian antibody 

variable domain sequences. 

16. A computer comprising the sequence data of the following amino acid 

sequence: 

a. DIQMTQSPSSLSASVGDRVTITCRASODVSSYLAWYQQKPGKA 

PKLLIY AASSLESGVPSRFSGSGSGTDFTL TISSLQPEDFATYYCQ 

QYNSLPYTFGOGTKVEIKRT, or 

b. EVOL VESGGGL VQPGGSLRLSCAASGFTFSDY AMSWVR OAPGK 

GLEWVAVISENGGYTRYADSVKGRFTISADTSKNT A YLQMNSLR 

AEDTAVYYCSRWGGDGFY AMDVWGQGTL VTVSS 

17. A computer representation of the following amino acid sequence: 

a. DIQMTQSPSSLSASVGDRVTITCRASQDVSSYLAWYQQKPGKA 

PKLLIY AASSLESGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQ 

QYNSLPYTFGOGTKVEIKRT, or 

b. EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVROAPGK 

. 30 GLEWVAVISENGGYTRYADSVKGRFTISADTSKNTAYLOMNSLR 

AEDTAVYYCSRWGGDGFYAMDVWGQGTL VTVSS 

18. A method comprising storing a computer representation of the 

following amino acid sequence: 
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a. DIOMTOSPSSLSASVGDRVTITCRASQDVSSYLAWYQOKPGKA 

PKLLIY AASSLESGVPSRFSGSGSGTDFTL TISSLOPEDFATYYCO 

QYNSLPYTFGQGTKV.EJKRT • .or 

b. EVOL VESGGGL VOPGGSLRLSCAASGFTFSDY AMSWVRQAPGK 

5 GLEWVA VISENGGYTRY ADSVKGRFTISADTSKNTA YLOMNSLR 

AEDT AVYYCSRWGGDGFY AMDVWGQGTL VTVSS 
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FIGURE 2
Anneal huV, or huV,, oligomers to pAK1 template
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HUMANIZED ANTIBODY AGAINST CD18 
The present invention relates to an antibody which 

binds to the CD18 antigen, to the preparation of such an 

antibody and to,apharmaceutical composition which contains 
tJ:le antibody. 

Antibodie.s typically comprise two heavy chains l,inked 
~ogether by disulphide bonds and two light chains. Each 

lig~t chain is linked to a respective heavy chain by 

disulphide bonds. Each heavy chain has at one end a 
10 variable domain followed by a number of constant domains. 

Each light chain has a variable domain at one end and a 

constant domain at its other end. The light chain variable 

domain is. aligned. with the variable domain of the heavy 

chain. The light chain constant domain is aligned with the 
1.5 first constant ~omain of the heavy chain. The constant 

dC?!l'ains in the light and heavy chains are not involved 

directly in binding the antibody to antigen. 

The variable domains of each pair of light and heavy 
chains form the antigen binding site. The domains on the 

20 light and heavy chains have the same general structure and 

each domain comprises a framework of four regions, whose 

sequences are ·relatively conserved, connected by three 

complementarity determining regions (CDRs). The four 

framework regions largely adopt a beta-sheet conformation 
25 and the CORs form loops connecting, and in some cases 

forming part of, the beta-sheet structure. The CDRs are 

held in close proximity by the framework regions and, with 

the CDRs from the other domain, contribute to the formation 

of.the antigen binding site. CDRs and framework regions of 
30 

35 

antibodies may be determined by reference to Kabat et al 

("Sequences of proteins of immunological interest" us Dept. 

of Health and Human Services, US Government Printing 

Office, 1987). 

The preparation of an altered antibody in which the 

CORs are derived from a different species than the 
framework of the antibody's variable domains is disclosed 
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in EP-A-0239400. The CDRs may be derived from a rat or 

mouse monoclonal antibody. The framework of the variable 

domains, and the constant domains, of the altered antibody 

may be derived from a human antibody. Such a humanised 
5 antibody elicits a negligible immun~ response when 

administered to a human compared to the immune response 

mounted by a human against a rat or mouse antibody. 
Humanised CAMPATH-1 antibody is disclosed in EP-A-0328404 
{Campath is a Trade Mark of The Wellcome group of 

10 companies). 

1.5 

20 

According to one aspect of the present invention, 

there is provided a humanised antibody in which sufficient 
of the amino acid sequence of each CDR shown below is 
provided such that the antibody is capable of binding to 
the human CD1.8 antigen: 
light chain: CDRl. (SEQ ID NOS: 3 and 4) 

CDR2 (SEQ ID NOS: 5 and 6) 

CDR3 (SEQ ID NOS: 7 and 8) 
heavy chain: CDRl. (SEQ ID NOS: 11 and 12) 

CDR2 (SEQ ID NOS: 13 and 14) 

CDR3 (SEQ ID.NOS: 15 and 16) 
According to another aspect the invention provides a 

DNA molecule encoding a humanised antibody in which 
sufficient of the amino acid sequence of each CDR shown 

25 above is provided such that the antibody is capable of 

binding to the human CD-18 antigen. 

30 

The antibody preferably has the structure of a 

natural antibody or a fragment thereof. The antibody may 

therefore comprise a complete antibody, a (Fab') 2 fragment, 

a Fab fragment, a light chain dimer or a heavy chain dimer. 

The antibody may be an IgG such as IgG1, IgG2, IgG3 or 

IgG4; or IgM, IgA, IgE or IgD. The constant domain of the 

antibody heavy chain may be selected accordingly. The 

light chain constant domain may be a kappa or lambda 
35 constant domain. 

The antibody may be a chimeric antibody of the type 

ti 
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described in WO 86/01533. A chimeric antibody according to 

wo 86/01533 comprises an antigen binding region. and a non

immunoglobulin region. The antigen binding region is an 

antibody liqht cha·in ·variable domain andfor ·n.eavy chain 

5 variable domain. Typically the chimeric a!ltibody comprises 

both light and heavy chain variable domains. The non

immunoglobulin region is fused to the c-terminus of the 

antigen binding region. The non-immunoglobulin region is 
typically a non-immunoglobulin protein and may be an enzyme 

10 region, a region derived from a protein having known 

binding specificity, from a protein toxin or indeed from 

any protein expressed by a gene. The non-immunoglobulin 

region may be a carbohydrate region. The two regions of 

the chimeric antibody may be connected via a cleavable 

15 linker sequence. 

The light chain CDRs 1 to 3 and heavy chain CDRs 1 to 

3 of SEQ ID NOS: 3 to 8 and SEQ ID NOS: 11 to 16 

respectively are the CORs of the YFC51.1.1 rat antibody 

which is a CD18 antibody. The specificity of a humanised 

20 antibody for the human CD18 antigen can be determined by 

flow cytometry, monocyte adhesion andjor by T-cell 

proliferation assays as follows: 

Monocyte CMNCl Adhesion 

MNC's are treated with the phorbol diester POBu (10"9 

25 M) in the presence and absence of antibody (20~1) for 5 

minutes. These cells are then transferred to bovine aortic 

endothelial cell (BAEC) monolayers and incubated for 30 
minutes in a humidified atmosphere of 95% air, 5% C02 at 

37°C. Non-adherent cells are removed by washing in 
30 phosphate buffered saline (PBS) three times. The adherent 

. 35 

cells are then lysed with 50~1, 0.5% 

hexadecyltrimethy1 ammonium bromide. Dianisidine 

dihy4rochloride (0. 63mM) containing 0. 4mM hydrogen peroxide 

is added (250~1) to each well and incubated for a further 

10 minutes . Enzyme activity is then assessed using the 

presence of monocyte-specific mye1operoxidase, recorded as 
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described in WO 86/01533. A chimeric antibody according to
WO 86/01533 comprises an antigen binding region and a non-
immunoglobulin region. The antigen binding region is an

antibody light chain variable domain and/or heavy chain
5 variable domain. Typically the chimeric antibody comprises

both light and heavy chain variable domains. The non-

immunoglobulin region is fused to the C-terminus of the

antigen binding region. The non-immunoglobulin region is

typically a non-immunoglobulin protein and may be an enzyme

10 region, a region derived from a protein having known

binding specificity, from a protein toxin or indeed from

any protein expressed by a gene. The non-immunoglobulin

region may be a carbohydrate region. The two regions of

the chimeric antibody may be connected via a cleavable

15 linker sequence.

The light chain CDRs 1 to 3 and heavy chain CDRs 1 to
3 of SEQ ID NOS: 3 to 8 and SEQ ID NOS: 11 to 16

respectively are the CDRs of the YFC51.1.1 rat antibody

‘which is a CDi8 antibody. The specificity: of a humanised
20 antibody for the human ¢€D18 antigen can be determined by

flow cytometry, monocyte adhesion and/or by T-cell

proliferation assays as follows:

Monocyte (MNC) Adhesion ~ vee

MNC’s are treated with the phorbol diester PDBu (10°

25 M) in the presence and absence of antibody (2041) for 5
minutes. These cells are then transferred to bovine aortic

endothelial cell (BAEC) monolayers and incubated for 30

minutes in a humidified atmosphere of 95% air, 5% CO, at

37°C, Non-adherent cells are removed by washing in

30 phosphate buffered saline (PBS) three times. The adherent

cells are then lysed in situ with 501, 0.5%

hexadecyltrimethyl ammonium bromide. Dianisidine

7 @ihydrochloride (0.63mM) containing 0.4mM hydrogen peroxide

is added (25041) to each well and incubated for a further
. °° 35 — 10 minutes. Enzyme activity is then assessed using the

presence of monocyte-specific myeloperoxidase, recorded as
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an increase in absorbance. The optical density of the 
samples can then be recorded at 450nm using a multi-well 

plate reader (Anthes series, Lab Teck instruments). 

Comparisons can then be made between treated and untreated 

5 samples (Bath et al, J. Immunol. Meth. , 118, 59-65, 
(1989)}. 

Flow cvtometry 

Surface lab~lling of rat, rabbit, guinea-pig and 
10 human monocytes with antibody is carried out according to 

the method of Gladwin et al., (Biochim. Biophys. Acta., 

1052, 166-172 (1990)}. Briefly, 1 ml aliquots of cells 

suspension (5x106 ) are incubated with the ap~ropriate 

antibody, monodispersed and incubated on melting ice for 30 

15 minutes. The cells are twice washed in PBS and incubated 

for a further 30 minutes with a 1:200 dilution of rabbit 

anti-rat F(ab') 2 FITC conjugate on melting ice. The cells 

are finally washed three times in PBS and fixed in 0.1% 
para-formaldehyde. Analysis of surface labelling can be 

20 performed using an Epics Elite flow cytometer (Coulter 
cytometry, Hialhea, FL) using standard computer, 

electronics and optics. The Elite is configured with a 

15mW 488nm Argon-ion laser (cyonics model 2201, san Jose, 

CA). Monocyte and lymphocyte populations are separated by 
25 forward angle light scatter and side scatter. Green 

fluorescence data for 2 x 10~ monocytes is collected·using 

bit-map gating and collected on a three decade log scale. 
Green fluorescence data for 2 x 104 neutrophils is collected 

in a similar manner. For each sample, mean fluorescence .. 
30 intensity in the presence of the primary mAb is compared 

with cells incubated with rabbit anti-rat F(ab' h FITC 

fragments alone and the percentage labelling of the cells 

determined. Samples can be labelled in triplicate and 

repeat experiments can be performed on three separate 
35 occasions. 
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an increase in absorbance. The optical density of the

samples can then be recorded at 450nm using a multi-well

plate reader (Anthos series, Lab Teck instruments).

Comparisons can then be made between treated and untreated

samples (Bath et al, J. Immunol. Meth., 118, 59-65,

(1989)).

Flow cytometry

Surface labelling of rat, rabbit, guinea-pig and

human monocytes with antibody is carried out according to

the method of Gladwin et al., (Biochim. Biophys. Acta.,

1052, 166-172 (1990)}. Briefly, 1 ml aliquots of cells

suspension (5x10°) are incubated with the appropriate

antibody, monodispersed and incubated on meiting ice for 30
minutes. The cells are twice washed in PBS and incubated

for a further 30 minutes with a 1:200 dilution of rabbit

anti-rat F(ab’), FITC conjugate on melting ice. The celis

are finally washed three times in PBS and fixed in 0.1%

para-formaldehyde. Analysis of surface labelling can be

performed using an Epics Elite flow cytometer (Coulter

cytometry, Hialhea, FL) using standard computer,

electronics and optics. The Elite is configured with a

15mW 488nm Argon-ion laser (Cyonics model 2201, San Jose,

CA). Monocyte and lymphocyte populations are separated by

forward angle light scatter and side scatter. Green

fluorescence data for 2 x 10* monocytes is collected using

bit-map gating and collected on a three decade log scale.

Green fluorescence data for 2 x 10+ neutrophils is collected

in a similar manner. For each sample, mean fluorescence.

intensity in the presence of the primary mAb is compared

with cells incubated with rabbit anti-rat F(ab’), FITC

fragments alone and the percentage labelling of the cells

determined. Samples can be labelled in triplicate and

repeat experiments can be performed on three separate
occasions.
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T-cell proliferation assay 

Human mononuclear cells are 

defibrinated blood using density gradient 

'"Fico"I~-paque. Lymphocytes (2 x 105 ce1.ls) 

PCf/GB92/01289 

prepared from 
separation over 

are cultured in 

5 each well of a flat bottomed 96-well _microtitre plate 

(Nunclon, Roskild, Denmark), in RPMI 1640 supplemented with 

10% autologous serum, 2mM glutamine and lOOiU penicillin/ 

100p.g ml·1 streptomycin. Triplicate cultures are set up with 

the medium alone or with antigen (Tetanus Toxoid, Jp.g ml"1
) 

10 or mitogen (PHA, J.p.g ml-1), in the presence or absence of 

different concentrations of monoclonal antibodies. Cells 

are cultured at 37°C in a humidified atmosphere of 95% air, 

5% C02 . for five days. Wells are then pulsed with lp.Ci 

[methyl3H] thymidine (2Ci mmor1 , Amersham), harvested 18 

15 hours later and radioactivity counted by liquid 

scintillation using a B counter (LKB, Betaplate, sweden). 

The results are expressed as mean +/- SEM. 

20 

Suitably, the CDRs of a humanised antibody are the 

light chain CDRs 1 to 3 and the heavy chain. CDRs 1 to 3 

above. The amino acid sequences of these CDRs may be 

changed, however. The amino acid sequence of each COR may 

be changed by up to 40% by amino acid substitutions·; 
insertions andjor deletions, for example by up to 30%, up 

to 20% or up to 10%. 

25 Each CDR may therefore include one or two amino acid 

substitutions, insertions and/or deletions. There may be 

up to three amino acid substitutions, insertions, and/or 

deletions in light chain CDR. Up to four amino acid 

substitutions, insertions and/or deletions may be present 

30 in light chain CDRl or heavy chain CDRJ. Up to six amino 

acid· substitutions, insertions and/ or deletions may be 

present in heavy chain COR2. Preferably the amino acid 

sequence of each CDR is substantially homologous to that of 

each CDR of YFC 51.1.1. 

35 The framework and the constant domains of the 

ant1body are human framework and human constant domains. 
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T-cell proliferation assay
Human mononuclear cells are prepared from

defibrinated blood using density gradient separation over

‘Ficoll-paque. Lymphocytes (2 x 10° cells) are cultured in
each well of a flat bottomed 96-well microtitre plate
(Nunclon, Roskild, Denmark), in RPMI 1640 supplemented with

10% autologous serum, 2mM glutamine and 100iU penicillin/

100pg ml" streptomycin. Triplicate cultures are set up with

the medium alone or with antigen (Tetanus Toxoid, 3uq ml’)

or mitogen (PHA, lug ml'), in the presence or absence of
different concentrations of monoclonal antibodies. Celis

are cultured at 37°C in a humidified atmosphere of 95% air,

5% CO, for five days. Wells are then pulsed with i1uCi

[methyl3H] thymidine (2Ci mmol’, Amersham), harvested 18
hours later and radioactivity counted by liquid

scintillation using a B counter (LKB, Betaplate, Sweden).

The results are expressed as mean +/- SEM.

Suitably, the CDRs of a humanised antibody are the

light chain CDRs 1 to 3 and the heavy chain CDRs 1 to 3

above. The amino acid sequences of these CDRs may he

changed, however. The amino acid sequence of each CDR may
be changed by up to 40% by amino acid substitutions,

insertions and/or deletions, for example by up to 30%, up

to 20% or up to 10%.

Each CDR may therefore include one or two amino acid

substitutions, insertions and/or deletions. There may be

up to three amino acid substitutions, insertions, and/or

deletions in light chain CDR. Up to four amino acid

substitutions, insertions and/or deletions may be present

in light chain CDR1 or heavy chain CDR3. Up to six amino

acid substitutions, insertions and/or deletions may be

present in heavy chain CDR2. Preferably the amino acid

sequence of each CDR is substantially homologous to that of

each CDR of YFC 51.1.1.
The framework and the constant domains of the

antibody are human framework and human constant domains.

PCT/GB92/01289
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Preferably the framework of the variable region of the 

antibody heavy chain is substantially homologous to the 

corresponding framework of the human protein NEWM (Saul et 

al, J- Bio1. Chem. 25, 585-597, (1987)). Homo1ogy in 
respect of the framework is genera11y ~0% or more with 

respect to NEWM, for example 90% or more or 95% or more. 

A numl:::>er of amino acid substitutions, insertions and/or 

deletions may be present. Candidate framework changes that 

may be made to restore binding include changes of amino 

10 acid residues 27, 30, 48, 66, 67, 71, 91, 93 and 94. The 

amino acid numbering is according to Kabat et al. 

The framework of the variable region of the antibody 

light chain is typically substantially homologous to the 

variable domain framework of the protein REI (Epp et sl, 
15 Eur. J. Biochem. 45, 513-524, (1974)). Homology in respect 

of the framework is generally 80% or more with respect to 

REI, for example 90% or more or 95% or more. A number of 

amino acid substitutions, insertions andfor deletions may 

be present, for example at amino acid residue 71 according 

20 to the numbering of Kabat et al. 

A humanised antibody is prepared according to the 

invention by a process which comprises maintaining a host 

transformed with a first expression vector which encodes 

the light chain of the humanised antibody and with a second 

25 expression vector which encodes the heavy chain of the 

humanised antibody under such conditions that each chain is 

expressed and isolating the humanised antibody formed by 

assembly of the thus-expressed chains. 

The first and second expression vectors may be the 

30 same vector. The invention further provides: 

- a DNA sequence encoding the light chain or the heavy 

chain of the humanised antibody; 

an expression vector which incorporates a said DNA 

sequence; and 

35 - a host transformed with a said expression vector. 

Each chain of the antibody may be prepared by CDR 
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Preferably the framework of the variable region of the

antibody heavy chain is substantially homologous to the

corresponding framework of the human protein NEWM (Saul et

al, J. Biol. Chem. 25, 585-597, (1987)). Homology in
respect of the framework is generally 80% or more with

respect to NEWM, for example 90% or more or 95% or more.

A number of amino acid substitutions, insertions and/or

deletions may be present. Candidate framework changes that

may be made to restore binding include changes of amino

acid residues 27, 30, 48, 66, 67, 71, 91, 93 and 94. The

amino acid numbering is according to Kabat et al.

The framework of the variable region of the antibody

light chain is typically substantially homologous to the

variable domain framework of the protein REI (Epp et al,

Eur. J. Biochem. 45, 513-524, (1974)). Homology in respect

of the framework is generally 80% or more with respect to

REI, for example $0% or more or 95% or more. A number of

amino acid substitutions, insertions and/or deletions may

be present, for example at amino acid residue 71 according

to the numbering of Kabat et al.

A humanised antibody is prepared according to the

invention by a process which comprises maintaining a host

transformed with a first expression vector which encodes

the light chain of the humanised antibody and with a second

expression vector which encodes the heavy chain of the

humanised antibody under such conditions that each chain is

expressed and isolating the humanised antibody formed by

assembly of the thus-expressed chains.

The first and second expression vectors may be the

Same vector. The invention further provides:

- a DNA sequence encoding the light chain or the heavy

chain of the humanised antibody;

- an expression vector which incorporates a said DNA

sequence; and

- a host transformed with a said expression vector.

Each chain of the antibody may be prepared by CDR
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repl·acement. The CDRs of a variable region of a light or 

heavy chain of a human·antibody are replaced by sufficient 

of the amino acid sequence of each CDR of the rat anti
human-CD1.8 antibody YFC5l.l."l ·such that ·the resulting 

5 antibody is capable of binding to the C~l.S antigen. The 
CDR-encoding regions of DNA encoding a hypervariable region 

of a human antibody chain are replaced by-DNA encoding the 

desired CDRs. If appropriate, this altered DNA is linked 

to DNA encoding a constant domain for the antibody chain. 
10 The DNA is cloned into an expression vector. The expression 

vector is introduced into a compatib~e host cell which is 

cultured under such conditions that the antibody chain is 

15 

expressed. Complementary antibody chains which are co-
expressed in this way may then assemble to form the 

humanised antibody. 

The present invention is described herein with 
particular reference to the production of a humanised 
antibody having CDRs derived directly or indirectly from 
the rat antibody YFC51.1.1. However the techniques 

20 described herein can equally be used to derive other 
humanised anti CD-18 antibodies. According to a further 
aspect, the present invention provides a humanised (CDR 

grafted) anti CD-18 antibody. 

There are four general steps to humanise a monoclonal 
25 antibody. These are: 

(1) determining the nucleotide and .. predicted amino 
acid sequence of the starting antibody light and heavy 
variable domains; 

(2) designing the humanised antibody, i.e. decidin.g 

30 which antibody framework region to use during the 

humanising process; 

(3) the actual humanising methodologies/techniques;· 

and 

( 4) the transfection and. ~xpression of the humanised 
35 antibody. 
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Step 1: Determining the nucleotide and predicted amino acid 
sequence of the antibody light and heavv chain variable 

domains 

To humanise an antibody only the amino acia sequence 

5 of antibody's heavy and light chain variable domains needs 

to be known. The sequence of the constant domains is 

irrelevant because these do not contribute to the reshaping 
strategy. The simplest method of determining an antibody's 
variable domain amino acid sequence is from cloned eDNA 

10 encoding the heavy and light chain variable domain. 

There are two general methods for cloning a given 

antibody's heavy and light chain variable domain cDNAs: (1) 

via a conventional eDNA library, or (2) via the polymerase 

chain reaction (PCR). Both of these methods are widely 

15 known. Given the nucleotide sequence of the cDNAs, it is 

a simple matter to translate this information into the 

predicted amino acid sequence of the antibody variable 

domains. In the present instance, the nucleotide sequence 
and predicted amino acid sequence of the light and heavy 

20 chains of the rodent YFCSl.l.l antibody are shown in SEQ ID 
NOS: 1 and 2 and SEQ ID NOS: 9 and 10. 

Step 2: Designing the humanised antibody 

There are several factors to consider in deciding 

25 which human antibody sequence to use during the 

humanisation. The humanisation of light and heavy chains 

are considered independently of one another, but the 

reasoning is basically similar for each. 

This selection process is based on the following 

30 rationale: A given antibody's al).tigen specificity and 

affinity is primarily determined by the amino acid sequence 

of the variable region CORs. Variable domain framework 

residues have little or no direct contribution. The 

primary function of the framework regions is to hold the 
35 CORs in their proper spatial orientation to recognize 

antigen. Thus the substitution of rodent CDRs into a human 
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Step 1: Determining the nucleotide and predicted amino acid

sequence of the antibody light and heavy chain variable
domains

To humanise an antibody only the amino acid sequence

of antibody’s heavy and light chain variable domains needs

to be known. The sequence of the constant domains is
irrelevant because these do not contribute to the reshaping

strategy. The simplest method of determining an antibody’s

variable domain amino acid sequence is from cloned cDNA

encoding the heavy and light chain variable domain.

There are two general methods for cloning a given

antibody’s heavy and light chain variable domain cDNAs: (1)

via a conventional cDNA library, or (2) via the polymerase

chain reaction (PCR). Both of these methods are widely

Known. Given the nucleotide sequence of the cDNAs, it is

a Simple matter to translate this information into the

predicted amino acid sequence of the antibody variable

domains. In the present instance, the nucleotide sequence

and predicted amine acid sequence of the light and heavy

chains of the rodent YFC51.1.1 antibody are shown in SEQ ID

NOS: 1 and 2 and SEQ ID NOS: 9 and lo.

Step 2: Desiqning the humanised antibody

There are several factors to consider in deciding

which human antibody sequence to use during the

humanisation. The humanisation of light and heavy chains

are considered independently of one another, but the

reasoning is basically similar for each.
This selection process is based on the following

rationale: A given antibody’s antigen specificity and
affinity is primarily determined by the amino acid sequence

ef the variable region CDRs. Variable domain framework

residues have little or no direct contribution. The

primary function of the framework regions is to hold the

CDRs in their proper spatial orientation to recognize

antigen. Thus the substitution of rodent CDRs into a human
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variable domain framework is most likely to result in 

retention of their correct spatial orientation. if the human 

variable domain framework is highly homologous to the 

rodent variable domain from ·which they originated. A human 

5 variable domain should preferably be chosen therefore that 

is highly homologous to the rodent variable domain(s). A 

sui table human antibody variable domain sequence can be 

selected as follows: 

10 

15 

20 

25 

30 

35 

1. 

2. 

Using a computer program, search all available 

protein (and DNA) databases for those human antibody 

variable domain sequences that are most homologous to 

the rodent antibody variable domains. The output of 

a suitable program is a list of sequences most 

homologous to the rodent antibody, the percent 

homology to each sequence 1 and an alignment of each 

sequence to the rodent sequence. This is done 

independently for both the heavy and light chain 

variable domain sequences. The above analyses are 

more easily accomplished if only human immunoglobulin 

sequences are included. 

List the human antibody variable domain sequences and 

compare for homology. Primarily the comparison is 

performed on length of CDRs, except CDR3 of the heavy 

chain which is quite variable. Human heavy chains 

and Kappa and Lambda light chains are divided into 

subgroups; Heavy chain 3 subgroups, Kappa chain 4 

subgroups, Lambda chain 6 subgroups. The CDR sizes 

within each subgroup are similar but vary between 

.subgroups. It is usually possible to match a rodent 

antibody CDR to one of the human subgroups as a first 
approximation of homology. Antibodies bearing.CDRs of 

similar length are then compared for amino acid 

sequence homology, especially within the CDRs, but 

also in the surrounding framework regions. The human 

variable domain which is most homologous is chosen as 

the framework for humanisation. 

PFIZER EX. 1502 
Page 1297



W093/0l191 Pcr/GB9l/01289 

~0 

step 3: The actual humanising methodologies/techniques 

An antibody may be humanised by grafting the 

desired CDRs onto a human framework according to EP-A-

0239400. A ·oNA sequence ·encoding the desir.ed .reshaped 

5 antibody can therefore be made beginning with the human DNA 

whose CDRs it is wished to reshape. The rodent variable 

domain amino acid sequence containing the desired CDRs is 

compared to that of the chosen human antibody variable 

domain sequence. The residues in the human variable domain 

10 are marked that need to be changed to the corresponding 

·residue in the rodent to make the human variable region 

incorporate the rodent CDRs. There may also be residues 

that need substituting in, adding to or deleting from the 

human sequence. 

15 Oligonucleotides are synthesized that can be used to 

mutagenize the human variable domain framework to contain 

the desired residues. Those oligonucleotides can be of any 

convenient size. One is normally only limited in length by 

the capabilities of the particular synthesizer one has 

20 available. The method of oligonucleotide-directed in vitro 

mutagenesis is well known. 

Alternatively, humanisation may be achieved using the 

recombinant polymerase chain reaction (PCR} methodology of 

WO 92/07075. Using this methodology, a CDR may be spliced 

25 between the framework regions of a human antibody. 

In general, the technique of wo 92/07075 can be 

performed using a template comprising two human framework 

regions, AB and CD, and between them, the COR which is to 

be replaced by a donor COR. Primers A and B are used to 

30 amplify the framework region AB, and primers c and 0 used 

to amplify the framework region CD. However, the primers 

B and c each also contain, at their 5' ends, an additional 

sequence corresponding to all or at least part of the donor 

COR sequence. Primers B and c overlap by a length 

35 sufficient to permit annealing of their 5' ends to each 

other under conditions which allow a PCR to be performed. 
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Thus, the amplified regions AB and CD may undergo gene 

splicing by overlap extension to produce the humanised 

product in a single reaction. 

5 Step 4: The transfection and expression of the reshaped 

antibody 

Following the mutagenesis reactions 

antibody, the mutagenised DNAs can be 

to reshap~ the 
linked to an 

appropriate DNA encoding a light or heavy chain constant 
10 region, cloned into an expression vector, and transfected 

into host cells, preferably mammalian cells. These steps 

can be carried out in routine fashion. A reshaped antibody 

may therefore be prepared by a process comprising: 
(a) preparing a first replicable expression vector 

15 including a suitable promoter operably linked to a DNA 

sequence which encodes at least a variable domain of_an Ig 

heavy or light chain, the variable domain comprising 

framework regions from a human antibody and the CDRs 

required for the humanised antibody of the invention; 

20 (b) preparing a second replicable expression vector 
including a suitable promoter operably linked to a DNA 

sequence which encodes at least the variable domain of a 

complementary Ig light or heavy chain respectively; 

(c) transforming a cell line with the first or both 
25 prepared vectors; and 

(d) culturing said transformed cell line to produce 

said altered antibody. 
Preferably the DNA sequence in step (a) encodes both 

the variable domain and the or each constant domain of the 
30 human antibody chain. The humanised antibody can be 

prepared using any suitable recombinant expression system. 

The cell line which is transformed to produce the altered 

antibody may be a Chinese Hamster Ovary (CHO) cell line or 

an immortalised mammalian cell line, which is 
35 advantageously of lymphoid origin, such as a myeloma, 

hybridoma, trioma or quadroma cell line. The cell line may 
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Thus, the amplified regions AB and CD may undergo gene
Splicing by overlap extension to produce the humanised

product in a single reaction.

5 Step 4: The transfection and expression of the reshaped

3 antibody
Following the mutagenesis reactions to reshape the

antibody, the mutagenised DNAs can be linked to an

_ appropriate DNA encoding a light or heavy chain constant

10 region, cloned into an expression vector, and transfected
into host cells, preferably mammalian cells. These steps

can be carried out in routine fashion. A reshaped antibody

may therefore be prepared by a process comprising:

(a) preparing a first replicable expression vector
15 including a suitable promoter operably linked to a DNA

sequence which encodes at least a variable domain ofan Ig
heavy or light chain, the variable domain comprising

framework regions from a human antibody and the CDRs

required for the humanised antibody of the invention;

20 (b) preparing a second replicable expression vector

including a suitable promoter operably linked to a DNA

sequence which encodes at least the variable domain of a

complementary Ig light or heavy chain respectively;
(¢) transforming a cell line with the first or both

25 prepared vectors; and

(ad) culturing said transformed cell line to produce

Said altered antibody.

Preferably the DNA sequence in step (a) encodes both
the variable domain and the or eachconstant domain of the

30 - human antibody chain. The humanised antibody can be

prepared using any suitable recombinant expression system.

The cell line which is transformed to produce the altered

‘ antibody may be a Chinese Hamster Ovary (CHO) cell line or

an immortalised mammalian cell line, which is

° 35 advantageously of lymphoid origin, such as a myeloma,

hybridoma, trioma or quadroma cell line. The cell line may
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also comprise a normal lymphoid cell, such as a a-cell, 

which has been immortalised by transformation with a virus, 

such as the Epstein-Barr virus. Most preferably, the 

immortalised cell line is a myeloma cell line or a 
5 derivative thereof. 

The CHO cells used for expression of the antibodies 
according to the invention may be dihydrofolate reductase 

(dhfr) deficient and so dependent on thymidine and 

hypoxanthine for growth (Urlaub et al., Proc. Natl. Acac. 

10 Sci. U.S.A., 77 4216-4220 (1980)). The parental dhfr CHO 

cell line is transfected with the DNA encloding the 

antibody and dhfr which enables selection of CHO cell 

transformants of dhfr positive phenotype. Selection is 

carried out by culturing the colonies on media devoid of 

15 thymidine and hypoxanthine, the absence of which prevents 

untransformed cells from growing and transformed cells from 

resalvaging the folate pathway and thus bypassing the 

selection system. These transformants usually express low 

levels of the DNA of interest by virtue of co-integration 
20 of transfected DNA-of interest and DNA encoding dhfr. The 

expression levels of the DNA encoding the antibody may be 

increased by amplification using methotrexate (MTX). This 

drug is a direct inhibitor of the enzyme dhfr and allows 

isolation of resistant colonies which amplify their dhfr 
25 gene copy number sufficiently to survive under these 

conditions. Since the DNA sequences encoding dhfr and the 

antibody are closely linked in the original transformants, 

there is usually concomitant amplification, and therefore 
increased expression of the desired antibody. 

30 Another preferred expression system for use with CHO 
or myeloma cells is the glutamine synthetase (GS) 

amplification system described in wo 87/04462. This system 

involves the transfection of a cell with DNA encoding the 

enzyme GS and with DNA encoding the desired antibody. 

35 Cells are then selected which grow in glutamine free medium 

and can thus be assumed to have integrated the DNA encoding 
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also comprise a normal lymphoid cell, such as a B-cell,

which has been immortalised by transformation with a virus,

such as the Epstein-Barr virus. Most preferably, the

immortalised cell line is a myeloma cell line or a

derivative thereof.

The CHO cells used for expression of the antibodies
according to the invention may be dihydrofolate reductase

(ahfr) deficient and so dependent on thymidine and

hypoxanthine for growth (Urlaub et al., Proc. Natl. Acac,

Sci. U.S.A., 77 4216-4220 (1980)). The parental dhfr CHO

cell line is transfected with the DNA encloding the

antibody and dhfr which enables selection of CHO cell

transformants of dhfr positive phenotype. Selection is

carried out by culturing the colonies on media devoid of

thymidine and hypoxanthine, the absence of which prevents

untransformed cells from growing and transformed cells from

resalvaging the folate pathway and thus bypassing the

selection system. These transformants usually express low

levels of the DNA of interest by virtue of co-integration

of transfected DNA-of interest and DNA encoding dhfr. The

expression levels of the DNA encoding the antibody may be

increased by amplification using methotrexate (MTX). This

a@rug is a direct inhibitor of the enzyme dhfr and allows

isolation of resistant colonies which amplify their dhfr

gene copy number sufficiently to survive under these

conditions. Since the DNA sequences encoding dhfr and the

antibody are closely linked in the original transformants,

there is usually concomitant amplification, and therefore

increased expression of the desired antibody.

Another preferred expression system for use with CHO

or myeloma cells is the glutamine synthetase (GS)

amplification system described in WO 87/04462. This system

involves the transfection of a cell with DNA encoding the

enzyme GS and with DNA encoding the desired antibody.

Cells are then selected which grow in glutamine free mediun
and can thus be assumed to have integrated the DNA encoding
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GS. These selected clones are then subjected to inhibition 

of the enzyme GS using methionine sulphoximine (Msx) • The 

cells, in order to survive, will amplify the DNA encoding 

GS with concomitant ·amplification of the DNA encoding the 

5 antibody. 

Although the cell line used to produce the humanised 

antibody is preferably a mammalian cell line, any other 

suitable cell line, such as a bacterial cell line or a 

yeast cell line, may alternatively be used. In particular, 

10 it is envisaged that ~ coli - derived bacterial strains 

could be used. The antibody obtained is checked for 

f~nctionality. If functionality is lost, it is necessary 

to return to step (2) and alter the framework of the 

antibody. 

15 once expressed, the whole antibodies, their dimers, 

individual light and heavy chains, or other immunoglobulin 
forms of the present invention can be recovered and 
purified according to standard procedures of the art, 

including ammonium sulfate precipitation, affinity columns, 

20 column chromatography, gel electrophoresis and the like 
(See, generally, 

Springer-Verlag, 
Scopes, R., 

N.Y. (1982)). 
Protein Purification, 

Substantially pure 

immunoglobulins of at least about 90 to 95% homogeneity are 

preferred, and 98 to 99% or more homogeneity most 
25 preferred, for pharmaceutical uses. once purified, 

partially or to homogeneity as desired, a humanised 

antibody may then be used therapeutically or in developing 

and performing assay procedures, immunofluorescent 
· stainings, and. the like (See, -generally, Immunological 

30 Methods, Vols. I and II, Lefkovits and Pernis, eds., 

Academic Press, New York, N.Y. (1979 and 1981)). 

The humanised CD1B antibodies can be used for example 
in the treatment of leukocyte mediated conditions. The 

humanised CD18 antibodies typically find use in inhibiting 

35. influx of leukocytes into the lungs and other organs during 

sepsis or other infectious or non-infectious trauma. The 
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GS. These selected clones are then subjected to inhibition

of the enzyme GS using methionine sulphoximine (Msx). The

cells, in order to survive, will amplify the DNA encoding

GS with concomitant ‘amplification of the DNA encoding the

5 antibody. .
Although the cell line used to produce the humanised

antibody is preferably a mammalian cell line, any other
suitable cell line, such as a bacterial cell line or a

yeast cell line, may alternatively be used. In particular,

10 it is envisaged that E. coli - derived bacterial strains
could be used. The antibody obtained is checked for

functionality. If functionality is lost, it is necessary
to return to step (2) and alter the framework of the

 

antibody.

15 Once expressed, the whole antibodies, their dimers,

individual light and heavy chains, or other immunoglobulin

forms of the present invention can be recovered and

purified according to standard procedures of the art,
including ammonium sulfate precipitation, affinity columns,

20 ‘ ¢cOlumn chromatography, gel electrophoresis and the like

(See, - generally, Scopes, R., Protein Purification,

Springer-Verlag, N.Y. (1982)). Substantially pure
immunoglobulins of at least about 90 to 95% homogeneityare

preferred, and 98 to 99% or more homogeneity most

25 preferred, for pharmaceutical uses. Once purified,

Partially or to homogeneity as desired, a humanised

antibody may then be used therapeutically or in developing

and performing assay procedures, immunofluorescent

‘stainings, and. the like (See, -generally, Immunological

30 Methods, Vols. I and II, Lefkovits and Pernis, eds.,

Academic Press, New York, N.Y. (1979 and 1981)).

The humanised CD18 antibodies can be used for example
‘ ~ in the treatment of leukocyte mediated conditions. The

humanised CD18 antibodies typically find use in inhibiting

” 35. influx of leukocytes into the lungs and other organs during

sepsis or other infectious or non-infectious trauma. The
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humanised CD1.8 antibody can therefore be used for 
inhibiting the ingress of leukocytes into the lung and 
other organs in patients having endotoxic shock or adult 
respiratory distress syndrome. The antibody can be usea to 

5 treat asthma or leukocyte-mediated reperfusion damage post 

thrombolytic therapy; to treat inflammation in the lung and 

other organs in patients having an inflammation caused by 

sepsis or other infectious or non-infectious trauma, to 

eliminate or reduce inflammation in a patient being 
1.0 administered with an anti-infective agent or to assist in 

the administration of a therapeutic drug to a patient 

during chemotherapy (EP-A-0346078). 

The humanised antibodies of the present invention may 

also be used in combination with other antibodies, 

1.5 particularly human monoclonal antibodies reactive with 

other markers on cells responsible for the disease. For 

example, suitable T-cell markers can include those grouped 

into the so-called "Clusters of Differentiation" as named 
by the First International Leukocyte Differentiation 

20 Workshop, Leukocyte Typing, Bernard, et al., Eds., 

Springer-Verlag, N.Y. (1984). 

The antibodies can also be used as 

separatelyadministered compositions given in conjunction 
with chemotherapeutic or immunosuppressive agents. 

25 Typically, the agents will include cyclosporin A or a 

purine analog (e.g., methotrexate, 6-mercaptopurine, or the 

like), but numerous additional agents (e.g., 
cyclophosphamide, prednisone, etc.) well-known to those 

skilled in the art may also be utilized. 
30 

35 

An antibody of the present invention may form part of 

an immunotoxin. Immunotoxins are characterized by two 

components and are particularly useful for killing selected 

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

agent which is usually fatal to a cell when attached or 
absorbed. The second component, known as the "delivery 
vehicle", provides a means for delivering the toxic agent 
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to a particular cell type, such as cells. comprising a 

carcinoma. The two components are commonly chemically 

bonded together by any of a variety of well-known chemical 

procedures. For example, when the cytotoxic agent is a 

5 protein and the second component is an intact 

immunoglobulin·, the linkage may be by way of 
heterobifunctional cross-linkers, e.g., SPDP, carbodiimide, 
glutaraldehyde, or the like. Production of various 
immunotoxins is well-known with the art, and can be found, 

10 for example in "Monoclonal Antibody-Toxin Conjugates: 

Aiming the Magic Bullet", Thorpe et al, Monoclonal 

Antibodies in Clinical Medicine, Academic Press, pp. 

168-190 (1982). 
A variety of cytotoxic agents are suitable for use in 

15 immunotoxins. cytotoxic agents can include radionuclides, 

such as Iodine-131, Yttrium-90, Rhenium-188, and Bismuth-
212; a number of chemotherapeutic drugs, such as vindesine, 

methotrexate, adriamycin, and cisplatin; and cytotoxic 
proteins such as ribosomal inhibiting proteins like 

20 pokeweed antiviral protein, Pseudomonas exotoxin A, ricin, 

diphtheria toxin, ricin A chain, etc., or an agent active 
at the cell surface, such as the phospholipase enzymes 

(e.g. I phospholipase c)". See, generally, "Chimeric Toxins," 
Olsnes and Phil, Pharmac. Ther., £2, 335-381 (1982), and 

25 "Monoclonal Antibodies for Cancer Detection and 

eds. Baldwin and Byers, pp. 159-179, 224-266, 

Press (1985). 

Therapy," 

Academic 

The delivery component of the immunotoxin is a 
humanised antibody according to the present invention. 

30 Intact immunoglobulins or their binding fragments, such as 

Fab, are preferably used. Typically, the antibodies in the 
immunotoxins will be of the human IgA, IgM or IgG isotype, 

but other mammalian constant regions may be utilized as 
·desired. 

35. The invention further provides a pharmaceutical 
composi.tion comprising a pharmaceutically acceptable 
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to a particular cell type, such as cells comprising a
carcinoma. The two components are commonly chemically

bonded together by any of a variety of well-known chemical

procedures. For example, when the cytotoxic agent is a

5 protein and the second component is an intact

immunoglobulin, the linkage may be by way of

heterobifunctional cross-linkers, @.g., SPDP, carbodiimide,

glutaraldehyde, or the like. Production of various

immunotoxins is well-known with the art, and can be found,

10 for example in "“Moneclonal Antibody-Toxin Conjugates:
Aiming the Magic Bullet", Thorpe et al, Monoclonal

AntibodiesinClinicalMedicine, Academic Press, pp.

168-190 (1982).

A variety of cytotoxic agents are suitable for use in
15 immunotoxins. Cytotoxic agents can include radionuclides,

such as Iodine-131, Y¥ttrium-90, Rhenium-188, and Bismuth-

212; a number of chemotherapeutic drugs, such as vindesine,
methotrexate, adriamycin, and cisplatin; and cytotoxic

proteins such as ribosomal inhibiting proteins like

20 pokeweed antiviral protein, Pseudomonas exotoxin A, ricin,
diphtheria toxin, ricin A chain, etc., or an agent active’

at the cell surface, such as the phospholipase enzymes

(e.g., phospholipase C). See, generally, "Chimeric Toxins,"

Olsnes and Phil, Pharmac. Ther., 25, 335-381 (1982), and

25 "Monoclonal Antibodies for Cancer Detection and Therapy,"

eds. Baldwin and Byers, pp. 159-179, 224-266, Academic

Press (1985). :
The delivery component of the immunotoxin is a

humanised antibody according te the present invention.

30 intact immunoglobulins or their binding fragments, such as

Fab, are preferably used. Typically, the antibodies in the

immunotoxins will be of the human IgA, IgM or IgG isotype,
‘ but other mammalian constant regions may be utilized as

- desired. .

. 35. The invention further provides a pharmaceutical

composition comprising a pharmaceutically acceptable
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carrier or diluent and, as active ingredient, a humanised 
antibody according to the invention. The composition may 

comprise an immunotoxin according to the invention. The 
humanised antibody, immunotoxin and pharmaceutica~ 

5 compositions thereof of this invention _are particularly 

useful for parenteral administration, i.e., subcutaneously, 
intramuscu~ar~y or intravenously. 

The compositions for parenteral administration will 

commonly comprise a solution of the antibody or a cocktail 

10 thereof dissolved in an acceptable carrier, preferably an 

aqueous carrier. A variety of aqueous carriers can be 

used, e.g., water, buffered water, 0.4% saline, 0.3% 

glycine and the ~ike. These solutions are sterile and 
generally free of particulate matter. These compositions 

15 may be sterilized by conventional, well known sterilization 

techniques. The compositions may contain pharmaceutically 

acceptable auxiliary substances as required to approximate 

physiological conditions such as pH adjusting and buffering 
agents, ~oxicity adjustment agents and the like, for 

20 example sodium acetate, sodium chloride, potassium 

chloride, calcium chloride, sodium lactate, etc. The 
concentration of antibody in these formulations can vary 

widely, for example from less than about 0.5%, usual~y at 

or at least about 1% to as much as 15 or 20% by weight and 

25 will be selected primarily based on fluid volumes, 

viscosities, etc., in accordance with the particu~ar mode 
of administration selected. 

Thus, a typical pharmaceutical composition for 

intramuscular injection cou~d be made up to contain 1 ml 
30 sterile buffered water, and so mg of antibody. A typical 

composition 

contain 250 
antibody. 

for intravenous infusion could be made up to 

ml of sterile Ringer's so~ution, and 150 mg of 

Actual methods for preparing parenterally 

administrable compositions will be known or apparent to 

35 those skilled in the art and are described in more detail 
in, for examp~e, Remington's Pharmaceutical Science, 15th 
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carrier or diluent and, as active ingredient, a humanised

antibody according to the invention. The composition may

comprise an immunotoxin according to the invention. The

humanised antibody, immunotoxin and pharmaceutical

compositions thereof of this invention are particularly
useful for parenteral administration, i.e., subcutaneously,

intramuscularly or intravenously.

The compositions for parenteral administration will

commonly comprise a solution of the antibody or a cocktail

thereof dissolved in an acceptable carrier, preferably an

aqueous carrier. A variety of aqueous carriers can be

used, e.g., water, buffered water, 0.4% saline, 0.3%

glycine and the like. These solutions are sterile and

generally free of particulate matter. These compositions

may be sterilized by conventional, well known sterilization

techniques. The compositions may contain pharmaceutically

acceptable auxiliary substances as required to approximate

physiological conditions such as pH adjusting and buffering

agents, toxicity adjustment agents and the like, for
example sodium acetate, sodium chloride, potassium

chioride, caicium chloride, sodium lactate, etc. The

concentration of antibody in these formulations can vary

widely, for example from less than about 0.5%, usually at

or at least about 1% to as much as 15 or 20% by weight and

will be selected primarily based on fluid volumes,

viscosities, etc., in accordance with the particular mode

of administration selected.

Thus, a typical pharmaceutical composition for

intramuscular injection could be made up to contain 1 ml

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

composition for intravenous infusion could be made up to

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

antibody. Actual methods for preparing parenterally

administrable compositions will be known or apparent to

those skilled in the art and are described in more detail

in, for example, Remington’s Pharmaceutical Science, 15th
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ed., Mack Publishing company, Easton, Pennsylvania (1980). 

The antibodies of this invention can be lyophilized 
. -

for storage and reconstituted in a suitable carrier prior 

to use. 'This technique ·has been ·'Shown to 'be effective with 

5 conventional immune globulins. Any sui taJ::?le lyophiliz-ation 

and reconstitution techniques can be employed. It will be 

appreciated by those skilled in the art that lyophilization 

·and reconstitJ.ltion can lead to varying degrees of antibody 
activity loss (e.g., with conventional immune globulins, 

10 IgM antibodies tend to have greater activity loss than IgG 

antibodies} and that use levels may have to be adjusted to 

compensate. 

The compositions containing the present human-like 
antibodies or a cocktail thereof can· be administered for 

15 prophylactic andjor therapeutic treatments. In therapeutic 

application, qompositions are administered to a patient 

already suffering from a disease, in an amount sufficient 

to cure or at least partially arrest or alleviate the 
disease and its complications. An amount adequate to 

20 accomplish this is defined as a "therapeutically effective 

dose." Amounts effective for this use will depend upon the 
severity of the infection and the general state of the 

patient's own immune system, but generally range from about 

1 t~ about 200 mg of antibody per dose, with dosages of 

25 from 5 to 25 mg per patient being more commonly used. It 

must be kept in mind that the materials of the invention 

may generally be employed in serious disease states, that 

is life-threatening or potentially life-threatening 

situations. I.n such cases, in view of the minimization of 

30 extraneous substances and the lower probability of "foreign 

substance" rejections which are achieved by the present 

human-like antibodies of this invention, it is possible and 

may be felt desirable by the treating physician to 

administer substantial excesses of these antibodies·. 

35 In prophylactic applications, compositions containing 

the present antibodies or a cocktail thereof are 
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administered to a patient not already in a disease state to 
enhance the patient's resistance. such an amount is 
defined to be a "prophylactically effective dose". In this 
use, the precise amounts again depend upon ·the -patient's 

5 state of health and general level of immunity, but 

generally range from 0.1 to 25 mg per dose, especially 0.5 
to 2. 5 mg per patient. A preferred prophylactic use is for 

the prevention of kidney transplant rejection. 

Single or multiple administrations of the 

1.0 compositions can be carried out with dose levels and 

pattern being selected by the treating physician. In any 

event, the pharmaceutical formulations should provide a 

quantity of the antibody(ies) of this invention sufficient 

to effectively treat the patient. 

15 Human-like antibodies of the present invention can 
further find a wide variety of utilities in vitro. By way 

of example, the exemplary antibodies can be utilized for T

cell typing, for isolating specific CD18 antigen-bearing 
cells or fragments of the receptor, for vaccine 

20 preparation, or the like. 

For diagnostic purposes, the antibodies may either be 

labelled or unlabelled. Unlabelled antibodies can be used 

in combination with other labelled antibodies (second 
antibodies) that are reactive with the humanised antibody, 

25 such as antibodies specific for human immunoglobulin 

constant regions. Alternatively, the antibodies can be 

directly labelled. A wide variety of labels may be 

emplored, such as radionuclides, fluors, enzymes, enzyme 
substrates, enzyme cofactors, enzyme inhibitors, ligands 

30 (particul.arl.y haptens), etc. Numerous types of 

immunoassays are available and are well known to those 

skilled in the art. 

Kits can also be supplied for use with the subject 

antibodies in the protection against or detection of a 

35 cellular activity or for the presence of a selected 
antigen. Thus, a humanised antibody of the present 
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invention may be provided, usually in a lyophilized form in 

a container, either alone or in conjunction with additional 

antibodies ·specific for the desired cell type. The 

-antibodies, wh·ich ·may be conjugated ·t·o a la·bel or toxin, or 

5 unconjugated, are included in the kits with buffers, such 

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

inert proteins, e.g. , serum albumin, or the like. 

Generally, these· materials will be present in less than 

about 5% wt. based on the amount of active antibody, and 
10 usually present in total amount of at least about 0.001% 

wt. based again on the antibody concentration. Frequently, 

it will be desirable to include an inert extender or 

excipient to dilute the active ingredients, where the 

excipient may be present in from about 1 to 99% wt. of the 

15 total composition. Where a second antibody capable of 

binding to the chimeric antibody is employed in an assay, 

this will usually be present in a separate vial. The 

se'?ond antibody is typically conjugated to a label and 

formulated in an analogous manner with the antibody 

20 formulations described above. The kit will generally also 

include a set of instructions for use. 

25 

The following Example illustrates the invention. 

EXAHPLE 

Cloning and sequencing of the YFC51.1.1 rat anti-human-CD18 

heavy and light chains 

Total RNA. was isolated ·from 2.5 x 107 YFC51.1.1 

expressing cells following the method of Chomczynski and 

30- Sacchi (Anal. Biochem., i62, 156-159, ( 1987)), using lml of 

extraction solution per 1 x 107 cells~ The resulting RNA 

pellet was redissolved in/50~1 diethyl pyrocarbonate 

(DEPC)-treated distilled water, and spectrophot~metrically 

determined to be at a concentration of 411-9/#J.l. Dynabeads 

35 Oligo (dT) 25 (Dynal) was used to extract mRNA from- 75~g 

total.RNA employing the manufacturer's protocol. 
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invention may be provided, usually in a lyophilized form in

a container, either alone or in conjunction with additional

antibodies specific for the desired cell type. The
; antibodies, which may be conjugated to a label or toxin, or

5 unconjugated, are included in the kits with buffers, such
as Tris, phosphate, carbonate, etc., stabilizers, biocides,
inert proteins, e-g., serum albumin, or the like.

Generally, these materials will be present in less than

. about 5% wt. based on the amount of active antibody, and

10  #wusually present in total amount of at least about 0.001%
wt. based again on the antibody concentration. Frequently,

it will be desirable to include an inert extender or

excipient to dilute the active ingredients, where the

excipient may be present in from about 1 to 99% wt. of the

15 total composition. Where a second antibody capable of

binding to the chimeric antibody is employed in an assay,

this will usually be present in a separate vial. The

second antibody is typically conjugated to a label and
formulated in an analogous manner with the antibody

20 formulations described above. The kit will generally also
include a set of instructions for use.

The following Example illustrates the invention.

EXAMPLE

25

Cloning and sequencing of the YFC51.1.1 rat anti-human-CD1i8

heavy and light chains
Total RNA was isolated from 2.5 x 10? YFC51.1.1

expressing cells following the method of Chomczynski and

30- Sacchi (Anal. Biochem., 162, 156-159, (1987)), using 1ml of

extraction solution per 1 x 10’ cells. The resulting RNA
pellet was redissolved inys50u1 diethyl pyrocarbonate

5 (DEPC)-treated distilled water, and spectrophotometrically

datermined to be at a concentration of 4yg/zl. Dynabeads

. 35 Oligo (dT),,; (Dynal) was used to extract mRNA from 75yg

total RNA employing the manufacturer’s protocol.
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eDNA was synthesized from the isolated mRNA and 
cloned into the plasmid pSPORT-1 using the SUPERSCRIPT 

Plasmid system for eDNA synthesis and Plasmid Cloning kit 

(BRL) following the methoa recommended~y the manufactur~. 
5 Escherichia coli MAX EFFICIENCY DH5a Competent Cells (BRL) 

were transformed with the resulting cDNA/pSPORT-1 ligation. 
Approximately 5000 colonies were lifted onto Hybond-N nylon 

filters (Amersham) and lysed, denatured and fixed following 

the method of Buluwela etA! (Nucleic Acids Res.,~, 452, 
10 (1989)). The filters were treated with proteinase K 

(SO~g//ml) in 0.2 x sse, 0.1% sos at 55°C for 30 min, and 

then excess debris removed with a tissue. 

(i} Heavy chain 

An oligonucleotide as shown in SEQ ID NO: 17 

15 complementary to a portion of rat gamma-CH1 constant region 

{bases 496-515) was end-labelled and used to screen the 

filters for YFCSl.l.l heavy chain following the standard 

protocols. Approximately 50 potential positive colonies 

were detected, and 20 selected for further analysis. 

20 Plasmid DNA was prepared using the method of Del Sal et al 

(Nucleic Acids Res., 16, 9878, (1988)) and 12 of the 20 

contained inserts of the expected size for rat 

immunoglobulin heavy chain eDNA. A clone, p51H. 6, was 
selected, and the variable region sequenced in both 

25 directions by plasmid priming following the dideoxy chain 

termination method {Sanger et sl, (Proc. Natl. Acad. Sci., 

USA, Zi, 5463-5467, (1977)), according to the Sequenase kit 
(USB) protocol. The sequence of the variable region is 

shown in SEQ ID NOS: 9 and 10. 
30 

(ii) Light Chain 

A clone of the rat myeloma Y3-Ag 1.2.3 light chain 
(Crowe et a.l, Nucleic Acid Res., 17, 7992, (1989)) was 

labelled with digoxigenin-11-dUTP using the Nonradioactive 

35. DNA labelling and Detection Kit (Boehringer Mannheim) and 
used to screen the filters for the YFC51.1.1 light chain, 
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following the manufacturer's protocol. Approximately 40 

potential positive colonies were detected, and 24 selected 

for further ~nalysis. Plasmid DNA was prepared as 

described above. Both ¥.3-Aq .1 • .2-.3 .and .Y.FC51 •. 1.~ ~ight 

chains were isolated (Y3 cell line being hybridoma fusion 

partner) but were distinguishable by having different 

restriction patterns. one clone, p51L.4, containing the 

YFCSl.l.l light chain was chosen and sequenced as described 

for the heavy chain. The sequence of the variable region 
10 is shown in SEQ ID NOS: 1 and 2. 

Desianing the humanised antibody 

Using the selection procedure described in Step (2) 

above, the human variable domain frameworks of the NEWM 
15 heavy chain and REI light chain (Kabat ~ al, 1987) were 

chosen for the humanisation process. 

Construction of the humanised heayy and light chain genes 

The humanised heavy and light chains were constructed 

20 following the method of Lewis and Crowe (Gene, 101, 297-

302, (1991)). 

25 

30 

(i) Light Chain 
Light chain oligonucleotide primers: 

AL: SEQ ID NO: 18: 

BL: SEQ ID NO: 19: 

CL: SEQ ID NO: 20: 

DL: SEQ ID NO: 21: 

EL: SEQ ID NO: 22: 

FL: SEQ ID NO: 23: 

GL: SEQ ID NO: 24: 

HL: SEQ ID NO: 25: 

PCR reactions (Saiki et al., Science 239, 487-491, 

( 1988)) were performed in a programmable heating block 

35 (Hybaid) using 20 rounds of temperature cycling (94°C for 

1 min, 50°C for 2 min, and 72°C for 3 min) followed by a 
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final 10 min step at 72°C. l~g of each primer, a specified 
amount of template, and 2.5 units of Tag polymerase (Perkin 

Elmer Cetus) were used in a final volume of 100 ~1 with the 

reaction buffer as recommended by the 111anufacturer. 

5 The initial template for the PCR was CAMPATH-1H 

light chain (humanised CAMPATH-1 on RE1 framework; Page and 

Sydenham, Biotechnology,~, 64-68, (1991)). Four initial 

PCR reactions were carried out, with lOng of template per 

reaction, using the primer pairs AL with Bu CL with DL, EL 

10 with FL, and GL with HL respectively. The products of these 

PCR react.ions, fragments ABL, COL, EFL and GHL respectively, 

were purified using Prep-A-Gene (Bio-Rad) following the 

protocol recommended by the manufacturer. Fragments ABL 

with COL, and EFL with GHL were combined using a quarter of 

15 each purified product, and subjected to recombinant PCR 

reactions with primers AL plus DL, and EL plus HL 

respectively. The products of these reactions, fragments 

ADL and EHL, were purified as above, and a quarter of each 

combined in a recombinant PCR reaction using primers AL and 

20 HL. The final humanised light chain recombinant PCR 

product, AHL, was cloned into the Hindiii site of pUC-18 

(BRL) following the method of Crowe et al., Nucleic Acids 

Res., 19, 184, (1991), utilising the Hindiii sites in 

primers AL and HL. Plasmid isolates were sequenced by the 

25 dideoxy chain termination method, and clones of the correct 

seguence chosen. 

(ii) Heavy Chain 

Heavy chain oligonucleotide primers: 

AH: . SEQ ro NO: 26: 

30 BH: . SEQ ro NO: 27: 

CH: . SEQ ID NO: 28: 

OH: . SEQ ro NO: 29: 

EH: . SEQ ID NO: 30: 

FH: . SEQ ID NO: 31: 

35 GH: . SEQ ID NO: 32: 

HH: . SEQ ID NO: 33: 
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The initial template for the PCR was CAMPATH-lH heavy 
chain. The rodent COR's were grafted on to the template 

following the recombinant PCR method as described above, 

but using ol.igonucleotide pr.imers AH to HH- The . ...f.ina~ -P.cR, 

5 i.e. fragments ADH and EH8 with primers A8 and H8 , did not 

give a high yield of product so a fragment AFH was generated 

(from fragments AD8 and EF8 ) and used with fragment EHH in 

a PCR with primers A8 and H8 • Oligonucleotides A8 and HH 

were designed with Hindiii and EcoRI sites respectively to 

10 enable initial cloning of the humanised variable region, 

and a Spei site was introduced into the NEWM framework 4 

(FR4) region of oligonucleotide G8 to facilitate subsequent 

cloning of the variable region with a suitable constant 

15 

region of choice. 

alter the leucine 

The Spei site was chosen so as not to 

residue at position 109 {numbering 

according to Kabat et al, 1987) of the humanised heavy 

chain template. Four out of the six human heavy 

J-minigenes possess a leucine at this position (Kabat et 

al, 1987). Thus the use of the engineered SPei site should 
20 be generally applicable. 

The humanised heavy chain variable region recombinant 

PCR product was cloned into Hindiii/EcoRI-cut pUC-18 (BRL), 

and plasmid isolates of the correct sequence were chosen. 

The FR4 and ~1 constant regions of CAMPATH-1H heavy chain 

25 were PCR cloned into pUC-1.8 (BRL) using oligonucleotide 

primers XH (SEQ IO NO: 34) and Y8 (SEQ ID NO: 35). Primer 

XH contains Spei and Hindiii sites, and YH an EcoRI site. 

The Hindiii and ECoRI sites were used to clone the PCR 

product into pUC-18, and pl.asmid isolates of the correct 

30 sequence were selected. The complete heavy chain was 

subsequentl.y reconstituted from the humanised variable 

region and ~1 constant region clones using the engineered 

FR4 ~1 site. 

35 Transient expression in cos cells 
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‘The initial template for the PCR was CAMPATH-1H heavy

chain. The rodent CDR’s were grafted on to the template
following the recombinant PCR method as described above,

but using oligonucleotide primers A, to Hy. The final PCR,

i.e. fragments AD, and EH, with primers A, and Hy, did not

give a high yield of product so a fragment AFy was generated
(from fragments AD, and EFy) and used with fragment EH, in

a PCR with primers A, and H,. Oligonucleotides A, and Hy

were designed with HindIII and EcoRI sites respectively to

enable initial cloning of the humanised variable region,

and a SpeI site was introduced into the NEWM framework 4

(FR4) region of oligonucleotide G, to facilitate subsequent

Cloning of the variable region with a suitable constant

region of choice. The SpeI site was chosen so as not to

alter the leucine residue at position 109 (numbering

according to Kabat et al, i987) of the humanised heavy

chain template. Four out of the six human heavy

J-minigenes possess a leucine at this position (Kabat et

al, 1987). Thus the use of the engineered SPeI site should

be generally applicable.

The humanised heavy chain variable region recombinant

PCR product was cloned into HindIII/EcoRI-cut pUC-18 (BRL),

and plasmid isolates of the correct sequence were chosen.

The FR4 and yl constant regions of CAMPATH-1H heavy chain

were PCR cloned into pUC-18 (BRL) using oligonucleotide

primers X, (SEQ ID NO: 34) and Y, (SEQ ID NO: 35). Primer

X%; contains SpeI and HindIII sites, and Yy an EcoRI site.
The HindIII and ECoRI sites were used to clone the PCR

product into pUC-18, and plasmid isolates of the correct

sequence were selected. ' The complete heavy chain was

subsequently reconstituted from the humanised variable

region and vl constant region clones using the engineered

FR4 Spel site.

Transient expression in COS cells
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DNA encoding the humanised heavy and light chains 
were c.loned into the vectors pEE6 . hCMV and pEE12 
respectively, see Stephens & Cockett, Nucleic Acids Res., 

17, 7~10 (1989}; Bebbington et al., Bi.otechnology, 10, 1.69 

5 (1.992); and Bebbington and Hentschel in Glover ed., DNA 

Cloning Volume III, Academic Press ( 19 8 7) • The vector 

pEE12 is a pBR322 - based vector containing the h-CMV-MEI 

promoter and the hamster glutamine synthetase (GS) eDNA 

under control of the sv4o early region promoter. The 
10 vector pEE12 corresponds to pEE6 {see EP-A-0338841) with 

the GS eDNA expression cassette driven by the SV40 promoter 

transcribing in the same direction as the h-CMV-MEI 

promoter. Cells transfected with the vectors pEE6, hCMV 

and pEE12 are capable of growth in glutamine free medium 

15 because of the presence of the GS eDNA. As the selection 

is only on the pEE12 plasmid, effective expression relies 

upon co-integration of both plasmids. 

The recombinant plasmids (5p.g of each) were 
transfected into 5X105 COS-1 cells using the Transfectam 

20 reagent (Promega, Southampton, U.K.) under the conditions 
recommended by the manufacturer. Stock cos-1 cell.s (source 

ECACC, Parton Down, U.K.) were maintained in DMEM medium 

(Flow, Irvine, U.K.) supplemental with 10% foetal calf 

serum (APP, Dudley, U.K.). cos cell transfections were 

25 carried out in DMEM medium (Flow, Irvine, U.K.). Growth 
media from COS-1 ce.lls four days post transfection were 

assayed by a sandwich ELISA assay using flexible microtitre 

plates (Falcon, Becton-Dickinson, Plymouth, U.K.) coated 
with polyclonal anti-human IgG (Sigma, Poole, U.K.) as 

30 capture antibody. The assay sample was added and detection 

performed with an anti-human IgG -r chain-specific 
peroxidase conjugate (Seralab, crawley Down, U.K.) and 

orthophenylene dimine-HCl (Sigma, Poole U.K.) as substrate. 

The humanised antibody was shown to be expressed 
35 transiently in the cos cells by using the spent COS cell 

supernatant to surface label MF-14 (a T-cell clone) cells 
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DNA encoding the humanised heavy and light chains

were cloned into the vectors pEE6.hnhCMV and pEE12

respectively, see Stephens & Cockett, Nucleic Acids Res.,
 

17, 7110 (1989); Bebbington et al., Biotechnology, 10, 169

(1992); and Bebbington and Hentschel in Glover ed., DNA

Cloning Volume III, Academic Press (1987). The vector

pEE12 is a pBR322 - based vector containing the h-CMV-MEI

promoter and the hamster glutamine synthetase (GS) CDNA

under control of the SV40 early region promoter. The

vector pEE12 corresponds to pEE6 (see EP-A-0338841) with

the GS cDNA expression cassette driven by the SV40 promoter

transcribing in the same direction as the h-CMV-MEI

promoter. Cells transfected with the vectors pEE6, hCMV

and pEE12 are capable of growth in glutamine free medium

because of the presence of the GS cDNA. As the selection

is only on the pEE12 plasmid, effective expression relies

upon co-integration of both plasmids.

The recombinant plasmids (Sug of each) were

transfected into 5x10’ COS-1 cells using the Transfectam

reagent (Promega, Southampton, U.K.) under the conditions

recommended by the manufacturer. Stock COS-1 cells (source
ECACC, Porton Down, U.K.) were maintained in DMEM medium

(Flow, Irvine, U.K.) supplemental with 10% foetal calf

serum (APP, Dudley, U.K.). cOS cell transfections were

carried out in DMEM medium (Flow, Irvine, U.K.). Growth

media from COS-1 cells four days post transfection were

assayed by a sandwich ELISA assay using flexible microtitre

plates (Falcon, Becton-Dickinson, Plymouth, U.K.) coated

with polyclonal anti-human IgG (Sigma, Poole, U.K.) as

capture antibody. The assay sample was added and detection

performed with an anti-human IgG 7¥ chain-specific

peroxidase conjugate (Seralab, Crawley Down, U.K.} and

orthophenylene dimine-HCl (Sigma, Poole U.K.) as substrate.

The humanised antibody was shown to he expressed

transiently in the COS cells by using the spent COS cell

Supernatant to surface label MF-14 (a T-cell clone) cells
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for FACS analysis according to the method of Gladwin et_al, 
Biochem. Biophs. Acta, 1052, 166-172 ( 1990). · Briefly 

10~#1 aliquots of a cell suspension ( 105
) were incubated 

with the ..appr.opr.ia.te . .antibody (spent cos cell supernatant) 

5 and incubated on melting ice for 30 minutes. The cells 

were washed twice in PBS and incubated for a further 30 

minutes with the appropriate second antibody (see below). 

The cells were washed again and 1:50 dilutions of anti-rat 

Ig-FITC or anti-hu:nan Ig-FITC conjugates were added on 

10 melting ice. Finally, the cells were washed three times in 

PBS and fixed in 0.1% paraformaldehyde. Analysis of 

surface labelling was performed using a Becton-Dickenson 

FACScan using standard computer, electronics and optics. 

The hurnanised antibody in the cos cell supernatant 
15 was shown to bind MF-14 cells as well as inhibiting the 

binding of the rat YFC51.1.1 monoclonal antibody. Since 

the humanised antibody was shown to have retained binding 

for CD18 by blocking the binding of the rat monoclonal 

antibody, stable NSO transfactants were generated. 
20 

Stable expression in NSO cells 

A single expression vec.tor for generating stable 
transfectants · of NSO cells was generated by cloning the 

complete heavy chain.expression cassette from pEE6 into the 

25 BamHI site of the pEE12 - light chain plasmid. Thus both 

heavy and light chain coding sequences are transcribed in 

the same direction from the same vector. 40#g of plasmid 
... 

for transfection was linearised by digestion with Sali 

restriction enzyme that has a recognition sequence within 

30 the bacterial plasmid sequence. The linearised DNA was 

precipitated from solution using ethanol, washed in 70% 

ethanol, dried and resuspended in sterile water. 

Exponentially growing NSO cells (a Human myeloma cell 

line; see Jarvis, Methods in Enzymology, 73B, _3 (1981); 

35 source ECACC , Parton Down, U.K.) were maintained in non

selective DMEM medium (i.e. without glutamine and ferric 
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for FACS analysis according to the method of Gladwin et al,
Biochem. Biophs. Acta, 2052, 166-172 (1990). + Briefly
100u1l aliquots of a cell suspension (105) were incubated
with the appropriate antibody (spent COS cell supernatant)

° 5 and incubated on melting ice for 30 minutes. The celis
were washed twice in PBS and incubated for a further 30

. minutes with the appropriate second antibody (see below).

The cells were washed again and 1:50 dilutions of anti-rat

Ig-FITC or anti-human Ig-FITC conjugates were added on

10 - melting ice. Finally, the cells were washed three times in
PBS and fixed in 0.1% paraformaldehyde. Analysis of

surface labelling was performed using a Becton-Dickenson

FACScan using standard computer, electronics and optics.

The humanised antibody in the COS cell supernatant

15 was shown to bind MF-14 cells as well as inhibiting the

binding of the rat YFC51.1.1 monoclonal antibody. Since

the humanised antibody was shown to have retained binding
for CD18 by blocking the binding of the rat monoclonal

antibody, stable NSO transfactants were generated. ,
20

Stable expression in NSO cells

A single expression vector for generating stable
transfectants of NSO cells was generated by cloning the

complete heavy chain.expression cassette from pEE6 into the

25 BamHI site of the pEE12 - light chain plasmid. Thus both

heavy and light chain coding sequences are transcribed in

the same direction from the same vector. 40ug of plasmid
for transfection was linearised by digestion with SalI

restriction enzyme that has a recognition sequence within

30 the bacterial plasmid sequence. The linearised DNA was

precipitated from solution using ethanol, washed in 70%

ethanol, dried and resuspended in sterile water.

Exponentially growing NSO cells (a Human mycloma cell

line; see Jarvis, Methods in Enzymology, 23B, 3 (1981);
35 source ECACC , Porton Down, U.K.) were maintained in non-

selective DMEM medium (i.e. without glutamine and ferric
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nitrate but with sodium pyruvate at 110 mg/1 (GIBCO/BRL, 

Paisley, U.K.) supplemented with l.X non-essential amino 

acids (Flow, Irvine, U.K.) 2mM glutamine (GIBCO) and 1.0% 

foetal calf serum (APP, --Dudley, o. K.) • NSO cells .w.er.e 

5 centrifuged, washed and re-suspended in cold PBS, such that 

after the addition of the DNA the celis would be at a 

concentration of 1.07 cellsfml. The linearised plasmid DNA, 

40~g, was added to 1.07 cells in an electroporation cuvette 

on ice. The cells and DNA were mixed gently so as to avoid 

1.0 generating bubbles and the mixture was left on ice for 5 

minutes. The outside of the cuvette was wiped dry and two 

consecutive pulses at 1.500V, 3mF were delivered using a 

Gene Pulser (Bio-Rad}. The cuvette was returned to ice for 

5 minutes. 

1.5 Transfected cells were transferred to 96 well plates 

at densities of 3 x 1.05 , 7. 5 x 1.0~ and 1.. 5 x 1.04 cells/ml in 

50~1 of non-selective medium and incubated at 37°C for 24 

hours. Subsequently 100 ~1 of selective DMEM medium (i.e. 

without glutamine and ferric nitrate but with sodium 

20 pyruvate at 1.00 mg/1 (GIBCO/BRL, Paisley, U.K.) 

supplemented with glutamate (60 mgjml), asparagine (60 

mgfml; Sigma, Poole, U.K.), lX non-essential amino acids, 

7 mg/1 of adenosine, cytidine, guanosine and uridine, 2.4 

mg/1 of thymidine (Sigma, Poole, U.K.) and 1.0% dialysed 

25 foetal calf serum (APP, Dudley U.K.)) was added to selected 

clones which had integrated the transfected plasmid. The 

plates were returned to the incubator and left until 

substantial cell death had occurred and discrete surviving 

colonies had appeared. Once colonies of glutamine-

3D independent transfectants could be seen, wells with single 

colonies were selected and spent tissue culture 

supernatants were collected and assayed for human IgG 

secretion. 

Wells with single colonies that were positive for IgG 

35 secretion were then expanded in culture using selective 

medium. The cells were distributed in 96 well plates at 104 
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cells/well in 100#41 of medium and incubated overnight. 
100#-'l of selective medium containing a concentration of 

L-methionine sulphoximine (MSX) was added. MSX is a toxic 
glutamine analogue that .allows for selection of vector 

5 amplification. Each 96-well plate had a different final 

concentration of MSX, ranging from 200#-'M down to 12.5#-'M. 

Individual colonies were isolated from· each independent 

transfectant at the highest MSX concentration at which MSX 
resistance occurred. The colonies were expanded and 

10 antibody secretion rate {in #-'g/106 cells/day) was compared 

with the unamplified rate. Clones were obtained that 

expressed the humanised antibody at 1 to 3 IJ.g/ 106 cells/ 

day. 

The humanised antibody was purified from spent tissue 

15 culture supernatant by affinity chromatography over a 

Superose protein-G column (Pharmacia) and used in T-cell 
proliferation assays and C1q binding studies. 

T-cell Proliferation 

20 Peripheral human mono-nuclear cells were isolated 
from defibrinated whole human blood using Lymphoprep 

(Nycomed, Oslo, Norway) and following the manufacturer's 

protocol. Triplicate cultures were set up in 96 well flat 

bottomed microtitre plates (Nunclon, Roskild, Denmark) with 

25 the medium clone (RPMI 1640 supplemented with 10% 

autologous serum, 2mM glutamine and 100 IU/ml penicillin, 
100#-'g/ml streptomycin) or with medium and antigen (Tetanus 

toxoid, 5~J.g/ml) or medium and mitogen (PHA, 51J.gfml), in the 
presence or absence ofYFC 51.1.1 or the humanised antibody. 

30 Cells were cultured at 37°C in a humidified atmosphere of 

95% air, 5% C02 for five days. Wells were then pulsed with .. 

l#-'Ci (methyl la]thymidine (2Ci/mmol, Amersham), harvested 4 

hours later and radioactivity counted by liquid 

scintillation using a B counter (LKB, Betaplate, sweden). 

35 Both the rat YFC51.1.1 monoclonal antibody ·and the 

humanised antibody strongly inhibited the antigen specific 
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T-cell response but had little effect on the PHA induced 

proliferation. However, at high levels of antibody 

(SO#'g{ml} and low levels of PHA (2. 51'g/ml) up to 80% 
inhibition could be 'dbta'ined. 

Complement binding 

Human mononuclear cells (prepared as above) were 

stimulated with PHA at S#'g{ml and incubated at 37°C for 3 

days. The PHA was removed by washing the cells in PBS. 

10 The cells were then incubated with 101'g{ml of test antibody 

for 20 minutes on ice, cells washed in ice cold PBS and 
incubated with ice cold human serum for 20 minutes. The 

human serum was removed by washing in ice cold PBS. The 

cells were then incubated for 20 minutes with a 
15 fluoreceinated polyclonal sheep anti-human Clq. Unbound 

anti-C1q was removed by washing cells in PBS and cells were 

analysed on a Becton-Dickenson FACScan. YFC51.1.1 was 

found to bind human Clq weakly and no binding was detected 
for the humanised antibody. Potential therapeutic uses for 

20 anti-CD18 antibodies rely on transient inhibition of COla

mediated adherence of leukocytes rather than depletion of 

CDlS positive cells. Accordingly the inability of the 

humanised antibody to fix human complement on CDlB positive 
cells is an advantage since it suggests that in vivo the 

25 antibody will not deplete using complement but will 
function as a blocking antibody. 

FACS analysis 

A CDlB positive T-cell clone (MF14) was used to 

30 determine the binding of humanised compared with rat 

antibody. Cells were incubated with rat or humanised 

antibody for 30 minutes on ice. Unbound antibody was 

removed by washing and the second antibody was added (i.e. 

rat antibody was added to cells pre-incubated with 

35 humanised antibody and vice versa) and incubated for 30 
minutes on ice. Cells were washed to remove unbound 
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T-cell response but had little effect on the PHA induced

proliferation. However, at high levels of antibody

{S0ug/m1l) and low levels of PHA (2.5uqg/ml) up to 80%

inhibition could be obtained.

Complement binding

Human mononuclear cells (prepared as above) were

stimulated with PHA at S5ug/ml and incubated at 37°C for 3

days. The PHA was removed by washing the cells in PBS.

The celis were then incubated with l0ug/ml of test antibody

for 20 minutes on ice, cells washed in ice cold PBS and
The

The

incubated with ice cold human serum for 20 minutes.

human serum was removed by washing in ice cold PBS.

cells were then incubated for 20 minutes with a

fluoreceinated polyclonal sheep anti-human Cig. Unbound

anti-Clq was removed by washing cells in PBS and cells were

analysed on a Becton-Dickenson FACScan. YFC51.1.1 was

found to bind human Clq weakly and no binding was detected

for the humanised antibody. Potential therapeutic uses for

anti-cD18 antibodies rely on transient inhibition of CD18-

mediated adherence of leukocytes rather than depletion of

CD18 positive cells. Accordingly the inability of the

humanised antibody to fix human complement on CD18 positive

cells is an advantage since it suggests that in vivo the

antibody will not deplete using complement but will

function as a blocking antibody.

 

FACS analysis

A CD18 positive T-cell clone (MF14}) was used to

determine the binding of humanised compared with rat

antibody. Cells were incubated with rat or humanised

antibody for 30 minutes on ice. Unbound antibody was

removed by washing and the second antibody was added (i.e.

rat antibody was added to celis pre-incubated with

humanised antibody and vice versa) and incubated for 30

minutes on ice. Cells were washed to remove unbound
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antibody and a FITC-labelled anti-human or anti-rat 

antibody added. Unbound label was removed by washing and 

the cells were analysed on a Becton-Dickenson FACScan. 

Pre-incubation of MF~4 ce~~s with 101-'g/ml of YFC51.~.~ 

5 antibody completely blocked the binding of 0. ~lo'g /ml of 

humanised antibody. In the reciprocal · experiment, pre

incubation with ~01-'g/ml of humanised antibody completely 

blocked the binding ~f o.~lo'g/ml YFCSl.~.l. In both cases 

use of 1. 0 and 0. ~1-'g/ml of the first antibody led to a 

~o · titration of blocking. 
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SEQUENCE LISTING 

( 1} INFORMATION FOR SEQ "ID "NO : ·1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

375 base pairs 

nucleic acid 

double 

linear 

: eDNA 

PCf/G89l/01289 

15 (vi) ORIGINAL SOURCE: 

20 

25 

30 

35 

(A) ORGANISM 

( ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

(D) OTHER INFORMATION 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

(D) OTHER INFORMATION 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

Rattus rattus 

CDS 

1 .• 375 

/product= "Variable region 

light chain" 

fstandard_name= "YFC51.1.1" 

misc_signal 

1 •• 60 

/function= 

sequence" 

mise feature 

130 •• 162 

"Signal 
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(0) OTHER INFORMATION : /function= ·"CDR 1" 

(ix) FEATURE: 

5 (A) NAME/KEY misc_feature 

(B) LOCATION 208 •• 228 

(D) OTHER INFORMATION /function= "CDR 2" 

(ix) FEATURE: 
10-

(A) NAME/KEY misc_feature 

(B) LOCATION 325 .• 351 

(D) OTHER INFORMATION /function= "CDR 3" 

15 (xi) SEQUENCE DESCRIPTION : SEQ ID NO: 1: 

ATG AGG GTC CAG GTT CAG TTT CTG GGG CTC CTT CTG CTC TGG ACA TCA 48 

Met Arg Val Gln vai c1n Phe Leu Gly Leu Leu Leu Leu Trp Thr ser 

1 5 10 15 
20 

GGT GCC CAG TGT GAT GTC CAG ATG ACC CAG TCT CCG TCT TAT CTT GCT 96 

Gly Ala Gln Cys Asp Val Gln Met Thr Gln Ser Pro Ser Tyr Leu Ala 

20 25 30 

25 GCG TCT CCT GGA GAA AGT GTT TCC ATC AGT TGC AAG GCA AGT AAG AGC 144 

Ala·Ser Pro Gly Glu Ser Val ser Ile Ser cys Lys Ala Ser Lys ser 

35 40 45 

ATT AGC AAT .TAT TTA GCC TGG TAT CAACAG AAA CCT GGG GAA GCA AAT 192 

30 Ile Ser Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Glu Ala Asn 

so 55 60 

AAA CTT CTT GTC TAT TAT GGG TCA ACT TTG CGA TCT GGA ATT CCA TCG 240 

Lys Leu Leu Val Tyr Tyr Gly Ser Thr Leu Arg Ser Gly Ile Pro ser 

35 65 70 75 so 

AGG TTC AGT GGC AGT GGA TCT GGT ACA GAT TTC ACT CTC ACC ATC AGA 288 

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

as 90 95 
40 
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AAC CTG GAG CCT GCA GAT TTT GCA GTC TAC TAC TGT CAA CAG TAT TAT 336 

Asn Leu Glu Pro Ala Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Tyr 

100 lOS 110 

GAA AGA CCG CTC ACG TTC GGT TCT GGG ACC AAG CTG GAG 

Glu Arq Pro Leu Thr Phe Gly Ser Gly Thr Lys Leu Glu 

115 120 125 

(2) INFORMATION FOR SEQ ID NO 2 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

125 amino acids 

amino acid 

linear 

protein 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 2: 

Met Arq Val Gln Val Gln Phe Leu Gly Leu Leu Leu Leu Trp Thr Ser 

1 5 10 15 

Gly Ala Gln cys Asp Val Gln Met Thr Gln Ser Pro Ser Tyr Leu Ala 

20 25 30 

Ala Ser Pro Gly Glu Ser Val Ser Ile Ser cys Lys Ala Ser Lys Ser 

35 40 45 

I:le Ser Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Glu Ala Asn 

so 55 60 

Lys Leu Leu Val Tyr Tyr Gly Ser Thr Leu Arq Ser Gly I:le Pro Ser 

375 

35 65 70 75 so 

Arq Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Arq 
85 90 95 

40 Asn Leu Glu Pro Ala Asp Phe Ala Val Tyr Tyr cys Gln Gln Tyr Tyr 

100 105 110 

PFIZER EX. 1502 
Page 1320



W093/0ll91 

5 

l.O 

15 

20 

33 

_.,Gl~ .. Arg Pro Leu Thr Phe Gly Ser Gly Thr Lys Leu Glu 

115 120 125 

(3) INFORMATION FOR SEQ ID NO : 3 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

33 base pairs 

nucleic acid 

double 

linear 

eDNA 

Rattus rattus 

mise feature 

1.. 33 

PCT/GB92/01289 

(D)- OTHER INFORMATION /function~ "CDR 1" 

25 (ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

CDS 

1 .. 33 

30 (Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 3: 

35 

AAG GCA AGT AAG AGC ATT AGC AAT TAT TTA GCC 

Lys.Ala Ser Lys ser Ile Ser Asn Tyr Leu Ala 

1 s 10 

(4) INFORMATION FOR SEQ ID NO 4 

33 
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34 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(0) TOPOLOGY 

11. amino acids 

amino acid 

linear 

(ii) MOLECULE TYPE protein 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 4: 

Lys Ala Ser Lys Ser Ile Ser Asn Tyr Leu Ala 
l 5 10 

(5) INFORMATION FOR SEQ IO NO : 5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 21. base pairs 

(B) TYPE nucleic acid 

(C) STRANDEDNESS double 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE eDNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM Rattus rattus 

(ix) FEATURE: 

(A) NAME/KEY mise feature 

(B) LOCATION 1 •• 21. 

(D) OTHER .INFORMATION /function= "CDR 2 11 

(ix) FEATURE: 
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W093/02191 

(A) NAME/KEY 

(B) LOCATION 

txi) SEQUE-NCE DESCRIPTION 

TAT GGG TCA ACT TTG CGA TCT 

Tyr Gly Ser Thr Leu Arg ser 

1 5 

35 

CDS. 

1 •• 21 

SEQ ID NO.: 5: 

(6) INFORMATION FOR SEQ ID NO : 6 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH 

(B) TYPE 

{D) TOPOLOGY 

(ii) MOLECULE TYPE 

(Xi) SEQUENCE DESCRIPTION 

Tyr Gly ser Thr Leu Arg Ser 

1 5 

7 amino acids 

amino acid 

linear 

protein 

SEQ ID NO: 6: 

(7) INFORMATION FOR SEQ ID NO : 7 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH : 27 base pairs 

. (B) TYPE nucleic acid 

(C) STRANDEDNESS double 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE eDNA 

(vi} -ORIGINAL SOURCE: 

PCT/GB92/01289 

21 
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W093/02191 

(A) ORGANISM 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

PCf/GB92/01289 

36 

Rattus rattus 

mise feature 

1 •• 27 

(0) OTHER INFORMATION /function= "COR 3 11 

10 

15 

20 

25 

30 

(ix) FEATURE 

(A) NAME/KEY 

(B) LOCATION 

(xi) SEQUENCE DESCRIPTION 

CAA CAG TAT TAT GAA AGA CCG CTC ACG 

Gln Gln Tyr Tyr Glu Arg Pro Leu Thr 

1 5 

cos 

1.. 27 

SEQ ID NO: 7: 

(8} INFORMATION FOR SEQ ID NO : 8 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(Xi) SEQUENCE DESCRIPTION 

Gln Gln Tyr Tyr Glu Arg Pro Leu Thr 

9 amino acids 

amino acid 

linear 

protein 

SEQ ID NO: 8: 

35 l 5 

27 
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15 

20 

37 

(9) INFORMATION FOR SEQ ID NO 9 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B} TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

{vi) ORIGINAL SOURCE: 

(A) ORGANISM 

(ix) FEATURE: 

(A) NAME/KEY 
(B) LOCATION 

(D) OTHER INFORMATION 

4.17 base pairs 

nucleic acid 

double 

linear 

eDNA 

Rattus rattus 

CDS 
1 •. 417 

/product= "Heavy chain 

variable r~gion with 

signal sequence" 

1 standard_ name "YFC5l. ·. 1 • 1" 

25 (ix} FEATURE: 

30 

35 

(A) NAME/KEY 

(B) LOCATION 

(D) OTHER INFORMATION 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

misc_signal 

1 •• 57 

/function= 

sequence" 

mise feature 

: -148 •• 162 

"Signal 

(D) OTHER INFORMATION : /function= "CDR 1 11 
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(ix) FEATURE: 

{A) NAME/KEY mise feature 

(B) LOCA"TION .. 205-.255 

5 

{ix) FEATURE: 

(A) NAME/KEY mise feature 

(B) LOCATION 352 •• 384 

10 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 9: 

ATG AAA TGC AGC TGG ATC AAC CTC TTC TTG ATG GCA CTA GCT TCA GGG 48 

Met Lys Cys Ser Trp Ile Asn Leu Phe Leu Met Ala Leu Ala Ser Gly 

15 1 5 10 15 

GTC TAC GCA GAA GTG CAG CTG CAA CAG TCT GGG CCC GAG CTT. CGG AGA 96 

Val Tyr Ala Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Arg Arg 

20 25 30 

20 
CCT GGG TCC TCA GTC AAG TTG TCT TGT AAG ACT TCT GGC TAC AGC ATT 144 

Pro Gly ser Ser Val Lys Leu Ser Cys Lys Thr Ser Gly Tyr Ser Ile 

35 40 45 

25 AAA GAT TAC CTT CTG CAC TGG GTA AAA CAT AGG CCA GAA TAC GGC CTG 192 

Lys Asp Tyr Leu Leu His Trp Val Lys His Arg Pro Glu Tyr Gly Leu 

50 55 60 

GAA TGG ATA GGA TGG ATT GAT CCT GAG GAT GGT GAA ACA AAG TAT GGT 240 

30 Glu Trp I1e Gly Trp Ile Asp Pro Glu Asp Gly Glu Thr Lys Tyr Gly 

65 70 75 80 

CAG AAG TTT CAA AGC AGG GCC ACA CTC ACT GCA GAT ACA TCC TCC AAC 288 
Gln Lys Phe Gln Ser Arg Ala Thr Leu Thr Ala Asp Thr ser Ser Asn 

35 85 90 95 

ACA GCC TAC ATG CAA CTC AGC AGC CTG ACG TCT GAC GAC ACA GCA ACC 336 

Thr Ala Tyr Met Gln Leu ser Ser Leu Thr ser Asp Asp Thr Ala Thr 

100 lOS 110 

40 
TAT TTT TGT ACT AGA GGC GAA TAT AGA TAC AAC TCG TGG TTT GAT TAC 384 
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.... ~.- _;,. .-, 

Tyr Phe Cys Thr.Arg Gly Glu Tyr Arg Tyr Asn Ser Trp Phe Asp Tyr 
115 120 125 

TGG GGC CAA GGC ACT CTG GTC ACT GTC TCT TCA 
5 Trp Gly "Gln "Gly 'Thr "Leu Val "Thr Val ser ser 

10 

15 

130 135 

(10) INFORMATION FOR SEQ ID NO 10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(D) TOPOLOGY 

139 amino acids 

amino acid 

linear 

(ii) MOLECULE TYPE protein 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 10: 

20 Met Lys Cys ser Trp Ile Asn Leu Phe Leu Met Ala Leu Ala ser Gly 
1 5 10 .15 

Val Tyr Ala Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Arg Arg 
20 25 30 

25 
Pro Gly ser Ser Val Lys Leu ser cys Lys Thr Ser Gly Tyr ser Ile 

35 40 45 

Lys Asp Tyr Leu Leu His Trp Val Lys His Arg Pro Glu Tyr Gly Leu 
30 so 55 60 

Glu Trp Ile Gly Trp Ile Asp Pro Glu Asp Gly Glu Thr Lys Tyr Gly 
65 70 75 80 

35 Gln Lye Phe Cln ser Arg Ala Thr Leu Thr Ala Asp Thr Ser Ser Asn 
85 90 95 

Thr Ala Tyr Met Gln Leu Ser Ser Leu Thr Ser Asp Asp Thr Ala Thr 

100 105 110 
40 

Tyr Phe Cys Thr Arg G1y Glu Tyr Arg Tyr Asn Ser Trp Phe Asp Tyr 

417 
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-.-·- ;- -·~ 40 

11.5 120 125 

Trp Gly Gln Gly Thr Leu Val Thr Val ser Ser 

130 135 

(11) INFORMATION FOR SEQ ID NO : 11 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

15 base pairs 

nucleic acid 
double 
linear 

eDNA 

Rattus rattus 

misc_feature 

1 •• 15 

PCT/GB92/0I289 

(D) OTHER INFORMATION /function= "CDR 1" 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

(Xi} SEQUENCE DESCRIPTION 

GAT TAC CTT CTG CAC 

Asp Tyr Leu Leu His 

1 5 

CDS 

1 •• 15 

SEQ ID NO: 11: 

15 
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41 

(12) INFORMATION FOR SEQ ID NO 12 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(D) TOPOLOGY 

(ii} MOLECULE TYPE 

(xi) SEQUENCE DESCRIPTION 

5 amino acids 

amino acid 

linear 

protein 

SEQ ID NO: 12: 

1.5 Asp Tyr Leu Leu His 

20 

25 

30 

35 

l 5 

(13) INFORMATION FOR SEQ ID NO : 13 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(vi) ORIGINAL SOURCE: 

... 

(A) ORGANISM 

(ix) FEATURE: 

(A) NAME/KEY 

(B) LOCATION 

51 base pairs 

nucleic acid 

double 

linear 

eDNA 

Rattus rattus 

mise feature 

1 •• 51 

PCT/GB92/01289 

(D) OTHER INFORMATION /function= "CDR 2" 
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10 

15 

20 

25 

( ix) FEATURE: 

(A·) .NAME/KEY 

(B) LOCATION 

42 

CDS 

1 .• 51 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 13: 

TGG ATT GAT CCT GAG GAT GGT GAA ACA AAG TAT GGT CAG AAG TTT CAA 

Trp Ile Asp Pro Glu Asp Gly Glu Thr Lys Tyr Gly Gln Lys Phe Gln 

1 5 10 15 

AGC 

Ser 

(14) INFORMATION FOR SEQ ID NO : 14 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 17 amino acids 

(B) TYPE amino acid 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE protein 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 14: 

Trp Ile Asp Pro Glu Asp Gly Glu Thr Lys Tyr Gly Gln Lys Phe Gln 

30 1 5 10 15 

ser 

35 (15) INFORMATION FOR SEQ ID NO : 15 

(i) SEQUENCE CHARACTERISTICS: 

48 

51 
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.;··# 

(A) LENGTH 33 -base pairs 

(B) TYPE nucleic acid 

(C) STRANDEDNESS double 

(D) TOPOLOGY : linear 

5 

(ii) MOLECULE TYPE eDNA 

(vi) ORIGINAL SOURCE: 

10 (Af ORGANISM Rattus rat:tus 

(ix) FEATURE: 

(A) NAME/KEY mise feature 

~5 - (B) LOCATION 1 .• 33 

(D) OTHER INFORMATION /function= "CDR 3" 

20 

25 

(ix) FEATURE: 

(A) NAME/KEY CDS 

(B) LOCATION 1 •• 33 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 15: 

GGC GAA TAT AGA TAC AAC TCG TGG TTT GAT TAC 

Gly Glu Tyr Arg Tyr Asn Ser Trp Phe Asp Tyr 
l 5 10 

30 (16) INFORMATION FOR SEQ ID NO : 16 

35 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

{D) TOPOLOGY 

~~ amino acids 

amino acid 

linear 

33 
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(ii) MOLECULE TYPE protein 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 16: 

5 Gly Glu Tyr Arg Tyr Asn Ser Trp Phs Asp Tyr 

1.0 

15 

20 

25 

30 

35 

1 5 10 

{17) INFORMATION FOR SEQ ID NO : 17 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

(C) STRANDEDNESS 

(D) TOPOLOGY 

(ii) MOLECULE TYPE 

(iii) HYPOTHETICAL 

(iv) ANTI-SENSE 

(vi) ORIGINAL SOURCE 

(A} ORGANISM 

(xi) SEQUENCE DESCRIPTION 

AGTGGATAGA CAGATGGGGC 

20 bases 
nucleic acid 
single 
linear 

eDNA 

NO 

NO 

Rattus Rattus 

SEQ ID NO: 17: 

{18) INFORMATION FOR SEQ ID NO : 18 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 30 bases 

PCf/GB92/01289 

20 
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(B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

5 (ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE JiO 

10 

(Xi) S~QUENCE DESCRIPTION SEQ ID NO: 18: 

GATCAAGCTT CTCTACAGTT ACTGAGCACA 30 

15 

(19} INFORMATION FOR SEQ ID NO : 19 

(i) SEQUENCE CHARACTERISTICS: 

20 (A) LENGTH 43 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 
.... (D) TOPOLOGY linear 

25 (ii) MOLECULE TYPE ssDNA 

{iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE YES 
30 

(Xi) SEQUENCE DESCRIPTION SEQ ID NO: 19: 

GCTAAATAAT TGCTAATGCT CTTACTTGCT TTACAGGTGA TGG 43 

35 

(20) INFORMATION FOR SEQ ID NO 20 
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15 

20 

25 

30 

35 

46 

(i} SEQUENCE CHARACTERISTICS: 

(A) LENGTH 43 bases 

(B) TYPE nucleic 

{C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 

acid 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 20: 

AGAGCATTAG CAATTATTTA GCCTGGTACC AGCAGAAGCC AGG 

(21) INFORMATION FOR SEQ ID NO : 21 

(i} SEQUENCE CHARACTERISTICS: 

(A) LENGTH 41 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE YES 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 21: 

AGATCGCAAA GTTGACCCAT AGTAGATCAG CAGCTTTGGA G 

Pcr/GB92/01289 

43 

41 
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(22) INFORMATION FOR SEQ ID NO 22 

(i) SEQUENCE CHARACTERISTICS: 

5 {A) LENGTH 41 bases 

{B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

10 {ii) MQLECULE TYPE ssDNA 

{iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 

15 

(Xi} SEQUENCE DESCRIPTION : SEQ ID NO: 22: 

TATGGGTCAA CTTTGCGATC TGGTGTGCCA AGCAGATTCA G 41 

20 

(23) INFORMATION FOR SEQ ID NO : 23 

(i) SEQUENCE CHARACTERISTICS~ 

25 (A) LENGTH 47 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 

{D) TOPOLOGY linear 

30 (ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

{iv) ANTI-SENSE . YES . 
35 

(Xi) SEQUE~CE DESCRIPTION : SEQ ID NO: 23: 
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CGTGAGCGGT CTTTCATAAT ACTGTTGGCA GTAGTAGGTG GCGATGT 47 

(24) INFORMATION FOR SEQ rD NO : 24 

5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 47 bases 

(B) TYPE nucleic acid 

~0 (C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE· ssDNA 

~5 (iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 24: 
20 

CAACAGTATT ATGAAAGACC GCTCACGTTC GGCCAAGGGA CCAAGGT 47 

(25) INFORMATION FOR SEQ ID NO : 25 

25 

{i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 30 bases 

(B) TYPE nucleic acid 

30 (C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 

35 (iii) HYPOTHETICAL NO 
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(iv) ANTI-SENSE YES 

(xi) SEQUENCE DESCRIPTION SEQ ID NO: 25: 

5 GATCAAGCTT CTAACACTCT CCCCTGTTGA 30 

(26) INFORMATION FOR SEQ ID NO . 26 . 
10. (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 31 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 
15 {D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

20 

(iv) ANTI-SENSE NO 

(xi) SEQUENCE DESCRIPTION SEQ ID NO: 26: 

25 TGGGATCGAT CAAGCTTTAC AGTTACTGAG C 31 

(27) INFORMATION FOR SEQ ID N.O : 27 

30 (i) SEQUENCE CHARACTERISTICS: 

(A} LENGTH 36 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 

35 (D) TOPOLOGY linear 

( ii) MOLECULE TYPE ssDNA 
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(iii) HYPOTHETICAL NO 

(ivJ ANTI-SENSE YES 

5 (xi} SEQUENCE DESCRIPTION : SEQ ID NO:- 27: 

GTGCAGAAGG TAATCGGTGA AGGTGAAGCC AGACAC 36 

l.O (28) INFORMATION FOR SEQ ID NO : 28 

(i) SEQUENCE CHARACTERISTICS: 

(A} LENGTH 36 bases 

l.5 (B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 

20 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 

25 (xi) SEQUENCE DESCRIPTION : SEQ ID NO: 28: 

GATTACCTTC TGCACTGGGT GAGACAGCCA CCTGGA 36 

30 (29} INFORMATION FOR SEQ ID NO : 29 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 54 bases 

35 (B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 
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(ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE YES 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 29: 

ATACTTTGTT TCACCATCCT CAGGATCAAT CCATCCAATC CACTCAAGAC CTCG 54 

(30) INFORMATION FOR SEQ ID NO : 30 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH 54 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY l.inear 

(ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 30: 

.. 
GGTGAAACAA AGTATGGTCA GAAGTTTCAA AGCAGAGTGA CAATGCTGGT AGAC 54 

(3l.) INFORMATION FOR SEQ ID NO : 3l. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 

(B) TYPE 

45 bases 

nucleic acid 
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(C) STRANDEDNESS single 

(0) TOPOLOGY linear 

(ii) MOLECULE TYPE ssONA 
5 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE YES 

10 (xi) SEQUENCE DESCRIPTION : SEQ IO NO: 31: 

CCACGAGTTG TATCTATATT CGCCTCTTGC ACAATAATAG ACCGC 45 

15 (32) INFORMATION FOR SEQ ID NO : 32 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 54 bases 
20 (B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(0) TOPOLOGY linear 

(ii) MOL~CULE TYPE ssDNA 
25 

(iii) HYPOTHETICAL NO 

(iv) ANTI-SENSE NO 

30 (Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 32: 

AGATACAACT CGTGGTTTGA TTACTGGGGT CAAGGCTCAC TAGTCACAGT CTCC 54 

35 (33) INFORMATION FOR SEQ IO NO : 33 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH 36 bases 

(B) TYPE nucleic acid 

{C) STRANDEDNESS single 

(D) TOPOLOGY . linear 

5 

(ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

1.0 (iv) ANTI-SENSE YES 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 33: 

TAGAGTCCTG AGGGAATTCG GACAGCCGGG AAGGTG 36 

15 

(34) INFORMATION FOR SEQ ID NO : 34 

(i) SEQUENCE CHARACTERISTICS: 

20 

(A) LENGTH 48 bases 

(B) TYPE nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY linear 

25 

(ii) MOLECULE TYPE ssDNA 

(iii) HYPOTHETICAL NO 

30 (iv) ANTI-SENSE NO 

(xi) SEQUENCE· DESCRIPTION : SEQ ID NO: 34: 

GCTGCTCCTT TTAAGCTTTG GGGTCAAGGC TCACTAGTCA CAGTCTCC 48 

35 

(35) INFORMATION FOR SEQ'ID NO 35 
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( i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 33 bases 

(B) TYPE nucleic acid 
5 (C) STRANDEDNESS single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE ssDNA 

l.O (iii) HYPOTHETICAL NO 

{iv) ANTI-SENSE YES 

(xi) SEQUENCE DESCRIPTION SEQ ID NO: 35: 
15 

AAGCTTCCGT CGAATTCATT TACCCGGAGA CAG 33 
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CLAIMS: 

1. A humanised .an:t.ibody .in Which suf.f icient of the 

amino acid sequence of each CDR shown pel ow is provided 

such that the antibody is capable of binding to the human 

CD-18 antigen: 

light chain: CDR1: (SEQ ID NOS: 3 and 4) 

CDR2 !SEQ ID NOS: 5 and 6) 

CDR3 (SEQ IO NOS: 7 and 8) 

heavy chain: CDR1· {SEQ ID NOS: 11 and 12) 

CDR2 (SEQ ID NOS: 13 and 14) 

COR3 (SEQ ID NOS: 15 and 16) • 

2. An antibody as claimed in claim 1, ·in which the 

variable domain framework of the light chain is or is 

substantially homologous to the variable domain framework 

of the protein REI. 

3. An antibody as claimed in claim 1 or 2, in which 

the variable domain framework of the heavy chain is or is 

20 substantially homologous to the variable domain framework 

of the protein NEWM. 

4. An antibody as claimed in any one of claims 1 to 

3 in which. the CDRs are the light chain CDRs 1 to 3 and the 

heavy chain CDRs 1 to 3 specified in claim 1. 

25 · - 5. A process for the preparation of a humanised 

antibody as defined in any of claims 1 to 4, which process 

comprises providing a host transformed with eithe~ {i} a 

first expression vector which encodes the light chain of 

the humanised antibody and a second expression vector which 

30 encodes the heavy chain of the humanised antibody; or (ii) 

a single expression vector which encodes both the light 

chain and the heavy chain of the humanised antibody; and 

maintaining said host under such conditions that each chain 

is expressed and isolating the humanised antibody formed by 

35 assembly of the thus-expressed chains. 

6. A DNA molecule encoding a·humanised antibody in 
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whicn sufficient of the amino acid sequence of each CDR 

shown below is provided such that the antibody is capable 

of binding to the human CD-18 antigen: 

·li-ght chain: CDR1 (SEQ ID NOS: J and 4) 

CDR2 (SEQ ID NOS: 5 and 6) 

CDR3 (SEQ ID NOS: 7 and 8) 

heavy chain: CDRl. (SEQ ID NOS: 11 and 12) 

COR2 (SEQ ID NOS: 13 and 14) 

CDR3 (SEQ ID NOS: 15 and 16). 

7. A DNA molecule as claimed in claim 6, in which 

the variable domain framework of the light chain is or is 

substantially homologous to the variable domain framework 

of the protein REI. 

8. A DNA molecule as claimed in claim 6 or 7, in 
15 which the variable domain framework of the heavy chain is 

or is substantially homogenous to the variable domain 

framework of the protein NEWM. 

9. A DNA molecule as claimed in any one of claims 

6 to 8 in which the CDRs are the light chain CDRs 1 to 3 

20 and the heavy chain CDRs 1 to 3 specified in claim 6. 

25 

10. A DNA molecule as claimed in any of claims 6 to 

9 in the form of an expression vector. 

11. A host transformed with an expression vector as 
claimed in claim 10. 

12. A pharmaceutical composition comprising a 

pharmaceutically acceptable carrier or diluent and, as 

active ingredient, a humanised antibody as defined in any 

of claims 1 to 4. 

!' 
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Paul J. Carter et al. 

Serial No. 08/146,206 

Filed: 17 November 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

AMENDMENT TRANSMITTAL 

Honorable Commissioner of Patents 
and Trademarks 

Washington, D.C. 20231 

Sir: 

Transmitted herewith is an amendment in the above-identified application. 

The fee has been calculated as shown below. 

Total 24 Minus 23 X 22 = 

lndep. 6 Minus 10 0 X 76 = 

_ First Presentation of Multiple Dependent Claim + 240 = 

TOTAL 

No additional fee is required. 

$ 22.00 

$0 

$0 

$ 22.00 

_X_ The Commissioner is hereby authorized to charge Deposit Account No. 07-0630 in the amount 
of $22.00. A duplicate copy of this transmittal is enclosed. 

_X_ Petition for Extension of Time is enclosed. ';< , 

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

A copy of a document pursuant to 37 C.F.R. § 1 0.9(b) is attached as proof of the authorization of the 
undersigned to prosecute the above-mentioned application; The original of. this document is on file in the Office 
of Enrollment and Discipline. / 

Date: June 9, 1 995 

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

RG, espEe . ~EullyH sul~~mjttn_d, 0_ 7-0630 07/1 "> ' 
" 1)11.,; ,, 95 08146206 · ·~lao 102 22,00CH 709P1 
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Paul J. Carter et al.

Serial No. 08/146,206

Filed: 17 November 1993

ANTIBODIES  
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)

AMENDMENT TRANSMITTAL ol

Honorable Commissioner of Patents oe 999
and Trademarks AG 7

Washington, D.C. 20231

OYSir: (er

Transmitted herewith is an amendmentin the above-identified application.

The fee has been calculated as shown below.

24

finger|eMims[tof=|xre=]0
__ First Presentation of Multiple Dependent Claim }+240-|$0|
 
 

TOTAL $ 22.00

No additional fee is required.
Xx The Commissioneris hereby authorized to charge Deposit Account No. 07-0630in the amount

of $22.00. A duplicate copy of this transmittal is enclosed.

Xx Petition for Extension of Time is enclosed. tee,

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

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

Respes tfully submitReo07-0630 07/12/95 081446206INC20 102 22,00CH 709P1 
  

Date: June 9, 1995 By:
Wendy M. Lee

460 Pt. San Bruno Bivd.

So. San Francisco, CA 94080-4990
Phone: (415) 225-1994
Fax: (415) 952-9881
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{ PATENT DOCKET 709P1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Paul J. Carter et al. 

Serial No. 08/146,206 

Filed: 17 November 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

Group Art Unit: 1806 

Examiner: D. Adams 

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR 1.136(a)) 

Honorable Commissioner of Patents 
and Trademarks 

Washington, D.C. 20231 

Sir: 

1\UG 7 1995 

Applicant petitions the Commissioner of Patents and Trademarks to extend the time for 

response to the Office Action dated 12/9/94 for three month(s) from 3/9/95 to 6/9/95. The extended 
·-' 

time for response does not exceed the statutory period. 

Please charge Deposit Account No. 07-0630 in the amount of $870.00 to cover the cost of the 

extension. Any deficiency or overpayment should be charged or credited to this deposit account. A 
duplicate of this sheet is enclosed. 

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

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

file in the Office of Enrollment and Discipline. l ~J · · 
Respectfully submitted, 

Date: June 9, 1995 

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

~H.C·J;I. INC. 

By:_~~~~~~------
Wendy M. Lee 

250 TL 07-0630 07/12/95 08146206 
25181 117 B70.00CH 709Pl 
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A copy of a document pursuant to 37 C.F.R. § 10.9{b) is attached as proof of the authorization

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

file in the Office of Enrollment and Discipline. ~
Respectfully submitted,

G TECH, INC.

Date: June 9, 1995 By:
Wendy M. Lee

460 Pt. San Bruno Bivd. 250 TL 07-0630 07/12/95 08146206
So. San Francisco, CA 94080-4990 25181 117 870.00CH 709P1
Phone: (415) 225-1994
Fax: (415) 952-9881
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L ... THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of ·""' 

Paul J. Carter et al. 

Ser~al No. 08/146,206 

Filed: 17 November 1993 

For: . ""NiETHOD FOR MAK'fNG HUMANIZED 
ANTIBODIES 

Group Art Unit: 1806 

Examiner: D. Adams 

AMENDMENT UNDER 37 C.F.R. §1.111 

Honorable Commissioner of Patents 
and Trademarks 

Washington, D.C. 20231 

Sir: 

HJG 7 1995 

(''·.· 

This amendment is responsive to the Office Action dated 12/9/94. Attached is a petition and 

petition fee for a three-month extension of time making this response timely filed on or before 6/9/95. 

Please amend the application as follows: 

IN THE SPECIFICATION: 

On page 1, beneath the title and before the subheading "Field of the Invention", please insert 

the following: 

--Cross References 

/ 

£)·.· . \. This application is a continuation-in-part of U.S. Application Serial No. 07/715,272 filed 14 June 

) \ 1991 (abandoned) which application is incorporated herein by reference and to which application 

--~~p:r:io:r:it:y~is~c:la:im::e:d~u:n~d=e~r~3~5~U~S~C~§:12~0~.-~-;--------------------------------~----------------------

Iine 5, change "Relative" to read --Relative cell proliferation--; c~ 
line 6, delete "cell"; (tl..~ 
line 8, delete "prolife;ationt";~ 
line 11 , delete "407" and insert --4.7 1 01--((\'Z} 

On page 65, 

91-
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AMENDMENT UNDER 37 C.F.R. 81.111

Honorable Commissioner of Patents v Beane?
and Trademarks .

Washington, D.C. 20231 mug 7 1995
Sir: (Oe

This amendmentis responsive to the Office Action dated 12/9/94. Attached is a petition and

petition fee for a three-month extension of time making this response timely filed on or before 6/9/95.

Please amend the application as follows:

IN THE SPECIFICATION:

On page 1, beneath thetitle and before the subheading "FieldoftheInvention", please insert

the following: | .
rae

--Cross References

This application is a continuation-in-part of U.S. Application Serial No. 07/715,272 filed 14 June

1991 (abandoned) which application is incorporated herein by reference and to which application

priority is claimed under 35 USC §120.--;
 

On page 65, line 5, change "Relative" to read --Relative cell proliferation--; (te)
line 6, delete "cell"; nw .
line 8, delete "proliferation®"@
line 11, delete "407" and insert  --4.7 101 “(he iy

Fe ‘|
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line 12, delete "466" and insert --4.4 

line 13, delete "O.BG" and insert --0.82 

line 14, delete "148" and insert --1 . 1 

line 15, delete "OJU" and insert --0.22 

line 16, delete "0.63" and insert --0.62 

line 17, delete "0.50" and insert --0.10 

line 18, delete "0.3~" and insert --0.30 

IN THE CLAIMS: / 

Please cancel claims 1 3 anLwithout prejudice. 

1. {Amended) A method fo m(!king a humanized antibody comprisillg amino acid sequence§. of 

a non-human, import anti ody and a human antibody, comprising the steps of: 

fal[.J obtaining the amin acid sequences of at least a portion of an import variable domain 

and of a consensus human variable domain; 

fbl[.] entarity] Complementary Determining Region (CDR) amino acid 

sequences in the i ort variable domain and the consensus human [amino] variable 

domain [sequences]; 

sequence for the corresponding consensus 

human CDR amino ac sequence; 

aligning the amino acid equences of a Framework Region {FR) of the import [antibody] 

variable domain and [ e] 2 corresponding FR of the consensus [antibody] human 

variable domain; 

fel{.) identifying import [anti ody] FR residues in the aligned FR sequences that are non

homologous to the corr sponding consensus [antibody] FR residues; 

!fl[.J determining if the non- omologous import [amino acid) FR residue is [reasonably] 

expected to have at leas one of the following effects: 

!gl[.J 

!31[.] participates in the VL- VH interface by affecting the proximity or orientation of the 

ort [antibody amino acid] FR residue which is [reasonably] 

expected to have at lea t one of these effects, substituting that residue for the 

corresponding amino acid esidue in the consensus [antibody] FR [sequence]. 
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line 12, delete "4686" and insert --4.4 66--; (xt
line 13, delete "0.8@" and insert --0.82 56--?

line 14, delete "148" and insert --1.1 48--;

line 15, delete "0.22" and insert --0.22 51--

line 16, delete "0.62" and insert --0.62 53--

line 17, delete "0.30" and insert --0.10 54--; and

line 18, delete "0.30" and insert --0.30 37-

{ IN THE CLAIMS:
Please cancel claims 13 and“14 without prejudice.

1. (Amended) A method foi making a humanized antibody comprising amino acid sequences of

a non-human, import antigdody and a human antibody, comprising the steps of:

{a}l.]

(b}I.]

 
/ (e}[.)

(ALI

{g)l.]

obtaining the aming acid sequencesof at ijeast a portion of an import variable domain

and of a consensus| human variable domain;

identifying [Complementarity] Complementary Determining Region {CDR} amino acid
sequencesin the iniport variable domain and the consensus human [amino] variable 

 

 

 

 

 

 
 

 

domain [sequences];

substituting an impojt CDR amino acid sequence for the corresponding consensus

human COR amino acid sequence; ,
aligning the amino acid Bequences of a Framework Region (FR) of the import [antibody]

variable domain and [fhe] a corresponding FR of the consensus [antibody] human

variable domain;

identifying import [antibody] FR residues in the aligned FR sequences that are non-

homologous to the corrgsponding consensus [antibody] FR residues;
determining if the non-homologous import [amino acid] ER residue is [reasonably]

expected to have at leas one of the following effects:

(1)L.1 non-covalently binds antigen directly,

(2)[.] interacts with a CD

(3}£.] participates in the V,|- V,, interface by affecting the proximity or orientation of the

ith respect to one another; and

; OF

for any non-homologousiniport [antibody amino acid] FR residue whichis [reasonably]

expected to have at least one of these effects, substituting that residue for the

corresponding amino acid #esidue in the consensus [antibody] FR [sequence].

>
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2. (Amended) The method of claim 1, having an additional step of d_7rmining [if] whether any 

such non-homologous import residue[s are] !.§. exposed on the s7~e of the consensus human 

variable domain or buried within it, and if the non-homolo ous im ort residue is exposed, 

retaining the corresponding consensus residue. 

3. (Amended) The method of claim 1 or 19, having th additional steps of searching the import 

variable domain sequence for glycosylation sites, etermining if any such glycosylation site is 

[reasonably] expected to affect the antigen ·nding or affinity of the antibody, and if so, 

4. 

5. 

6. 

substituting the glycosylation site into the c~nsAnsus [sequence] human variable domain. 

(Amended) The method of or 1 Y.h~ing the additional steps of searching the 

consensus human variable domain se uence for glycosylation sites which are not present at the 

corresponding amino acid in th import variable domain sequence, and if [the] any such 

glycosylation site is not prese/.n the import variable domain sequence, substituting the import 

amino acid residue[s] for the amino acid residue[s] comprising the consensus glycosylation site. 

of claim 1 or 19, having [an] the additional steps if [which comprises] 

aligning the impor. [antibody] FR sequence and consensus [antibody] FR sequence[s], 

[antibody] FR residues which are non-homologous [with] to the aligned 

sequence] residues, and for each such non-homologous import [antibody] FR 

residue, de ermining if the corresponding consensus [antibody] residue represents a residue 

which is ghly conserved across all species at 1hat site, and if it is so conserved, preparing a 

human· ed antibody which comprises the conser.sus [antibody amino acid] residue at that site. 

(Amended) 

residues substituted in ste 

f claim 1, wherein the corresponding consensus FR [antibody] 

are selected from the group consisting of 4L, 35L, [36L,] 38L, 

43L, 44L, 46L, 58L, [62L, 3L,) 64l, 65L, 66L, 67L, 68L, 69L, 70L, 71 L, 73L, 85L, [87L,) 

98L, 2H, 4H, 24H, 36H, [37 ,] 39H, 43H, 45H, 49H, [58H, 60H, 67H, 68H,] 69H, 70H, 73H, 

74H, 75H, 76H, and 78H[, 1 H, 92H, 93H, and 103H]. 

(Amended) A method com rising providing at least a portion of an import, non-human 

[antibody] variable domain am o acid sequence having a Complementary Determining Region 

!....!...!::.:..!..:.==.:...!.!....!.=t=~:..!-lFRl, obtaining the amino acid sequence of at least a portion 

variable domain of a human immunoglobulin subgroup having 

a CDR and a FR, substituting th non-human CDR for the human CDR in the consensus human 
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[antibody] variable main, and [then] substituting a[n] non-human amino acid residue for the 

residue at at least one of the following sites: 

4L, 35L, [36L,] 38L, L, 44L, 46L, 58L, [62L, 63L,] 64L, 65L, 66L, 67L, 68L, 69L, 70L, 71L, 

73L, 85L, [87L,] 98L, H, 4H, 24H, 36H, (37H,] 39H, 43H, 45H, 49H, (58H, 60H, 67H, 68H,] 

69H, 70H, 73H, 74H, 5H, 76H, and 78H[, 91 H, 92H, 93H, and 1 03H]. 

In claim 8, line 2, please replace "antibo~ith --variable domain--. 

In claim 9, line 1, please delete ')Y'F'. 

(Amended) A humaniz d antibody variable domain having a non-human Complementary 

Determining Region (CD incorporated into a consensus human variable domain (a human 

antibody variable domain], herein [the improvement comprises substituting an] a human amino 

acid residue [for the human residue] has been substituted by a non-human amino acid residue 

at a site selected from the roup consisting of: 

4L, 35L, [36L,] 38L, 43L, 44 I 46L, 58L, [62L, 63L,] 64L, 65L, 66L; 67L, 68L, 69L, 70L, 71 L, 

73L, 85L, [87L,] 98L, 2H, 4H 24H, 36H, [37H,] 39H, 43H, 45H, 49H, [58H, 60H, 67H, 68H,] 

69H, 70H, 73H, 74H, 75H, 6H, and 78H[, 91 H, 92H, 93H, and 1 03H]. 

In claim 1 ~e 1, please replace "FR" with --FrameefltPgion (FR)--. 

r engineering a humanized antibody comprising introducing amino acid 

residues from a[n] non-h man import [antibody] variable domain into (an amino acid sequence 

representing a] consens s (of mammalian antibody] human variable domain [sequences] of a 

(Amended) A method for maki g a humanized antibody comprising amino acid sequence.§. of 

a non-human, import antibody nd a human antibody, comprising the steps of: 

iaH.l obtaining the amino aci sequences of at least a portion of an import variable domain 

and of a consensus hu 

sequences in the impo 

domain (sequences]; 

!cl[.] substituting an import C 

human CDR amino acid s 

acid sequence for the corresponding consensus 
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{dl[.J aligning the amino cid sequences of a Framework Region (FR) of the import [antibody] 

variable domain nd [the] .2 corresponding FR of the consensus [antibody] human 

variable domain; 

{glf.] 

{hl[.] 

identifying import [antibody] FR residues in the aligned FR sequences that are non

homologous to th corresponding consensus [antibody] FR residues; 

determining if the non-homologous import [amino acid] FR residue is [reasonably] 

least one of the following effects: 

binds antigen directly, 

131£.] participates in he VL- VH interface by affecting the proximity or orientation of the 

s import [antibody amino acid] FR residue which is [reasonably] 

t least one of these effects, substituting that residue for the 

acid r sidue in the consensus [antibodyFR [sequence); and 

us import antibody amino acid residue, determining [if] whether 

any such non-homo ogous import residue is exposed on the surface of the consensus 

human variable do ain or buried within it, and if the non-homologous import residue 

the corresponding consensus residue. 

ethod of claim 1 wherein step (g) is followed by a step wherein the humanized 

hich has a variable domain having amino acid sequences determined in steps 

(a)-(g)--m L . 7. The met d of claim 1 wherein the consensus human variable domain is of a human 

~ummur~:rulin subgroup --

w ~ f claim 19 wherein the consensus human variable domain is of a human 

immunoglobulin subgroup.-

0 Q _ W. A humanized antib~ y comprising a consensus human variable domain of a human 

K0 Jmmunoglobulin subgroup wherein t e amino acid residues forming the Complementary Determining 

0J Regions (CDRs) thereof comprise no -human import antibody amino acid residues.--
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The humanized antibody of claim ;1'S 
residue of the non-human import antibody, wherein the 

(a) non-covalently binds antigen directly; 

(b) interacts with a CDR; 

• 
Page 6 

(FR) 

or 

(c) comprises a glycosylation site whic CActs the antigen binding or affinity of the antibody; 

(d) participates in the VL - VH i erface by affecting the proximity or orientation of the VL and 

V" regjltith respect to one a no er. ·· /) 

~ antibody of claim /A comprising more than one FR residue of the non-

human import antibody.-
/ 

41 zA 3 
umanized antibody of claim~· comprising from about;)-1:o about 7 FR residues 

----------- REMARKS 

The specification has been amended to correct obvious typographical errors in Table 3 on page 

65. It is clear that the last two columns of Table 3 were inadvertently superimposed and the 

amendment to the specification serves merely to correct these errors. Please refer to Table 1 of Carter 

et a/., Proc. Nat/. Acad. Sci., 89, (1992), of record, which shows the correct Kd and ~elative Cell 

Proliferation values of the variants described in Table 3 of the instant application. Applicants 

respectfully request that the specification be amended to correct the typographical errors discussed 

above. 

The claims have been revised and additional claims added with specification support for the 

claim revisions being found at least as follows: 

Claim Wording Specification Support 

1, step (f)(3) "by affecting .... one another" Page 11, lines 37-38 

19, step (f)(3) 

7,15,23 "of a human immunoglobulin subgroup" Page 8, lines 27-29 

Page 14, lines 3-4 

21,22 Entire Claim 

10, 23 "consensus human variable domain" Claim 1 originally filed 

20 Entire Claim Page 1, line 6 

-
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23 "wherein the .... import antibody amino Page 9, lines 32-38 

acid residues" 

24, 25 Entire Claim Claims 1 and 3 

originally filed 

26 Entire Claim See below 

Claim 26 refers to the number of non-human import FR residues substituted into the humanized 

antibodies described in the examples (i.e. from about 1 to about 7 residues). In Example 1, 1-7 residues 

in the FR region were replaced with non-human import residues (see Table 3 on page 65). Murine 

residues are shown in three letter amino acid code (see lines 20-21 on page 65). Example 3 refers to 

replacement of 4 of the consensus FR residues with murine import residues (see Fig 5). Replacement 

residues are indicated with a "#" and residues in the CDRs are indicated by a line and/or carets. 

The other claim revisions are clerical in nature. Following entry of this amendment, claims 1-12, 

15 and 19-26 will be pending in this case. 

Applicants note that the restriction requirement has been made final. Accordingly, claims 13 

and 14 have been cancelled without prejudice to file a continuing application directed thereto. 

Applicants note that claims 1-12 and 1 5 are currently under consideration. It should be noted 

that independent claim 19 (and claims 3, 4 and 5 which depend thereon) are also in this case, having 

been introduced in the amendment (dated June 12, 1993) to the PCT application on which this 

application is based. See the International Preliminary Examination Report dated September 20, 1993. 

Applicants ask that this claim also be considered in the prosecution of the instant application. 

Formality Matters 

The Examiner asserts that the declaration is defective because it does not state that the person 

making the oath or declaration in a continuation-in-part application filed under the conditions specified 

in 35 USC § 120 which discloses and claims subject matter in addition to that disclosed in the prior 

copending application acknowledged the duty to disclose material information as defined in 37 CFR 

§ 1.56(a) which occurred between the filing date of the prior application and the national or PCT 

international filing date of the continuation-in-part application. 

Applicants refer to the Combined Declaration and Power of Attorney submitted November 1 7, 

1993. Since the declaration meets all the requirements of 37 CFR § 1.63, applicants submit that a new 

declaration pursuant to 37 CFR § 1.67(a) [see also MPEP 602.01 and 602.02] is not required. In 

particular, the last paragraph on page 1 of the declaration meets the requirements of 37 CFR § 1.63(d). 

Accordingly, applicants request that the objection to the declaration be reconsidered and withdrawn. 

The Examiner has objected to the drawings. Applicants ask that this matter be held in abeyance 

until the application is allowed. 
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The specification has been updated to refer to continuing data as proposed under item #29 in 

the Office Action. 

The Rejection Under 35 USC § 112, First Paragraph 

The specification has been objected to and claims 1-12 and 15 rejected under 35 USC § 112, 

first paragraph as allegedly failing to adequately teach how to use the claimed antibody or antibody 

produced by the claimed methods. The Examiner acknowledges that the exemplary antibody 405 does 

have a diagnostic utility for the detection of p 185HER2
• However, the Examiner is of the opinion that 

it is unclear whether any other antibody will have a diagnostic or therapeutic utility. The Examiner 

believes that determining which other antibodies are useful would be an unpredictable event and would 

require undue experimentation for an ordinarily skilled person. 

Applicants submit that the specification does enable the instantly claimed invention. This 

application discloses and claims a unique method for antibody humanization which can be used to 

humanize any antibody of interest. The instantly claimed humanization technique has been 

successfully used to humanize several different non-human antibodies including anti-HER2 (see Example 

1 ); anti-CD3 (see Example 3); anti-CD18 (see Example 4); and anti-lgE (see Presta eta/., J. lmmunol. 

151:2623-2632 [1993], copy attached). These antibodies had known diagnostic and/or therapeutic 

uses at the priority date of the instant application. For example, humanized anti-HER2 could be used 

for clinical intervention in and imaging of carcinomas in which p185HER
2 

is overexpressed (see page 

4, lines 20-28 of the application); humanized anti-CD3 antibodies could be used to detect CD3 in 

biological samples (e.g. to detect CD3+ CTL; see page 69, line 22 of the application) or for making 

bispecific antibodies such as the anti-HER2/anti-CD3 bispecific antibody for tumor immunotherapy (see 

page 70, lines 23-38 of the application); anti-CD18 antibodies could be used for detecting the CD18 

antigen in biological specimens and for indications such as reducing inflammation associated with 

meningitis or encephalitis (see U.S. Patent 5, 147,637, copy attached), for example; anti-lgE could be 

used for detecting lgE and for treating allergy as described in Presta eta/., supra. In addition to these 

antibodies, the application refers to many other antibodies available at the priority date which were 

known to have diagnostic and/or therapeutic uses. These antibodies presented potential candidates 

for humanization using the procedures disclosed and claimed. Examples are provided in the background 

section of the application. See, for example, Kabat eta/., Sequences of Proteins of Immunological 

Interest, National Institutes of Health, Bethesda, MD, (1987); U.S. patent No. 4,816,567; Morrison et 

a/., Proc. Nat/. Acad. Sci. USA 81:6851-6855 (1984); Boulianne eta/., Nature 312:643-646 (1984); 

Neuberger eta/., Nature 314:268-270 (1985); Bruggemann eta/., J. Exp. Med. 166:1351-1361 {1987); 

Riechmann eta/., Nature 332:323-327 (1988); Love eta/., Methods in Enzymology 178:515-527 

(1989); Bindon eta/., J. Exp. Med. 168:127-142 {1988); Jaffers eta/., Transplantation 41:572-578 

(1986); Jones eta/., Nature 321:522-525 (1986); Verhoeyen, M. eta/., Science 239:1534-1536 
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(1988); Hale et a/., Lancet i:1394-1399 (1988); Queen et a/., Proc. Nat/. Acad. Sci. USA 

86:10029-10033 (1989); Co eta/., Proc. Nat/. Acad. Sci. USA 88:2869-2873 (1991 ); Gorman eta/., 

Proc. Nat/. Acad. Sci. USA 88:4181-4185 (1991); Daugherty et a/., Nucleic Acids Research 

19(9):2471-2476 (1991); Brown eta/., Proc. Nat/. Acad. Sci. USA 88:2663-2667 (1991); and 

Junghans eta/., Cancer Research 50:1495-1502 (1990), all of record. Therefore, any of the antibodies 

described in these references could have been chosen to be humanized using the techniques described 

in the instant application. In addition, an antibody to the antigens described in these references or other 

antigens of interest could have been generated using the techniques for making antibodies described 

on pages 27-29 of the application, for example. Therapeutic and diagnostic uses for the humanized 

antibodies were also taught on, e.g., pages 50-55 of the application. 

In addition to the numerous examples of antibodies which were specifically disclosed in the 

application, the skilled practitioner at the priority date would have had many, many other antibodies 

with established uses (including diagnostic and therapeutic uses) to choose from. To demonstrate this, 

several review articles are attached which show that antibodies which were used (a) as probes for 

oncogene products; (b) as tools in genetic studies on carbohydrate blood group antigens; (c) for 

diagnosis and therapy of lymphoproliferative diseases; (d) in the diagnosis and treatment of bacterial 

infections; (e) in the diagnosis and prognosis of breast cancer; (f) in the flow cytometric analysis of 

benign and malignant cells; and (g) as proliferation markers (e.g. Ki-67) for immunohistological 

diagnostic and prognostic evaluation of human malignancies, were available at the priority date which 

could have been humanized using the instantly claimed method. See Niman, lmmunodiagnosis of 

Cancer, Second Edition, pp. 189-204 ( 1990); Watkins eta/., Journal of Immunogenetics 17:259-276 

(1990); Campana eta/., The TurkishJournalofPediatrics 32:143-151 (1990); Verhoef and Torensma, 

Eur. J. Clin. Microbio/. Infect. Dis. 9(4):247-250 (1990); Ellis eta/., Pathology Annua/25:193-235 

(1990); Becket a/., Cancer Biology 1:181-188 (1990); and Gerdes, Cancer Biology 1:199-206 (1990), 

copies attached. Once the method of humanization disclosed in the instant application was discovered, 

it would have been routine to select any one of these antibodies and humanize them using the disclosed 

procedures. Therefore, applicants submit that it would have been clear to the skilled artisan that many 

antibodies other than anti-HER2 were available which had diagnostic and/or therapeutic utilities. 

Applicants further submit that determining which other antibodies would have been useful at the priority 

date would not have been an unpredictable event and would not have required undue experimentation 

for an ordinarily skilled person. 

Accordingly, applicants ask that this rejection under 35 USC § 112, second paragraph be 

reconsidered and withdrawn. 
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The Rejection Under 35 USC § 1 03 - Winter, Queen et a/. and Riechmann et a/. 

Claims 1, 2, 4-12 and 15 are rejected under 35 USC § 103 as being unpatentable over 

EP239,400 (Winter); Riechmann eta/. Nature: 332: 323-327 (1988); and Queen eta!. PNAS. USA 86: 

10029-10033 (1989). Applicants traverse this rejection as it may apply to the claims as amended 

herein. 

EP239,400 describes a procedure for partial antibody "humanization" wherein the FR residues 

of the heavy chain of the engineered antibody are provided by the framework region of an individual 

human antibody VH. In particular, the heavy chain framework region of the humanized 81-8 antibody 

(i.e. HuVNPl described in Example 1 and the humanized anti-lysozyme antibody 01.3 described in 

Example 2 was derived from the human myeloma heavy chain NEWM (see page 17, lines 1-2 and lines 

9-10 on page 26). The NEWVH framework region was chosen because the crystallographic structure 

thereof was known. See page 17, lines 2-3 of EP239,400. The light chains of the 81-8 and 01•3 

antibodies were never humanized. Furthermore, only the CORs were transferred; none of the non

human FR residues were incorporated into the engineered molecule. EP239,400 briefly mentions 

further work with the antibody CAMPATH-1 (see pages 30-31), but fails to describe in detail how this 

antibody was humanized. The detailed description of the "CAMPATH-1" work appears to be described 

in Riechmann eta/. Using the same strategy as disclosed in EP239,400, Riechmann and his colleagues 

made a humanized heavy-chain variable domain which had the framework regions of human NEW 

alternating with the CORs of rat YTH 34.5HL anti-CAMPATH-1 antibody. Thus, the same heavy chain 

framework region as disclosed in EP239,400 was used once again. The rationale for this was that the 

crystallographic structure of NEW was available (see page 325, second to last paragraph of Riechmann 

eta!.). For humanization of the light chain of rat YTH 34.5HL, the human REI light chain variable 

domain was used, as the human NEW light chain region could not be used (because there is a deletion 

at the beginning of the third framework region of NEW; see page 325, second to last paragraph of 

Riechmann eta/.). Also, a crystallographic structure for REI was available. Thus, Riechmann eta/. 

used FR residues from a single antibody for humanizing a non-human antibody variable domain. 

Riechmann eta/. describe mutating one or two FR residues in order "to restore the packing of the loop" 

(see page 326, column 1 ). 

Queen eta/. describe the methods they employed for humanizing their anti-Tac monoclonal 

antibody which binds to the p55 chain of the human interleukin 2 receptor. As mentioned in the 

abstract of this paper, the "human framework regions were chosen to maximize homology with the anti

Tac antibody sequence". Queen eta/. reasoned that the more homologous the human antibody was 

to the original anti-Tac antibody, the less likely would combining the anti-Tac CORs with the human FR 

be to introduce distortions into the CORs. See page 10031, column 2, paragraph 2 of Queen et a/. 

Queen eta/. further reiterate this in the summary on page 10033 where they state that "the human 

framework was chosen to be as homologous as possible to the original mouse antibody to reduce any 
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deformation of the mouse CDRs". Thus, based on a comparison of the anti-Tac heavy chain sequence 

to all human heavy chain sequences in the National Biomedical Research Foundation Protein 

Identification Resource database, the heavy chain V region of the human Eu antibody was selected. 

Because no one human light chain V region was especially homologous to the anti-Tac light chain, the 

Eu light chain was also selected to provide the framework residues for the light chain of the humanized 

antibody. Accordingly, the framework regions of the humanized antibody described by Queen eta/. 

were derived from a single antibody. Queen eta/. transferred a number of the murine FR residues into 

the humanized antibody (two in the VL and nine in the VH; see Fig. 2 of this reference). These 

transferred residues were thought to be close enough to the CDRs to either influence their conformation 

or interact directly with antigen (see page 10031, column 2, paragraph 3). It was thought that this 

transfer of FR residues would better preserve the precise structure of the CDRs at the cost of possibly 

making the humanized antibody slightly less "human". Queen et a/. also noted that a given human 

variable domain will contain exceptional FR amino acids which are atypical of other human V regions. 

The human Eu antibody had seven such residues in the heavy chain and two in the light chain. 

Because the murine antibody had a residue much more typical of human sequences, the murine residues 

were retained at these sites rather than the Eu residue. 

The instantly claimed invention differs from the teachings of each of the above-mentioned 

references in that it provides a method for humanization and humanized antibodies wherein the 

framework regions of the humanized antibodies are essentially formed by a "consensus human variable 

domain", i.e., an amino acid sequence which comprises the most frequently occurring amino acid 

residues at each location in all human immunoglobulins of any particular subclass or subunit structure 

(see page 13, lines 20-22 of the application). Preferably, the consensus is from one of the "human 

immunoglobulin subgroups" described by Kabat eta/., Sequences of Proteins of Immunological Interest, 

National Institutes of Health, Bethesda MD (1987) (e.g., VL K subgroup I and VH subgroup Ill). See 

page 14, first paragraph of the application. The instant application demonstrates, for the first time, that 

a number of non-human antibodies can be humanized using such a consensus human variable domain 

to provide the framework regions of the antibody. Applicants submit that the use of such a consensus 

sequence for humanizing non-human antibodies was not disclosed or alluded to by the cited references. 

Accordingly, a prima facie case of obviousness has not been established by the Office. 

In addition, the prior art taught away from the claimed invention. EP239,400 and Riechmann 

et a/. taught that a framework region of an individual antibody should be used for humanization, 

especially where a crystallographic structure of the chosen antibody was available. On the contrary, 

crystal structures of consensus human variable domains as claimed in the instant application were not 

available. Therefore, the method for humanization claimed in the above application diverged from that 

taught by EP239,400 and Riechmann eta/. 
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Queen eta/. also taught that the FR residues of the humanized antibody should be provided by 

an individual antibody (i.e. the Eu antibody). Furthermore, Queen eta/. taught that the sequence used 

for humanization should be as homologous as possible to the non-human sequence to be humanized 

in order to reduce the likelihood of introducing distortions into the CDRs. Therefore, according to the 

teachings of Queen et a/. framework region sequences needed to be tailored to each non-human 

antibody to be humanized. Because Queen eta/. used the human Eu antibody sequence, they found 

that they needed to replace "atypical" residues from the human sequence with the corresponding 

murine residues (where the murine residues were more typical). See page 10032, column 1, paragraph 

1 of Queen et a/. The approach adopted by Queen et a/. was also followed by Co et a/., PNAS USA, 

88:2869-2873 (1991), of record. It is apparent that Co eta/. felt it was necessary to follow the 

strategy of Queen eta/. if one considers the statements made on 2871 (column 1) of their paper. In 

particular, Co et a/. say "To retain high binding affinity in the humanized antibodies, the general 

procedures of Queen et a/.(15) were followed. First, a human antibody variable domain with maximal 

homology to the mouse antibody is selected to provide the framework sequence for humanization of 

the mouse antibody. Normally the heavy chain and light chain from the same human antibody are 

chosen so as to reduce the possibility of incompatibility in the assembly of the two chains". The 

humanization technique of Queen eta/. and Co eta/. has now been coined the "best-fit" method for 

humanization insofar as it relies on selecting an individual human antibody which is as homologous in 

sequence as possible to the non-human sequence which is to be humanized. Furthermore, these 

references teach that the heavy chain and light chain used for humanization should be derived from the 

same human antibody. 

On the other hand, the instantly claimed invention constitutes a bold new approach to 

humanization that does not rely on a high degree of sequence homology between the human and non

human sequences and does not require the existence of a crystallographic structure of the human 

antibody; the framework regions of the antibodies humanized using the instantly claimed techniques 

are consensus human variable domain sequences. Applicants submit that the skilled practitioner would 

have had no motivation to use consensus sequences to form the framework regions of humanized 

antibodies at the priority date, since the prior art taught that the framework regions should be provided 

by individual human antibody sequences. Furthermore, the skilled artisan would have been motivated 

not to use a consensus human variable domain, as the Queen et a/. and Co et a/. references taught that 

the framework region sequences should be chosen based on their sequence homology to the non

human antibody. The instantly claimed invention shows that, contrary to what would have been 

expected, the claimed consensus sequences can be used for humanization of many different non-human 

antibodies. This is a significant finding for at least the following two reasons. 

First, one must consider why antibodies are humanized. Antibody humanization provides a 

means for reducing immunogenicity, tailoring effector functions and increasing serum half-life. The 
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instantly claimed invention provides an improvement in relation to the first of these, i.e., reducing 

immunogenicity. By using a consensus sequence, which is a sequence comprising the most commonly 

occurring amino acid at each site in the heavy or light chain, the likelihood that an "atypical" amino acid 

residue may be present in the framework of the humanized antibody is reduced. Such atypical 

framework region residues are thought to be detrimental because the human immune system may 

recognize these as foreign. Thus, the instantly claimed invention obviates the need to replace atypical 

human residues as taught by Queen eta/. Therefore, the instantly claimed invention also constitutes 

a "minimalistic" approach wherein as few non-human residues as possible are incorporated into the 

humanized antibody, thus reducing the potential immunogenicity of the humanized antibody (see 75, 

lines 9-11 of the instant application). 

The other advantage of the instantly claimed invention is that applicants have shown that a 

selected VH consensus sequence and selected VL consensus sequence can be used to humanize many 

different non-human antibodies including anti-HER2 (see Example 1); anti-CD3 (see Example 3); anti

CD18 (see Example 4); and anti-lgE (see Presta eta/., supra). In particular, applicants have seen that 

humanized anti-HER2 and humanized anti-lgE do not lead to detectable immunogenic responses upon 

administration to humans. Thus, the claimed method is clearly useful for the production of humanized 

antibodies with reduced immunogenicity. The techniques advocated by the prior art, especially Queen 

eta/. and Co eta/., would not allow for this flexibility, since for each new non-human antibody to be 

humanized, a human antibody sequence with high homology thereto must be used. 

To further emphasize the differences between the approaches of the cited references (where 

FRs from individual human antibodies are used) and the consensus approach which is instantly claimed, 

applicants refer to the following references. In particular, Sims eta/., J. lmmunol. 151(4}:2296-2308 

(1993), copy attached, used the "best-fit" method to humanize their anti-CD18 antibody. See column 

2, paragraph 3 on page 2302. Kolbinger eta/. further contrast the differences between the individual 

antibody approach and the consensus approach which is claimed in the above application. See 

Kolbinger et at., Protein Engineering 6:971-980 ( 1983) (copy attached). As mentioned in the abstract 

of Kolbinger eta/. "Two approaches to the selection of human FRs were tested: (i) selection from 

human consensus sequences and (ii) selection from individual human antibodies". Kolbinger eta/. used 

the consensus sequences for human K VL subgroup Ill and human VH subgroup I (see Figures 2 and 3) 

for one version of a humanized antibody. The other humanized antibody was made using the "best-fit" 

method (see page 977, column 1). In the best-fit method, the VL of the human antibody KAF and the 

VH of the human antibody HAY were used for humanization {see Figures 2 and 3 of Kolbinger eta/.). 

Thus, those skilled in the art have acknowledged that the techniques of the prior art and the technique 

of the instant applicant are certainly different. Accordingly, applicants believe that the invention recited 

in the claims at issue is clearly non-obvious over the references and the rejection should therefore be 

reconsidered and withdrawn. 
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Not only do the cited references fail to disclose or suggest the use of the consensus human 

antibody variable domain for humanization, but they also fail to address other aspects of the instantly 

claimed invention. In particular, the references fail to describe steps (f) and (g) of claims 1 and 19 of 

the instant application. These steps instruct the practitioner concerning selection of human FA residues 

to be replaced with corresponding non-human residues. In particular, non-homologous non-human FA 

amino acid residue(s) which are expected to non-covalently bind antigen directly, interact with a CDR, 

or participate in the VL- VH interface by affecting the proximity or orientation of the VL and VH regions 

with respect to one another are introduced into the consensus FR. The cited references fail to enable 

these steps. In particular, EP239,400 does not elaborate in sufficient detail how one would go about 

selecting non-human FR residues to be incorporated into the humanized antibody. Significantly, no non

human FA residues were transferred in the examples of EP239,400. While Aiechmann eta/. made one 

and two FA residue mutations to "restore the packing of the loop", this reference fails to describe each 

of the types of non-homologous residue identified in items ( 1 )-(3) of step (f) of claims 1 and 19 of the 

instant application. Queen eta/. also fail to describe the transfer of non-homologous residues which 

participate in the VL- VH interface by affecting the proximity or orientation of the VL and VH regions with 

respect to one another (see step (f)(3) of claims 1 and 19 of the instant application). Hence, the 

invention recited in claims 1 and 19 is clearly not obvious over the references. 

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

2 and step (h) of claim 19 of the instant application involve retaining consensus residues, where the 

corresponding non-homologous import residues are exposed of the surface of the consensus human 

variable domain. The cited references fail to describe anywhere such a step. Claim 4 involves replacing 

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

non-human residue. The references are silent as to such a step. Similarly, the references fail to 

describe the additional step of claim 5 of the instant application. Also, the FA residues which can be 

substituted and are listed in claims 6, 7 and 10 as revised herein are not disclosed or alluded to in the 

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

application is clearly non-obvious over the cited references. 

Accordingly, applicants request that the above section 103 rejection be reconsidered and 

withdrawn. 

The Rejection Under 35 USC § 1 03 - In re Durden 

Claims 1, 2, 4-12 and 15 are rejected under 35 USC § 103 as being unpatentable over 

EP239,400 (Winter); Aiechmann eta/. Nature: 332: 323-327 (1988); and Queen eta/. PNAS. USA 86: 

1 0029-1 0033 ( 1989) in view of In re Durden 226 USPQ 359 (Fed. Cir. 1985). 

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

humanized antibodies do not appear to differ from what was disclosed in the references. For the 
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reasons given in the previous section, applicants submit that the instantly claimed methods for 

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

reference, especially with respect to the consensus human variable domain forming the FR of the 

humanized antibody. Therefore, applicants request that this rejection be reconsidered and withdrawn. 

The Rejection Under 35 USC § 1 03 - Claim 3 

Claim 3 is rejected under 35 USC § 103 as being unpatentable over EP 239,400 (Winter); 

Riechmann eta/. Nature: 332: 323-327 ( 1988); and Queen eta/. PNAS, USA 86: 1 0029-1 0033 ( 1989) 

as applied to claims 1, 2, 4-12 and 15 and further in view Roitt et a/., Immunology Gower Medical 

Publishing Ltd., London, England, pg. 5.5 (1985). It is the Examiner's position that, since Roitt eta/. 

allegedly teaches that antibodies contain carbohydrate residues in the variable region, a person skilled 

in the art would realize that carbohydrate residues can produce stearic modifications in the folding 

characteristics of polypeptides. The Examiner concludes that it would have been prima facie obvious 

to carry out the step recited in claim 3. 

Applicants submit that the claim 3 is clearly not obvious in light of the cited references. The 

three primary references have been discussed above. Roitt et a/. merely shows that lgA 1 

immunoglobulins may possibly have carbohydrate units in their variable domains. No such carbohydrate 

or oligosaccharide units are depicted in the diagrams of lgD and lgE variable domains in this reference. 

This reference is not concerned with antibody humanization, much less the use of a consensus human 

variable domain for humanization or how to deal with glycosylation sites in humanization. Since claim 

3 depends on claim 1 which specifies the use of a consensus human variable domain, and since neither 

the primary references nor Roitt eta/. disclose or allude to the use of such a consensus sequence, claim 

· 3 must also be nonobvious over the references. Furthermore, the primary references and Roitt eta/. 

fail to address how one would deal with glycosylation sites in the context of humanization. In fact, 

405 referred to in Example 1 is fairly unusual in that it has a glycosylation site in its variable region (i.e. 

residue number 65 of the light chain). Thus, as far as applicants are aware, the instant application 

teaches, for the first time, how to deal with glycosylation sites in antibody humanization. 

Accordingly, applicants conclude that claim 3 is clearly not obvious in light of the references 

cited and therefore ask that the § 1 03 rejection be withdrawn. 
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A copy of a document pursuant to 37 C.F.R. § 10.9(b) is attached as proof of the authorization 

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

file in the Office of Enrollment and Discipline. 

Respectfully submitted, 
. I 

By:71ti 
460 Pt. San Bruno Blvd. 
So. San Francisco, CA 94080-4990 
Phone: (415) 225-1994 
Fax: (415) 952-9881 
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LIMITED RECOGNITION UNDER 37 CFR § 10.9(b) 

./ 

Wendy M. Lee is hereby given limited recognition under 37 CFR § 1 0.9(b) as an 
employee of Genentech, Inc. to prepare and prosecute patent applications and to 
represent patent applicants wherein Genentech, Inc. is the assigneed of record of the 
entire interest. This limited recognition shall expire on the date appearing below, or when 
whichever of the following events first occurs prior to the date appearing below: {i) Wendy 
M. Lee ceases to lawfully reside in the United States, (ii) Wendy M. Lee's employment 
with Genentech, Inc. ceases or is terminated, or (iii) if Wendy M. Lee ceases to remain 
or reside in the United States on a H-1 visa. 

This document constitutes proof of such recognition. The original of this document is on 
file in the Office of Enrollment and Discipline of the U.S. Patent and Trademark Office. 

EXPIRES: DECEMBER 9, 1995 
Cameron Wei bach, Director 
Office of Enrollment and Discipline 

PFIZER EX. 1502 
Page 1366



• 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

I 

In re Application of ) 

) 
) 

) 
) 

) 

) 
) 
) 

) 
) 

) 
) 

) 

Paul J. Carter et al. 

Serial No. 08/146,206 

Filed: 17 November 1993 

For: METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

) . 

) 

) 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

~, ... BOX DO 

Honorable Commissioner of Patents 
and Trademarks 

Washington, D.C. 20231 

Sir: 

Applicants submit herewith patents, publications or other information (attached hereto and listed 
1:5! ~ ,~. ~~ • '\ :- :;=' I"\ 

on the attached Form PT0-1449) of which they are aware, which they tlelie\/e may be' material to the 

examination of this application and in respect of which there may be a dut.'}Ub d1sclo~OJlfh accordance 

with 37 CFR §1.56. (;RO~P i~t\9 

This Information Disclosure Statement: 

(a) [] accompanies the new patent application submitted herewith. 37 CFR § 1.97(a). 

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

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

(d) [X] is filed after the first Office Action and more than three months after the application's 
filing date or PCT national stage date of entry filing but, as far as is known to the 
undersigned, prior to the mailing date of either a final rejection or a notice of allowance, 
whichever occurs first, and is accompanied by either the fee ($21 0) set forth in 37 CFR 
§ 1.17(p) or a certification as specified in 37 CFR § 1 .97(e), as checked below. Should 
any fee be due, the U.S. Patent and Trademark Office is hereby authorized to charge 
Deposit Account No. 07-0630 in the amount of $210.00 to cover the cost of this 
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Information Disclosure Statement. Any deficiency or overpayment should be charged 
or credited to this deposit account. A duolicate of this sheet is enclosed. 

(e) [] is filed after the mailing date of either a final rejection or a notice of allowance, 
whichever occurred first, and is accompanied by the fee ($130) set forth in 37 CFR 
§ 1.17(i)(1) and a certification as specified in 37 CFR § 1.97(e), as checked below. This 
document is to be considered as a petition requesting consideration of the information 
disclosure statement. The U.S. Patent and Trademark Office is hereby authorized to 
charge Deposit Account No. 07-0630 in the amount of $130.00 to cover the cost of 
this Information Disclosure Statement. Any deficiency or overpayment should be 
charged or credited to this deposit account. A duplicate of this sheet is enclosed. 

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

§ 1.97(e) may need to be completed.) The undersigned certifies that: 

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

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

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

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

[X) each [] none () only those listed below: 

Those patent(s) or publication(s) which are marked with an asterisk ( *) in the attached PT0-1449 form 

are not supplied because they were previously cited by or submitted to the Office in a prior application 

Serial No. , filed and relied upon in this application for an earlier filing date under 35 USC § 120. 

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

[X) not given 

[) given for each listed item 

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

[] in the form of an English language copy of a Search Report from a foreign patent office, 
issued in a counterpart application, which refers to the relevant portions of the 
references. 
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The Examiner is reminded that a "concise explanation of the relevance" of the submitted prior 

art "may be nothing more than identification of the particular figure or paragraph of the patent or 

publication which has some relation to the claimed invention," MPEP §609. 

While the information and references disclosed in this Information Disclosure Statement may 

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

publication or other information referred to therein is "prior art" for this invention unless specifically 

designated as such. 

In accordance with 37 CFR § 1.97(g), the filing of this Information Disclosure Statement shall 

not be construed to mean that a search has been made or that no other material information as defined 

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

with 37 CFR §1.98 and MPEP §609 and the Examiner is respectfully requested to consider the listed 

references. 

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

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

file in the Office of Enrollment and Discipline. 

Date: August 1, 1995 

460 Pt. San Bruno Blvd. 
So. San Francisco, CA 94080-4990 
Phone: (415) 225-1994 
Fax: (415) 952-9881 
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Altered antibodies in which at least parts of the complementary determining regions (CDRs) in the light and/or heavy var
iable domains of an acceptor monoclonal antibody have been replaced by analagous parts of CDRs from one or more donor 
monoclonal antibodies, and in which there has been minimal alteration of the acceptor monoclonal antibody light and/or heavy 
variable domain framework region in order to retain donor monoclonal antibody binding specificity, wherein such donor antib
odies have specificity for microorganisms, in particular specificity for respiratory syncytial virus (RSV); a process for preparing 
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NOVEL ANTffiODIES FOR TREATMENT AND PREVENTION OF 
INFECTION IN ANIMALS AND MAN · 

BACKGROUND OF THE INVENTION 

There has long been a need for effective agents· for prevention and treatment 
of infection in animals and man. Typical methods comprise administration 

10 of chemical agents which inhibit the growth of microorganisms allowing the 
immune system to eradicate the infectious agent. Whilstnatural and 
synthetic chemicals have been particularly effective as treatments for 

· bacterial infection, the emergence of resistant strains has proved frequent 
and problematic. For viral infections, chemical agents have had limited 

15 effect and the severity of disease is usuall~ correlated with immune system 
status. 

For many years, the effectiveness of serum from immune individuals on 
prevention and treatment of infectious disease has been known. However, it 

20 is well known that the antibodies within human immune sera which are 
responsible for effective treatment, i.e., the neutralising antibody 
component, are only a very small fraction of the total sera antibody. 
Furthermore, the use of immune sera has been ~ted by low neutralising 
antibody levels, by the scarcity of immune donors, by the cost of treatment 

25 and more recently by the risk of adventitious spread of disease through 
microorganisms in donor sera. 

The development of monoclonal antibody technology provided the means for 
development and production of pure murine monoclonal antibodies in large 

30 quantities from cell lines devoid of pathogenic microorganisms. With this 
technique it was possible to provide monoclonal antibodies which interacted 
with pathogenic organisms, some of which monoclonal antibodies could 
prevent the growth of the target microorganisms in infected mice. 
Unfortunately, it is not possible to predict from in Dtm studies which 

35 antibodies will be most effective at in .DE killing of microorganisms. Many 
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monoclonal antibodies with high binding affinity for their target in an in 
.ritm setting are not effective in DE.. In fact, in some cases where 
antibodies are effective at preventing growth of the microorganisms under 

laboratory conditions, they prove ineffective in the in yjvo environment. 

The impact and limitations of murine monoclonal antibodies for treatment 
of infectious ·disease is illustrated by the case of respiratory syncytial virus 
(RSV) infection. RSV is the major cause oflower respiratory tract infection 
in infants in the first year of life and a significant cause of respiratory 

10 disease in young cattle. In man, most attempts to vaccinate against RSV 

infection have failed, and treatment ofRSV infection with chemical drugs 

such as ribavirin is only partially effective. Murine monoclonal antibodies 
specific for RSV have been shown to be effective in prevention and 

treatment ofRSV in mice. However, the use of murine monoclonal 
15 antibodies for treatment and prevention o~RSV in non-murine species is 

potentially limited by the immune response of these species to the "foreign" 
murine antibody, i.e., immune responses in humans against murine 
antibodies have been shown to both immunoglobulin constant and variable 
regions (human anti-mouse antibodies). Therefore, non-immunogenic 

20 variants of monoclonal-antibodies where the iinm.unoglobulin constant and 
variable regions contain amino acid sequences recognised as "self' by the 
RSV infected recipient are needed for effective prevention and treatment of 

RSV infection. 

25 Recombinant DNA technology has provided. the ability to aiter antibOdies in 

order to substitute specific immunoglobulin (Ig) regions from one species 
with regions from another. Patent Cooperation Treaty Patent Application · 

No. PCT/GB85100392 (Neuberger et al and Celltech Limited) describes a 
process whereby the complementary heavy and light chain variable domain 

30 of an Ig molecule from one species may be combined with the 

complementary heavy and light chain Ig constant domains from another 
species. This process may be used, for example, to alter murine monoclonal 

antibodies directed against a specific human disease. Such alteration is 
effected by substitution of the murine antibody constant region domains 

35 with human IgG constant region domains to create a "chimeric" antibody to 
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be potentially used for treatment of such human disease. However, such 

chimeric antibodies will still potentially elicit an immune response in 
humans against the murine (i.e, "foreign") variable regions. 

5 British Patent Ap~lication Publication Number GB2188638A (Winter) 
describes a process whereby antibodies are altered by substitution of their 
complementarity determining regions (CDRs) from one species with those 

from another. This process may be used, for example, to substitute the 
CDRs from human heavy and light chain lg variable region domains with 

10 alternative CDRs from murine variable region domains. These altered Ig 
variable regions may subsequently be combined with human Ig constant 
regions to create antibodies which are totally human in compositio~ except 
for the subsitituted murine CDRs. Such murine CDR-substituted 
antibodies are likely to elicit a considerably reduced immune response in 

15 humans compared to chimeric antibodies ~cause they contain considerably 
less murine components. However, as stated in British Patent Application 
Publication Number GB2188638A, merely replacing one or more CDRs with 

· complementary CDRs from another species which are specific for a desired 
disease may not always result in an altered antibody which retains the 

20 antigen binding capacity of complementary CDRs. The British Patent 
Application proposes that by "routine experimentation or by trial and error", 
a functional altered antibody with antigen binding capacity may be 

· obtained. However, no description of the nature of the routine 
experimentation or the trial and error process needed to obtain the desired 

25 antibody is provided, and there is a suggestion that successive replacements 

of CDRs from different sources should be attempted. 

Examination of the three-dimensional structures of severallgGs has led to 
the conclusion that the Ig variable regions of heavy and light chains each 

30 comprise three looped structures (which include the CDRs) supported on a 
sheet-like structure termed the variable region framework. The 

predominant definition of what comprises a CDR and what comprises a 

framework is based upon amino acid sequences of a number of Igs. 
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In three dimensional configuration, the aforementioned loop structures and 
CDRs between a mouse and human antibody do not correspond exactly 
although there is considerable overlap. Therefore it appears that, in so~e 
cases, the transfer of antigen binding specificity by replacement of CDRs 

5 may require the additional replacement of residues acijacent to the defined 
CDRs. For example, it has been hypothesized that , in certain cases, 

variable region framework amino acid residues may be important in antigen 
binding through direct interaction with CDRs (See, Amit et al., Scien~, .2aa 
(1986) pp 747-753; Queen et al., Proc Natl Acad Sci., .8.6 (1989) pp10029-

10 10033; and Protein Design Labs, Patent Cooperation Treaty Patent 
Application Publicatio~ Number W09007861, published July 26, 1990). In 
the Queen et al. reference, the authors selected human variable regions for 
murine CD~replacement on the basis of maximum homology to the murine 
variable region comprising the CDRs used for the replacement. In addition, 

15 on the basis of computer modelling, the Q'\.een et al. authors utilized a 
human framework for CDR replacement which included several murine 
framework amino acids thought to interact with the murine CDRs. The 
resultant altered antibody, whilst retaining antigen binding capacity, 
contained additional murine framework amino acids. Such addti.onal 

20 murine framework amino acids might contribute to an enhanced immune 
response to the altered antibody in humans. 

In addition, previous studies (see, e.g., Riechmann,et al., Nature· .3a2 
(1988), p323-327) have demonstrated that the use of reshaping can be used 

2S to transfer in Dtm high affinity binding from mouse to human antibodies, 
but it has not previously been shown that it is possible to provide the 
combination of properties required for preservation of effective prevention of 
growth of human respiratory syncytial virus (RSV) in nm. 

30 Therefore, there is a need for altered antibodies with minimal 
immunogenicity for the prevention and treatment of infectious disease. In 

addition, there is a need for a defined process to produce such altered 
antibodies without radical alteration of variable region frameworks and the 
associated effect on immunogenicity. The present invention provides 

35 altered antibodies for prevention and treatment of infectious disease and a 
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process for their production by introducing only critical variable region 
framework modifications. 

RSV, which is in the genus Pneumovirus of the Paramyxoviridae 
5 family, is a major ca~se oflower respiratory tract infections in 

young children. Primary infection gives an incomplete immunity, 
and reinfection is frequently obserVed during childhood. The role of 
immune mechanisms in the human disease have not been clarified. 
Previous attempts to develop effective vaccines with attenuated or 

10 killed RSV have met with failure, i.e., not only were the children 
unprotected, but subsequent infections with RSV sometimes 
resulted in more severe diseases than in. non-immunized controls. 
RSV infection is also a major cause of respiratory infection in young 
cattle. 

15 

20 

', 
Recently, certain immunological and molecular information has 
been obtained regarding the antigenic and functional properties of 
RSV proteins. The RSV fusion protein (F) and the RSV attachment 
protein (G) have been identified as the major viral antigens, and 
their genes have been cloned and sequenced. Two antigenically 

distinct subgroups of human RSV, designated A and B, have been 
described. The antigenic differences between A and B subgroups 
reside mainly on the RSV G protein. In contrast, the RSV F protein 
has a high degree of genetic and antigenic homology between the 

25 two subgroups, and various strains within these subgroups. 

Monoclonal antibodies (mAbs) directed against both envelope 
glycoproteins (F and G) ofRSV have been demonstrated to 
neutralize the virus. (See, Walsh & Hruska, sL. Yimlogy. il, 171-177 

30 (1983); and Walsh et al.,sL.~Virologv.~ 761-767 (1984)). 
However, in vitro and in vivo studies with mAbs or with vaccinia 
virus recombinants expressing F protein indicated that this protein 
is the most important antigen in inducing cross-protective 
immunity. (See; Johnson et al., iL. Yiro}ggy. §]., 3163-:-3166 (1987); 

35 Olmsted etal •• ~NaL&wi&iullSA, 7462-7466 (1986); Wertz 
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et al., iL. virology . .6.1... 293-310 (1987); and Walsh et al., Infection 
and Immunity.~ 756-758 (1984)). Several authors have identified 
different antigenic sites in the F protein and have shown that at . 
leas~ three of these antigenic sites are involved in neutralization. 

5 Two or three neutralizing epitopes have been located on the F 
protein in different ways. Using escape mutant viruses, Lopez et al., 
iL.Yirology . .6i, 927-930 (1990) have shown that two amino acid 
residues (i.e., 262-Asn and 268-Asn) of the F1 subunit of the F 

protein are essential for the integrity of a particular neutralizing 
10 epitope, Another highly conserved neutralizing epitope has been 

mapped with synthetic peptides to residues 221-lle to 232-Glu of 
the Fl subunit of the F protein by Trudel et al., iL. General Virology . 
.fiR, 2273-2280 (1987). Finally, a recent analysis by the Pepscan 
procedure identified an epitope at positions 483-Phe to 488-Phe of. 

15 the F1 subunit of the F protein, which epi~pe could correspond to 
another neutralizing epitope. (See, Scopes et al., sL General 
Yirology.1l, 53-59 (1990)). 

There is a need for the development of new therapies for the treatment and 
20 prevention of RSV infection. A neutralizing and protective epitope of an 

RSV viral antigen could prove useful in the generation of monoclonal 
antibodies useful for the prophylaxis and/or treatment ofRSV infection. 
The present invention provides such a novel epitope on the RSV F protein 
which is recognised by a neutralizing and protective antibody in vivo. 

25 

BRIEF DESQRIPTJON OF THE FIGUR.ES 

Figure 1 shows the DNA sequence and corresponding amino acid sequence 
of the RSV19 heavy chain variable region {VH). The CDR sequences are 

30 boxed. The first eight and last eleven amino acids, as underlined, 
correspond to sequences of the oligonucleotide primers ·used. 

Figure 2 shows the DNA sequence and corresponding amino acid sequence 
of the RSV191ight chain variable region (VK). The CDR sequences are 
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boxed. The first eight and last six amino acids; as underlined, correspond to 
sequences of the oligonucleotide primers used~ 

Figure 3 shows the basic plasmid pHuRSV19VH comprising a human Ig 
s heavy chain variable region framework and CDRs derived from mouse 

RSV19. 

Figure 4 shows the basic plasmid pHuRSV19VK comprising a human lg 
light chain variable region framework and CDRs derived from mouse 

10 RSV19. 

15 

Figure 5 shows the derived Ig variable region amino acid sequences encoded 
by RSV19VH, RSV19\TK, pHuRSVVH and pHuRSV19VK, and derivations 
ofpHuRSV19VH. 

Figure 6 shows an ELISA analysis of the binding ofHuRSVi9VHNK 
antibody and its derivative, HuRSV19VHFNSIVK, to RSV antigen. 

Figure 6A shows that there is little if any difference between the 
20 ability of the RSV19 and HuRSV19VHFNS/HuRSV19VK antibodies 

to bind to intact, non-denatured RS virus. 

Figure 7 shows that mAb RSV19 binds to two synthetic peptides 
consisting of, respectively, amino acid residues 417-432 and422-

25 438 of the F protein. 

SUMMARY OF THE IN\TENTION 

The present invention relates to altered antibodies in which at least parts of 
30 the complementarity determining regions (CDRs) in the.light and/or heavy 

variable domains of an acceptor monoclonal antibody have been replaced by 
analagou8 parts of CDRs from one or more donor monoclonal aJ_ltibodies, 
and in which there may or may not have been mjnimal alteration of the 

acceptor monoclonal antibody light and/or heavy variable domain 
35 framework region in order to retain donor monoclon81. antibody binding 
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specificity, wherein such donor antibodies have specificity for 
microorganisms, in part;l.cular specificity for respiratory syncytial virus 
(RSV). The present invention also relates to a process for preparing such 

altered antibodies; a pharmaceutical composition comprising a therapeutic, 
s non-toxic amount of such altered antibodies and a pharmaceutically 

acceptable carrier or diluent; and a method of prophylactically or 
therapeutically treating a microorganism-induced disease state in a human 
or animal in need thereof which comprises administering an effective 
amount of such altered antibodies to such human or animal. Preferably the 

10 altered antibodies of the invention will be produced by recombinant DNA 
technology. The altered antibody of the present invention may comprise a 
complete antibody molecD:~e (having full length heavy and light c}urins) or 

any fragment thereof, such as the Fab or (Fab')2 fragment, a light chain or 

heavy chain dimer, or any minimal recombinant fragment thereof such as 
15 an Fv or a SCA (single-chian antibody) or a.ny other molecule with the same 

specificity as the altere~ antibody of the invention. Alternatively, the 
altered antibody of the invention may have attached to it an effector or 
reporter molecule. For instance~ the altered antibody of the invention may 
have a macrocycle, for chelating a heavy metal atom, or a toxin, such as 

. 20 ricin, attached to it by a covalent briding structure. Alternatively the 
procedure of recombinant DNA technology may be used to ·produce an 
altered antibody of the invention in which the Fe fra~nt or CH3 domain 
of a complete antibody molecule has been replaced by an enzyme or toxin 
molecule. The remainder of the altered antibody may be derived from any 

25 suitable human immunoglobulin. However, it need not comprise only 
protein sequences from the human immunoglobulin. For instance a gene 
may be constru.cted 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 polypeptide effector or reporter molecule. 

30 

Another aspect of this invention is the discovery of a specific epitope of the F 
(fusion) protein ofRSV which has been demonstrated to be a target for 
monoclolial antibodies which both protect and cure mice of infection by RSV. 

In addition, it has also been demonstrated that Fab fragments of such 
· 35 . monoclonal antibodies protect mice from in DY2 infection. Thus, the present 

PFIZER EX. 1502 
Page 1380



W092/04381 PCT/GB91/01554 

-9-

invention also relates to such specific epitope of the F protein ofRSV; 
monoclonal antibodies directed against such epitope; and Fab fragments of 
such monoclonal antibodies. In addition, this invention relates to a 

. pharmaceutical composition comprising a therapeutic, non-toxic amount of 
5 such monoclonal antibodies or Fab fragments and a pharmaceutically 

acceptable carrier or diluent; and a method of prophylactically or 
therapeutically treating RSV infection in a human or animal in need thereof 
which compi:ises administering an effective amount of such monoclonal 
antibodies or Fab fragments to such human or animal. 

10 

15 

The present invention provides altered antibodies with specificity for 
microorganisms, and the DNA coding for such antibodies. These antibodies 
comprise Ig constant regions and variable regions from one source, and one 
or more CDRs from a different source. 

'\. 
In addition, amino acid substitutions in the variable region frameworks are 

· described which are critical for antigen binding affinity. The invention also 
provides vectors producing the altered antibodies in mammalian cell hosts. 

20 The present invention particularly applie~ to the provision of altered 
antibodies with the combination of properties required for the prevention 
and treatment of infections in animals and man. For example, non-human 

antibodies with specificity for micro organisms may be altered to produce 
"humanised" antibodies which elicit a minimal immune response in 

25 humans. In particular, the invention provides "humanised" antibodies with 
specificity for RSV which are shown to be effective in an animal model for 
RSV infection in humans and to recognise a large variety of human clinical 

isolates ofRSV. 

30 The present invention also provides a method for effecting minimal 
modifications to the amino acids of variable region frameworks in order to 
retain the antigen binding capacity of CDRs from a different source. The 
method involves stepwise alteration and testing of individual amino acids in 
the variable region framework potentially critical for antigen binding 
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affinity. The method avoids major introduction of framework amino acids 
from the same source as CDRs. 

pETAlLED DESCRIPrJON OF THE IN\1ENTION 

As used herein. the term ''hnmanired, antibody" refers to a molecule having 
its complementarity determining regions (and, perhaps, minimal portions of 
its light and/or heavy v8riable domain framework region) derived from an, 
immunoglobulin from a non-human species, the remaining immunoglobulin-

10 derived parts of the molecule being derived from a human immunoglobulin. 

The present invention relates to altered antibodies in which at least parts of 
the co:.:nplementarity determining regions (CDRs) in the light and/or heavy 
variable domains of an acceptor monoclonal antibody have been replaced by 

15 anal ago us parts of CDRs from one or more, donor monoclonal antibodies, 
and in which there may or may not have been minimal alteration of the 
acceptor monoclonal antibody light and/or heavy variable domain 
framework region in order to retain donor monoclonal antibody binding 
specificity, wherein such donor antibodies have specificity for 

20 microorganisms, in particular specificity for respiratory syncytial virus 
(RSV). The present invention also relates to a process for preparing such 
altered antibodies; a pharmaceutical composition comprising a therapeutic, 
non-toxic amount of such altered antibodies and a pharmaceutically 
acceptable carrier or diluent; and a method of prophylactically or 

25 therapeutically treating a microorganiSm-induced disease state in a human 
or animal in need thereof which comprises administering an effective 

. amount of such altered antibodies to such human or animal. 

The altered antibodies of the invention may be produced by the following 
30 process: 

(a) producing, by conventional techniques, in an-expression vector an operon 
having a DNA sequence which encodes an antibody heavy or light chain 
wherein at least the CDRs (and those minimal portions of the acceptor 

35 monoclonal antibody light and/or heavy variable domain framework region 
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required in order to retain donor monoclonal antibody binding specificity) of 

the variable domain are derived from a non-human immunoglobulin, such 

as that produced by RSV19, and the remaining immunoglobulin-derived 
parts of the antibody chain are derived from a human immunoglobulin, 

5 thereby producing the vector of the invention; 

(b) producing, by conventional techniques, in an expression vector an operon 

having a DNA sequence which encodes a complementary antibody light or 
heavy chain wherein at least theCDRs (and those minimal portions of the 

10 acceptor monoclonal antibody light aildlor heavy variable domain 
framework region required in order to retain donor monoclonal antibody 
binding specificity) of the variable domain are derived from a non-human 

.immunoglobulin, such as that produced by RSV19, and the remaining 
immunoglobulin-derived parts of the antibody chain are derived from a 

15 human immunoglobulin, thereby produ~ another vector of the invention; 

(c) transf8cting a host cell by conventional techniques with the or each 
vector to create the transfected host cell of the invention; 

20 (d) culturing the transfected. cell by conventional techniques to produce the 

altered antibody of the invention. 

The host cell may be transfected with two vectors of the invention, the first 
vector containing an operon encoding a light chain-derived polypeptide and 

25 the second vector containing an operon encoding a heavy chain-derived 

plypeptide. Preferably the vectors are identical except in so far as the 
coding sequences and selectable markers are concerned so to ensure as far . 

as possible that each polypeptide chain is equally expressed. Alternatively, 
a single vector of the invention may be used, the vector including the 

30 sequence encoding both light chain- and heavy chain-derived polypeptides. 
The DNA in the coding-sequences for the light and heavy chains may 

comprise eDNA or genomic DNA or both. 
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The host cell used to express the altered antibody of the invention is 

preferably a eukaryotic cell, most preferably a mammalian cell, such as a 

CHO cell or a myeloid cell. 

5 The general methods by which the vectors of the invention may be 

constructed, transfection methods required to produce the host cell of the 
invention, and culture methods necessary to produce the altered antibody of 

the invention from such host cell are all conventional techniques. Likewise, 

once produced, the altered antibodies of the invention may be purified · 

10 according to standard procedures of the art, including ammonium sulfate 

precipitation, affinity columns, column chromatography, gel electrophoresis 

and the like. 

An example of the altered antibody of the invention are humanised 

15 antibodies derived from the murine monocl,_onai antibody RSV19 such as 

HuRSV19VHNK and HuRSV19VHFNS/HuRSV19VK which are described 
in the Examples. Such antibodies are useful in treating, therapeutically or 

prophylactically, a human against human RSVinfection. Therefore, this 

invention also relates to a method of treating, therapeutically or 
20 prophylactically, human RSV infection in a human in need thereof which 

comprises administering an effective, human RSV infection treating dose 

such altered antibodies to such human. 

The altered antibodies of this invention may also be used in conjunction 

25 with other antibodies, particularly human monoclonal antibodies reactive 

with other markers (epitopes) responsible for the disease against which the 

altered antibody of the invention is directed. 

The altered antibodies of this invention may also be used as separately 

30 administered compositions given in conjunction with chemotherapeutic or 

immunosuppressive agents. The appropriate combination of agents to 

utilized can readily be determined by one of skill in the art using 

conventional techniques. As an example of one such combination, the 
altered antibody of the invention known as HuRSV19VHFNS/HuRSV19VK 
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may be given in conjunction with the antiviral agent ribavirin in order to 

facilitate the treatment of RSV infection in a human. 

One pharmaceutical composition of the present. invention comprises the use 
5 of the antibodies of the subject invention in immunotoxins, i.e., molecules 

which are characterized by two components and are particularly useful for 
killing selected cells in vitro or in vivo. One component is a cytotoxic agent 

which is usually fatal to a cell when attached or absorbed. The second 
component, known as the "delivery vehicle" provides a means for delivering 

10 the toxic agent to a particular cell type, such as cells comprising a 
carcinoma. The two components are commonly chemically bonded together 
by any of a variety of well-known chemical procedures. For example, when 
the cytotoxic agent is a protein and the second component is an intact 

immunoglobulin, the linkage may be by way of heterobifunctional cross-
IS linkers, e.g., carbodiimide, glutaraldehyd~ and the like, Production of 

various immunotoxins is well-known in the art. 

A variety of cytotoxic agents are suitable for use in immunotoxins, and may 
include, among others, radionuclides, chemotherapeutic drugs such as 

20 methotrexate, and cytotoxic proteins such as ribosomal inhibiting proteins 
(e.g., ricin). 

The delivery component of the immunotoxin will include the human-like 
inl.munoglobulins of the present invention. Intact immunoglobulins or their 

25 binding fragments, such as Fab, are preferably used. Typically, the 

antibodies in the immunotoxins will be of the human IgM or IgG isotype, 
but other mammaljan cqnstant regions may be utilized if desired. 

The altered antibodies and pharmaceutical compositions of the invention 
30 are particularly useful for parenteral administration, i.e., subcutaneously, 

intramuscularly or intravenously. The compositions for parenteral 

administration will commonly comprise a solution of the altered antibody of 

the invention or a cocktail thereof dissolved in an acceptable carrier, 
preferably an aqueous carrier .. A variety of aqueous carriers may be 

35 employed, e.g., water, buffered water, 0.4% saline, 0.3% glycine, and the 
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like. These solutions are sterile and generany.free of particulate matter. 
These solutions may be sterilized by conventional, well known sterilization 
techniques. The compositions may contain pharmaceutically acceptable 

auxiliary substances as required to approximate physiological conditions 

s such as pH adjusting and buffering agents, etc. The concentration of the the 

altered antibody of the invention in such pharmaceutical formulation can 

vary widely, i.e., from less than about 0.5%, usually at or at least about 1% 
to as much as 15 or 20% by weight and will be selected primarily based on 
fluid volumes, viscosities, etc., according to the parti~ar mode of 

10 administration selected. 

Thus, a pharmaceutical composition of the invention for intramuscular 
injection could be prepared to contain 1 mL sterile buffered water, and 50 
mg of an altered antibody of the invention. Similarly, a pharmaceutical 

15 composition of the invention for intravenoy infusion could be made up to 
· contain 250 ml of sterile Ringer's solution, and 150 mg of an altered 

antibody of the invention. Actual methods for preparing parenterally · 
administrable compositions are well known or will be apparent to those 

skilled in the art~ are described in more detail in, for example, 
20 Bemjngton'e Phmnacentical Science- 15th ed., Mack Publishing Company, 

Easton, Pennsylvania. 

The altered antibodies of the invention can be lyophmzed for storage and 

reconstituted in a suitable carrier prior to use. This technique has been 
2S shown to be effective with conventional immune globulins and art-known 

lyophilization and reconstitution techniques can be employed. 

Depending on the intended result, the pharmaceutical composition of the 

invention can be administered for prophylactic and/or therapeutic 
30 treatments. In therapeutic application, compositions are administerd to a ~ 

patient already suffering from a disease, in an amount sufficient to cure or 

at least partially arrest the dif;ease and its complications. In prophylactic 
applications, compositions containing the present antibodies or a cocktail 
thereof are administered to a patient not already in a disease state to 

35 enhance the patient's ·resistance. 

PFIZER EX. 1502 
Page 1386



W092/04381 PCf/GB91/0lS54 

- 15-

Single or multiple administrations of the pharmaceutical compositions can 

be carried out with dose levels and pattern being selected by the treating 

physician. In any event, the pharmaceutical composition of the invention 

5 . should provide a quantity of the altered antibodies of the invention 

sufficient to effectively treat the patient. 

It should also be noted that the altered antibodies of this invention may be 

used for the design and synthesis of either peptide or non-peptide 
10 compounds (mimetics) which would be useful in the same therapy as the 

antibody. See, e.g., Saragovi et al., Science·.25a. 792-795 (1991). 

Another aspect of this invention is the discovery of a specific epitope of the F 
(fusion) protein ofRSV which has been demonstrated to be a target for 

15 monocloDal antibodies which both protect·~d cure mice of infection by RSV. 
In addition, it has also -been demonstrated that Fab fragments of such 
monoclonal antibodies protect mice from in DY2 infection. Thus, the present 
invention also relates to such specific epitope of the F protein ofRSV; 

monoclonal antibodies directed a~ainst such epitope; and Fab fragments of 

20 sUch monoclonal antibodies. In addition, this invention relates to a 

·pharmaceutical composition comprising a therapeutic, non-toxic amount of 

such monoclonal antibodies or Fab fragments and a pharmaceutically 
acceptable carrier or diluent; and a method of prophylactically or 
therapeutically treating RSV infection in a human or animal in need thereof 

25 which comp~ administering an effective amount of such monoclonal 

antibodies or Fab fragments to such human or animal. 

The present invention provides altered antibodies with specificity for 

microorganisms, and the DNA coding for such antibodies. These antibodies 
30 comprise Ig constant regions and variable regions from one source, and one 

or more CDRs from a difference source. 

In addition, amino acid substitutions in the variable region frameworks are 

described which are critical for antigen binding affinity. The invention also 
35 provides vectors producing the altered antibodies in mammaljan cell hosts. 
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The present invention particularly applies to the provision of altered 
antibodies with the combination of properties required for the prevention 
and treatment of infections in animals and man. For example, non-human 

s antibodies with specificity for micro organisms may be altered to produce 
"bnmanised" antibodies which elicit a minimal immune response in 

humans, In particular, the invention provides "humanised" antibodies with . 

specificity for RSV which are shown to be effective in an animal model for 

RSV infection in humans and to recognise a large variety of human clinical 
10 isolates ofRSV. 

The present invention also provides a method for effecting minimal 

modificatio~s to the amino acids of variable region frameworks in order to 

retain the antigen binding capacity of CDRs from a different source. The 
15 method involves stepwise alteration and te@ti.ng of individual amino acids in 

the variable region framework potentially critical for antigen binding 
affinity. The method avoids major introduction of framework amino acids 
from the same source as CDRs. 

20 The following examples ~ offerred by way of illuStration, not by limitation. 

EXAMPLES 

In the following examples all necessary restriction enzymes, pl~ds, and 

25 other reagents and materials were obtained from commercial sources unless 
otherwise indicated. 

In the following examples, unless otherwise indicated, an general cloning, 
ligation and other recombinant DNA methodology was performed as 

30 described in "Molecular Cloning, A Laboratory Manual (1982) eds T. e 

Maniatis et. al., published by Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York (hereinafter referred to as "Maniatis et al."). 

35 
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In the following examples, the following abbreviations may be employed: 
dCTP deoxycytidine triphosphate 
dATP deoxyadenosine triphosphate 
dGTP deoxyguanosine triphosphate 

dTI'P 
DTT 
c 
A 

T 
G 
DMEM 
PBST 

deoxythysiodine triphosphate 
dithiothreitol 
cytosine 
adenine 
thymine 
guanine 
Dulbecco's modified Eagle's medium 
Phosphate buffered saline containing 0.02% 
Tween 20 (pH 7.5) 

15 ALTERED ANTIBODIES 

Examples 1-3 describe the preparation of the altered antibodies of the 
invention. 
ExAMPJ,E I-PRODUCTION OF ALTERED ANTIBODIES SPECIFIC FOR RSV 
The source of the donor CDRs utilized to prepare these altered antibodies 

20 was a murine monoclonal antibody, RSV19, specific for the fusion (F) 
protein ofRSV. The RSV19 hybridoma cell line was obtained from Dr. 
Geraldine Taylor, Institute for Animal Health, Compton Laboratory, 
Compton, Near Newbury, Berks, RG16 ONN, England. Methodology for the 
isolation ofhybridoma cell lines secreting monoclonal antibodies specific for 

25 RSV is described by Taylor et al., lmmunologv. ~ (1984) p137-142. 

Cytoplasmic RNA was prepared by the method of Favaloro et. al., (1980) 
Methods in Enzymoloc. ygL ~' p. 718-749, from the RSV19 hybridoma cell 
line, and eDNA was synthesized using Ig variable region primers as follows: 

30 . for the Ig'heavy chain variable (VH) region, the primer 
VHlFOR (5'TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG3') 
was used, and 
for the Ig light chain variable region (VK), the primer 

VKlFOR (5'GTTAGATCTCCAGCTTGGTCCC3') 
35 wasused. 

) 
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eDNA synthesis reactions consisted of20mg RNA, 0.4mM VHlFOR or 
VKlFOR, 250m.M each of dATP, dCTP, dGTP and dTI'P, 50m.M Tris-HCI .. 
pH 7 .5, 75mM KCI, lOmM DTr, 3mM MgCl2 and 27 units RNase inhibitor 

5 (Pharmacia, Milton Keynes, United Kingdom) in a total volume of 50ml. 
Samples were heated at 70°C for 10 minutes {min) and slowly cooled to 42°C 
over a period of 30 min. Then, lOOm MMLV reverse transcriptase (Life 
Technologies, Paisley, United Kingdom) was added and incubation at 42°C 
continued for 1 hour. 

10 

VH and VK cDNAs were then amplified using the polymerase chain reaction 
{PCR) as described by Saiki, et al., Science. 2m! {1988), p487-491. For such 
PCR, the primers used were: 

VHlFOR;· 
15 VKlFOR; 

VHlBACK (5'AGGTSMARCTGCAGSAGTCWGG3'); and 
VKlBACK (5'GACA'ITCAGCTGACCCAGTCTCCA3'), 

where M =Cor A, S = C or G, and W =A or T . 

20 Primers VHlFOR, VKlFOR, VHlBACK and VKlBACK, and their use for 
PeR-amplification of mouse Ig DNA, is described by Orlandi et al., ~ 
NaL ~ &i..!ISA.. an, 3833-3937 (1989). 

For PCR amplification ofVH, DNA/primer mixtures consisted of 5ml 
25 RNA/eDNA hybrid, and 0.5mM VHlFOR and VHlBACK primers. For PCR 

amplifications ofVK, DNA/primer mixtures consisted of 5ml RNA/eDNA 
hybrid, and 0.5mM VH1FOR and VKlBACK primers. To these mixtures 
was added 200 mM each ofdATP, dCTP, dGTP and dTTP, 10mM Tris-HCI 
pH 8.3, 50mM KCI, 1.5mM MgCl2, 0.01% (w/v} gelatin, 0.01% {v/v} Tween 

30 20, 0.01% (v/v} No~det P40 and 2 units Taq DNA polymerase (United ~ 

States Biochemicals-Cleveland, Ohio, USA). Samples were subjected to 25 
thermal cycles ofPCR at 94°C, 1 min; 60°C, 1 min; 72°C, 2 min; ending with 
5 min at 72°C. For cloning and sequencing, amplified VH DNA was purified 
on a low melting point agarose gel and by Elutip-d column chromatography 

35 (Schleicher and Schuell-Dussel, Germany) and cloned into phage M13 
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(Pharmacia-Milton Keynes, United Kingdom). The general cloning and 
ligation methodology was as described in "Molecular Cloning, A Laboratory 
Manual (1982) eds T. Maniatis et. al.~ published by Cold Spring Harbor 

Laboratory, Cold Spring Harbor, New York (hereinafter referred to as 

5 "Maniatis et al. ". VH DNA was either directly ligated into the Smai site of 
M13 mp18/19 (Pharmacia-Milton Keynes, UK) or, following digestion with 

Psti, into the Psti site ofM13tg131 (Am.ersham International-Little 
Chalfont, uK). Amplified VK was similarly gel purified and cloned by the 
following alternatives: 

10 Pvulldigest into Ml3mp19 (Smal site) 
Pvull and Bglii digest into M13mp18/19 (Smai - BamHI site) 
Pvull and Bglll digest in~ M13tg131 (EcoRV- Bglii site) 
:Bgill digest into M13tg131 (Smai - Bglll site) 

15 The resultant collections of overlapping clones were sequenced by the 
dideoxy method (Sanger, et al., ~ NaL &.ad.. &i. ~ H (1977) p5463-
5467) using Sequenase (United States Biochemicals-Cleveland, Ohio, USA). 

From the se<iuence ofRSV19 VH and VK domains, as shown in Figure 1 and 
20 2 respectivelY:, the CDR sequences were elucidated in accordance with the 

methodology of Kabat et al., in Sequences of Proteins of Immunological 
Interest (US Dept of Health and Human Services, US Government Printing 
Office, (1987)) utilizing computer assisted alignment with other VH and VK 
sequences. 

25 

Transfer of the murine RSV19 CDRs to human frameworks was achieved by 
site directed mutagenesis. The primers used were: 
VHCDR1 5'CTGTCTCACCCAGTGCATATAGTAGTCGCTGAAGGTGAA 
GCCAGACACGGT3' 

30 VHCDR2 5'CATI'GTCACTCTGCCCTGGAACTTCGGGGCATATGGAA 
CATCATCATTCTCAGGATCAATCCA3' 

35 
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VHCDR35'CCCTTGGCCCCAGTGGTCAAAGTCACTCCCCCATCTT 
GCACAATA3' 

VKCDR1 5' CTGCTGGTACCATTCTAAATAGGTGTTTCCATCAGTATGT 

ACAAGGGTCTGACTAGATCTACAGGTGATGGTCA3' 

5 VKCDR25'GCT.rGGCACACCAGAAAATCGGTTGGAAACTCTGTAG 
ATCAGCAG3' 

VKCDR35'CCCTrGGCCGAACGTCCGAGGAAGATGTGAACCTTGAA 
AGCAGTAGTAGGT3' 

10 The DNA templates for mutagenesis comprised human framework regions 
derived from the crystallographically solved proteins, NEW ( described by · 
Saul, et al., sL. ~Chern .. li3. (1978), p585-597) with a substitution of 

amino acid 27 from serine to phenylalanine (See, Riechmann et al., ~,cit.) 
and REI (described by Epp et al, Em: sL. Biochem ~ (1974), p513-524) for 

15 VH and VK domains, respectively. ~13 b~d templates comprising human 
frameworks with irrelevant CDRs were prepared as described by 
Riechmann et al., Nature· B3.1 (1988). 

Oligonucleotide site directed mutagenesis of the human VH and VK genes 
20 was based on the method ofNakamaye et al., Nuc1 Acids Res. 14 (1986) 

p9679-9698. 

To 5mg ofVH or VK single-stranded DNA in M13 was added a two-fold 
molar exeess of each of the three VH or VK phosphorylated oligonucleotides 

25 encoding the three mouse CDR (complementarity determining region) 
sequences. Primers were annealed to the template by heating to 70°C and 
slowly cooled to 37°C. To the annealed DNA was added 6u Klenow 

. fragment (Life Technologies, Paisley, UK); 6u T4 DNA ligase (Life 
Technolo~es, Paisley, UK); 0.5mM of each of the following nucleoside 

30 triphosphates (dATP, dGTP, dTTP and 2'-deoxycytidine 5'-0-(1- ~ 

thiotriphosphate) (tbiodCTP); 60mM Tris-HCl (pH 8.0); 6mM MgCl2· 5mM 
' . . 

DTT (Sigma, Poole, UK); and lOmM ATP in a reaction volume of 50ml. This 
mixture was incubated at l6°C for 16 hours (h). The DNA was then ethanol 
precipitated and digested with 6 units Neil (Life Technologies, Paisley, UK) 

35 which nicks the parental strand but leaves the newly synthesised strand 
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containing thiodCTP intact. The parental strand was then removed by 
digesting for 30 min with 100 units exonuclease III (Pharmacia, Milton 
Keynes, United Kingdom) in 50 ml of 60mM Tris-HCl (pH 8.0); 0.66mM 
MgCl2, and 1mM DTT. The DNA was then repaired through addition of 3 

s units of DNA polymerase I {Life Technologies, Paisley, UK), 2 units T4 DNA . · 

ligase in 50 ml of60mM Tris-HCl (pH 8.0), 6mM MgCl2, 5mM DTT, 10mM 
ATP and 0.5mM each of dATP, dCTP, dGTP and d'IT.P. The DNA was 
transformed into competent E coli TG1 cells (Amersham International, 
Little Chalfont, UK) by the method of Maniatis et al. Single-stranded DNA 

10 was prepared from individual plaques and sequenced by the method of 
Messing (1983) Methods in Enzymology, lO..l., p. 20-78. If only single or 

double mutants were obtained, then these were subjected to further rounds 
of mutagenesis (utilizing the methodology described above) by using the 
appropriate oligonucleotides until the triple CDR mutants were obtained. 

15 

The CDR replaced VH and VK genes were cloned in expression 
vectors (by the method of Maniatis et al.) to yield the plasmids 
shown in Figures 3 and 4 respectively, and such plasmids were 
termed pHuRSV19VH and pHuRSV19VK. For pHuRSV19VH, the 

20 CDR replaced VH gene together with the lg heavy chain promoter 
(Figures 3 and 4), appropriate splice sites and signal peptide 
sequences (Figures 3 and 4} were excised from M13 by digestion 
with Hindlll and·BamHI, and cloned into an expression vector 

containing the murine Ig heavy chain enhancer (Figures 3 and 4), 
25 the SV40 promoter (Figures 3 and 4), the gpt gene for selection in 

mammaljan cells (Figures 3 and 4) and genes for replication and 

selection in E...m1i (Figures 3 and 4) . A human IgGl constant 
region was then added as a BamBI fragment (Figures 3 and 4). 
The construction of the pHuRSV19VK plasmid was essentially the 

30 same exeept that the gpt gene was replaced by the hygromycin 
resistance gene (Figures 3 and 4) and a human kappa chain 
constant region was added (Figure!;l 3 and 4). 

10mg ofpHuRSV19VH and 20mg ofpHuRSV19VK were digested 
35 with Pvui utilizing conventional techniques. The DNAs were mixed 
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together, ethanol precipitated and dissolved in 25ml water. 
Approximately 10 7 YB2/0 cells (from the American Type Culture 
Collection, Rockville, Maryland, USA) were grown to semi-

~. 

confluency, harvested by centrifugation and resuspended in 0.5ml 

5 DMEM (Gibco, Paisley, UK) together with the digested DNA in a 

cuvette. After 5 min on ice, the cells were given a single pulse of 
170Vat 960uF (Gene-Pulser, Bio-Rad-Richmond, California, USA) 
and left in ice for a further 20 min. The cells were then put into 20 
ml DMEM plus 10% foetal calf serum and allowed to recover for. 

10 . 48h. After this time, the cells were distributed into a 24-well plate 
and selective medium applied (DMEM, 1()%. foet:a} calf serum, 

O.Bmg!ml mycophenolic acid, and 250mg/ml xanthine). After 3-4 

days, the medium and dead eells were removed and replaced with 

fresh selective medium. Transfected clones were visible with the 
15 naked eye 10-12 days later. 

The presence of human antibody in the medium of wells containing 
transfected clones was measured by conventional ELISA 
techniques. Micro-titre plates were coated overnight at 4°C with 

20 goat anti-human IgG (gamma chain specific) antibodies (Sera-Lab-

Ltd., Crawley Down, UK) at 1 mg per well. After washing with 
PBST (phosphate buffered saline containing 0.02% Tween 20x 

(pH7 .5)), 100ml of culture medium from the wells containing 
transfectants was added to each Drlcroti.tre well for 1h at 37°C. The 

25 wells were then emptied, washed with PBST and either peroxidase-
conjugated goat anti-human IgG or peroxidase-conjugated goat 
anti-human kappa constant region antibodies (both obatined from 
Sera-Lab Ltd, Crawley Down, UK) were added at 100 ng per well. 

Plates were then incubated at 37°C for lh. The wells were then 
30 emptied and washed with PBST. 340 mg/ml Jl-phenylenediamine in ~ 

50mM sodium citrate, 50mM sodium phosphate (pH 5.0) and 
' 0.003% (vlv) H202 were added at 200ml per well. Reactions were 
·stopped after 1 to 5 min by the addition of 12.5% sulphuric acid at 

50 ml per well. The absorbance at 492 nm was then measured 
35 spectrophotometrically. · 
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The humanised antibody HuRSV19VHNK, secreted from 
transfected cell lines cotransfected with pHuRSVVH and 
pHuRSVVK, was purified on Protein-A agarose columns 

Per /GB91/0JSS4 

5 (Boehringer Mannheim. Lewes, UK)) and tested for binding to RSV 
virus in an ELISA assay. Antigen consisted ~f calf kidney (CK) 

cells infected with RSV (A2 strain ofRSV obtained from a child in 
Australia and described by Lewis et al.,l'M!i sL Austra}ia. ~. 932-

. 933 (1961)) and treated with 0.5% (vlv) NP40 detergent to yield a 
10 cell lysate. A control cell lysate was similarly prepared using 

uninfected CK cells. Microtitre plate wells were coated with either 
infected or control cell lysate. Antigen coated plates were blocked 
with PBST for 1 hour at 37°C, washed with PBST, and thereafter 
hu.manised antibody was applied (i.e., HuRSV19VHIVK). After 1 

15 hour at 37°C, the wells were emptied, was~ed with PBST and 200 
ng goat anti-human IgG antibodies (Seta Lab-Ltd., Crawley Down, 
UK) added per well. After 1 hour at 37°C, the wells were emptied, 

washed with PBST and 200ml of a 1:1000 dilution of horseradish 
peroxidase conjugated rabbit anti-goat IgG antibodies (Sigma-Poole; 

20 UK) were added. After 1 hour at 37°C, the wells were emptied and 
washed with PBST. To each well was added 200mlsubstrate buffer 
(340m.g/ml il-Phenylenediamine in 50mM sodium citrate, 50mM 
sodium phosphate (pH 5.0) and 0.003% (v/v) H202). Reactions 

were stopped by the addition of 50ml12.5% sulphlJ#c acid. The 
25 absorbance at 492 nm was then measured. Antibody 

HuRSVVHNK bound to RSV although with an affinity less than 
the murine RSV19 antibody. 

EXAMPLE 2-PRODUCTION OF mGH AFFINITY ANTIBODIES SPECIFIC 
30 FOR RSV BY A METHOD DESIGNED TO ACHIEVE 

MINIMAL VARIABLE REGION FRAMEWORK 
MODIFICATIONS GMNG RISE TO HIGH AFFINITY 
BINDING 

35 The method of this invention involves the following order of steps 
of alteration and testing: 
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1. Individual framework amino acid residues which are 
known to be critical for interaction with CDRs are compared in the 
primary antibody and the altered CDR-replacement antibody. For 

5 example, heavy chain amino acid residue 94 (Kabat numbering- see 
Kabat et al., cited above) is compared in the primary (donor) and 
altered antibodies. An arginine residue at·this position is thought 
to interact with the invariant heavy chain CDR aspartic acid 

residue at position 101. 
10 

If amino acid 94 comprises arginine in the framework of the 
primary antibody but not in the framework of the altered antibody, 
then an alternative heavy chain gene comprising arginine 94 in the 
altered antibody ·is produced. In the reverse situation whereby the 

15 altered antibody framework comprises an·~e residue at 
position 94 but the primary antibody does not, then an alternative 
heavy chain gene comprising the original amino acid at position 94 
is produced. Prior to any further analysis, alternative plasmids 
produced on this basis are tested for production of high affinity 

20 altered antibodies. 

2. Framework amino acids within 4 residues of the CDRs 
as defined according to Kabat (see Kabat et al., cited above) are 
compared in the primary antibody and altered CDR-replacement 

25 antibody. Where differences are present, then for each region (e.g., 
upstream ofVHCDRl) the specific amino acids of that region are 
substituted for those in the corresponding region of the altered 
antibody to provide a small number of altered genes. Alternative 
plasmid& produced on this basis are then tested for production of 

30 high affinity antibodies. 

3. Framework residues in the primary and altered CDR-
replacement antibodies are compared and residues with major 
differences in charge, size or hydrophobicity are highlighted. 

35 Alternative plasmids are produced on this basis with the individual 
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highlighted amino acids represented by the corresponding amino 
acids of the primary antibody and such alternative plasmids are 
tested for production of high affinity antibodies. 

5 The method is exemplified by the production of a high affinity 

altered antibody derivative of HuRSVVHNK (See, Example 1) 
specific for RSV. Comparison ofVH gene sequences between 
RSV19VH and pHuRSV19VH {See, Figure 5) indicates that 3 out of 
4 amino acid differences occur between amino acids 27 to 30 and 

10 between amino acids 91 to 94. Thus, pHuRSV19VHNIK and 
pHuRSV19VHFNS were produced with framework amino acids 27 
to 30 and 91 to 94 in the former, and amino acids 91 and 94 in the 
latter, represented as in the primary RSV19VH. Using 
oligonucleotide site direCted mutagenesis as described in Example 

15 1, the following oligonucleotides were used for mutagenesis of the 
HuRSV19VH gene in M13: 
pHuRBv19VBNIK- 5'ATATAGTAGTCTITAATG'ITGAAGCCAGA 
CA3' 

pHuRSV19VHFNS - 5'CTCCCCCATGAATrACAGAAATAGA 
20 CCG3' 

Humanised HuRSV19VHFNSIHuRSV19VK antibody was tested in 
an ELISA assay as detail~ in Example 1 for analysis of binding to 

. RSV antigen prepared from detergent-extracted, virus-infected 
25 ·cells. Figure 6 shows that the substitution ofVH residues 91 to 94 

in HuRSV19VHIVK with VH reSidues from mouse RSV19VH 
partially restored antigen binding levels. Additional analysis of 
HuFNS binding properties was performed using an ELISA assay in 
which intact Type A RS virus (Long strain) was used as the 

30 antigen.. The data from such additional analysis (as shown in 
Figure 6A) show that there is little if any difference between the 
ability of the RSV19 and HuRSV19VHFNSIHuRSV19VK antibodies 
to bind to intact, non-denatured RS virus. This additional analysis 
also showed detectable binding ofHuRSV19VHJVK to intact virus, 

35 although of a much lower magnitude than was seen with either 
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RSV19 or HuRSV19VHFNSIHuRSV19VK Thus, the data from this 
additional analysis suggests that the affinity for the native antigen 
was restored in the HuRSV19VHFNS/HuRSV19VK mAb. 
Specificity ofHuRSV19VHFNS/HuRSV19VK for RSV F protem was 

5 shown by conventional Western blot analysis using a truncated 
soluble F protein construct expressed in CHO cells. 

10 

EXAMpi.E 3-SPECIFICITY AND BIOLOGICAL ACTIVITY OF AN ALTERED 

ANTIBODY SPECIFIC FORRSV. 

In order to ascertain the potential clinical usefulness of a 
bum ani sed antibody specific for RSV, an immunofluorescence 
anal:ysis ofbinding to 24 RSV clinical isolates was undertaken. The 
isolates were obtained from children during the winter of 1983-84 

15 by the Bristol Public Health Laboratory ~tol, England) and 
· represented both of the major subgroups ofRSV. 13 isolates were 

serotyped as subgroup A and 11 isolates as subgroup B. HeLa or 
MA104 cells infected with RSV isolates were grown in tissue 
culture. When the cells showed evidence of cytopathic effect, 20 ml 

20 of 0.02% (wlv) disodium. EDTA (ethylenediaminetetra-acetic acid) 
(BDH Chemicals Ltd., Poole, UK) in PBS and 3ml of0.25% (w/v) 
trypsin in PBS were added and the cell suspension spotted into 
wells ofPTFE-coated slides (polytetratluoroethylene coated slides) 
(Hendley, Essex, UK). After 3 hours at 37°C, the slides were dried 

25 and fixed in 80% acetone. Cells were overlaid with monoclonal 
antibody (i.e., either hnmanised antibody, 

HuRSV19VHFNSIHuRSV19VK, or the murine antibody RSV19) for 
1 hour at room temperature. After extensive washing, either 
fluorescein-conjugated rabbit anti-mouse lgG (Nordic Laboratories-

30 Tilburg, The Netherlands) or fluorescein-conjugated goat anti
human IgGl (Southern Biotechnology, Birmingham, Alabama, 
USA) was added, and the incubation was repeated. After further 
washing, cells were mounted in glycerol and examined under UV 
light. 
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Table I shows the results of comparative immunofluorescence for 
the humanised antibody, HuRSV19VHFNS/HuRSV19VK, and the . 

murine antibody RSV19. This data indicates that 100% of clinical 

isolates are recognised by both the humanised and murine 
s antibodies. S1,1ch data demonstrates that the humanised antibody 

has the potential for recognition of most clinical isolates comprising 
both of the major RSV subgroups. 
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TABLE I 

Binding of Humanised Anti-RSV to Clinical Isolates 

Isolate Number 

Subgroup A 

V818 
V795 
V00401 
V00214 
V00764 
V743 
V316 
V369 
Vl249 
V04692 
Vl248 
V01232 
V729 

Subgroup B 

V00634 
V4715 
V00463 
.Y4712 
V00165 
V00422 
V837 
V00900 
4677 
4424 
V01231 

Extent of Fluorescence* 

HuRSV19VHFNS/HuRSV19VK Murine RSVi 9 

++++ ++++ 
++++ +++-+ 

++ +++ 
+ ++ 

++ +++ 

++ +++ 

++ ++ 
++++ ++++ 

++<t- +++ 

+++ +++ 

+ + 
++ ++ 

+ ++ 

+ ++ 

++ +++ 

+ ++ 

++ ++ 

++ ++ 

++ ++ 

+++ +++ 
++ ++ 

+++ +++ 

++ ++ 

+ + 

+.++,+++ and ++++ refer to relative numbers of fluorescing 
cells observed and represent the proportion of cells infected 
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The humanised antibody, HuRSV19VHFNS/HuRSV19VK, was next 
tested for biological activity in yitro in a fusion inhibition assay. A 
suspension of MA104 cells was infected with RSV at an m.o.i. 
(multiplicity ofinfection) ofO.Ol PFU (plaque forming units) per 

s cell. After 1 hour at 37°C, 2ml of cells at to5tm1 were distributed to 
glass coverslips in tubes. After a further 24 hours at 37°C, the 
culture medium was replaced by medium containing dilutions-of 
humanised antibody, HuRSV19VHFNS/HuRSV19VK. 24 hours 
later, coverslip cultures were fixed in methanol for 10 minutes and 

10 stained with May Grunwald stain (BDH Chemicals Ltd., Poole, 
UK). Table IT shows the effect of increasing concentrations of 
HuRSV19VHFNS/HuRSV19VK in inhibiting the frequency of giant 
cells. The data represented in the following Table II demonstrates . 
the biological activity of the humanised antibody 

15 HuRSV19VHFNS/HuRSV19VK in inhibi~g Type A :RSV induced 
cell fusion. It should be noted that additional studies showed that 
the fusion inhibition titres for RSV19 versus 
HuRSV19VHFNS/HuRSV19VK were comparable, providing 
additional evidence that affinity for the native viral antigen was 

20 fully restored in HuRSV19VHFNS/HuRSV19VK. The humanized 
antibody HuRSV19VHFNSIHuRSV19VK has also been shown, 
(using methodology analogous to that utilized above for showing 

inhibition ofType.A RSV induced cell fusion), to exhibit a dose 
dependent inhibition of Type B RSV (strain 8/60) induced giant cell 

25 fusion. 

PFIZER EX. 1502 
Page 1401



W092/04381 
PCT/GB91/01554 

-30-

TABLE IT 

Inhibition of RSV Induced Cell Fusion by Humanised Anti-RSV 

Concentration of 
HuRSV19VHFNS/HuRSV19VK 

(u /ml) 

100 
50 
25 
12.5 
6.3 
3.1 
1.6 
0.8 
0.4 
0.2 
0 
0 {no virus) 

· Number of Giant Cells* 

44 
7l 
40 
67 
89 
87 

164. 
201 
292 
219 

239,25'9 
10 

Average number of 
Nucleii 

4.5 
4.0 
3.8 

14,13.5 

* Scored as the number of cells vith 2 or more·nucleii in 20 fields 
vith a 25x objective microscope· lens 
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The humanised antibody, HuRSV19VHFNS/HuRSV19VK was next 
tested for biological activity in DE in an RSV-mouse infection 
model. BALB/c mice (obtained from Charles Rivers: specific 
pathogen free category 4 standard) were challenged intranasally 

5 with 104 PFU of ~e A2 strain of human RSV (as described by 
TaY,lor et al., Infection and Immunitv. i3. (1984) p649-655). Groups 
of mice were administered with 25mg ofhumanised antibody either 
one day prior to virus infection or 4 days following infection. 

10 Administration of antibody was either by the intranasal (i.n.) or 

intraperitoneal (i.p.) routes. 5 days after RSV infection, mice were 
sacrificed and lungs were assayed for RSV PFU (see, Taylor et al., 
Infectjon .and Immunitv. ~ (1984) p649-655). The data in the 
following Table ill shows that HuRSV19VHFNS/HuRSV19VK at a 

15 single dose of 25mg per mouse is extremelx_ effective in prevention 
and treatment ofRSV infection. 
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TABLE Ill 

Prevention and Treatment of RSV Infection in Mice by Humanised Anti-RSV 

Antibody Treatment 

Day* Route• 

-1 i.p. 

-1 Ln. 

+4 i.p. 

+4 Ln. 

No antibody 

loqto PFU per gram of lunq-

<1. 7 
<1.7 
<1.7 
<1.7 
<1.7 

<1.7 
<1.7 
<1.7 
<1.7 
<1.7 

<1.7 
<1. 7. 
1.7 

<1.1 

<1. 7 
1.7 

<1.7 
1.7 

<1.7 

4.47 
4~32 

4.64 
4.61 
4.55 

• -1 refers to administration of HuRSV19VHFNS/HuRSV19VK antibody 1 day 
prior to R.SV infection. +4 refers to administration of antibody 4 days 
post infection 

+ i.p. - intraperitoneal. Ln. - intranasal 

virus PFU is expressed as the virus titre from dilutions of 10%, (v/v} 
lung homogenates (see Taylo~ et al., loc. cit.) adjusted to PFU per 
gra~ of lung. <1.7.logto PFU per gram means that no virus vas detected 
in the starting dilution of lung homogenate 10%. 

PFIZER EX. 1502 
Page 1404



W092/04381 PCT /GB91/01SS4. 

-33-

HuRSV19VHFNS/HuRSV19VK was also shown to be active in yiyo 

when administered prophylactically to mice challenged with Type B 

RSV (strain 8/60) using methodology similar to that described 

. above. In addition, the humanized antibody HuRSV19VHlVK was 
5 also shown to be aC?tive in yivo when administered prophylactically 

to mice challenged with Type B RSV (strain 8/60) using 

methodology similar to that described above. 

This invention also relates to a method of preventing human RSV 

lO infection in a human in need thereof .which comprises 
administering to such human an effective, human RSV infection 

inhibiting dose of an altered antibody of this invention for which 

RSV19 or RSV20 was the donor monoclonal antibody. 

IS This invention also relates to a method of~erapeutically treating 

human RSV infection in a human in need thereof which comprises 
administering to such human an effective, human RSV infection 

therapeutic dose of an altered antibody of this invention for which 

RSV19 or RSV20 was the donor mohoclonal antibody. 

20 

To effectively prevent RSV infection in a human, one dose of 

approximately 1 mglkg to approximately 20 mglkg of an altered 
antibody of this invention for which RSV19 or RSV20 was the donor 

monoclonal antibody, such as HuRSV19VHNK or 

25 HuRSV19VHFNS/HuRSV19VK should be administered 

parenterally, preferably i.v. (intravenously) or i.m. 

(intramuscularly); or one dose of approximately 200 ug/kg to 
approximately 2 mglkg of such antibody should be administered i.n. 

(intranasally). Preferably, such dose should be repeated every six 
30 (6) weeks starting at the beginning of the RSV season (October

November) until the end of the RSV season (March-April). 

Alternatively, at the beginning of the RSV season, one dose of 

approximately 5 mg/kg to approximately 100 mglkg of an altered 

antibody of this invention for which RSVi9 or RSV20 was the donor 
35 monoclonal antibody, such as HuRSV19VHNK or 
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HuRSV19VHFNS/HuRSV19VK, should be administered i.v. or i.m. 
or one dose of approximately 0.5 mglkg to approximately 10 mg/kg 
of such antibody should be administered i.n. 
To effectively therapeutically treat RSV infection in a human, one 

5 . dose of approximately 2 mg/kg to approximately 20 mglkg of an 
altered antibody of this invention for which RSV19 or RSV20 was 
the donor monoclonal antibody, such as HuRSV19VHNK or 
HuRSV19VHFNS/HuRSV19VK should be administered 
parenterally., preferably i.v. or i.m.; or approximately 200 uglkg to 

10 approximately 2 mglkg of such antibody should be administered i.n. 
Such dose may,ifnecessary, be repeated at appropriate time 

intervals until the RSV infection has been eradicated. 

The altered antibodies of the invention may also ~ ad.n:rlnistered by 
15 inhalation. By "inhalation" is meant in~sal and oral inhalation 

administration. Appropriate dosage forms for such administration, 
such as an aerosol formulation or a metered dose inhaler, may be 
prepared by conventional techniques. For example, to prepare a 
composition for administration by inhalation, for an aerosol 

20 container with a capacity of 15-20 ml: Mix 10 mg of an altered 
antibody of this invention with 0.2-0.2% of a lubricating agent, such 
as polysorbate 85 or oleic acid, and disperse such mixture in a 
propellant, such as freon, preferably in a combination of (1,2 
dichlorotetrafluoroethane) and·difluorochloromethane and put into ' 

2S an appropriate aerosol container adaped for either intranasal or 
oral inhala~pn administration. As a further example, for a 
composition for administration by inhalation, for an aerosol 
container with a capacity of 15-20 ml: Dissolve 10 mg of an altered 
antibody of this invention in ethanol (6-8 ml), add 0.1-0.2% of a 

30 lubricating agent, such as polysorbate 85 or oleic acid; and disperse 
such in a propellant, such as freon, preferably a combination of (1.2 
dichlorotetrafluoroethane) and difluorochloromethane, and put into 
an appropriate aerosol container adapted for either intranasal or 
oral inhalation administration. 

35 
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The preferred daily dosage amount to be employed of an altered 
antibody of the invention to prophylactically or therapeutically 
treat RSV infection in a human in need thereof to be administered 
by inhalation is from about 0.1 mg to about 10 mglkg per day). 

Natural RSV infections have been reported in cattle, goats, sheep 
and chimpanzees. Thus, for example, utilizing the methodology 
described above, an appropriate mouse antibody could be 
"bovinized", and appropriate framework region residue alterations 

10 could be effected, if necessary, to restore specific binding affinity. 

Once the appropriate mouse antibody has been created, one of skill 
in the art, using conventional dosage determination techniques, can 
readily determine the appropriate dose levels and regimens 
required to effectively treat, prophylactically or therapeutically, 

15 bovine RSV infection. 

Examples 1-3 show that altered antibodies for prevention and 
treatment of infection can be produced with variable region 
frameworks potentially recognised as "self' by recipients of the 

20 altered antibody. Minor modifications to the variable region · 
frameworks can be implemented to effect large increases in antigen 
binding without appreciable increased immunogenicity for the 

recipient. Such altered antibodies can effectively prevent and 
eradicate infection. 

25 

Thus the present invention provides an altered antibody in which 
complementarity determining regions (CDRs) in t~ heavy or light 
chain variable domains have been replaced by analogous parts of 
CDRs. from a different source resulting in antibodies possessing the 

30 oombination of properties reqUired for effective prevention and 
treatment of infectious disease in animals or man. Suitably, the 

entire CDRs have been replaced. Preferably, the variable domains 
in.both heavy and light chains have been altered by CDR 
replacement. Typically, the CDRs from a mouse antibody are 

35 grafted onto the framework regions of a human antibody. The 
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altered antibody preferably has the structure of a natural antibody 

or a fragment thereof.· 

A preferred antibody is one. directed against respiratory syncytial 

5 virus (RSV), preferably one specific for the fusion (F) protein of 

RSV. A particularly preferred antibody of this kind has the 
following N-terminal variable domain amino acid sequences (see 
the Amino Acid Shorthand Table immediately following) in its 
heavy and light chains: 

10 

heavy: 

15 

light: 

20 

QVQLQESGPGLVRPSQTLSLTCTVSGFT 
ES(or NIK)DYYMHWVRQPPGRGLEWIGWIDPEN 
DDVQYAPKFQGRVTMLVDTSKNQFSLRLSSVTAAD 

TA VY~or FCNS>WGSDFDHWGQGTI'VTVSS 

DIQLTQSPSSLSASVGDRVTITCRSSQTLVHTDGNTY 
LEWYQQKPGAPKLLIYRVSNRFSGVPSRFSGSGSGT 
DFrFriSSLQPEDIATYYCQSHLPRTFGQGTKVEIK . 

Table Amino Acid Shorthand 

Three-letter One-letter 
25 Amino Acid abbreviation symbol 

Alanine Ala. A 

Arginine Arg R 
30 

Asparagine Asn N 

Aspartic acid Asp D 

35 Cysteine Cys c 

Glutamine Gln Q 

Glutamic acid .Glu E 
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Glutamic acid Glu E 

Glycine Gly G 
5 

Histidine His H 

Isoleucine He I 

10 Leucine Leu L 

Lysine Lys · K 

Methionine Met M 
15 

Phenylalanine Phe F 

Proline Pro p 

20 Serine Ser s 

Threonine Thr T 

Tryptophan Trp w 
25 

Tyrosi:D.e Tyr y 

Valine Val v 

30 It will be understood by those skilled in the art that such an altered 
antibody may be further altered by changes in vanable domain 

amino acids without necessarily affecting the specificity of the 
antibody for the fusion (F) protein ofRSV, and it is anticipated that 

even as many as 25% of heavy and light chain amino acids may be 

35 substituted by other amino acids either in the variable domain 

frameworks or CDRs or both. Such altered antibodies can be 
effective in prevention and treatment of respiratory syncytial virus 
(RSV) infection in animals and man. 

40 The invention also includes a recombinant plasmid containing the 

coding sequence of the altered antibody of the inventiori, and a 
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mammalian cell-line transfected with a recombinant plasmid 
containing the coding sequence of the altered antibodies hereof. 

Such a vector is prepared by conv~tional techniques and suitably 
comprises DNA sequences encoding immunoglobulin domains 

s including variable region frameworks and CDRs derived from a 
different source and a suitable promoter operationally linked to the 
DNA sequences which encode the altered antibody. Such a vector is 

transfected into a transfected mammalian cell via conventional 
techniques. 

10 

15 

The invention further comprises a method for effecting minimal 
modifications within the variable region frameworks of an altered 
antibody necessa.Ty to produce an altered antibody with increased 
binding affinity comprising the following steps: 

(a) analysis of framework amino acids known to be critical for 
interaction with CDRs, and production and testing of altered 
antibodies where single framework amino acids have been 
substituted by the corresponding amino acids from the same source 

20 as the CDRs; 

(b) analysis offram.ework amino acids adjacent to CDRs, and 
production and testing of altered antibodies where one or more of 
the amino acids within 4 residues of CDRs have been substituted by 

25 the corresponding amino aci~ from the same source of the CDRs; 

(c) analysis of framework residues within the altered antibody, 
and production and testing of altered antibodies where single amino 
acids have been substituted by the·corresponding amino acids with 

30 major differences in charge, size or hydrophobicity from the same 
source of CDRs. 

35 

The following Examples relate to the novel RSV F protein epitope of 
the invention. 
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SPECIFIC RSV F PROTEIN EPITOPE · 

The following examples demonstrate that two monoclonals which 

protect and cure mice of in vivo infection by RSV recognize a linear 

s epitope within the F protein·ofRSV (which linear epitope may be 
part of a conformational epitope) and which contains amino acid 
residues 417 to 438 of the F protein coding sequence including an 
essential arginine residue at position 429, or any immunoprotective 
portion thereof, such as, but not limited to amino acid residues 417-

10 432 of the F protein coding sequence, and amino acid residues 422-
438 of the F protein coding sequence. This novel epitope (which 

may be referred to herein as "epitope 417 -438") is a suitable target 
· for screening for other neutralizing epitopes, for protective and 

therapeutic agents against RSV, and in particular, for monoclonal 
15 antibodies against this epitope. KnowledgEt of this epitope enables 

one of skill in the art to define synthetic peptides which would be 

suitable as vaccines againstRSV. Epitope 417-438 is also useful for 
generating monoclonal antibodies which will be useful in the 
treatment, therapeutic and/or prophylactic, of human RSV infection 

20 in humans. 

The present invention also applies to the use ofFab fragments 

derived from monoclonal antibodies directed against such novel 
· epitope as protective and therapeutic agents against in vivo 

25 infection by viruses, and particularly relates to the protection 

against RSV. 

The invention also includes a recombinant plasmid containing the 

coding sequence of a monoclonal antibody generated against the 
30 417-438 epitope, and a mammalian cell-line transfected with a 

recombin8nt plasmid containing such coding sequence. Such a 
vector is prepared by conventional techniques and suitably 
comprises DNA sequences encoding immunoglobulin domains 

including variable region frameworks and CDRs and a suitable 
35 promoter operationally linked to the DNA sequences which encode 
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the antibody. Such a vector is transfected into a mammalian cell 
via conventional techniques. 

ExA¥PLE4 

This example shows the production of murine monoclonal 

antibodies against the F protein ofRSV which protect and cure 
mice of infection. 

10 Murine monoclonal antibodies (m.Abs) 19 and 20 were produced as 

follows. BALB/c mice (obtained from Charles Rivers-specific 
pathogen free) were inoculated intranasally (i.n.) on two occasions, 
3 weeks apart, with lx1Q4 PFU of the A2 strain of human (H) RSV 
(described by Lewis et al., 1961, ~ sL. Australia.~ 932-933). 

15 After an interval of 4 months, the mice we'e inoculated 
intraperitoneally (i.p.) with 2xto7 PFU of the 127 strain ofbovine 
(B) RSV (isolated at Institute for Animal Health, Compton, Near 
Newbury, Berks, England). Three days after inoculation, the 
immune splenocytes were fused with NS-1 myeloma cells (see, 

20 Wi11iams et al., 1977, Cell. 12, 663). The resulting hybridomas were 
screened for antibody to RSV by radioimmunoassay and 
immunofluorescence as described previously (Taylor et. al., 1984, 
Tmmunologv. ~ 137-142), cloned twice on soft agar (as described 

by Kobler et. al., "Immunologic Methods", pp397-402, ed. I. 
25 Lefkovitz & B. Perris, Academic Press), and the resulting cloned 

cells were inoculated into BALB/c mice to produce ascitic fluid as 

described previously (see, Taylor et al., 1984, Immunology . .5.2, 137-
142). 

30 The specificity of the m.Abs for viral polypeptides was determined 
by radioimmune precipitation of (358)-metbionine or (3H)

glucosamine labelled RSV-infected celllysates as described 
previously (see, Kennedy, et al., 1988, sL. am :YimL. ~ 3023-2032} 

and by immunoblotti.ng (see, Taketa et al., 1985, Electrophoresis. n. 
35 492-497). The antigens used in immunoblotting were either Hep-2 
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cells (obtained from the American Type Culture Collection, 
Rockville, Maryland, USA) infected with the A2 strain of HRSV or 
primary calf kidney (CK) cells (produced at the Institute for AniDial 
Health, Compton) infected with the 127 strain ofBRSV. Uninfected 

s Hep-2 or CK cell~ were used as control antigens. 

10 

The immunoglobulin isotype of the mAbs was determined by 
immunodiffusion using a radial immunodiffusion kit (Serotec, 
Kidlington, Oxfordshire, UK). 

The properties of mAbs 19 and 20 are shown in the following Table 
A. 
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Tnhlc A Properties of mAb 19 and mAb 20 

-
Protein specificity Compte- Fusion 

Western blot 
Jg ELISA titre1 % ment Neut. inhib-

rnAb etas.~ SP'A2 lysis' titre• it ion 
RIP A 

Native Reduced A2 8/60 llrtS 

19 F 140K, 46K 02a 7.2 7.4 6.':1 88 1.7 3.4 + 
70K 

I 
I 

20 r 140K, 46K 02a >6.0 8.6 7.5 69 '76 4.3 + 
70K 

1 Antibody titre, using llltSV struin A2 (subtype A), I lltSV strain 8/60 (sul.Hy.po D) .un.l DRSV strain 127 as antigens in ELISA, 
expressed as Jog10 titre. 

1SPA == percent of HRSV strain A2 infected cells showing surface fluorescence. 

'Percent specific chromium release from virus Infected cells (bovine nasal mucosa cells persistently infected with BRSV) 
l~y Ill 00 dilution of mAb and rnb.bit complement. 

•so% plaque reduction titre expressed as log10• 

sReduction in peak titre of RSV, strain A2 in lungs of mice given 100 pi of mAb intra peritoneally one day before 
intranasal chnllcngc, expressed as log10 pfu. · 

Mouse 
prot· 

ection'. · 

>3.8 
I 

>3.8. ~ 
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Immune precipitation of radio labelled RSV (by the method of 
Brunda et al, (1977) sL. Immunol. ~ 193-198) indicated that mAbs 

.. 19. and 20 recognized the fusion (F) glycoprotein. This was 

confirmed by a Western blot of non-reduced and reduced lysates of 

5 cells infected with RSV. The blots were probed with HRP
conjugated goat anti-mouse IgG (Kpl, Gaithersburg, Maryland, 

USA). mAbs 19 and 20 recognized the 140k F protein dimer and 
the 70K monomer present in the native F protein antigen and the 
46K F1 fragment in antigen denatured by boiling in 2-

10 mercaptoethanol. Both mAb 19 and 20 were identified as IgG2a, 

and theii ELISA titres against the A2 and 8/60 strains.ofHRSV 
were sin:iilar to the ELISA titres against the 127 strain ofBRSV, 
indicating that the epitopes recognized by these mAbs were 
conserved amongst strains of human and bovine RSV. Both mAB 

IS 19 and 20 neutralized RSV infectivity and~bited the formation 

of multinucleated giant cells in MA104 cells infected with RSV. In 
contrast to mAb 19, mAb 20 lysed RSV-infected cells in the presence 

of rabbit complement. The failure of mAb. 19 to lyse RSV-infected 
cells was not due to failure to bind to the surface of virus-infected 

20 cells since mAb 19 stained 88% of such cells. The failure ofmAb19 
and complement to lyse virus-infected cells indicates that antibody 

and complement-mediated lysis is not important in the in vivo . 
protection mediated by this antibody. The ability of mAbs 19 and 
20 to protect against RSV infection was assessed by challenging 

25 mice i.n. with approximately 104 PFU ofRSV 24 h after i.p. 
inoculation of m.Abs 19 and 20. The lungs of untreated mice killed 
5 days after challenge contained 5.5 log1oPFU ofRSV/g tissue 

30 

whereas virus was not detected in the lungs of mice given either 

mAb 19or20. 

ExAMPLE5 

This example describes methods of isolating mutants ofRSV which 

are resistant to inhibition by mAbS 19 and 20 generated in 
35 Example 4. 
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Mutant RS viruses refractory to neutralization by mAbs 19 and 20 
were produced using ·a plaque reduction technique with the A2 

strain ofHRSV as follows. Confluent monolayers ofCK cells, in a . 

5 tissue_ culture flask, were infected with the~ strain ofHRSV at a 
MOl of 0.1. Starting 24 hours after infection and continuing for 3 
to 5 days, the culture medium was replaced daily with fresh 

medium containing 10% m.Ab. Virus was harvested when a 
cytopathic effect was observed. Vrrus prepared in this way was 

10 mixed with an equal volume of either undiluted mAb 19 or 20, or 

medium alone for 1 hour at room temperature and inoculated onto 
CK monolayers in 35mm multi-well plates (Nunc, Kamstrup, 
Riskilde, Denmark). After 1 hour incubation at 37°C, the plates 
were overlaid with medium containing 0.25% agarose and 10% mAb 

15 or medium alone. Cultures were incubate~ at 3~C in 5% C02 in 

air for 7 days before adding the vital stain, 0.3% 3-(4,5-
Dimethylthiazolyl-2)-2,5;.diphenyltetrazolium bromide in 0.15M 
NaCl, to the overlay to visualize virus plaques. 

20 Putative mutant viruses were removed in agar plugs from plates 
which contained single plaques, diluted in medium, mixed with an 
equal volume of mAbs 19 or 20 and inoculated onto CK monolayers 
in 35 mm multi-well plates as before. Putative mutant viruses were 
plaque picked again and inoculated into tubes containing coverslips 

25 of calf testes cells. After 4 to 6 day8 incubation, the coverslips were 
removed and stained with mAb 19 and 20 and FITC-labelled rabbit 
anti-mouse Ig (Nordic Labs, Tilburg, The Netherlands). As a 
positive control, coversli~s were stained with polyclonal bovine 
antiserum to RSV (produced at Institute for Animal Health-

30 Compton form a gnotobiotic calfhyperimmunised with RSV), and 
FITC-labelled rabbitt anit-bovine Ig (obtained from Nordic 
Immunology, Tilburg, The Netherlands). RS viruses that failed to 

react by immunofluorescence to mAb 19 or 20 were classed as 

mutant viruses and were used to infect monolayers ofHep-2 Cells to 

35 produce antigen for ELISA. Thus, 3 to 4 days after RSV infection, 
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.cells were scraped into the medium, spun at 400 g fc;>r 5 mins, 
resuspended in distilled water, and treated with 0.5% (v/v) NP40 
detergent to yield a cell lysate. A control cell lysate was made in a 
similar way using uninfected Hep-2 cells. The binding of a panel of 

5 m.Abs to the F protein of RSV to the mutant viruses was examined 
by ELISA. Microtitre plate wells were coated with 50 u1 of either 

infected or control cell lysate overnight at 37°C; incubated with 
blocking buffer consisting of 5% normal pig serum in PBS and 
0.05% Tween 20 for 1 hat room_ temperature and washed 5x with 

10 PBS!I'WEEN~ Serial dilutions (three times) of the mAbs were 

added to the wells and the plates were incubated for 1 hour. After 
washing 5 times with PBS/l'ween, HRP-conjugated goat anti-mouse 
IgG (Kpl, Gaithersburg, Maryland, USA), diluted 1:2000, was 
added to each well. After a final washing, bound conjugate was 

15 detected using the substrate 3,3',5,5'-tetral{lethylbenzidine (TMB). 

(obtained from ICN Imm.unobiologicals, Illinois). Mutant viruses, 

selected for resistance to mAb 19, failed to react in ELISA with both 
mAbs 19 and 20. Similarly, mutant viruses selected for resistance 
to mAb 20 failed to react with mAbs 19 and 20. All other mAbs 

20 · tested reacted with the mutants to the same extent as to parent 
HRSV, strain A2. These results are illustrated in the following 
Table B. 
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TABLEB 

Table B Binding of anti-F mAbs.to antibody escape mutants of RSV. 

Parent 
Mutants selected with indicated mAb . 

mAb A2 19 20 

C4848f C4909/l C490216 C4902Wa C42902Wb C4902Wc 

1 + + f + + + + 2 + + + + + + 5 + + +. + + T + 11 + + + + + 13 -r + + " . 
14 + + + + 
16 -+ + + T + 17 + + + 

" 
+ 

18 + + + + -r + 19 + - - - - - -
20 + - - - - - -
21 + + + + -r + B1 + + +. + + + + B2 + + + + + + + B3 + + + + + + B4 + + + ... + + + B5 + + + + + B6 + + + + + B7 + + + + + + + B8 + + + + + + + B9 + + + + + + + BIO + + +. + + + + 7C2 + .+ + + + + + 47F + + + + + + + 

I! 
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EXAMPLE6 

This example describes the identification of an amino acid. sequence 
within the F protein which binds protective monoclonal antibodies 

5 and demonstrates that arginine .429 is essential for binding 
protective mabs to this amino acid sequence. 

Poly(A)+ RNAs, isolated from cells infected with either the A2 
strain ofHRSV or each of the mutants described in Example 5, 

10 were used to sequence the F protein mRNA. These sequences were 
determined by the dideo:xY method (cited above) using 5'_32p_ 
labelled oligonucleotide primers, synthesized according to the 
previously reported F-protein sequence of the Long strain of RSV 
(see, Lopez, et al., 1988, Yims ~ lQ., 249-262), followed by a 

15 chase with terminal deoxynucleotide trans(erase (see, DeBorde, et 
al., 1986, Anal Biochem. ill, 275-282). Three mutants were 
selected with mAb 19 and three were selected with mAb 20. All 
such mutants showed a single transversion (C to G) at nucleotide 
1298 compared with the parent A2 strain. This nucleotide 

20 substitution changes the amino acid residue at position 429 of the F 
protein from arginine to serine. Since mAbs 19 reacted in Western 
blot with the F1 subunit, it is likely that the antibody-binding site 

is determined by a linear sequence of contiguous amino acids in 
which residue 429 of the F1 subunit plays an essential role. 

25 Synthetic peptides corresponding to amino acids residues 417-432, 
422-438,417-438 and 421-450 of the F protein were examined for 
their ability to react with mAbs 19 and 20 in ELISA. mAbs 19 and 
20 reacted with peptides 417-432 (F417), 417-438 and with 422-438 
(F422) but not with peptide 431-450. The binding ofmAb 19 to 

30 peptides 417-432 and 422-438 (2ug/well) either coated onto 
microtitre plate wells overnight at 37°C ("dry") or coated onto the 
wells for lh at room temperature ("wet") is shown in Figure 7. It 
should be noted that mAb 20 gave essentially the same results. 

35 
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Example7 

5 This example shows that Fab fragments derived from mAbs 19 and 
20 can protect and treat mice infected by RSV. 

mAbs 19 and 20 were purified from ascitic fluid using Protein A 

Sepharose (Pharmacia, Milton Keynes, United Kingdom). 

10 Approximately 10 mg of purified mAb 19 and 20 were incubated 
with 0.5 ml of immobilized papain (Pierce-Oud-Beijerland, The 
Netherlands) for 5 hand overnight respectively at 37°C with 
constant mixing. The resulting Fab fragments were recovered on 

an immobilized Protein A column (Pierce). The purified IgG and 
15 the papain cleaved fragments were analyz~d by SDS-PAGE under 

reducmg conditions. The purified IgG showed bands at 53,000d 
and 23,000d, corresponding to Ig heavy and light chains. The 
Protein A fractions containing Fab fragments showed bands ai 
approximately 25,000d and the fraction containing the Fe 

20 fragments showed 3 distinct bands corresponding to the heavy and 
light chains of the undigested IgG and also the Fe fragment at . 
approximately 28,000d. The purified IgG and the papain cleaved 
fragments were evaluated for anti-RSV actiVity by ELISA with 
HRSV strain A2 infected and uninfected Hep-2 cells as antigen, and 

25 HRP.;,goat anti-mouse Fab (Sigma Chemical Co., St. Louis, Mi, 

USA) and HRP-goat anti-mouse Fe UCN ImmunoBiologicals, 

Dlinois). The ELISA showed that the Fab fragments ofm.Abs 19 
and 20 were not con~mjnated with undigested Ig. These data are 

illustrated in the following Table C. 
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TABLEC 

Table C Prophylactic and therapeutic effects of Fab fragments on RSV infection in mice. 

EUSA titre (log1o) D5 RSV titre in lungs 
Antibody 

Anti-Fc Anti-Fab mAb d-1. mAb d4 

19 4.4 4.3 < 1.7 (0/5) . < 1.7 (0/4) 

19 Fab <2.0 4.6 I < 1. 7 (0/5} < 1.7 (0/5) 

None 4.6 ± 0.06 

20 5.1 5.1 ', I < 1.7 {0/5) < 1.7 (1/5) 

20Fab ·<2.0 4.8 < 1.7 (215) < 1n (215) 

" None 4.5 ± 0.08 

Antibody titre measured by EUSA tising RSV I A2 and antigen 
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The concentration of antibody in undigested mAbs 19 and 20 were 
adjusted to give ELISA titres similar to those of the Fab fragments 
and exarilined for their ability tO protect against RSV infection in 

BALB/c mice. Groups of 5 mice were inoculated in. with 

5 undigested, purified mAb 19 or mAb 20 or Fab fragments (from 
mAb 19 or mAb 20) either 1 day before or 4 days after i.n. 
inoculation with approximately 104 PFU of the A2 strain ofHRSV. 
Control mice were inoculated with HRSV only. Five days after 
virus challenge, mice were killed and the lungs assayed for RSV 

10 PFU on secondary CK cells as described previously (see, Taylor et 
al., 1984, ~ Immun. ~. 649-655). Fab fragments ofmAbs 19 
and 20 were highly effective both in preventing RSV infection and 

in clearing an established infection. . 

15 This invention relates to the 417-438 epitope. This invention also 
relates to monoclonal antibodies generated against the 417-438 
epitope. Such monoclonal antibodies are produced by conventional 
techniques and include, without limitation, murine monoclonal 
antibodies, human monoclonal antibodies, and bovine monoclonal 

20 antibodies. Such monoclonal antibodies may comprise a complete 
antibody molecule (having full length heavy and light chains) or 
any fragment thereof, such as the Fab or (Fab')2 fragment, a light 

chain or heavy chain dimer, or any minimal recombinant fragment 
thereof such as an Fv or a SCA (single-chian antibody) or any other 

25 molecule with the same specificity as the monoclonal antibody. 

30 

This invention also relates to a pharmaceutical composition 
comprising a monoclonal antibody generated against the 417-438 
epitope and a pharmaceutically acceptable carrier or diluent. 

This invention also relates to a method of preventing human RSV 
infection in a human in need thereof which comprises 
administering to such human an effective, human RSV infection 
inhibiting dose of a monoclonal antibody generated against the 417-

35 438 epitope. 
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This invention also relates to a method of therapeutically treating 

human RSV infection in a human in need thereof which comprises 

administering to such human an effective, human RSV infection 
5 therapeutic dose ofa monoclonal antibody generated against the 

417-438 epitope. 

To effectively prevent RSV infection in a human, one dose of 
approximately 1 mglkg to approximately 20.mg/kg of a monoclonal 

· 10 antibody generated against the 417-438 epitope should be 

administered parenterally, preferably i.v. (intravenously) or i.m. 
(intramuscularly); or one dose of approximately 200 ug/kg to 

approximately 2 mglkg of such antibody should be administered i.n. 

(futranasally). Preferably, such dose should be repeated every six 
15 (6) weeks starting at the beginning of the~ season (October

November) until the end of the RSV season (March-April). 

Alternatively, at the beginning of the RSV season, one dose of 
approximately 5 mg/kg to approximately 100 mg/kg of a monoclonal 
antibody generated against the 417-438 epitope should be 

20 administered i.v. or i.m. or one dose of approximately 0.5 mglkg to 
approximately 10 mg/kg of such antibody should be administered 

i.n. 

To effectively therapeutically treat RSV infection in a human, orie 

25 dose of approximately 2 mg/kg to approximately 20 mg/kg of a 

monoclonSI antibody generated against the 417-438 epitope should 
be administered parenterally., preferably i.v. or i.m.; or 

approximately 200 uglkg to approximately 2 mglkg of such antibody 

should be administered i.n. Such dose may, if necessary, be 

30 repeated at appropriate time intervals until the RSV infection has 

been eradicated. 

A monoclonal antibody generated against the 417-438 epitope may 

also be adlninistered by inhalation. By "inhalation" is meant 

35 intranasal and oral inhalation administration. Appropriate dosage 
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forms for such administration, such as an aerosol formulation or a 
metered dose inhaler, may be prepared by conventional techniques. 
For example, to prepare a composition for administration by 

inhalation, for an aerosol container with a capacity of 15-20 ml: Mix 
s 10 mg of a monoclonal antibody generated against the- 417-4$8 

epitope with 0.2-0.2% of a lubricating agent, such as polysorbate 85 
or oleic acid, and disperse such mixture in a propellant, such as 
freon, preferably in a combination of(1,2 dichlorotetrafluoroethane} 
and difluorochloromethane and put into an appropriate aerosol 

10 container adaped for either intranasal or oral inhalation 

administration. As a further example, for a composition for 
administration by inhalation, for an aerosol container with a 
capacity of 15-20 ml: Dissolve 10 mg of a monoclonal antibody 
generated agafust the 417-438 epitope in ethanol (6-8 ml), add 0.1-

15 0.2% of a lubricating agent, such as polys~bate 85 or oleic acid; and 
disperse such in a propellant, such -as freon, preferably a 
combination of(1.2 dichlorotetrafluoroethane) and 
difluorochloromethane, and put into an appropriate aerosol 
container adapted for either intranasal or oral inhalation 

20 administration. 

The preferred daily dosage amount to be employed of a monoclonal 

antibody generated against the 417-438 epitope to prophylactically 
or therapeutically treat RSV infection in a human in need thereof to 

25 be administered by inhalation is from about 0.1 mg to about 10 
mg/kg per day. 

·= 
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CLAIMS 

What is claimed is: 

5 1. An altered antibody in w~ch at least parts of the 
complementarity determining regions (CDRs) in the light and/or 
heavy variable domains of an acceptor monoclonal antibody hav:e 
been replaced by analagous parts of CDRs from one or more donor 
monoclonal antibodies, and in which there may or may not have 

10 been minimal alteration of the acceptor monoclonal antibody light 
and/or heavy variable domain framework region in order to retain 
donor monoclonal antibody binding specificity, wherein such donor 
antibodies have specificity for a particular microorganism. 

15 2. The antibody of Claim 1 wherein the microorganism is human 
respiratory syncytial virus (RSV). 

20 

3. The antibody of Claim 2 wherein the donor antibody is directed 
against the fusion (F) protein of RSV. 

4. The antibody of Claim 2 wherein the donor antibody is directed 
against epitope 417-438. 

5. The antibody of Claim 2 which has the following N-terminal 
25· variable domain amino acid sequences in its heavy and light chains: 

heavy: 

30 

QVQLQESGPGLVRPSQTLSLTCTVSGFT 
FS(or NIK>DYYMHWVRQPPGRGLEWIGWIDPEN 
DDVQYAPKFQGRVTMLVDTSKNQF~AAD 

TA~orFCNS)WGSDFDHWGQGTTVTVSS 
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QLTQSPSSLSASVGDRVTITCRSSQTLVHTDGNTYL 

EWYQQKPGAPKLLIYRVSNRFSGVPSRFSGSGSGTD 

FrFriSSLQPEDIATYYCQSHLPRTFGQGTKVEIK 

6. The antibody of Claim 2 wherein the donor monoclonal antibody 
isRSV19. · 

7. The antibody of Claim 2 wherein the donor monoclonal antibody 
10 isRSV20. 

8. The antibody of Claim 6 which is HuRSV19VHNK. 

9. The antibody of Claim 6 which is 

15 HuRSV19VHFNS/HuRSV19VK. 

· 10. The antibody of Claim 1 which is a Fab fragment or a (Fab')2 

fragment. 

20 11. A pharmaceutical composition comprising the altered antibody 
of Claim 1 and a pharmaceutically acceptable carrier or diluent. 

25 

12. The cOmposition of Claim 11 wherein the microorganism is 
humanRSV. 

13. The composition of Claim 11 wherein the donor antibody is 

directed against the fusion (F) protein ofRSV. 

14. The composition of Claim. 11 wherein the donor antibody is 
30 directed against epitope 417-438. 

35 

15. The composition of Claim 11 wherein the altered antibody has 
the following N-terminal variable domain amino acid sequences in 

its heavy and light chains: 
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. light: 
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QVQLQESGPGLVRPSQTLSLTCTVSGFT 

ES(or N!K)DYYMHWVRQPPGRGLEWIGWIDPENDD 
VQYAPKFQGRVTMLVDTSKNQFSLRLSSVTAADTA 

VYEAR(or FCN8>WGSDFDHWGQGTTV TVSS 

IQLTQSPSSLSASVGDRVTITCRSSQTLVHTDGNTYL 
10 EVVYQQKPGAPKLLTYRVSNRFSGVPSRFSGSGSGTD 

FTF*I'ISSLQPEDIATYYCQSHLPRTFGQGTKVEIK 

16. The composition of Claim 11 wherein the donor monoclonal 

15 antibody is RSV19. 

17. The composition of Claim 11 wherein the donor monoclonal 
antibody is RSV20. 

20 18. The composition of Claim 16 wherein the altered antibody is 
HuRSV19VBIVK. 

25 

19. The composition of Claim 16 wherein the altered antibody is 

HuRSV19VHFNS/HuRSV19VK. 

20 .• The composition of Claim 10 wherein the altered antibody is a 
Fab fragment or a (Fab')2 fragment. 

21. A method of preventing human RSV infection in a human in 
30 need thereof which comprises administering to such human, an 

effective, human RSV infection inhibiting dose of the altered 
antibody of any ofClaims 4, 5, 6, 7, 8, and 9 . 

. 22. The method of Claim 21 wherein one dose of approximately 1 
35 . mglkg to approximately 20 mg/kg of the altered antibody is 
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22. The method of Claim 21 wherein one dose of approximately 1 
.;. 

mg/kg to approximately 20 mglkg of the altered antibody is 

administered parenterally, preferably i.v. (intravenously) or i.m. 
(intramuscularly). 

5 

23. The method of Claim 21 wherein one dose of approximately 200 
ug/kg to approximately 2 mglkg of the altered antibody is 
administered i.n. (intranasally). 
24. The method of Claim 22 wherein the dose is repeated every six 

10 (6) weeks starting at the beginning of the RSV season (October-
November) until the end of the RSV season (March-April). 

25. The method of Claim 23 wherein the dose is repeated every six 
(6) weeks starting at the beginning of the RSV season (October-

15 November) until the end of the RSV seaso~ {March-April). 

26. The method of Claim 21 wherein, at the beginning of the RSV 
season, one dose of approximately 5 mglkg to approximately 100 
mglkg of the altered antibody is administered i.v. or i.m., or one 

20 dose of approximately 0.5 mglkg to approximately 10 mg/kg of such 
antibody is administered i.n 

27. The method of Claim 21 wherein the altered antibody is 
HuRSV19VHFNS/HuRSV19VK. 

25 

28. The method of Claim 21 wherein the altered antibody is 
HuRSV19VHIVK. 

29. A methOd of therapeutically treating human RSV infection in a 
30 human in need thereof which comprises administering to such 

human an effective, human RSV infection therapeutic dose of the 
altered antibody of any of Claims 4, 5, 6, 7, 8, and 9. ! 
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30. The method of Claim 29 wherein one dose of approximately 2 
m.glkg to approximately 20 mglkg of the altered antibody is 
administered parenterally., preferably i.v. or i.m. 

5 31. The method of Clail;n 29 wherein approximately 200 uglkg to 
approximately 2 m.g/kg of the altered antibody is administered i.n. 

32. A monoclonal antibody generated against Epitope 417-438. 

10 33. A pharmaceutical composition comprising the monoclonal 
antibody of Claim 32 and a pharmaceutically acceptable carrier or 
diluent~ 

34. A method of preventing human RSV infection in a human in 
need thereof which comprises administering to such human an 

15 effective, human RSV infection inhibiting·qose of the monoclonal 
antibody of Claim 32. 

35. The method of Claim 34 wherein one dose of approximately 1 

m.glkg to approximately 20 mg/kg of the monoclonal antibody is 
20 administered parenterally, preferably i.v. (intravenously) or i.m. 

(intramuscularly). 

36. The method of Claim 34 wherein one dose of approximately 200 
ug!kg to approximately 2 mglkg of the monoclonal antibody is 

25 administered i.n. (intranasally). 

30 

37. The method of Claim 35 wherein such dose is repeated every six 
(6) weeks starting at the beginning of the RSV season (October
November) un1il the end of the RSV season {March-April). 

38. The method of Claim 36 wherein such dose is repeated every six 
(6) weeks starting at the beginning of the RSV season (October
November) un1il the end of the RSV season (March-April). 
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39. The method of Claim 34 wherein, at the beginning of the RSV 
season, one dose of approximately 5 mg/kg to approximately 100 
mglkg of the monoclonal antibody is administered i.v. or i.m., or one 
dose of approximately 0.5 mglkg to approximately 10 mg/kg of such 

5 antibody is administered i.n. 

40. A method of therapeutically treating human RSV infection in a 
human in need thereof which comprises administering to such 
human an effective, human RSV infection therapeutic dose of the 

10 monoclonal antibody of Claim 32. 

41. The method of Claim 40 wherein one dose of approximately 2 
mglkg to approximately 20 mg/kg of the monoclonal antibody is 
administered parenterally, preferablyi.v. or i.m. 

15 42. The method of Claim 40 wherein appr~tely 200 ug/kg to 
approximately 2 mg/kg of the antibody is administered i.n. 

43. The monoclonal antibody of Claim. 32 which is a Fab fragment. 

20 44. The method of Claim 34 wherein the monoclonal antibody is 
administered by inhalation. 

25 

45. The method of Claim 40 wherein the monoclonal antibody is 
administered by inhalation. 

46. The method of Claim 21 wherein the altered antibody is 
administered by inhalation.-

47. The method of Claim 29 wherein the altered antibody is 
30 administered by inhalation. 

48. A method for effecting minimal modifications within the 
variable region frameworks of an altered antibody necessary to . 
produce an altered antibody with increased binding affinity 

35 comprising the following steps: 
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(a) analysis of framework amino acids known to be critical for 

interaction with CDRs, and production and testing of altered 
- antibodies where single framework amino acids have been 

5. substituted by the_ corresponding amino acids from the same source 

astheCDRs; 

{b) analysis of framework amino acids adjacent to CDRs, and 
production and testing of altered antibodies where one or more of 

10 the amino acids within 4 residues of CDRs have been substituted by . 
the corresponding amino acids from the-same source of the CDRs; 

(c) analysis of framework residues within the altered antibody, 
and production and testing of altered antibodies where single amino 

15 acids have been substituted by the correspqnding amino acids with 
major differences in charge, size or hydrophobicity from the same 
source of CDRs. 

49. A recombinant plasmid containing the coding sequence of the 
20 altered antibody ofClaim 1. 

50. A mammalian cell-line transfected with the recombinant 

plasmid of Claim 49. 

25 51. A recombinant plasmid containing the coding sequence of the 
monoclonal antibody of Claim 32. 

30 

52. A mammalian cell line transfected with the recombinant 

plasmid of Claim 51. 
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FRAMEWORK MUTATED ANTIBODIES AND THEIR PREPARATION 

The present invention relates to altered antibodies and 
~ their preparation. The invention is typically applicable 

to the production of humanised antibodies. 

5 Antibodies typically comprise two heavy chains linked 
together by disulphide bonds and two light chains. Each 
light chain is linked to a respective heavy chain by 
disulphide bonds. Each heavy chain has at one end a 
variable domain followed by a number of constant domains. 

10 Each light chain has a variable domain at one end and a 
constant domain at its other end. The light chain variable 
domain is aligned with the variable domain of the heavy 
chain. The light chain constant domain is aligned with the 
first constant domain of the heavy chain. The constant 

15 domains in the light and heavy chains are not involved ( 

directly in binding the antibody to antigen. 
The variable domains of each pair of light and heavy 

chains form the antigen binding site. The domains on the 
light and heavy chains have the same general structure and 

20 each domain comprises a framework of four regions, whose 
sequences are relatively conserved, connected by three 
complementarity determining regions (CDRs). The four 
framework regions largely adopt a beta-sheet conformation 
and the CDRs form loops connecting, and in some cases 

25 forming part of, the beta-sheet structure. The CDRs are 
held in close proximity by the framework regions and, with 
the CDRs from the other domain, contribute to the formation 

of the antigen binding site. 
The preparation of an altered antibody in which the CDRs 

30 are derived from a different species than the framework of 
the antibody's variable domains is disclosed in 

EP-A-0239400. The CDRs may be derived from a rat or mouse 
monoclonal antibody .. The framework of the variable 
domains, and the constant domains, of the altered antibody 

35 may be derived from a human antibody. Such a humanised 
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antibody elicits a neqliqible immune response when 
administered to a human compared to the immune response 
mounted by a human aqainst a rat or mouse antibody. ~ 

Humanised CAMPATH-1 antibody is disclosed in EP-A-0328404. 
·5 We have now devised a new way of preparing an altered 

antibody. In contrast to previous proposals, this involves 
alterinq the framework of a variable domain rather than .the 
CDRs. This approach has the advantages that it does not 
require a pre-existing eDNA encodinq, for example, a human 

10 framework to which to reshape and that it is technically 
easier than prior methodoloqies. 

Accordinqly, the present invention provides a process 
for the preparation of an antibody chain in which the CDRs 
of the variable domain of the antibody chain are derived 

15 from a first mammalian species and the framework of the 
variable domain and, if present, the or each constant 
domain of the antibody chain are derived from a second 
different mammalian species, which process comprises: 

(i) mutating the framework-encoding regions of DNA 
20 encoding a variable domain of an antibody chain of the said 

first species such that the mutated framework-encodinq 
reqions encode the ,said framework derived from the said 
second species: and 

(ii) expressinq the said antibody chain utilising the 
25 mutated DNA from step (i). 

A variable domain of either or both chains of an 
antibody can therefore be altered by: 

(a) determininq the nucleotide and predicted amino acid 
sequence of a variable.domain of a selected antibody chain 

30 of the said first species~ • 
(b) determining the antibody framework to which the 

framework of the said variable domain is to be altered: 
(c) mutating the framework-encodinq reqions of DNA 

encoding the said variable domain such that the mutated 
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framework-encoding regions encode the framework determined 
upon in step (b); 

(d) linking the mutated DNA obtained.in step (c) to DNA 
encoding a constant domain of the said second species and 

5 cloning the DNA into an expression vector: and 
(e} introducing the expression vector into a compatible 

host cell and culturing the host cell under such conditions 
that antibody chain is expressed. 

The antibody chain may be co-expressed with a 
10 complementary antibody chain. At least the framework of 

the variable domain and. the or each constant domain of the 
complementary chain generally are derived from the said 
second species also. A light chain and a heavy chain may 

be co-expressed. Either or both chains may have been 
15 prepared by the process of the invention. Preferably the 

CDRs of both chains are derived from the same selected 
antibody. An antibody comprising both expressed chains can 
be recovered. 

The antibody preferably has the structure of a natural 
20 antibody or a fragment thereof. The antibody may therefore 

comprise a complete antibody, a (Fab') 2 fragment, a Fab 
fragment, a light chain dimer or a heavy chain. The 
antibody may be an IgG such as an IgG1, IgG2, IgG3 or IgG4 
IgM, IgA, IgE or IgD. Alternatively, the antibody may be a 

25 chimaeric antibody of the type described in WO 86/01533. 
A chimaeric antibody according to wo 86/01533 comprises 

an antigen binding region and a non~immunoglobulin region. 
The antigen binding region is an antibody light chain 
variable domain or heavy chain variable domain. Typically, 

30 the chimaeric antibody comprises both light and heavy chain 
variable domains. The non-immunoglobulin region is fused 

~ at its c-terminus to the antigen binding region. The non-
immunoglobulin region is typically a non-immunoglobulin 

·protein and may be an enzyme region, a region derived from 
35 a protein having known binding.specificity, from a protein 
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toxin or indeed from any protein expressed by a gene. The 
two regions of the chimaeric antibody may be connected via 
a cleavable linker sequence. 

The invention is preferably employed to humanise an 
5 antibody, typically a monoclonal antibody and, for example, 

a rat or mouse antibo~y. The framework and constant· 
domains of the resulting antibody are therefore human 
framework and constant domains whilst the CDRs of the light 
and/or heavy chain of the antibody are rat or mouse CDRS. 

10 Preferably all CDRs are rat or mouse CDRs. The antibody 
may be a human IgG such as IgGl, IgG2, IgGJ, IgG4; IgM; 
IgA; IgE or IgD carrying rat or mouse CDRs. 

The process of the invention is carried out in such a 
way that the resulting antibody retains the antigen binding 

15 capability of the antibody from which it is derived. An 
antibody is reshaped according to the invention by mutating 
the framework-encoding regions of DNA coding for the 
variable domains of the antibody. This antibody and the 
reshaped antibody should both be capable of binding to the 

2 o same antigen. 
The starting antibody is typically an antibody of a 

selected specificity. In order to ensure that this 
specificity is retained, the variable domain framework of 
the antibody is preferably reshaped to about the closest 

25 variable domain framework of an antibody of another 
species. By 11about the closest" is meant about the most 
homologous in terms of amino acid sequences. Preferably 
there is a homology of at least 50% between the two 
variable domains. 

30 There are four general steps to reshape a monoclonal ~ 

antibody. These are: 
(1) determining the nucleotide and predicted amino acid ~ 

sequence of the starting antibody light and heavy chain 
variable domains; 
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(2) desiqninqthe reshaped antibody, i.e. decidinq 
which antibody framework reqion to use durinq the reshaping 

process; 
(3) the actual reshapinq methodoloqiesjtechniques~ and 

5 (4) the transfection and expression of the reshaped 

antibody. 
These four steps are explained below in the context of 

humanising an antibody. However, they may ·equally well be 
applied when reshapinq to an antibody of a non-human 

10 species. 
Step 1: Determining the nucleotide and predicted amino acid 

sequence of the antibody light and heavy chain 
variable domains 

- To reshape an antibody only the amino acid sequence of 

15 antibody's heavy and light chain variable domains needs to 
The sequence of the constant domains is be known. 

irrelevant 
strategy. 

because .these do not contribute to the reshaping 
The simplest method of determining an antibody's 

variable domain amino acid sequence is from cloned eDNA 
20 encoding the heavy and light chain variable domain. 

There are two general methods for cloning a given 
antibody's heavy and liqht chain variable domain cONAs: (1) 

via a conventional eDNA library, or (2) via the polymerase 
chain reaction (PCR) •. Both of these methods are widely 

25 known. Given the nucleotide sequence of the cONAs, it is a 
simple matter to translate this information into the 

predicted amino acid sequence of the antibody variable 
domains. 

30 Step 2: pesigning the reshaped antibody 
There are several factors to consider in decidinq 

human antibody sequence to use during the reshaping. 

reshaping of light and heavy chains are considered 
independently of one another, but the reasoninq is 

35 basically similar for each. 

which 
The 
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This selection process is based on the following 
rationale: A given antibody's antigen specificity and 
affinity is primarily determined by the amino acid sequence 
of the variable region CDRs. Variable domain framework 

5 residues have little or no direct contribution. The 

primary function of the framework regions is to hold the 
CDRs in their proper spacial orientation to recognize 
antigen. · Thus the subst~tution of rodent CDRs into a human 
variable domain framework is most likely to result in 

10 retention of their correct spacial orientation if the human 
variable domain is highly homologous to the rodent variable 
domain from which they originated. A human variable domain 
should preferably be chosen therefore that is highly 
homologous to the rodent variable domain(s). 

15 A suitable human antibody variable domain sequence can 
be selected as follows: 
1. Using a computer program, search all available protein 

(and DNA) databases for those human antibody variable 
domain sequences that are most homologous to the rodent 

20 antibody variable domains. This can be easily 
accomplished with a program called FASTA but other 
suitable programs are available. The output of a 
suitable program is a list of sequences most homologous 
to the rodent antibody, the percent homology to each 

25 sequence, and an aliqnment of each sequence to the 
rodent sequence. This is done independently for both 
the heavy and light chain variable domain sequences. 
The above analyses are more easily accomplished if 
customized sub-databases are first created that only 

30 include human immunoglobulin sequences. This has two 
·benefits. First, the actual computational time is 
greatly reduced because analyses are restricted to only • 
those sequences of interest rather than all the 
sequences in the databases. The second benefit is that, 

35 by restricting analyses to only human immunoglobulin 
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sequences, the output will not be cluttered by the 
presence·of rodent immunoglobulin sequences. There are 
far more rodent immunoglobulin sequences in databases 

than there are human. 
5 2. List the human antibody variable domain sequences that 

have the most overall homology to the rodent antibody 

variable domain (from above). Do not make a distinction 
between homology within the framework regions and CDRs. 
Consider the overall homology. 

10 3. Eliminate from consideration those human sequences that 
have CDRs that are a different length than those of the 
rodent CORs. This rule does not apply to CDR 3, because 

the length of this CDR is normally quite variable. 
Also, there are sometimes no or very few human sequences 

15 that have the same CDR lenqths as that of the rodent 

antibody. If this is the case, this rule can· be 
loosened, and human sequences with one or more 
differences in CDR length can be allowed. 

4. From the remaining human variable domains, the one is 
20 selected that is most homologous to that of th~ rodent. 

5. The actual reshaped antibody (the end result) should 
contain CORs derived from the rodent antibody and a 
variable domain framework from the human antibody chosen 
above. 

25 Step 3: Tbe actual reshaping methodologies/techniques 
A eDNA encoding the desired reshaped antibody is 

preferably made beginning with the rodent eDNA from which 
the rodent antibody variable domain sequence(s) was 
originally determined. The rodent variable domain amino 

30 acid sequence is compared to that of the chosen human 
antibody variable domain sequence. The residues in the 
rodent variable domain framework are marked that need to be 
changed to the corresponding residue in the human to make 
the rodent framework identical to that of the human 
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framework. There may also be residues that need adding to 
or deleting from the rodent framework sequence to make it 
identical to that of the human. 

Oligonucleotides are synthesised that can be used to 
s mutagenize the rodent variable domain framework to contain 

the desired residues. Those oligonucleotides can be of any 
convenient size. One is normally only limited in length by 
the capabilities of the particular synthesizer one has 
available. The method of oligonucleotide-directed in vitro 

10 mutagenesis is well known. 
The advantages of this method of reshaping as opposed to 

splicing CDRs into a human framework are that (1) this 
method does not require a pre-existing eDNA encoding the 
human framework to which to reshape and (2) splicing CDRs 

15 is technically more difficult because there is usually a 
large region of poor homology between the mutagenic oligo
nucleotide and the human antibody variable domain. This is 
not so much a problem with the method of splicing human 
framework residues onto a rodent variable domain because 

20 there is no need for a pre-existing eDNA encoding the human 
variable domain. The method starts instead with the rodent 
eDNA sequence. Also, splicing framework regions is 
technically easier because there is a high degree of 
homology between. the mutagenic oligonucleotide and the 

25 rodent variable domain framework. This is true because a 
human antibody variable domain framework has been selected 
that is most homologous to ·that of the rodent. 

The advantage of the present method of reshaping as 
opposed to synthesizing the entire reshaped version from 

30 scratch is that it is technically easier. Synthesizing a 
reshaped variable domain from scratch requires several more 
oligonucleotides, several days more work, and technical ~ 

difficulties are more likely to arise. 
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step 4: The transfection and expression of the reshaped 
antibody 

Following the mutagenesis reactions to reshape the 
antibody, the cDNAs are linked to the appropriate DNA 

5 · encoding light or heavy chain constant region, cloned into 
an expression vector, and transfected into mammalian cells. 
These steps can be carried out in routine fashion. A 

reshaped antibody may therefore be prepared by a process 
comprising: 

10 a) preparing a first replicable expression vector 
including a suitable promoter operably linked. to a DNA 
sequence which encodes at least a variable domain of an Ig 

heavy or light chain, the variable domain comprising 
framework regions from a first antibody and CDRs comprising 

15 at least parts of the CDRs from a second antibody of 
different specificity; 

b) if necessary, preparing a second replicable 
expression ~ector including a suitable promoter operably 
linked to a DNA sequence which encodes at least the 

20 variable domain of a complementary Ig light or heavy chain 
respectively; 

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

d) culturing said transformed cell line to produce 
25 said altered antibody. 

30 

Preferably the DNA sequence in step a) encodes both the 
variable domain and the or each constant domain of the 
antibody chain, the or each constant domain being derived 
from the first antibody. The antibody can be recovered and 
purified. The cell line which is transformed to produce 
the altered antibody may be a Chinese Hamster OVary (CHO) 
cell line or an immortalised mammalian cell line, which is 
advantageously of lymphoid origin, such as a myeloma, 
hybridoma, trioma or quadroma cell line. The cell line may 

35 also comprise a normal lymphoid cell, such as a B-cell, 
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which has been immortalised by transformation with a virus, 
such as the Epstein-Barr virus. Most preferably, the 
immortalised cell line is a myeloma cell line or a 
derivative thereof. 

5 Although the cell li_ne used to produce the altered 
antibody is preferably a mammalian cell line, any other 
suitable cell line, such as a bacterial cell line or a 
yeast cell -line, may alternatively be used. In particular, 
it is envisaged that ~ ~ - derived bacterial strains 

10 could be used. 
It is known that some immortalised lymphoid cell lines, 

such as myeloma cell lines, in their normal state secrete 
isolated Ig light or heavy chains. If such a cell line is 
transformed with the vector prepared in step (a) it will 

15 not be necessary to carry out step (b) of the process, 
provided that the normally secreted chain is complementary 
to the variable domain of the Ig chain encoded by the 
vector prepared in step (a). 

However, where the immortalised cell line does not 
20 secrete or does not secrete a complementary chain,. it will 

be necessary to carry out step (b). This step may be 
carried out by further manipulating the vector produced in 
step (a) so that this vector encodes not only the variable 
domain of an altered antibody light or heavy chain, but 

25 also the complementary variable domain. 
Alternatively, step (b) is carried out by preparing a 

second vector which is used to transform the immortalised 
cell line. This alternative leads to easier construct 
preparation, but may be less preferred than the first 

30 alternative in that it may not lead to as efficient 
production of antibody. 

In the case where the immortalised cell line secretes a 
complementary light or heavy chain, the transformed cell 
line may be produced for example by transforming a suitable 

35_ bacterial cell with the vector and then fusing the 
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bacterial cell with the immortalised cell line by 
spheroplast fusion. Alternatively, the DNA may be directly 
introduced into the immortalised cell line by 
electroporation or other suitable method. 

5 An antibody is consequently produced in which CDRs of a 
variable domain of an antibody chain are homologous with 
the corresponding CDRs of an antibody of a first mammalian 
species and in which the framework of the variable domain 

and the constant domains of the antibody are homologous 

10 with the corresponding framework and constant domains of an 
antibody of a second, different, mammalian species. 

Typically, all three CDRs of the variable domain of a light 

or heavy chain are derived from the first species. 
The present process has been applied to obtain an 

15 antibody against human CD4 antigen. Accordingly, the 
invention also provides ari antibody which is capable of 
binding to human CD4 antigen, in which the CDRs of the 
light chain of the antibody have the amino acid sequences: 

20 

25 

30 

CDR1: LASEDIYSDLA 
CDR2: 
CDR3: 

NTDTLQN 
QQYNNYPWT, 

in which the CDRs of the heavy chain of the antibody have 
the amino acid sequences: 

CDRl: NYGMA 

CDR2: TISHDGSDTYFRDSVKG 
CDR3: QG~IAGIRH, and 

in which the framework of the variable domain and, if 
present, the or each constant domain of each chain are 
derived from a mammalian non-rat species. 

The antibody preferably has the structure of a natural 

antibody or a fragment thereof. The antibody may therefore 
comprise a complete antibody, a (Fab•) 2 fragment, a Fab 
fragment,·a light chain dimer or a heavy chain. 
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The antibody may be an IgG such as IgG1, IgG2, IgG3 or 
IgG4 IgM, IgA, IgE or IgD. Alternatively, the antibody may 

be a chimaeric antibody of the type. described in wo 
86/01533. 

5 A chimaeric antibody according to wo 86/01533 comprises 
an antigen binding region and a non-immunoglobulin region. 
The antigen binding region is an antibody light chain 
variable domain or heavy chain variable domain. Typically 
the chimaeric antibody comprises both light and heavy chain 

10 variable domains. The non-immunoglobulin region is fused 
at its c-terminus to the antigen binding region. The non
immunoglobulin region is typically a non-immunoglobulin 
protein and.may be an enzyme region, a re~ion derived from 
a protein having known binding specificity, from a protein 

15 toxin or indeed from any protein expressed by a gene. The 
two regions of the chimaeric antibody may be connected via 
a cleavable linker sequence. 

The invention is preferably employed to humanise a CD4 
antibody such as a rat or mouse CD4 antibody. The 

20 framework and the constant domains of the resulting 
antibody are therefore human framework and constant domains 
whilst the CDRs of the light and/or· heavy chain of the 
antibody are rat or mouse CDRs. Preferably all CDRs are 
rat or mouse CDRs. The antibody may be a human IgG such as 

25 IgG1, IgG2, IgG3, IgG4; IgM; IgA; IgE or IgD carrying rat 
or mouse CDRs. 

Preferably the framework of the antibody heavy chain is 
homologous to the corresponding framework of the human. 
antibody KOL (Schmidt et 51, Hoppe-Seyler's z. Physiol. 

30 Chem., ~ 713-747, 1983). The sixth residue of 
framework 4 in this case is suitably Thr or Pro, preferably 
Thr. This residue is the 121st residue in the KOL antibody 
heavy chain variable region (Schmidt et al, 1983), and is 
identified as residue 108.by Kabat (Kabat et al, "Sequences 

35 of proteins of immunological interest", US Dept of Health 
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and Human Services, US Government Printing Office, 1987). 
Alternatively, the framework of the antibody heavy chain is 

homologous to the corresponding framework of the human 
antibody NEW (Saul et al, J. Biol.Chem. 253: 585-597, 

1978). The final residue of framework 1 in this case is 

suitably Ser or Thr, preferably Ser. This residue is at 
position 30 (Kabat et al, 1987). Preferably the framework 
of the antibody light chain is homologous to the variable 

domain framework of the protein REI (Epp et al, Eur. J. 
10 Biochem., ~' 513-524, 1974). 

The framework regions of one or both chains of a CD4 

antibody can be reshaped by the present process. 
Aiternatively, one or both chains of a CD4 antibody may be 

reshaped by the procedure described in EP-A-02394·00. The 

15 ·procedure of EP-A-0239400 involves replacing CDRs.rather 
than the replacement of frameworks. The CDRs are grafted 
onto a framework derived from a mammalian non-rat species, 
typically a human. This may be achieved by 
oligonucleotide-directed in vitro mutagenesis of the CDR-

20 encoding regions of an antibody chain, light or heavy, from 
a mammalian non-rat species. The oligonucleotides in such 
an instance are selected so that the resulting CDR-grafted 
antibody has the light chain CDRs 1 to 3 and the heavy 

chain CDRs l to 3 shown above. 
25 The reshaped CD4 antibody can be used to induce 

tolerance to an antigen. It can be used to alleviate 

autoimmune diseases such as rheumatoid arthritis. It can 
be used to prevent graft rejection. Tolerance to a .graft 
such as an organ graft or a bone marrow transplantation can 

30 be achieved. Also, the reshaped CD4 antibody might be used 
to alleviate allergies. Tolerance to allergens could be 
achieved. 

· The CD4 antibody may be depleting or non-depleting. A 
depleting antibody is an antibody which depletes ·more than 
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SO%, for example from 90 to 99%, of target cells in yivo. 
A non-depleting antibody depletes fewer than so%, for 
example, from 10 to 25% and preferably less than 10% of 
target cells in vivo. A CD4 antibody may be administered 

5 alone or may ~e co-administered with a non-depleting or 
depleting COS-antibody. The CD4 antibody, depleting or 
non~depleting, and CDS monoclonal antibody, depleting or 
non-depleting, may be administered sequentially in any 
order or m~y be administered simultaneously. An additional 

10 antibody, drug or protein may be administered before, 
during or after administration of the antibodies. 

A CD4 antibody and, indeed, a CDS antibody as 
appropriate are given parenterally, for example 
intravenously. The antibody may be administered by 

15 injection or by infusion. For this purpose the antibody is 
formulated in a pharmaceutical composition further 
comprising a pharmaceutically acceptable carrier or 
di~uent. Any appropriate carrier or diluent may be 
employed, for example phosphate-buffered saline solution. 

20 The amount of non-depleting or depleting CD4 and, if 
desired, CDS antibody administered to a patient depends 
upon a variety of factors including the age and weight of a 
patient, the condition which is being treated and the 
antigen(s) to which it is desired to induce tolerance. In 

25 a model mouse system from 1~g to 2mg, preferably from 400~g 
to lmg, of a mAb is administered at any one time. In 
humans from 3 to 500mg, for example from 5 to 200mg, of 
antibody may be administered a.t any one time. Many such 
doses may be given over a period of several weeks, 

30 typically 3 weeks. 
A foreign antigen(s) to which it is desired to induce 

tolerance can be administered to a host before, during, or -
after a course of CD4 antibody (depleting or non-depleting) 
andjor COS-antibody (depleting or non-depleting). 

3S Typically, however, the antigen(s} is administered one week 
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after commencement of antibody administration, and is 
terminated three weeks befor·e the last antibody 
administration •. 

Tolerance can therefore be induced to an antigen in a 

host by administering non-depleting or depleting CD4 and 
CDS mAbs and, under cover of the mAbs, the antigen. A 

patient may be operated on surgically under cover of the 

non-depleting or depleting CD4 and CDS mAbs to be given a 
tissue transplant such as an organ graft or a bone marrow 

10 transplant. Also, tolerance may be induced to an. antigen 

already possessed by a subject. Long term specific· · 
tolerance can be induced to a self antigen or antigens in 
order to treat autoimmune disease such as multiple 
sclerosis or rheumatoid arthritis. The condition of a 

15 patient suffering from autoimmune disease can therefore be 
alleviated. 

The following Example illustrates the invention. In the 
accompanying drawings: 

Figure 1: shows.the nucleotide and predicted amino acid 
20 sequence of rat CD4 antibody light chain variable region. 

The number of the first and last amino acid or nucleotide 
in each line is indicated in the left and right margins, 

respectively. Base pairs 1-269 (Hindiii-Pvuii) and 577-620 
([Bg1II/Bc1I]-BamHI) are part of the vector M13VKPCR3, 

25 while base pairs 270-576 are from the P~ product of the 

CD4 antibody light chain variable region (VL)· CDRs 
(boxes) were identified by comparison to known 
immunological sequences (Kabat et s.l, nsequences of 

proteins of immunological interest, US Dept of Health and 
30 Human Services, US Government Printing Office, 1987) • 

Figure 2: shows the nucleotide and predicted amino acid 

sequence of the reshaped CAMPATH-1 antibody light chain 
eDNA. The number of the first and last amino acid or 
nucleotide in each.line is indicated in the left and right 

35 margins, respectively. CORs are identified by boxes. 
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Figure 3: shows the nucleotide and predicted amino acid 
sequence of the reshaped CD4 antibody light chain eDNA 
CD4VLREI. The number of the first and last amino acid or 
nucleotide in each line is indicated in the left and right 

5 margins, respectively. CDRs are identified by boxes. 

Figure 4: shows the nucleotide and predicted amino acid 
sequence of rat CD4 antibody heavy chain variable region. 
The number of the first and last amino acid or nucleotide 
in each line is indicated in the left and right margins, 

10 respectively •. CDRs are identified by boxes. Base pairs 1-
272 (Hindiii-Psti) and 603-817 (~stEII-BamHI) are part of 
the vector M13VaPCR1, while base pairs 273-602 are from the 
PCR product of the CD4 antibody heavy chain variable region 

(VH)• 
15 Figure 5: shows the nucleotide and predicted amino acid 

sequence of the reshaped CAMPATH-1 antibody heavy chain 
eDNA. The number of the first and last amino acid or 
nucleotide in each line is indicated in the left and right 
margins, respectively. CDRs are identified by boxes. 

20 Figure 6: shows the nucleotide and predicted amino acid 
sequence of the reshaped CD4 antibody heavy chain eDNA 
CD4VHNEW-Thr30. The number of the first and last amino 
acid or nucleotide in each line is indicated in the left 
and right margins, respectively. CDRs_are identified by 

25 boxes. 
Figure 7: shows the nucleotide and predi~ted amino acid 

sequence of the reshaped CD4 antibody heavy chain eDNA 
CD4VHNEW-Ser30. The number of the first and last amino 
acid or nucleotide in each line is indicated in the left 

30 and right margins, respectively. CDRs are identified by 
boxes. 

Figure 8: shows the heavy chain variable (V) region 
~ino acid sequence of the human myeloma protein KOL. CDRs 
-are identified by boxes. This sequence is taken from the 

35 Swiss-Prot protein sequence database. 
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Figure 9: shows the nucleotide and predicted amino acid 

sequence of the reshaped CD4 antibody heavy chain V region 

CD4VaKOL-Proll3. The number of the first and last amino 

acid or nucleotide in each line is indicated in the left 
5 and right margins, respectively. CDRs are identified by 

boxes. 
Figure 10: shows the nucleotide and predicted amino acid 

sequence of the reshaped CD4 antibody heavy chain v region 

CD4VHKOL-Pro113 without immunoglobulin promoter. The 
10 number of the first and last amino acid or nucleotide in 

each line is indicated in th~ left and right margins, 

respectively. CDRs are identified by boxes. 
Figure 11: shows the nucleotide and predicted amino acid 

sequence of the reshaped CD4 antibody heavy chain V region 
15 CD4VaKOL-Thr113. The number of the first and last amino 

acid or nucleotide in each line is indicated in the left 
and right margins, respectively. CDRs are identified by 

boxes. 
Figure 12: shows the nucleotide and predicted amino acid 

20 sequence of the reshaped CD4 antibody heavy chain V region 
CD4VaKOL-Thr113 without immunoglobulin promoter. The 
number of the first and last amino acid or nucleotide in 
each line is indicated in the left and right margins, 

respectively. CDRs are identified by boxes. 
25 Figure 13: shows the results of an ELISA that compares 

the avidity of YNB46.1.8 and CD4VaKOL-Thr113 antibodies. 

The x-axis indicates the concentration (~g/ml) of YNB46.1.8 
(triangles) or CD4VHKOL-Thr113 (circles) antibody. The Y
axis indicates the optical density at 492 nanometers. 
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EXAMPLE 

1. HATEBIALS AND METHOQS 

Isolation of monoclonal antibody. The rat-derived anti

human CD4 antipody, clone YNB46.1.8 (IgG2br kappa light 
5 chain serotype), was the result of fusion between a rat 

splenocyte and the Lou strain rat myeloma cell line Y3-Ag 
1.2.3 (Galfre ~ Al, Nature, 277: 131-133, 1979) and was 
selected by its binding to a rat T cell line NB2-6TG stably 
transfected with an expression vector containing a 

10 complementary DNA (eDNA) encoding the human CD4 antigen 
(Madden et sl, Cell, 42: 93-104, 1985}. Antibody was 
purified by high pressure liquid chromatography (HPLC). 

Isolation of Antibody Variable Regions. cDNAs encoding 
the VL and Va regions of the CD4 antibody were isolated by 

15 a polymerase chain reaction (PCR)-based method (Orlandi et 
~, PNAS USA, ~: 3833-3837, 1989) with some modifications. 
Tota~ RNA was isolated from hybridoma cell~ by the 
guanidine thiocyanate method (Chirgwin et sl, Biochemistry, 
~= 5294, 1979), and poly(A)+ RNA was isolated by passage 

20 of total RNA through and elution from an oligo(dT)
cellulose column (Aviv and Leder PNAS USA .§2.: 1408, 1972). 
Poly(A)+ RNA was heated at 7o•c for 5 minutes and cooled on 
ice just prior to use. A 25~1 first strand synthesis 
reaction consisted of 5~g poly(A)+ RNA, 250 ~M each dNTP, 

25 50 DM Tris.HCl (pH 8.2 at 42.C), 10 mM MgC12 , 100 mM KC1, 
10 mM dithiothreitol, 23 units reverse transcript~se 
(Anglian Biotec, Colchester, U.K.), 3.5 pmoles of the VL 
region-specific oligonucleotide primer VK1FOR (5 1 -d(GTT AGA ~ 

TCT CCA GCT TGG TCC C)] or the Va region-specific primer 

30 ValFOR-B [5,-d(TGA GGA GAC GGT GAC CGT GGT CCC TTG GCC)], 
and incubated for 5 minutes at 2o•c and then 90.minutes at 
42•c. 
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Subsequent 50 ~1 PCR amplifications consisted of 5 ~1 of 

the first strand synthesis reaction (unpurified), 500 ~M 
each dNTP, 67 mM Tris-HC1 (pH 8.8 at 2s•c), 17 mM 

(NH4)2S04, 10 mM MgCl2, 20 ~g/ml gelatin, 5 units TAQ DNA 
5 polymerase (Koch-Light, Haverhill, U.K.), and 25 pmoles 

(each) of primers VK1FOR and Vx1BACK [5 1 -d(GAC ATT CAG CTG 
ACC CAG TCT CCA)] forth~ VL region or VH1FOR-B and the 
mixed primer VHlBACK [5 1 -d(AG GT(CG) (CA)A(GA) CTG CAG 
(GC)AG TC(TA) GG)] for the.VH region. Reactions were 

10 overlayed with mineral oil and subjected to 30 cycles of 
1.5 minutes at 9s•c (denaturation), 1.5 minutes at 37•c 
(VL) or so·c (VH; annealing), and 3 minutes at 72•c 
(extension) with a Techne PHC-1 programmable cyclic 
reactor. The final cycle contained a 10 minute extension 

15 time. 
The samples were frozen at -2o·c and the mineral oil (a 

viscous liquid at -2o•c) was removed by aspiration. The 
aqueous phases were thawed, and PCR products were purified 
by electrophoresis in 2% agarose gels, and then double 

20 digested with either Pvuii and Bglii (VL) or Psti and 
BstEII (VH) restriction enzymes, and cloned into the PvUII 
and Bc1I restriction sites of the vector M13VKPCR3 (for VL 
region; Orlandi gt .sY,., 1989) or the Psti and BstEII 
restriction sites of the ve~tor M13VHPCR1 (for VH region). 

25 As described in the results, VL region clones were first 
screened by hybridisation to a 32P-labeled oligonucleotide 
probe [5'-d(GTT TCA TAA TAT TGG AGA CA)] specific for the 
COR2 of the Y3-Ag 1.2.3 VL region. VL region clones not 
hybridising to this probe and VH region clones were 

30 sequenced by the dideoxy chain termination method (Sanger 
~ sl, PNAS USA 2i: 5463, 1977). 
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Reshaped Light Chain Variable Region and Expression 

Vector Construct. 
The reshaped light chain was constructed by 

oligonucleotide-directed in vitro mutagenesis in an M13 
5 vector by priming with three oligonucleotides 

simultaneously on a 748 base single-stranded eDNA template 

encoding the entire VL and kappa constant (CK) regions of 
the reshaped CAMPATH-1 antibody (Reichmann et el, Nature 
~: 323-327, 1988). The three oligonucleotides [5'-d(AGA 

10 GTG ACC ATC ACC TGT CTA GCA AGT GAG GAC ATT TAC AGT GAT TTA 

GCA TGG TAC CAG CAG AAG CCA) , 5' -d (CTG CTG. ATC TAC AAT ACA 
GAT ACC TTG CAA AAT GGT GTG CCA AGC AGA TTC), 5 1 -d(ATC GCC 
ACC TAC TAC TGC CAA CAG TAT AAC AAT TAT CCG TGG ACG TTC GGC 

CAA GGG ACC)J were designed to replace each of the three 
15 . CDRs in the REI-based human antibody VL region framework 

that is part of the reshaped CAMPATH-1 antibody VL region 
(Reichmann gt Al, 1988). A clone containing each of the 
three mutant oligonucleotides was identified by nucleotide 
sequencing and was subcloned into the Hindiii site of the 

20 expression vector pHPAPr-1 (Gunning et al, PNAS, ~: 4831-
4835, 1987) which also contained a dihydrofolate reductase 
gene (Ringold et sl, J.Mol.Appl. Genet. ~= 165-175, 1981) 
driven by a truncated SV40 promoter. 

Reshaped Heayy Chain Variable Reaions Based on the 
25 Variable Region Framework of the Human Antibody NEW· and 

Expression Vector Constructs. 

Two versions of the NEW-based reshaped heavy chain were 
created, CD4VHNEW-Thr30 and CD4VaNEW-Ser30. The CD4VaNEW
Thr30 version (Figure 6) encodes a threonine residue at 

30 position 30 while the CD4VaNEW-Ser30 version (Figure 7) 
encodes a Ser residue at position 30. As a matter of 
convenience, CD4VaNEW-Thr30 was created first by 
oligonucleotide-directed in vitro mutagenesis in the vector 
Ml3mpl8 by priming with three oligonucleotides 
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simultaneously on a 1467 base single-stranded eDNA template 
(Figure 5) encoding the entire heavy chain of the reshaped 
CAMPATH-1 antibody (Reichmann et Al,, 1988). The three 
oligonucleotides [5 1 -d(TCT GGC TTC ACC TTC ACC AAC.TAT GGC 

5 ATG GCC TGG GTG AGA CAG CCA CCT) 1 5 1 -d ( GGT CTT GAG TGG ATT 

GGA ACC ATT AGT CAT GAT GGT AGT GAC ACT TAC TTT CGA GAC TCT 
GTG AAG GGG AGA GTG),5 1 -d(GTC TAT TAT TGT GCA AGA CAA GGC 

ACT ATA GCT GGT ATA CGT CAC TGG GGT CAA GGC AGC CTC)] were 

designed to replace each of the three complementarity 
10 determining reg~ons (CDRs) in the NEW-based VH region that 

is part of the reshaped CAMPATH-1 antibody (Reichmann et 

gl, 1988). A clone (Figure 6) containing each of the three 
mutant oligonucleotides was identified by nucleotide 
sequencing. CD4V8 NEW-Ser30 was created second by 

15 oligonucleotide-directed in vitro mutagenesis in the vector 
Ml3mp18 by priming with a single oligonucleotide on the 
1458 base single-stranded eDNA template (Figure 6) encoding 
CD4V8 NEW-Thr30. The oligonucleotide [5 1 -d(GCT TCA CCT TCA 
GCA ACT ATG GCA T)J was designed to mutate the residue at 

20 position 30 from threonine [ACCJ to serine [AGC]. A clone 
(Figure 7) containing this mutant oligonucleotide was 
identified by nucleotide sequencing. Double-stranded forms 
of the clones CD4VHNEW-Thr30 and CD4V8 NEW-Ser30 were 

subcloned as Hindiii fragments into the Hindiii site of the 
25 expression vector pNH316. The vector pNH316 is a modified 

version of the vector pftPAPr-1 (Gunning et al, PNAS, i,i: 

4831-4835, 1987} which was engineered to contain a 
neomycin resistance gene driven by a metallothionine 
promoter. · 
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Reshaped Heavy Chain Variable Regions Based on the 
variable Region Framework of the Human Antibody KOL. and 
Expression Vector Constructs 
Two versions of the KOL-based reshaped heavy chain were 

5 created, CD4VHKOL-Thr113 and CD4VHKOL-Pro113 • The 

CD4VHKOL-Thr113 version encodes a threonine residue at 
position 113 (Fiqure 11) while the CD4VHKOL-Pro113 version 

encodes a proline residue at position 113 (Figure 9). As a 
matter of convenience, CD4VHKOL-Thrll3 was created first by 

10 oligonucleotide-directed in vitro mutagenesis of single
stranded DNA template containing the 817 base Hindiii-BamHI 
fragment encoding the VH region of the rat CD4 antibody 

(Figure 4) eloped into M13mpl8 by priming simultaneously 
with five oligonucleotides [5 1 -d(CAC TCC CAG GTC CAA CTG 

15 GTG GAG TCT GGT GGA GGC GTG GTG CAG CCT GG), 5 1 -d(AAG GTC 
CCT GAG ACT CTC CTG TTC CTC CTC TGG ATT CAT CTT CAG TAA CTA 
TGG CAT G) , 5 1 -d ( GTC CGC CAG GCT CCA GGC AAG GGG CTG GAG 
TGG) , 5 '-d (ACT ATC TCC AGA GAT AAT AGC AAA AAC ACC CTA TTC 
CTG CAA ATG G), 5 1 -d(ACA GTC TGA GGC CCG AGG ACA CGG GCG 

20 TGT ATT TCT GTG CAA GAC AAG GGA C)] Which were designed to 
replace the rat framework regions with the human framework 
regions of KOL. A clone containing each of the five mutant 
oligonucleotides was identified by nucleotide sequencing • 

. CD4VHKOL-Pro113 was created second by oligonucleotide-
25 directed in vitro mutagenesis of single-stranded DNA 

template containing the 817 base Hindiii-BamHI fragment 
encoding CD4VHKOL-Thr113 cloned into Ml3mp18 by priming 
with the oligonucleotide [5 1 -d(TGG GGC CAA GGG ACC CCC GTC 
ACC GTC TCC TCA)J. A clone containing this mutant 

30 oligonucleotide was identified by nucleotide sequencing. 
The immunoglobulin promoters were removed from the 

double-stranded DNA forms of clones encoding CD4VHKOL
Thrl13 (Figure ll) and CD4VHKOL-Prol13 (Figure 9) by 
replacing.(for both versions) the first' 125 bp (Hindiii-

35 Nco!) with a Hindiii-Ncoi oligonucleotide linker fragment 
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[5 1 -d(AGC.TTT ACA GTT ACT GAG CAC ACA GGA CCT CAC) and its 

overlapping complement 5'-d(CAT GGT GAG GTC.CTG TGT GCT CAG 
TAA CTG TAA)]. The resultant clones, CD4VHKOL-Thr113 
(Figure 12) and CD4VHKOL-Pro113 (Figure 10), now 731 bp 

Hindiii-BamHI fragments, were separately subcloned into the 
Hindiii and BamHI cloning sites of the expression vector 
pH,6APr-1-gpt (Gunning § ~~ PNAS USA 2§., 1373 ·' 1987) into 
which had been cloned the human IgGl constant region gene 
(Bruggemann gt £1, J.Exp.Med. 166, 1351-1361, 1987) at the 

10 BamHI site. Thus, when transfected and expressed as 

antibody heavy chains (see below), these reshaped VH 
regions are linked to human IgG1 constant regions. 

Fiuorescence activated cell sorter CFACSl analysis 
The relative affinities of the reshaped antibodies to 

15 ·bind the CD4 antigen were estimated by FACS analysis. The 
CD4-expressing cells used in this analysis were a cloned 
rat T cell line NB2-6TG stabily transfected with an 
expression vector containing a complementary DNA (eDNA) 

encoding the human CD4 antigen (Madden ~ sl, Cell, ~, 93-
20. 104, 1985). Cells were stained with the appropriate 

reshaped antibody followed by fluorescein-conjugated sheep 

anti-human antibodies (Binding Site Ltd., Birmingham, UK). 
Control staining (see Table 1) consisted of no antibody 
present during the first stage of cell staining. Mean 

25 cellular fluorescence was determined with an Ortho FACS. 

Antibody avidity analysis 

The relative avidities of the rat YNB46.1.8 antibody and 
the reshaped CD4VHKOL-Thrll3 antibody were estimated by an 
enzyme-linked immunosorbent assay (ELISA). Microtiter 

30 plates were coated with soluble recombinant CD4 antigen 
(Byrn et al, Nature, 1!!: 667-670, 1990) at so uljwell, 

·10 ugjml, and then blocked with 100 uljwell phosphate 
buffered saline (PBS} containing 1.0% bovine serum albumin 
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(BSA). Antibodies were diluted in PBS containing 0.1% BSA, 
and added to wells {50 uljwell) for 45 minutes at room 
temperature. Biotinylated CD4VaKOL-Thr113 antibody (10 
uljwell: 20 ug/ml final concentration~ was then added to 

5 each well for an additional 4 5 minutes. Wells were washed 
with PBS containing 0.1% BSA, and then 50 ul streptavidin
biotinylated horseradish peroxidase complex (Amersham: 
Aylesbury, UK) diluted 1:1,000 was added to each well for 
30 minutes. Wells were washed with PBS containing 0.1% 

10 BSA, and 100 ul substrate (25 mM citric acid, 50 mM 

disodium hydrogen phosphate, 0.1% (wjv) o-phenylene 
diamine, 0.04% (V/V) 30% hydrogen peroxide) was added to 
each well. Reactions were stop~ed by the addition of 50 
uljwell 1.0 M sulfuric acid. Optical densities at 492 

15 nanometers (00492) were determined with an ELISA plate 
reader. 

Transfections. 
Oihydrofolate reductase deficient chinese hamster ovary 

(CHoDHFR-) cells {106/T-75 flask) were cotransfected as 
20 described (Wigler gt sl, PNAS USA 22, 1373, 1979) with 9~9 

of heavy chain construct and 1 ~g of the light chain 
construct. Transfectants were selected in medium 
containing 5% dialysed foetal bovine serum for 2 to 3 
weeks, and antibody-secreting clones were identified by 

25 ELISAs of conditioned media. Antibody was concentrated and 
purified by protein-A Sepharose (Trade Mark) column 
chromatography. 

2. RESULTS 

Cloning of Light and Heayy Chain Variable Region cDNAs. 
30 cDNAs encoding the VL and Va regions from CD4 antibody-

secreting hybridoma cells were isolated by PCR using 
primers which amplify the segment of mRNA encoding the N-
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terminal region through to the J region (Orlandi et Al, 
·1989). VL and Vu region PCR products were subcloned into 
·the Ml3-based vectors Ml3VKPCR3 and Ml3VHPCR1, 

respectively. Initial nucleotide sequence analysis of 
5 random VL region clones revealed that most of the cDNAs 

encoded the VL region of the light chain expressed by the 

Y3-Ag 1.2.3 rat myeloma cell line (Crowe gt gl, Nucleic 
Acid Research, l2: 7992, 1989) that was used as the fusion 
partner to generate the anti-CD4 bybridoma. It is likely 

10 that the expression of the Y3-Ag 1.2.3 light chain mRNA is 
greater than that of the CD4 antibody light chain, or the 
Y3-Ag 1.2.3 light chain mRNA is preferentially amplified 

during the PCR. 
To maximize the chance of finding CD4 VL region cDNAs, 

15 ·we first screened all Ml3 clones by hybridisation to a 32p
labeled oligonucleotide probe that is complementary to the 
CDR 2 of Y3-Ag 1.2.3 (Crowe~ al, Nucleic.Acid Research, 
11: 7992, 1989). Subsequent sequence analysis was 

restricted to Ml3 clones which did not contain sequence · 
20 complementary to this probe. In this manner, two eDNA 

clones from independent PCR amplifications were identified 

that encoded identical VL regions. Nucleotide sequence 
analysis of random Vu region PCR products revealed a single 
species of VH region eDNA. Two VH eDNA clones from 

25 independent PCR amplifications were found to contain 
identical sequences except that the codon of residue 14 
encoded proline (CCT] in one clone while the second clone 
encoded leucine [CTT] at the same position. 

According to Kabat et al 1987, 524 of 595 sequenced Vu 
30 regions contain a proline residue at this position, while 

only 6 contain leucine. We have therefore chosen the 
proline-encoding clone for illustration (see below). As 

residue 14 lies well within the first VH framework region 
and not in a CDR, it is unlikely to contribute directly to 

35 antigen binding, and the ambiguity at this position did not 
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affect the subsequent reshaping strategy~ Thus, we have 
not investigated this sequence ambiguity further. 

The eDNA sequences and their predicted amino acid 
sequences are shown in Figures l and 4. As no additional 

5 VL or VH region-encoding clones were found, it was assumed 
that these sequences were derived from the CD4 antibody 
genes. 

construction of reshaped antibodies. 
Our goal was to investigate the importance of selecting 

10 the appropriate human V region framework during reshaping. 
Two reshaping strategies were employed. 

First reshaping strategy. 
In the first strategy, we created a reshaped antibody 

that incorporated the CDRs from the rat-derived CD4 
15 antibody and the same human V region framework sequences 

that we had previously successfully used for the reshaped 
CAMPATH-l antibody, namely an REI-based framework for the 
VL region and an NEW-based framework for the VH region 
(Reichmann gt 21, 1988). This was accomplished by 

20 oligonucleotide-directed in vitro mutagenesis of the six 

CORs of the reshaped CAMPATH-l antibody light and heavy 
chain cDNAs shown in Figures 2 and 5, respectively. The 
resultant reshaped CD4 antibody light chain (Figure 3) is 
called CD4VLREI· Two versions of the NEW-based reshaped 

25 CD4 antibody heavy chain were created: CD4VHNEW-Thr30 
(Figure 6) encoding a threonine residue at position 30 (in 
framework l) and CD4VHNEW-Ser30 (Figure 7) encoding a 
serine residue at position 30. These two different 
versions were created because the successfully reshaped 

30 cAMPATH-l antibody heavy chain bound antigen well whether 
position 30 encoded a threonine or serine residue 

PFIZER EX. 1502 
Page 1471



W092/05274 PCf/GB91/01578 

- 27 -

(Reichmann et Al, 1988), and we chose to test both 
possibilities in this case as well. 

Second reshaping strategy 
In the second reshaping strategy, we have reshaped the 

5 · CD4 antibody·vH region to contain the VH region framework 
sequences of the human antibody KOL. Of all known human 
antibody VH regions, the overall amino acid sequence of the 

VH region of KOL is most homologous to the rat CD4 antibody 
VH region. The VH regions of the human antibodies KOL and 

10 N:EW are 66% and 42% homologous to the rat CD4 antibody VH 
region, respectively. 

Two versions of the KOL-based reshaped CD4 antibody 
.heavy chain V region were created that differ by a single 
amino acid residue within the fourth framework region: 

15 CD4VHKOL-Pro113 (Figure 10) encodes a proline residue at 
position 113 and CD4VHKOL-Thr113 (Figure 12) encodes a 
threonine residue at position 113. CD4VaKOL-Proll3 is 
"true to form'' in that its framewoJ;k sequences are 
identical to those of the KOL antibody heavy chain v region 

20 (Figure 8). 
Of all known human antibody VL regions, the overall 

amino acid sequence of the VL region of the human light 

chain NEW is most homologous (67%) to the rat C04 antibody 
VL region. Thus, the identical reshaped light chain, 

25 CD4VLREI (described above), that was expressed with the 
NEW-based reshaped CD4 antibody heavy chainsCD4VHNEW-Thr30 
and CD4VaNEW-Ser30, is also expressed with the KOL-based 
reshaped CD4 antibody heavy chains CD4VaKOL-Pro113 and 

CD4VHKOL-Thrll3. This is advantageous because expression 
30 of the same reshaped light chain with different reshaped 

heavy chains allows for a direct functional comparison of 

each reshaped heavy chain. 
To summarise, four different reshaped antibodies were 

created. The reshaped light chain of each antibody is 
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called CD4VLR£I. The reshaped heavy chains of the 
antibodies are called CD4VHNEW-Thr30, CD4VHNEW-Ser30, 
CD4VHKOL-Pro113, and CD4VHKOL-Thr113, respectively. Each 
of the reshaped heavy chains contain the same human IgG1 

·s constant region. As each reshaped a~tibody contains the 
same reshaped light chain, the name of a reshaped 
antibody's heavy chain shall be used below to refer to the 
whole antibody (heavy and light chain combination). 

Relative affinities of the reshaped antibodies 

10 The relative affinities of the reshaped antibodies were 
approximated by measuring their ability to bind to CD4 
antigen-expressing cells at various antibody 
concentrations. FACS analysis determined the mean cellular 
fluorescence of the stained cells (Table 1). 

15 It is clear from this analysis that the reshaped CD4 
antibodies bind to CD4 antigen to varying degrees over a 
broad concentration range. Consider Experiment 1 of Table 
1 first. Comparing CD4VHKOL-Thr~13 antibody to CD4VHNEW
Thr30 antibody, it is clear that both antibodies bind co4+ 

20 cells when compared to the control, reshaped CAMPATH-1 
antibody. However, CD4VHKOL-Thr113 antibody binds CD4+ 
cells with far greater affinity than CD4VHNEW-Thr30 
antibody. The lowest concentration of CD4VHKOL-Thr113 
antibody tested (2.5 ug/ml) gave a mean cellular 

25 fluorescence nearly equivalent to that of the highest 
concentration of CD4VHNEW-Thr30 antibody tested (168 
ug/ml). Experiment 2 demonstrates that CD4VHNEW-Ser30 
antibody may bind co4+ cells somewhat better than CD4VHNEW
Thr30. Only 2.5_ug/ml CD4VHNEW-Ser30 antibody is required 

30 to give a mean cellular fluorescence nearly equivalent to 
10 ugjml CD4VHNEW-Thr30 antibody. Experiment 3 
demonstrates that CD4VHKOL-Thrl13 antibody may bind co4+ 
cells somewhat better than CD4VHKOL-Pro113 antibody. 
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From these assays, it is clear that the KOL-based 
reshaped antibodies are far superior to the NEW-based 
reshaped antibodies with regards to affinity towards co4+ 
cells. Also, there is a lesser difference, if any, between 

5 CD4VHNEW-Thr30 ~ntibody and CD4VaNEW-Ser30 antibody, and 
likewise between CD4V~KOL-Thr113 antibody and CD4VHKOL
Pro113 antibody. A ranking of these reshaped antibodies 
can thus be derived based on their relative affinities for 
CD4+ cel.1s: 

10 CD4~ > CD4VuJ<DlrProll3 >> CD4V~&:r30 > CD4VlfD~O 
It should be restated that each of the reshaped CD4 

antibodies used in the above experiments have the identical. 
heavy chain constant regions, and are associated with 
identical reshaped light chains. Thus observed differences 

15 of binding to C04+ cells must be due to differences in 
their heavy chain V regions. 

Relative ayidities of the rat YNB46.1.8 antibody and the 
reshaped CD4VHKOL-Tbr~ antibody 
The relative avidities of the rat YNB46.1.8 antibody and 

20 the reshaped C04VHKOL-Thr113 antibody were estimated by 
ELISA. In this assay, the ability of each antibody to 
inhibit the binding of biotinylated CD4VaKOL-Thr1l3 
antibody to soluble recombinant C04 antiqen was determined. 
Results of an experiment are shown in Figure 13. The 

25 inhibition of binding of biotinylated CD4VHKOL-Thrll3 
antibody was linear for both the unlabeled CD4VHKOL-Thrll3 
and YNB46.l.8 antibodies near the optical density of 0.3. 

The concentrations of CD4VHKOL-Thrll3 and YNB46.1.8 
antibodies that qive an optical density of 0.3 are 2B.7 and 

30 1.56 ugjml, respectively. Thus the avidity of the 

YNB46.1.8 antibody can be estimated to be 28.7/1.56 or 
about 18 times better than that of C04VHKOL-Thrl13 
antibody. It should be noted that this experiment only 

provides a rough approximation of relative avidities, not 
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affinities. The rat YNB46.1.8 antibody contains a 
different constant reqion than that of the CD4VHKOL-Thr113 
antibody, and this could affect how well the antibodies 
bind CD4 antiqen, irrespective of their actual affinities 

5 for CD4 antigen. The actual affinity of the reshaped 
antibodies for CD4 antiqen may be greater, lesser, or the 
same as the YNB46.1.8 antibody. The other reshaped 
antibodies CD4VHKOL-Pro113, CD4VHNEW-Ser30, and CD4VHNEW
Thr30 have not yet been tested in this assay. 
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Ta)2J.~ 1. HIS!D c~lJ.ula~ flyo~escence of CD4+ ce;l,l,s 

stained with reshaped antibodies 

~ 

Mean cellular 
Reshaped Anti~od~ Concentration FJ.uo~escence 

5 (~g/ml) 

~G~J::im~nt •· 
CD4VaKOL-Thr113 113 578.0 
CD4VaKOL-Thr113 40 549.0 
CD4VaKOL-Thr113 10 301.9 

10 CD4VaKOL-Thr113 2.5 - 1.00.5 
CD4VaNEW-Thr30 168 97.0 
CD4VaNEW-Thr3 0- 40 40.4 
CD4VaNEW-Thr30 10 18.7 
CD4VaNEW-Thr30 2.5 10.9 

15 CAMPATH-1 100 11.6 
CAMPATH-1 40 9.4 
CAMPATH-1 10 9.0 
CAMPATH-1 2.5 8.6 

CONTROL 9.0 

20 ~xne.:im~nt 2 • 
CD4VaNEW-Thr30 168 151.3 
CD4VaNEW-Thr30 40 81.5 
CD4VaNEW-Thr30 10 51.0 
CD4VaNEW-Thr30 2.5 39.3 

25 CD4VaNEW-Ser30 160 260.2 
CD4VaNEW-Ser30 40 123.5 
CD4VaNEW-Ser30 10 68.6 
CD4VaNEW-Ser30 2.5 49.2 

CONTROL 35.8 

30 Exosu::im~~ 3. 

CD4VaKOL-Pro113 100 594.9 
CD4VaROL-Pro113 40 372.0 
CD4VaKOL-Pro113 10 137.7 
CD4V:ftKOL-Pro113 2.5- .48.9 

35 CD4VaROL-Thr113 100 696.7 
CD4VaKOL-Thr113 40 631.5 
CD4VaKOL-Thr113 10 304.1 
CD4VHKOL-Thr113 2.5 104.0 

CONTROL 12.3 
40 
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CLAIKS 
1. A process for the preparation of an antibody 

chain in which the complementarity determining regions 
(CDRs) of the variable domain of the antibody chain are 

5 derived from a first mammalian species and the framework of 
the variable domain and, if present, the or each constant 
domain of the antibody chain are derived from a second 
different mammalian species, which process comprises: 

(i) mutating the framework-encoding regions 
10 of DNA encoding a variable domain of an antibody chain of 

the said first species such that the mutated framework
encoding regions encode the said framework derived from the 
said second species: and 

(ii) expressing the said antibody chain 
15 utilising the mutated DNA from step (i). 

20 

2. A process according to claim 1, wherein the 
framework-encoding regions of DNA encoding the variable 
domain of an antibody heavy chain are mutated in step (i). 

3. A process according to claim 1 or 2, wherein 
the framework-encoding regions of DNA encoding the variable 
domain of an antibody light chain are mutated in step (i). 

4. A process according to any one of the 
preceding claims, wherein the said first species is rat or 

25 mouse. 

5. A process according to any one of the 
preceding claims, wherein the said second species is human. 

6. A process according to any one of the 
preceding claims, comprising: 

-~ 
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(a) determining the nucleotl.de and predicted 
amino acid sequence of a variable domain of a selected 
antibody chain of the said first.species; 

(b) determining the antibody framework to 
which the framework of the said domain is to be altered: 

(c) mutating the framework-encoding regions 
of DNA encoding the said variable domain such that the 
mutated framework-encoding regions encode the framework 
determined upon in step (b). 

(d) linking the mutated DNA obtained in step (e) 
to DNA encoding a constant domain of the said second 
species and cloning the DNA into an expression vector; and 

(e) introducing the expression vector into a 
compatible host cell and culturing the host cell under such 
conditions that antibody chain is expressed. 

7. A process according to claim 6, in which about 
the most homologous framework_ of an antibody chain of a 
different species is selected in step (b)· .as the framework 
to which the framework of the said variable domain is to be 

20 altered. 

a. A process ·according to any one of the 
preceding claims, wherein the antibody of the,said first 
species is a CD4 antibody. 

9. A process according to any one of the 
25 preceding claims, wherein the said antibody chain is eo

expressed with a complementary antibody chain and antibody 
comprising the said two chains is recovered. 

10. An antibody which is capable of binding to 
human CD4 antigen, in which the CDRs of the light chain of 

30 the antibody have the amino acid sequences: 
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CDR3: 
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LASEDIYSDLA 
NTDTLQN 
QQYNNYPWT 

1n which the CDRs of -the heavy chain of the antibody have 
5 the amino acid sequences: 

CDR1: NYGMA 

CDR2: TISHDGSDTYFRDSVKG 
CDR3: QGTIAGIRH, and 

in which the framework of the variable domain and, if 
10 present, the or each constant domain of each chain are 

derived from a mammalian non-rat ·species. 

11. An antibody according to claim 10, in which 
the mammalian non-rat species is human. 

12 • An antibody according to claim 11, in which 
15 the variable domain'framework of the heavy chain is 

homologous to the heavy chain variable domain framework of 
the protein KOL. 

13. -An antibody according to claim 12, in which 
the heavy chain variable region has the amino acid sequence 

20 shown in the upper line in Figure 10 or 12~ 

25 

14. An antibody according to claim 11, in which 
the variable domain framework of the heavy chain is 
homologous to the heavy chain variable domain framework of 
the protein NEW. 

15. An antibody according to claim 14, in which 
the heavy chain variable region has th~ amino acid sequence 
shown in the upper line of Figure 6 or 7. 

16. ·An-antibody according to any one of claims 11 

to 15, in which the variable domain framework of the light 

PFIZER EX. 1502 
Page 1479



wo 92/05274 . PCf/GB91/01578 

- 35.-

chain is homologous to the variable domain'framework of the 
protein REI. 

17. An antibody according to claim 16, in which 
the light chai~ has the amino acid sequence shown in the 

5 upper line of Figure 3. 

18. A pharmaceutical composition comprising a 
pharmaceutically acceptable carrier or diluent and, as 
active ingredient, an antibody as claimed in any one of 
claims 10 to 17. 
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1 AAGCTTATGAATATGCAAATCCTCTGAATCTACATGGTAAATATAGGTTTGTCTATACC 59 

60 ACAAACAGAAAAACATGAGATCACAGTTCTCTCTACAGTTACTGAGCACACAGGACCTCA 119 

~ -19 
m 120 CCATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTAAGGGGTGCA 179 

M G W S C I I L F L V A T A T -5 

I 180 CAGTAGCAGGCTTGAGGTCTGGACATATATATGGGTGACAATGACATCCACTTTGCCTTT 239 

-4 G V H . S D I Q L T Q S P V S · L 5 A 13 
240 CTCTCCACAGGTGTCCACTCCGACATCCAGCTGACCCAGTCTCCAGTTTCCCTGTCTGCA 299 
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