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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
amount of antibodies capable of inhibiting growth factor receptor
function; and

administering to a patient a therapeutically effective
amount of a cytotoxic factor.

15
24, A method as in claim 23 wherein said cytotoxic factor is
selected from the group consisting of TNF-a, TNF-A, IL-1, IFN-y 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 consisting of EGF, TGF-a and TGF-§.

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.

34. A method as in claim 23 wherein said antibodies are capable of
mediating antibody dependent cellular cytotoxicity.

15
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 INF-a;
(b) 1isolating 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 consisting of INF-a, INF-8, IL-1, IFN-y and
IL-2. '

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

ricin A chain.

PFIZER EX. 1002
Page 1003



WO 89/06692 PCT/US89/00051
2
140 - -
= Fig.1a
Q.
x 120fF
>
-
= 100
[e 8]
<
>
~ BOF
é ® NIH3T3neo/dhfr
& 60F o HER2-3
o
> wp B HERZ-3g0
-
<< -
= A HER2-3,90
X HER2-3gp,
0 S i 1 i | »
0 1 10 100 1000 10,000
TNF-a(U/ml)
Fig1b
100
—
o
[a'd
-
=
S 8of
u.
o
?—
& 60t
U
o
d
a.
< L0
<L
}—
(o8
= ® NIH3T3 neo/dhfr
U 20k -
> 20 X HER2-3gp
O NIH3T3 neo/dhfr HTR
1 i 1 |

0

{ 1
0-2511 0-5:1 1:1 21 L1
EFFECTOR : TARGET CELL RATIO
T T T PFIZER EX. 1002
Page 1004



125 [-TNF-ox SPECIFIC BOUND (cpm)

10000

8000

6000

4000

2000

0

Fig.2

1

e NH3T3 neo/dhfr
m HER 2_3900

TS I W WS TN W |
0 0000100101 1 10 100 1000
- [TNF-ox]nM

CELL NUMBER x20

10000

8000

6000

4000

2000

B myl.supn
LC8
i AL

FA 3t6
[J 3Hu

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

-2 MABS

r
My
2
7
“ 1
2
%
/-
* 2
%
"/
]

MAb Supns.
MAB SUPERNATANTS

R Tt ol Seod
..

P I A

Z26990/68 OM

724

1SON/ARSN/TNA

PFIZER EX. 1002

Page 1005



CELL NUMBER x20

Fig. &
14000
13000§
12000 :
11000 ANTI- HEPATITIS B MAb
10000
9000
8000
7000
6000
o0 ANTI -HERZ MAb 4DS o
4000}
05 10 1520 3% 35
ANTIBODY CONCENTRATION

76990/68 OM

ve

15000/68SN/1Dd

PFIZER EX. 1002
Page 1006



e

WO 89/06692 PCT/US89/00051

S
Fig.6a
= g
Q.
£ 100+
>
=
=
2 80t
S
'.—
< 60f
o
&
uz.l LOr
—_
<
W 20r
0 # 1 1 1
0 100 1000 10000 U/ml TNF-o
0-05 05 50 Hg/ml Ab
Fig.6b

RELATIVE PERCENT VIABILITY (RPV)

L0r
20r
0 AL i 1 1
0 100 1000 10000 U/ml TNF-o
0-05 05 g0 pg/ml Ab

PFIZER EX. 1002
Page 1007



WO 89/06692

RELATIVE PERCENT VIABILITY (RPV)

RELATIVE PERCENT VIABILITY (RPV)

100

80

60

40

20

100

80

40

PCT/US89/00051
4o
Fig.5a
\\ —e
—a
)}
0o 100 1000 10000 U/ml TNF-ex
0-05 0-5 50 Mg/mlAb

0-05

1000 10000 UZml TNF -
05 50 #g/ml Ab

PFIZER EX. 1002
Page 1008



T T R R,

WO 89/06692

RELATIVE PERCENT VIABILITY (RPV)

RELATIVE PERCENT VIABILITY (RPV)

100

80

60

PCT/US89/00051

oo

Fig.7

—0
-

i3

100

80

40

20

100 10000 U/ml TNF-&

1000 U
H

0:05 05 50 pg/mMAb4DS
Fig.8
|
0 100 1000 10000 U7/ml TNF-
0-05 05 g0 Mg/ml MADB

PFIZER EX. 1002
Page 1009



INTERNATIONAL SEA RCH REPORT

1 Appiication N0 PCT/US 89/00051
L ’eﬁssmclﬂon OF SUBJECT MATTER (if severa! clasgification symools apoly. indicats ell) ¢
A i stent Classification (1 PC)wwmmelnﬂﬁcmnmlec

4 "1z P 21/00 C 12 N 15/00; C 12 N 5/00; G 01 N 33/574;
IPC': 2 61 K 39/395

Il. IELDS SEARCHED

Minimum O mtation Searched ?
Claasification System | Classification Symbols
pct A6l K; C12 N
l :
Documentation Searched cther than & [>]

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

{ll. DOCUMENTS CONSIDERED TO BE RELEVANT®
Cstegory * | CHation of D LY with | where sppropriste, of the relevant passages '3 | Reievent to Cleim No. 2

Y WO, 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.: "Epldermal growth
factor receptor expression in human
lung carcinomas defined by a mono-
clonal antibody", pages 403-407

see page 403, abstract

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

A tocuman tening th genarn e o1 e 4t which ks e s ot spptcanen S
“A" d daf the ¢ | state of the art hnﬂ or priority date and oooaannn bt
considered to be of particular relsvance f,."m““ "',, ,,""""m the principle or theory underlying
"E" earlier document but published on of atftar the intemational =x* document of particular rel : the claimed
filing cate cannot be considersd novel or cannot bo consicersd to
“L" document which may throw doubite on aﬂemv dum(l) or involve sn Inventive oml
which is cited t0 the oy~ of 4 : the
itation ot other int (as -ne-ﬁodl be idered to Invoive en ive step when the
0" . use, sshibition or document is combtm with one or more ather such docu-
(+] g‘o:.u:umr:tmeu.nwdudamm hmm‘f"‘ beiny Ay g
- ment published prior international filing date but
wm the m.ndt. mo':g:.md the “4" documant member of the same patent family
V. CERTIFICATION
Oete of the Actusi C ' of the | | Search Date of Malling of this Internations! Search Report
2nd May 1989 1 6.06 89
(nternational Searching Authority Ure of Authorfelt Officar
EUROPEAN PATENT OFFICE @ .C.G. VAH DER POTTEN
Form PCT/ISAI210 (second shest) (Jemary 1043) .

PFIZER EX. 1002
Page 1010



Internationa! Applcation No. PCT/US 89 / 00 051

iit. DOCUMENTS CONSIDERED TO BE RELEVANT

(CONTINUED PROM THE BECOND BHEET)

‘Category* i

Citation of Document, with ndgication, wherg appropnate. of the relevant pesssges

| Retevant to Claim No

!

‘
i
i
.
}
i
t

see page 3695

Cancer Res., vol. 46, no. 11, November

Proc

Jour

Cell

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
see page 5592, abstract

. Natl. Acad. Sci., USA, vol. 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

nal 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

and corresponding monoclonal
antibodies in human tumors",

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

see page 65:GRC

, vol. 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 o

see page 695, abstract

cited in the application

1-9

Form PCT ISA 210 (eatra ehest) (Januery 1085) .

PFIZER EX. 1002
Page 1011



international Agplication No. PCT/US 89/00051

__FURTHER INFORMATION CONTINUED FROM THE BECOND SHEET

V.@ OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE®

This internationa! search report hes not been in respect of certain ci under Article 17(2) (a) for the following reasons:
t.@ Clalm numbers X because they reiate 10 subject matter not required 1o be searched by this Authority, namedy:
* 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.

!.D Claim bere + b they relate to parte of the internationsl application that do not comply with the prescribed raquire-
ments 10 such an extent that no Mesningful intarnslional search can be carried out, specifically :

3] cwm > they are dep caims £ &re N0t Grafied i SCCOMTANCE Wi the $ecONG 8nd third sentences of
PCT Rule 8.4(a).

VLD OSSERVATIONS WHERE UNITY OF INVENTION I8 LACKING *

This Internationsl Searching Authority found multiple inventions In this internstional spplication as follows:

pll this I ional search report covers all searchable claims

17] As sl required additions! ssarch fees were timely pald by the
. of the international application.

I.D Ao only some of the required addliional search fees were timely paid by the applicant, this inter ! search report covers only
those claims of the internations! appiication for which fees were paid, spechically claims: .

37 Na required sdgitional search fees wers timaty paid by the appi c ntly, this inter | N report is restricted 1o
the i tion first \V d in the claims: it la d by claim numbers:

«J c:‘ '.n mrehab!.'dlinu coutd bo'curchod without effort justifying sn additionat fee, the Internationa! Ssarching Authority did not
¢ pay of sny i { fon.

Ramark on Protest
D The additions! search fees wete led by appiicant’s protest.
D No protest accompanied the psyment of sdditional search fees.

Form PCT/ISA/210 (supplementat sheet (2)) (Janusry 1885)

PFIZER EX. 1002
Page 1012



ANNEX TO THE INTERNATIONAL SEARCH REPORT
o ON INTERNATIONAL PATENT APPLICATION NO.  ys 8909051

. SA 26543

This annex lists the patent family members relating to the patent documents cited in the above-mentioned internstional search report.
The members are as contained in the European Patent Office EDP file on 09/06/89
The European Patent Office is in no way Liable for these particulars which are merely given for the purpese of information.

- cr— - T e e eewn e - - -

. Patent document Publication Patent family Publication
cited in search report date .. . member(s) N date
WO-A- 8503357 01-08-85 AU-A- 3934085 09-08-85

EP-A- 0171407 19-02-86
JP-T- 61501168 12-06-86

EPO FORM POI™

: For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

PFIZER EX. 1002
Page 1013



PCT

INTERNATIONAL APPLICATION PUBLISHED UNDIR THE PATENT COOPERATION TREATY (PCT)

WOALD INTELLECTUAL PROPEATY ORCANIZATION
ireerastional

(51} Internstionnl Patent Qlassification: (11) Laternstioaal Peblication Nember: WO 90/07861 }
- A
LC12P 11700, C4IN"%/10, 7701, 1800 * ! (47) Isternationsl Publication Date: 26 July 1990 (26.07.90)
(21) Isternational Appilcation Newmber: PCT/US89/05857 | (81) Devignated Stutes: AT, AT (Eu n patent), AU, BB, BE

(12) Laterwatioanl Flling Date: 28 December 1989 (28.12.89)

(30) Priority dama:
290,975 28 December 1988 (28.12.88) US
310252 13 February 1989 (13.02.89) US

(1) Appitcant: PROTEIN DESIGN LABS. INC. [US/US};
3181 Poner Dnive, Palo Alto, CA 94104 (US).

(72} lrvrwtors: QUEEN, Cary, L ; 1300 Oak Creek Drive, Pulo
Alto, CA 94304 (US). SELICK. Harold, Edwin ; 1673
Sunnysiope Avenue, Belmony CA 94002 (US).

(74) Agest: SMTTH, William, M.; Townsend and Townsend,
One Market Plaza 2000 Steusnt Tc «er, San Francisco,

(European patent), BF (OAPI patent), BG, BJ (OAPI
petent), BR, CF (OAPI patent), CG (QAPI patent), CH,
CH (European patent), CM (OAPI patent), DE, DE
(European patent), DK, ES (European patent), F1, FR
{European patent), GA (OAPI patent), GB, GB (Euro-
pean patent), HU, IT (European patent), JP, KP, KR,
LK. LU, LU (European patent), MC, MG, ML (OAP!
patent), MR (OAPI patent), MW, NL, NL (European
patent), NO, RO, SD, SE, SE (European patent), SN
(OAPI patent), SU, TD (OAPI patent), TG (OAPI ps-
tent).

Published
A Inrernational srarch repont.
Before the expiranion of the tme limit for amending the
daims and ro de republished in the evens of the recripe of
amendments. (¢

CA 94105 (US).

.

(H4)de: CHIMERIC IMMUNOGLOBUUNS SPECIFIC FOR pS$ TAC PROTEIN OF THE IL-2 RECEPTOR

{57) Abstract

Novel methods for designing humanized immunogiobulins having one or more complementary determining regions
{CDR's} from a donor immunoglobulin and a {rmmework region from a human immunoglobulin compnsing first comparing the
(ramework or variable region amino acid sequence of the donor immunoglobulin to cormesponding sequences in s coltection of
human immunoglobulin chains, and seiecting as the human immunoglobulin one of the more homologous sequences from 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 is immedistely adjacent 10 a CDR in the donor immunoglobulin. The
heavy and light chains msay each be designed by using any one or sl 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
feisin subsuantsily the same afTinity as the donor immunaglobulin to the antigen, such as a protein or other compound contain-
ing an epitope.

SRR iys 3 s 2V

_\'.tf.&\'\h."‘j

PO709PE:

05/146,206 _ =
lediNovember 17,1993 -4
:;;.,—,\._4.:_».‘,.; tosan LT .vah“1

PFIZER EX. 1002
Page 1014



PCT/US89/05857

CHIMERIC IMMUNOGLOBULINS SPECIPIC FOR p55 TAC PROTEIR
OF THE IL-2 RECSEPTOR

Eield of the Invention

The present invention ‘relates generally ‘to the

combination of recombinant DNA and monoclonal antibody

technologies for developing novel therapeutic agents and,
more particularly, to the production of non-immunogenic
antibodies and their uses. g
Background of the Invention

' In pammals, the immune rcsponsehis mediated by two
types of cells that interact specifically with foreign
material, f,e., antigens. One of these cell types, B-cells,
are responsible for the production of antibodies. The second
cell class, T-cells, include a wide variety of cellular
subsets controlling the 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 this control is
through the production of a lymphokine known as interleukin-2
(IL-2), originally named T-cell growth factor. 1IL-2's prime
function appears to be the stimulation 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., Immuneol, Rev, 6):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., Proqress in Hematology XIV, E. Brown, Ed., Grune and
Statton, New York (1986), at pgs. 28] “f). The human IL-2
receptor is a complex multichain glycoprotein, with one .
chain, known as the Tac peptide, being about 55kD in size :
(5ee, Leonard, W., et 2al., J, Bicl, Chem, 260:1872 (1985),
which is incorporated herein by reference). A gene encoding
this protein has been isolated, and predicts a 272 amino acid
peptide, including a 21 amino acid signal peptide (see,
Leonard, W., et al., HNature 2J11: 626 (1984)). The 219 NHJ-
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terminal amino acids of the pj5 Tac protein apparently
comprise an extracellular domain (gea, leonard, W., et al.,
Science, 230:633-639 (1985), which is incorporated herein by
raference).

5 Much of the elucidation of the human IL-2
recaptor's structure and function is dues to the development
of specifically reactive monoclonal antibodies. 1In
particular, one mouse monoclonal antibody, known as anti-Tac
{(Uchiyama, et al., J, Immuncel. 126:1393 (1981)) has shown

10 that IL-2 receptors can be detacted on T-cells, but also on
cells of the monocyte-macrophage family, Kupffer cells of the
liver, Langerhans' cells of the skin and, of course,
activated T-cells. Importantly, resting T-cells, B-cells or

circulating machrophages typically do not display the IL-2

15 receptor (Herrmann, et al., J, Exp, Med, 162:1111 (1985)).
The anti-Tac monoclonal antibody hae also been used

to define lymphocyte functions that require 1L-2 interaction,

and has been shown to inhibit various T-cell functions,
including the generation of cytotoxic and suppressor T

20 lymphocytes in cell culture. Als., based on studies with
anti-Tac and other antibodies, a variety of disorders are now

associated with improper IL-2 receptor expression by T-cells,
in particular adult T-cell leukenia.
More recently, the IL-2 receptor has been shown to

25 be an ideal target for novel therapeutic approaches to T-cell
mediated diseases. It has been proposed that IL-2 receptor
specific antibodies, such as the anti-Tac monoclonal
antibody, can be used either alone or as an inmunocanjuqate
(e,q., with Ricin A, isotopes and the like) to et!ecfively

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

for example, theoretically eliminate IL-2 receptor-expressing
leukemic cells, certain B-cells, or activated T-cells

involved in a disease state, yet allow the retention of

mature normal T-cells and their precursors to ensure thc

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

needed. 1n 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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appropriate monoclonal aatihodies svecific for the IL-2
receptor may have therapeutic utility {n autoimmune diseases,
organ tranaplantation and any unwanted rasponse by activated
T-cells. Indeed, clinicel triale have been initiated using,
5 e,4,, anti=Tac antibodies (gee, generally, Waldman, T., et
al., cancer Res, 45:625 (1985) and Waldman, T., Sgience
232:727-732 (1986), both of which are incorporated herein by
re{arence); :
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. Mouse monoclonal antibodies, for example, do not fix

human complement well, and lack other important

immunoglobulin functional characteristics when used in

15 humans.

}erhaps more importantly, anti-Tac and other non-
human monoclonal antibodies contain substantial stretches of
anino acid sequences that will be, immunogenic when injected

into a human patient. Numerous 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, essentially 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 themselves.

30 While the production of so-called "chimeric
antibodies™ (e.,q,, mouse variable regions joined to human
coritant regions) has proven somewhat successful, a

W.g . A;;

L4
-,

significant immunogenicity problem remains. In general, the
production of human immunoglobulins reactive with the human
35 IlL~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,

sty
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‘the pS55 Tac protein on human IL-2 receptors. The

4

£.9., EPO Publication No. 0239400), prorides uncertain
results, in part due to unpredictable binding affinities.

Thus, there is a need for improved forms of hunan-
like immunoglobulins, .such as those specific for the human
Il~-2 receptor, that are substantially non-immuncgenic in
humans, yet easily and economically produced in a manner
suitable for therapeutic formulation and other uses. The
present invention fulfills these and other needs.

Summary of the Invention

The present invention provides novel compositions
useful, for example, in the treatment of T-cell mediated
human disorders, the compositions containing human-like
immunoglobulins specifically capable of blocking the binding
of human IL-2 to its receptor and/or capable of binding to

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® M'!,

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
coding for human-like immunoglobulin framework regions and a
second sequence set cc2ing for the desired immunuglobulin

complenmentarity determining regions can be produced
synthetically or by combining appropriate cDNA and genomic
DNA segments.

The human-like immunoglobulins may be utilized
alone in substantially pure form, or complexed with a

\Q,(.M:}a'\!.
~a AP A
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cytotoxic agent, such as a radionuclide, a ribosomal
inhibiting protoin or a cytotoxic agent active at cell
surfaces. All of these compounds will be particularly useful
in treating T-cell.mediated disorders. The human~like

5 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

10 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

15 sequences in a collection of human immunoglobulin chains, and
seléctinq as the human immunoglobulin one of the more
homologous sequences from the collection. The huban
immunoglobulin, or acceptor immunoglobulin, sequence {s
typically selected from a collection of at least 10 to 20

20 impunoglobulin chain sequences, and usually will have the
highest homology to the donor immunoglobulin sequence of any
sequence in the collection. The human immuneglobulin
frapework sequence will typically have about 65 to 70%
homology or meore to the donor immunoglobulin framework

25 sequences. The donor immunoglobulin may be either a heavy
chain or 1lijht 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, having two light/heavy chain pairs, with or

30 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

35 immuncglobulin chain may be replaced with amino acids form
the CDR-donor immunoglobulin chain. More specifically,
further optional substitutions of a human framework amino
acid of the acceptor immunoglobulin with a corresponding
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amino acid from a donor immunoglobulin will be made at
positions in the immunoglobulins where:

(A) the amino acid in the human franework regicn
of an acceptor .immunoglobulin is 'rare for that position and
the corresponding amino acid in the donor immunoglobulin is
common for that position in jiuman immuncglobulin sequences;
or

(b) the amino acid is immediately adjacent to one
of the CDR's: or

(c) the amino 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-~ hunmanized immunoglobulin chain will typically
comprise at least about 3 amino acids from the donor

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

of which is 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° M™! or higher, and may be within about 4 fold of the
donor immunoglobulin's origindl affinity to the antigen.
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BRIEF DESCRIPIION OF THE FIGURES

Figure 1., Comparison of sequences of anti-Tac
heavy chain (upper lines) and Eu heavy chain (lower lines).
The l1-letter 'code for amino acids is used. The first amino
acid on each line is numbered at tha left. 1Identical amino
acids in the two sequences are connected by lines. The 3
CDRs are underlined. Other amino acid positions for which
the anti-Tac amineo acid rather than the Eu amino acid was
used in the humanized anti-Tac heavy chain are denoted by
an ¢,

Figure 2. Comparison of sequences of anti-Tac
light chain (upper lines) and Eu light chain (lowe< lines).
The single-letter code for amino acids is used. The first
anino acid on each line is numbered at the left. Identical
anino 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 denoted by
an +,

Figure 3. Nucleotide sequence of the gene for the
humanized anti-Tac heavy chain variable region gene. The
translated anmino acid sequence for the part of the gene
encoding protein is shown underneath the nucleotide seguence.
The nucleotides TCTAGA at the beginning and end of the gene
are Xba I sites. The mature heavy chain sequence begins with
amino acid #20 Q.

Figure 4. Nucleotide sequence of the gene for the
humanized anti-Tac light chain variable region gene. The
translated amino acid sequence for the part of the gene
encoding protein is shown underneath the nucleotide sequence.
The nucleotides TCTAGA at the beginning and end of the gene
are Xba I sites. The mature light chain sequence begins with
amino acid #21 D.

Figure 5. A. Sequences of the four
oligonucleotides used to synthesize the humanized anti-Tac
heavy chain gene, printed 5' to 3'. B. Relative positions
of the oligonucleotides. The arrows point in the 3°
direction for each oligonucleotide.
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rigure 6. (A) Sequencas of the four
oligonuclisotides used to synthesize the humanized anti-Tac
light chain gene, printed 5' to 3'. (B) Relative positions
of the oligonucleotides. The arrows point 4in the 3
direction for each cligonucleoctide. The position of a Hind
111 site in the overlap of JFD2 and JFD3 is shown.

Figure 7. Schematic diagram of the plasnid
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 (I1g) promoter is shown
by an arrow. E_ = heavy chain enhancer, Hyg = hygromycin
resistance gene.

Fig:re 8. Schematic diagram of the plasmid pHuLTAC
used to express the humanized anti-Tac light chain. Relevant
restriction sites are shown, and coding regions of the light
chain are displayed as boxes. The direction of transcription
from the Ig promoter is shown by an arrow.

Figure 9. Fluorocytometry of HUT-102 and Jurkat
cells stained with anti-Tac antibody or humanized anti-Tac
antibody followed respectively by fluorescein-conjugated goat
anti-mpouse Ig antibody or goat anti-human Ig antibody, as
labeled, 1In each panel, the dotted curve shows the results
when the first antibody was omitted, and the solid curve the
results when first and second (conjugated) antibodies were
included as described.

Pigqure 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 phyccerythrin-conjugated
avidin. (B) Pluorocytometry of HUT-102 cells stajned with
the indicated antibody, then with biotinylated anti-Tac, ana
then with phycoerythrin-conjugated avidin.
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DFETAILED LESCRIPTION OF THE INVENTION
In accordance with orne embodiment of the present
invantion, human-like immunoglobulins specifically reactive

with desired <epitopes, such as those on the IL-2 receptor on

human T-cells, are provided. These immuncglobulins, which
have binding affinities of at least about 10° M’!, and
preferably 10° M! to 10" M’! or stronger, are capable of,
£,9,, 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

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

tical pairs of polypeptide chains, each pair having one
"1ight" (about 25kD) and one "heavy" chain (about 50-70kD).
The NH:-terminus of each chain begins a variable region of
about 100 to 110 or more amino acids primarily responsible
for antigen recognition. The COOH terminus of each chain

defines a constant region primarily responsible for effector

function.

Light chains are classified as either kappa or
lambda. Heavy chains are classified (and subclassified) as
gamma, mu, alpha, delta, or epsilon, and define the
antibody's isotype as 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 amino acids, with the heavy chain also including a
"D" region of about 12 more amino acids. (Sea, generally,
Rundamental Immunology, Paul, W., Ed., Chapter 7, pgs. 131-
166, Raven Press, N.Y. (1984), which is incorporated herein
by reference.)

The variable regions of each light/heavy chain pair 14

form the antibody binding site. The chains all exhibit the
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same gsnera) structure of relatively con-arvoh framavork
regions joined by three hypervariable regions, also called
CDR'a (mea, "Sequences of Proteins of Immunological
Interest,® Kabat, E., et -al., U.S. Department 0of Health and
Human Services, (1983); and Cholthia and Lesk, J, Mel, Biol,,
196:901-917 (1987), which are incorporated herein by
reference). The CDR's from the two chains of each pair are
aligned by the framework regions, enabling binding to a
specific epitope.

As used herein, the term "immunoglobulii.® refers to
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
well as the myriad immunoglobulin variable region genes. The
inrunoglobulins may exist in a variety of forms besides
antibodies; including, for example, Fv, Fab, and F(ab)z, as
well as in single chains (e,g,, Huston, et al., Proc, HNat,
Acad, S¢i, U.S.A,, 85:5879-5883 (1988) and Bird, et al.,
science, 242:423-426 (1988), which are incorporated herein by
reference). (See, generally, Iliood, et al., *Immunology",
Benjanin, N.Y., 2nd ed. (1984), and Hunkapiller and Hood,
Nature, J23:15-16 (1986), which are incorporated herein by
reference).

Chimeric antibodies are antibodies whose light and
heavy chain genes have been constructed, typically by genetic
engineering, from irmmuncglobulin gene segments belonging to
different species. For example, the variable (V) segments of
the genes froa a mouse monoclonal antibody may be joined to
human constant (C) segments, such as 4, and q,. A typical
therapeutic chimerjc 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.9., A.T.C.C. Accesajon 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 immunoglolulin light and heavy chain
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variable regions that are reletively consarved (l.e., other
than the CDR's) among different immunoglobulins in a single
specles, as defined by Kabat, et al., op. git. As used
herein, a “"human-like framework region" is-a framework ‘region
that in each existing chain comprises at least about 70 or
more amino acid residues, typlcally 75 to 85 or more
residues, identical to those in a human impmunoglobulin.

As used herein, the term "human-like
immunoglobulin®” refers to an immunoglobulin comprising a
human-like framework and in which any constant region present
is substantially homologous to a human immunoglobulin
constant region, j.,e,, at least about B5-90%, preferably
about 95t identical. Hence, all parts of a human-like
immunoglobulin, except possibly the CDR's, are substantially
homologous to corresponding parts of cone or more native human

immunoglobulin sequences. For exampla, a human-like
immunoglobulin would not encompass a chimeric mouse variable
region/human constant region antibody.

In accordance with another general aspect of the
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
sanme as the amino acids at those positions in the donor 1Ig
rather than in the acceptor Ig, in order to increase the
affinity of #n antibody comprising the humanized

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

are:
(1) VWhen the mouse CDR's are combined with the
human framework, the amino acids in the framework close to
the CDR's become human instead of mouse. Without intending
to be bound by theory, we believe that these changed amino
acids may slightly distort the CDR's, because they create
different electrostatic or hydrophobic forces than in the
donor mouse antibody, and the distorted CDR's may not make as

. vl Te h & ALK RES4S
f S P ITTR e 2%t wW Sy PRI R
o s OV W ¥ = e o gy Y

PFIZER EX. 1002
Page 1025



Znsridlam Lol b 22 et S

0 AJGL D IO A NBAT IpLLE ]
sy By Fea

S0 T et Syl Al T HLE

¥4

10

.

PO I S T

b 4,
TR R e BT

WO 90/0786)

AT A I LR R Aok LW S
e oA P&t

kY ey
ZAANSUIE L Tty o

PCT/US89/05857

12

effective contacts with the antigen as the CDR's did in the
donor antibody:

1 (2) amino acids in the original mouse

Also,

--antibody that are ‘close “to, but not part of, the CDR's (i.e,,

still part of the framework), may make contacts with the
antigen that contribute to affinity. These amino acids ara
lost when the antibody is humanized, because all framework
amino acids are made human.

To avoid these problams, and to produce humanized
antibodies that have a very strong affinity for a desired
antigen, the present invention uses the following four
criteria for designing humanized immunoglobulins. These
criteria may be used singly, or when necessary in
combination, to achieve the desired affinity or other
cbaracteristics.

Criterion I: use a frameworX from a particular
huran immunoglobulin that is unusually homologous to the
donor immuncglobulin to be humanized, or use a consensus
framework from many human antibodies.

As acceptor,

For example,

comparison of the sequence of a mouse heavy (or light) chain
variable region against human heavy (or light) variable
regions in a data bank (for example, the National Biomedical
Research Foundation Protein Identification Resource) shows
that the extent of homology to different human rsgions varies
greatly, typically from about 40% to about 60-70%t. 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 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
that distorts their conformation. the precise
overall shape of a humanized antibedy comprising the

Moreover,

humanized immunoglobuiin chain may more closely resemble the
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shape of the donor antibody, also reducing the chance of

distorting the CDR's. __.1
Typically, one of the 3-5 most homologous heavy

chain variable region -sequences in a representative

collection of at least abott 10 to 20 distinct human heavy

chains will be chosen as acceptor tovprovide the heavy chain

framework, and similarly for the light chain. Preferably,

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

The Belected acceptor immunoglobulin chain will most

preferably have at least about 65% homology in the framework

region to the donor immunoglobulin. P

Regardless of how the acceptor immunoglobulin is
chosen, higher affinity may be achieved by selecting a small
number of anmino acids in the frameworx of the humanized
immunoglobulin chain to be the same as the amino acids at
those positions in the donor rather than in the acceptor.
The following criteria define what amino acids may be so
selected. Preferably, at most or all amino acid positions
satisfying one of these criteria, the donor amino acid will
in fact be selected.

Criterion II: If an amino acid in the framework of the human
acceptor immunoglobulin is unusual (ji.e,, "rare”, which as
used herein indicates an amino acid occurring at that
position in no more than about 10t of human heavy
(respectively light) chain V region sequences in a
representative data.bank), and if the donor amino acid at
that position is typical for human sequences (i,e,, "“common",
which as used herein indicates an amino acid occurring in at
least about 25% of sequences in a representative data bank),
then the donor amino acid rather than the acceptor may be
selected. This criterion helps ensure that an atypical amino
acid in the hunan framework does not disrupt the antibody
structure. Moreover, by replacing an unusual amino acid with
an amino acid from the donor antibody that happens to be
typical for human antibodies, the humanized antibody may be

made less inmmunogenic.
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Criterion III: 1In the positions immediatvely adjacent to the
3 CDR's in the humanized immunogleobulin chain, the donor
anino acid rather than acceptor amino acid may be selacted.
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, 211, 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-dimensional model, typically of the
original donor antibody, shows that certain amino acids
outside of the CDR's are close to the CDR's and have a good
probability of interacting with amino acids in the CDR's by
hydrogen bonding, Van der Waals forces, hydrophobic
interactions, etc. At those amino acid positions, the doner
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 to established
chenical 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 (gee, Loew ef al,, Int. J. Quant. Chem., Quant. Biol,
Symp,, 15:55-66 (1988):; Bruccoleri et al,, Nature, 315,
564~-568 (1988); Chothia et al,, Science, 233:755-758 (1986),
all of which are incorporated herein by reference). Theso do
not form part of the invention. 1Indeed, because all
antibodies have similar structures, the known antibody
structures, which are avajlable from the Brookhaven Protein 5
Data Bank, can be used if necessary as rough models of other 3

antibodies. Commercially available computer programs can be
used to display these models on a computer monitor, to
calculate the distance between atoms, and to estimate the
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likelihood of different amiro acids interacting (gee, Ferrin
st 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
in*eract better with the other parts of the human immune
system (e.g,, destroy the targef 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
injected antibody should be less than against a totally
foreign mouse antibody or a partially foreign chimeric
antibody.

3) Injected mouse antibodies have been reported
to have a half-life in the human circulation much shorter
than the half-life of normal antibodies (D. Shaw et al., J.
Inmunol,, 138:4534-4538 (1987)). 1Injected 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 immuncglobulins, 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 possibility of only transferring
residues that are (solvent) accessible from the antigen
binding site, which residues apparently may include certain
framework recgions (specifically, residues known to be
involved in antigen binding as described in Amit et al.,
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Science 23): 747-755 (1986) or perhaps residues essantial for
inter-chain interactions - but for the selection of which
insufficient quidance is provided in that application).
Thus, for example, a-preferred embodiment of the present
5 invention entails substituting entire CDR's and framework
amino acids immediately adjacent one (or preferably each) of
the CDR's. 1In general, any framework residue that also makes
contact with the CDR's to, e.g., maintain their conformation
(and usually their antigen binding specificity) are
10 specifically included within preferred embodiments of the
present invention as described in detail, suprsa.
In one asprct, 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 fﬁﬂ

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 seguences, which on expression gf;
code for the polypeptide chains comprising the anti-Tac heavy 53
and light chain hypervariable regions (with human-like é?
framework regions), are shown in Figures 3 and 4, Fokd

respectively. Due to codon degeneracy and non-critical
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25 anino~acid substitutions, other DNA segquences can be readily

like antibody coding sequences, including naturally-
associated or heteroloyous promoter regions. Preferably, the

§~  E substituted for those sequences, as detailed below.
%ﬂﬁ%@ The DNA segments will typically further include an
&ﬁi" expression control DNA sequence operably linked to the human-

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

eukaryotic host cells, but control sequences for prokaryotic

hosts may also be used. Once the vector has been

incorporated into the appropriate host, the host is
maintained under conditions suitable for high level

expression of the nucleotide segquences, and, as desired, the
collection and purification of the light chains, heavy
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chaine, light/heavy chain d.mers or intact antibodies,
binding fragments or other immtnoglobulin forms may follow.
Humar constant region DNA sequences can be isolated
4n ‘accordance with well known procedures from a variety of
S human cellsg, but preferably immortalized B-cells (gee, Kabat
op. £it. and WP87/02671). For example, the human kappa
immunoglobulin constant and J region genes and sequences are
described in Heiter et al., Cell 22:197-207 (1980) and the
nucleotide sequence of a human immunoglobulin qﬂ gene is
10 described in Ellison et al., Nucl, Acid, Resgs. 10:4071 (1982),
both of which are incorporated herein by reference. The
CDR's for producing the immunoglobulins of the present
invention will be gimilarly 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

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

1
|
20 obtained from a number of sources, such as the American Type i
1
1
I

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
3o from the sequences in Figures 3 and 4 at the primary
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structure level by several amino acid substitutions, terminal
and intermediate additions and deletions, and the like.
Moreover, a variety of different human framework regions may
be used singly or in combination as a basis for the human-
lixe immunoglobulins of the present invention. 1In 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 323:731-734 (1987), both of wvhich
are incorporated herein by referencs).

Alternatively, polypeptids fragments comprising only a
portion of the primary .antibody -structure ‘may "be "produced,
vhich fragments possess one or more immunoglobulin activities
(e.g., complement fixation activity). Also because like many
geras, the immunoglobulin-related genes contain separate
functional regions, each having one or more distinct
biological activities, the genes may be fused to functional
regions from other genes (e.,g,, enzymes, 5£, commonly
assigned U.S.S.N. 112,387, filed Dec. 15, 1987, which is
incorporated herein by reference) to produce fusion proteins
(e.q,, immunotoxins) having novel properties.

The nucleic acid sequences of the present invention
capable of ultimately expressing the desired human-like
antibodies can be formad from a variety of different
polynucleotides (genomic or cDNA, RNA, synthetic
oligonucleotides, etc.) and components (e.qg,, V, J, D, and C
regions), as well as by a variety of different technigues.
Joining appropriate genomic sequences is presently the most
common method of production, but cDNA sequences may also be
utilized (gee, Furopean Patent Publication No. 0238400 and
Reichmann, L., et al., Nature 332:323-327 (1988), both ot
which are incorporated herein by reference).

As stated previously, the DNA sequences will be
expressed in hosts after the sequences have been operably
linked to (i,e.., positioned to ensure the functioning of) an
expression control sequence. These expression vectors are
typically replicable in the host organisms either as episomes
or as an integral part of the host chromosomal DNA.

Commonly, expression vectors will contain selection markers,

e.q9,, tetracycline or neomycin, to permit detection of those
cells transformed with the desired DNA sequences (gee, e.9,.
U.S. Patent 4,704,362, which is incorporated herein by
reference).

E. gol)l 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 :acillus suyhtilus, and other enterobacteriaceae, such as
Salmonella, Serr \, and various Pscudomonas species. 1In
these prokaryot! ssts, one can also make expression
vectors, which wi.i typically -contain-expression control
sequences compatible with the host cell (e,q.,, an origin of
replication). 1In addition, any number of a variety of well-
known promoters will be present, such as the lactose promoter
system, 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 lilie, for initiating and completing
transcription ard translztion.

Other microbes, such as yeast, may also be used for
expression. gSaccharomvces is a preferred host, with suitable
vectérs having expression control sequences, such as
promoters, including 3-phosphoglycerate kinare or other
glycolytic enzymes, and an origin of replication, termination
sequences and the like as desired.

In addition to icroorganisms, mammalian tissua
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.Y., N.Y. (1587), 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
coqﬁences, 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 sj ., such as ribosome binding sites,

RNA splice BsiteB, polyadenylation sitea, and transcriptional
terminator sequences. Preferred exp- ilon control sequencer
are promoters derived from SV40 with 'ancer (see, Mulligan
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and Berg, Science 209:1422-1427 (1980), an immunglobulin
gene, Adenovirus, Bovine Papilloma Virus, and the like.
. The ‘vectors ‘containing the DNA segments of interast
(e,d., the heavy and light chain enceding seguences and
s expression control sequences) nan be transferred into the

host cell by well-known methods, which vary depending on the
type of cellular host. For example, calcium chloride
transfection is commonly utilized for prokaryotic cells,
whereas calcium phosphate treatment or electroporation may Le

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

al., Meolecular Cloning: A laboratory Manual, Cold Spring ;
Harbor Press, (1982), which is incorporated herein by !

refgrence.)
Once expressed, the whole antibodits, 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 Protein Purification, Springer-verlag, N.Y. (1982)).
Substantially pure immunoglobulins of at least absut 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. (See,
gqenerally, Immupological Methods, Vols. I and II, Lefkovits
and Pernis, eds., Academic Press, New York, N.Y. (1979 and

30 1981)).

The IL-2 receptor specific antibodies exemplified
1n 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-

3s 2 receptor bearing, then the human-like antibodies capable of
blocking the binding of IL-2 to the human IL-2 receptor are
suitable (gee, U.S.S.N. 085,707, entitled "Treating Human
Malignancies and Disorders,” which {s incorporated herein by
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reference). For example, typicel disease states suitable for
treatment include gratt versus host disease and transplant
rejection in patients undergoing an corgan transplant, such as
heart, lungs, kidneyr, liver, etc. Other diseases include
autoimmune diseases, such as Type I diabetes, multiple
sclercosis, rheumatoid arthritis, systemic lupus

est

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 Dilferentiation Workshop,
£2ukocyte Typing, Bernard, et al., Eds., Springer-verlag,
N.Y. (1984), which is incorporated herein by reference.

The antibodies can also be used as separately
administered compositions given in conjunction with
chemotherapeutic or imnunosuppréssive agents. Tyéically, the
agents will include cyclosporin A or a purine analog (e,q,,
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.
A preferred pharmaceutical composition of the
present invention comprises the use of the subject antibodies
in immunotoxins. Immunotoxins are characterized by two
components and are particularly useful for killing selected
cells in vitro 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 conmprising 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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varjous {mmunotoxins is well-known with the art, and can be
found, for example in "Monoclonal Antibody-Toxin Conjugates:
Aiming -the Magic Bullet,™ “Thorpe et al, Monoclonal Antibodies
in clinical Medicine, Academic Press, pp. 168-190 (1982),
which is incorporated herein by reference.
' A variety of cytotoxic agenfa are suitable for use

in immunotoxins. Cytotoxic agents can include
radionuclides, such as Iodine-131, Yttrium-50, Rhenium-188,
and Bismuth-212; a number of chemotherapeutic drugs,. such as
vindesine, methotrexate, adriamycin, and cisplatinm; and
cytotoxic proteins such as ribosomal inhibiting proteins like
pokeweed antiviral protein, Pseudomonas exotoxin A, ricin,
diphtheria toxin, ricin A chain, etc., or an agent active at
tﬁe cell surface, such as the phospholipase enzymes (e,q,,
phospholipase C). (Ses, generally, commonly assigned
U.S.S.N., 07/2%0,968 filed December 28, 1988), "Chimeric
Toxins,"” Olsnes and Phil, Pharmac, Ther., 25:355-381 (1282),
and "Monoclonal Antibodies for Cancer Detection and Therapy, "
eds. Baldwin and Byers, pj . 159-179, 224-266, Acadenic 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. 1Intact immunoglobulins or their binding
fragments, such as Fab, are preferably used. Typically, the
antibodies in the immunotoxins will be of the human IgM or
1gG isotype, but other mammalian constant regiona may be
utilized as desired.

The human-like antibodies and pharmaceutical

compositions thereof of this invention are particularly

useful for parenteral administration, i.,e., subcutaneously,
intramuscularly or intravenously. The compc:itions for
parenteral administration will commonly comprise a solution
of the antibody or a cocktail thereof dissoclved 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 Bolutions are
sterile and generally free of particulate matter. These
compositions may be sterilized by conventional, well known
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sterilization techniques. 7Tiie compositions may contain
pharmaceutically acceptable auxiliary substances as reguired
to approximate physiological conditions such as pH adjusting
and buffering agents, toxicity adjusting agents and the like,
for example sodium acetate, sodjum chloride, potassiunm
chloride, calcium chloride, sodium lactate, etc. The
concentration of antibody in these formulations can vary
widely, j.e,, from less than about 0.5%, usually at or at
least about 1% to as much as 15 or 20% by weight and will be
selected primarily based on fluid volumes, viscosities, etc.,
in accordance with the particular mode of administration
selected.

Thus, a typical pharmaceutical conmposition for
intrﬁmuscular injection could be wade 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, Reminaton‘s Pharmaceutical Science, 15th ed., Mack
Publishing Company, Easton, Pennsylvania (1980), which is
incorporated herein by reference.

The antibodies of this invention can be lyuvphilized
for storage and reconstituted in a suitable carrier prior to
use. This technigue has been shown to be effective with
conventional immune globulins and art-known lyophilization
and raconstitution techniques can be employed. It will be
appreciated by those skilled in the art that lyophilization
and reconstitution can lead to varying degrees of antibody
activity loss (e.g.,, with conventional immune globulins, IgM
ancibodies tend to have greater activity loss than IgG
antibodies) and that use levels may have to be adjusted to
compensate.

Tha compositions containing the presant human-like
antibodies or a cocktail thereof can be administered for
prophylactic and/or therapeutic treatments. 1In ‘herapeutic
application, compositions are administered to a patient
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already suffering from a disease, in an amount sufficient to
cure or a2t least partially arrest the disease and its
complications. An amount adequate to accomplish this is
defined as a "therapeutically effective dose.®" Amounts
effective for this use will depend upon the severity of the

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 cormonly uased. It must be kept in mind
that the materials of this invention may generally be
enployed in serious disease states, that is life-threatening
or potentially life-*hreatening situations. In such cases,
in view of the minimization of extranmous substances and the
lower p;obability of "foreign substance” rejections which are
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
containing the present antibodies or a cocktail thereof are
administered to a patient not already in a ¢ 'sease stata to
enhance the patient'’c resistance. Such an umount is defined
to be a "prophylactically eftfective dogs." 1In th!  ‘'ge, the
precise amounts again depend upon the patient's state of
health and general level of immunity, but generally range
from 0.1 to 25 mg per dose, especially 0.5 to 2.5 mg per
patient. A preferred prophylactic use is for the prevention
of kidney tranasplant rejection.

Single or multiple administrations of the
conpositions can be carried out with dose levels and pattern
being selected by the treating physician. 1In any event, the
pharmaceutical formulations should provide a quantity of the
antibody(ies) of this invention sufficient to effectively
trecat the patient.

Human-like ant.ibodies 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

-
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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
] 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 directly labeled. A
wide variety of labels may be employed, such as
10 radionuclides, fluors, 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 shpplied for use with the subject
15 antibodies in the protection against or detection of a
caellular activity or for the presence of a selected antigen.
Thus, the subject antibody composition of the presant
invention may be provided, usually in a lyophilized form in a
container, either alone or in conjunction with additional

20 antibodies specific for the desired cell type. The
antibodies, which may be conjugated to a label or toxin, or
unconjugated, are included in the kits with buffers, such as
Tris, phosphate, carbonate, etc., stabilizers, biocides,
inert proteins, e,q,, serum albumin, or the like, and a set
25 of instructions for use. Generally, these materials will be
present in less than about 5% wt, based on the amount of
active antibody, and usually present in total amount of at
least about 0.001% wt. based again on the antibody
concentration. Frequently, it will be desirable to include
30 an inert extender or excipient to dilute the active
ingredients, where the excipient may be present in from about
1 tu 959% 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.
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The following examples ars offerad by way of oy
illustration, not by limitation. Eg
<
EXPERIMENTAL A
5 Depign of gepes for human-like light and heavy chains X
’ The sequence of the human antibody Eu (Sequences of -?
o

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
homologoua to the heavy chain of this antibodyv than to any
other heavy chain sequence in the National Biomedical
Foundation Protein ldentification Resource.

’ To select the sequance of the humanized heavy

15 chain, the anti-Tac heavy chain sequence (gee, commonly
aspigned U.S.S.N.'s 186,862 and 223,037, which are
incorporated herein by reference) was aligned with the
sequence of the EFu heavy chain (Figure 1). At each
position, the Eu amino acid was salected for the humanized

20 sequenca, unless that position fell in any one of the

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

(1) The position fe'l within a complementarity
determining region (CDR), as defined by Kabat,
25 et al., op. ;1; (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
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amino acid was typical for human heavy chains =%

30 at that position (amino acidse 27, 93, 95, 98, 3
107-109, 111):; E

(3) The position was immediately adjacent to a CDR 4

in the amino acid saquence of the anti-Tac ﬁ:

heavy chain (amino acids 30 and 67). &y

35 (4) 23-dimensional modeling of the anti-Tac }b

antihody suggested that the amino acid was *%

physically close to the antigen binding ragion [ 7

(amino acids 48 and 68). ES:

£

. S;'
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some amino acids fell in more than one of these categcries

but are only listed in one.

. To select the sequence of the humanized light
chain, the anti-Tac light chain sequence was aligned with the
sequence of the Eu light chain (Figure 2). The Eu amino
acid was selected at each position, unless the position again
fell into one of the categories (1) - (4), (with light chain
replacing heavy chain in the category datinitions):

(1)
(2)

(3)

(4)

CDRs (amino acids 24-34, 50-56, 89-97).
Anti-Tac amino acid more typical than Eu
(amino acids 48 and 63).

Adjacent to CDRs (no amino acids: Eu and
anti-Tac were already the same at all these
positions).

Possible 3-dimensional proximity to binding
region (amino acid 60).

The actual nucleotide sequence of the heavy

(1)

(2)

(3)

(4)

(Figure 3) and light chain (Figure 4) genes were selacted as
follows:

the nucleotide sequences code for the amino
acid sequenc~+ chosen as described above.

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. £it.). These leader sequences were chosen
as typical of antibodies.

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.

At each end of the sequence is an Xba I site
to allow cutting at the Xba I sjites and
cloning into the Xba I site of a vector.
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Construction of humanized light and heavy chain genes

To synthesize the heavy chain, four
‘oligonucleotides 'HES12, HES13, HES14, HES15 (Figure 5A) were
synthesized using an Applied Biosystems 1380B DNA synthesizer,
Two of the oligonucleotides are part of each strand of the
heavy chﬁln, and each oligonucleotide overlaps the next one
by about 20 nucleotides to allow annealing (Figure 5B).
Together, the oligonucleotides cover the entire humanized
heavy chain (Figqure 3) with a few extra nuclaotides at each
end to allow cutting at tha Xba 1 sites. The
oligonucleotides were purified from polyacrylamide gals.

Each oligonucleotide was phosphorylated using ATP
and T4 polynucleotide kinase by standard procedures (gee,
Haniatis: gp. ¢it.). To anneal the phosphorylated
oligonucleotides, 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 oligonucleotides 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 deoxyribonuclectide

0.5 mM ATP

0.5 mM DTT

100 ug/ml BSA

3.5 ug/ml T4 g43 protein (DNA polymerase)

25 ug/ml T4 gd44/62 protein (polymerass
accessory protein)

2% 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 min. To digest the gene with Xba I, to the reaction was
added 50 ul of 2x TA containing BSA at 200 ug/ml and DTT at 1
mM, 43 ul of water, and 50 u of Xba I in 5 ul. The reaction
was incubated for 3 hr at 37 deg, and run on a gel. The 431
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).

To synthesize the light cnain, four
oligonucleotides JFD1, 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
(Figure 6B). Together, the oligonucleotides cover the entire
humanized light chain (Figqure 4) with a few extra nucleotides
at each and to allow cutting at the Xba I sites. The
oligonuclootides were purified fror polyacrylamide gels.

The light chain gene was synthesized from these
olignucleotides in two parts. 0.5 ug each of JFDl1 and JFD2
were combined in 20 ul sequenase buffer (40 mM Tris-HCl, pH
7.5, 20 mM magnesium chloride, 50 mM sodiun chloride), heated
at 70 deg for 3 min and allowed to cool slowly to 23 deg in
order for the oligonucleotides to anneal. JFD3 and JFD4 were
treated in the same way. Each reaction was made 10 mM in 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
incubzted for 1 hr at 37 deg to synthesize the opposite
strands of the oligonucleotides. Xba I and Hind III were
added to each reaction to digest the DNA (there is a Hind III
site in the region where JFD2 and JFD3 overlap and therefore
i, 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
methods. Saveral plasmid isolates for each fragment were
sequenced by the dideoxy method, and correct ones chosen.
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Conatruction of Dlasmids to express humanized light and heavy
chains

The heavy chain Xba I fragment was isoclated from
the pUC19 plasmid in wvhich it had been inserted and then
inserted into the Xba I site of the vector pVyl (gee,
commonly assigned U.S.S.N. 223,037) in the correct
orientation by standard methods, to produce the plasmid
PHUGTACY (Figure 7). This plasmid will express high levels
of a complete heavy chain when transfected into an
appropriate host cell.

The two light chain Xba I - Hind III fragments were
isolated from the oUC18 plasmids in which they had been
inserted. The vector plasmid pVxl (sap, commonly assigned
u.8.8.N. 223,037) was cut with Xba I, dephocphorylated and
ligated with the two fragments by standard methods. The
desired reaction product has the circular form: vector - Xba
1 - fragment 1 - Hind III - fragment 2 - Xba I - vector. ‘
Several plasmid isolates were analyzed by restriction mapping
and sequencing, and one with this form chosen. This plasnid,
pHULTAC (?igure 8), therefore contains the complete humanized
light chain (Figure 4) and wil! express high levels of the
light chain when transfacted into an appropriate host cell.

Synthesis and affinity of humanized antibody

The plasmids pHuGTAC1l and pHULTAC were tranafected
into mouse Sp2/0 cells, and cells that integrated the
plasmids were selected on the basis of resistance to
mycophenolic acid and/or hygromycin B conferred by the gpt
and hyg genes on the plasmids (Figures 7,8) by standard
methods. To verify that these cells secreted antibody that
binds to the IL-2 receptor, supernatant from the cells was
incubated with HUT-102 cells that are known to express the :
IL-2 receptor. After washing, the cells were incubated with 5
fluorescein-conjugated goat anti-human antibody, washed, and
analyzed for fluorescence on a FACSCAN cytofluorometer. The
results (Figure 9A), clearly show that the humanized antibody
binds to these cells, but not to Jurkat T-cells that do not
express the IL~-2 receptor (Figure 9D). As controls, the
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original mouese anti-Ta~ antibody was also used to stain thess
cells (Figure 9B,C), giving similar results.
For further experiments, cells producing the
humanized antibody were injected into mice, and the resultant
S ascites collected. Humanized antibody was purified to
substantial homogeneity from the ascites by passage through
an affinity column of goat anti-human immunoglobulin
antibody, prepared on an Affigel-10 support (Bio-Rad
Laboratories, Inc., Richmond, CA) according to standard
10 techniques. To determine the affinity of the humanized
antibody relative to the original anti-Tac antibody, a
competitive binding experiment was performed. About 5 x 10*
HUT-102 cells were incubated with known guantities (10 - 40
ng) of the anti-Tac antibody and the humanized anti-Tac
15 antibody for 10 min at 4 deg. Then 100 ng of biotinylated
anti-Tac was added to the cells and incubated for J0 min at 4
deg. This quantity of anti-Tac had previocusly been
determined to be sufficient to saturate the binding sites on
the cells, but not to be in large excess. Then the cells
20 vere washed twice with 2 ml of phosphate buffered saline
(PBS) containing 0.1% sodium azide. The cells were then
incubated for 30 min at 4 deg with 250 ng of
phycoerythrin-conjugated avidin, which bound to the
biotinylated anti-Tac already bound to the cells. The cells
25 were washed again as above, fixed in PBS containing 1%
paraformaldehyde, and analyzed for fluorescence on & FACSCAN
cytofluorometer.
Use of increasing amounts (10 - 40 ng) of the
anti-Tac antibody as competitor in the first step decreased
3o the amount of biotinylated anti-Tac that could bind to the
cells in the second step, and therefore the amount of
phycoerythrin-conjugated avidin that bound in the last step,
thus decreasing fluorescence (Figqure 10A). Equivalent
amounts {20 ng) of anti-Tac, and humanized anti-Tac used as

! '%V_ZA a5 competitor docreased the fluorescence to approximately the
?Fjﬁiﬁﬁggg. same degree (Figure 10B). This shows that these antibodies
i§$%%é@§§,é have approximately the same affinity (within 3 to 4 fold),

ST because if one had much greater affinity, it would have more
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effectively competed with the biotinylated anti-Tac, thus
decreasing fluorescence more.

Biological properties of the humanized antibody

5 . For optimal use in trcatment of human disease, the
humanized antibody should ba able to destroy T-cells in the
body that express the IL-2 receptor. One mechanism by which
antibodies may destroy target cells is antibody-dependent
cell-mediated cytotoxicity, abbreviated ADCC (Fundamental

10 Irmmuneloqy, Paul, W., Ed., Raven Press, New York (1984), at
py. 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 whathar the humanized
antibody and the original mouse anti-Tac antibody can mediate

15 ADCC, a chromium release assay was performed by standard
methods. Specifically, human leukemia HUT-102 cells, which
express the IL~-2 receptor, were incubated with Slor to allow
them to absorb this radionuclide. The HUT-102 cells were
then incubated with an excess of either anti-Tac or humanized

20 anti-Tac antibody. The HUT-102 cells were next incubated for
4 hrs with either a 30:1 or 100:1 ratio of effector cells,
which were normal purified human peripheral blood mononuclear
cells that had been activated by incubation for about 20 hrs
with human recombinant IL-2. Relaase of *'Cr, which indicated

25 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

3o humanized antibody is likely to be more efficacious than the
original mouse antibody in treating T-cell leukemia or other
T-cell mediated diseases.
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TABLE 1

Percent 3!Cr release after ADCC

Effector: Target ratio
30:1 100:1

0,90

QLA AR R Vit At

b
aAntibody SR
Anti-Tac 4t < 1% ,'éﬁ
Humanized 24% 23% &fx_

anti-Tac¢ ALY

<Y

From the foregoing, it will be appreciated that the
human-like immunoglobulins of the present invention offer
numerocus advantages of other antibodies. For example, in
comparison to snti-Tac mouse monoclonal antibodies, the
present human-like IL-2 receptor immunoglobuline can be more
economically produced and contain subgtantially less foreign
amino acid sequences. This reduced likelihood of
antigenicity after injection into a human patient represents
a cignificant therapeutic improvement for immunoglobulins
designed in accordance with the above criteria.

Although the present invention has been described
in some detail by way of illustration and example for
purposes of clarity and understanding, it will be apparent
that certain changes and modifications may be practiced
within the scope of thes appended claims.

R z
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YE _CLAINM:

. 1; A composition comprising a substantially pure
hqman-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 IlL-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° M'! or stronger.

S. A composition 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 196G, 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 rPiqures 3 and 4.

N
c.'.

PFIZER EX. 1002

Page 1048



10

15

20

25

30

a5

TR SIS
3A t ;t’:‘__;'

Al

WO 90/03861 , PCT/US89/05857

as

9. A human-like immunoglobulin having two pairs
of .1ight chain/heavy chain dimers -and capable of -specifically
recacting with an epitope on a human interleukin-2 raeceptor
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 different immunoglobulin molecules than the
framework regions.

10. An immunoglobulin according to Claim 9, which
is capable of blocking the binding of interleukin-2 (IL-2) to
human IL-2 receptors.

' 11. A humanized immunoglobulin capable of binding
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 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
11, whorein an additional amino acid from the anti-Tac
antibody is immediately adjacent 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
irmunoglobulin according to Claim 1.

15. An immunoglobulin according to Claim 1 which
was produced in a myeloma or hybridoma cell.

.~
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16. A polynucleotide molecule comprising a first
sequence coding for human-like irmunoglobulin framework
regions and a second sequence coding for one Oor mors mouse
immunoglobulin complementarity determining regions, wherein

s upon expression said polynucleotide encodes an immunoglobulin
specifically reactive with p55 Tac protein and capable of
blocking the binding of interleukin-2 (IL-2) to the IL-2
receptor on human T-cells.

Ry R v oy e RO Y

10 17. A cell line transfected with a polynucleotide
of Claim 16.

"
PO

4 "‘ 3

18. A method of designing a humanized
1mmunbglobu11n (Ig) chain having one or more complementarity

15 determining regions (CDR's) from a donor Ig and a framework

region from a human Ig, said method comprising: comparing
the framework or variable regicn amino acid seguence of the
donor Ig light or heavy chain with corresponding sequences in
a collection of human Ig chains; and selecting to provide the

20 human Ig light or heavy chain framework one of the about
three most homologous sequences from the collection.

19. A method of designing a humanized

immuneglobulin chain having a framework region from a human

25 acceptor immunoglobulin and complementarity determining
regions (CDR's) from a dcnor 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

3o the donor immunoglobulin at a position in the immunoglobulins
wvhere:

(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

a5 common for said position in human immunoglobulin sequences:
or

(b) the aminoc acid is irmediately adjacent to ona

of the CDR's; or

PR PR XF D
PR TIRC S R
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(c) the amino acid is predicted to have a side
chain.atom-within about 3A ‘of ‘the ‘CDR*'s in a three-
dimensional 1mﬁunoglobu11n model and to be capable of
interacting with the antigen or with the CDR'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, wherain 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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FIGURE 3
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HES12 AGCTTCTAGATGGGATGGAGCTGGATCTTITCTCTTCCTCCTCTCAGGTACCGCGGGLGTG

CACTCTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAACCTGGCTCCAGCGTG
AAGGTC

HES13 CCCAGTCGACGGATTAATATATCCAATCCATTCCAGACCCTGTCCAGGGGCCTGCCTTAC
CCAGTGCATCCTGTAGCTAGTAALGCTGTAGCCAGAAGCCTTGCAGGAGACCTTCACGET
CGAGCCAGG

HES14 TATATTAATCCGTCGACTGGGTATACTCAATACAATCAGAACTTCAAGGACAAGGCAACA

ATTACTGCAGACGAATCCACCAATACAGCCTACATGGAACTGAGCAGCCTGAGATCTGAG
GACA

HES1S ATATCGTCTAGAGGTITITAAGGACTCACCTGAGGAGACTCTGACCAGGGTTCCTTGGCCC
CAGTAGTCAAAGACCCCCCCCCCTCTTIGCACAGTAATAGACTGCGGTGTCCTCAGATCTC
AGGCTGCT
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CAAATCTAGATGGAGACCGATACCCTCCTGCTATGGGTCCTCCTGCTATCCGTCCCAGGA
TCAACCGGAGATATTCAGATGACCCAGTCTCCATCTACCCTCTCTGCTAGCGTCGGGGAT

ATAMAATTAGAAGCTTGGGAGCTTTGCCTGGCTTCIGCTGGTACCAGTGCATGTAACTTAT
ACTTGAGCTGGCAGAGCAGGTTATGGTGACCCTATCCCCGACGCTAGCAGAGAG

GCTCCCAAGCTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTCCCTGCTCGCTTC
AGTGGCAGTGGATCTGGGACCGAGTTCACCCTCACAATCAGCTCTCTGCAGCCAGATGAT
TTC ’

TATATCTAGAAAAGTGTACTTACGTTTICACCTCCACCTTGCGTCCCCTCGACCGAACGTCAG
TGGCTAACTACTCCTTTCATGCCACTAATAACTCGCCAAATCATCTGGCTGCAGAGAGCT
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” HUMANISED ANTIBODIES

Field of the Invention
The present invention relates to humanised antibody

molecules, to processes for their production using
recombinant DNA technology, and to their therapeutic uses.

The term "humanised antibody molecule” is used to describe
a molecule having an antigen binding site derived from an
immunoglobulin from a non-human species, and remaining

. immunoglobulin-derived parts of the molecule being derived
from a human immunoglobulin. The antigen binding site
typically comprises complementarity 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 (CDR1, CDRZ and CDR3) in each of the heavy and light
chain variable domains.

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

Background of the Invention
Natural immunoglobulins have been known for many years, as

have the various fragments thereof, such as the Fab,
{Fab’)2 and Fc 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. Howevér, such
uses, especially in therapy, were hindered until recently
by the polyclonal nature of natural immunoglobulins. A
significant step towards the realisation of the 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). 3

However, most MAbs are produced by hybridomas which are '
fusions of rodent spleen cells with rodent myeloma ’
cells. They are therefore essentially rodent proteins.

There are very few reports of the production of human MAbs.

Since most available MAbs are of rodent origin, they are
naturally antigenic in humans and thus can give rise to an
undesirable immune response termed the HAMA (Buman
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. In
practice, MAbs of rodent origin may not be used in
patients for more than one or a few treatments as a HAMA
response soon develops rendering the MAb ineffective as
well as giving rise to undesirable reactions. For
instance, OKT3 a mouse IgG2a/k MAb which recognises an
antigen in the T-~cell receptor-CD3 complex has been
approved for use in many countries throughout the world
as an 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 HAMA response which may
include a major anti-idiotype component, may build up on

~ use. Clearly, it would be highly desirable to diminish
or abolish this undesirable HAMA response and thus enlarge :
the areas of use of these very useful antibodies.

Proposals have therefore been made to render non-human
MAbs less antigenic in humans. Such techniques can be
generically termed "humanisation" techniques. These
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techniques typically involve the use of recombinant DNA
technology to manipulate DNA sequences encoding the
polypeptide chains of the antibody molecule.

Early methods for humanising MAbs involved production of
chimeric antibodies in which an antigen binding site
caomprising 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 HAMA 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 relates 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 HAMA response than humanised chimeric
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 humanising MAbs by CDR-grafting was
carried out on MAbs recognising synthetic antigens, such

as the NP or NIP antigens. However, examples in which a 3
mouse MAb recognising lysozyme and a rat MAb recognising
an antigen on human T-cells were humanised by CDR-grafting *

have been described by Verhoeyen et al (5) and Riechmann
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. Riechmann 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
CDR1. 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 CDR1l, 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
'‘MAD (anti-Tac) with human immunoglobulin framework and
constant regions. The human framework regions were
chosen to maximise homology with the anti-Tac MAb
sequence. In addition computer modelling was used to
identify framework amino acid residues which were likely
to interact with the CDRs or antigen, and mouse amino
acids were used at these positions in the humanised

antibody.

In WO 90/07861 Queen et al propose four criteria for
designing humanised 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 critérion 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 residue at framework
positions at which the amino acid is bredicted to have a
side chain atom within about 3 & 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 be applied in addition or
alternatively to criterion one, and may be applied singly

or in any combination.

WO 50/07861 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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IL-2 receptor. ' The combination of all four criteria, as
above, were employed in designing this humanised antibody,

the variable region frameworks of the human antibody Eu i
(7) being used as acceptor. In the resultant humanised
antibody the donor CDRs were as defined by Kabat et al (7 ¥

and 8) and in addition the mouse donor residues were used
in place of 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 M1, 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). )

Summary of 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
comprises donor residues at positions 23, 24, 39, 71, 73
and 78 or at positions 23, 24 and 49. The residues at
positions 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 additionally comprises donor residues at one,
some 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 comnserved 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:
iand3,

72 and 76,
69 (if 48 is different between donor and acceptor),

38 and 46 (Lf 48 is the donor residue),
B0 and 20 (if 69 is the donor residue),
67, :

82 and 18 (if 67 is the donor residue),
91,

88, and
any one or more of 9, 11, 41, 87, 108, 110 and 112.

In the first and other aspects of the present invention
reference is made to CDR-grafted antibody products
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 from animals of the same species -and ‘even same

antibody class or sub-élass. More usually, however, the ¢
donor and acceptor antibodies are derived from animals of
different species. Typically the donor antibody is a v

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. Usually 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 CDR1
(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 residue
designations do not always correspond directly with the
linear numbering of the amino acid residues. The actual
linear amino acid sequence may contain fewer or additional
amino acids than in the strict Kabat numbering
corresponding to a shortening of, or insertion into, a
structural component, whether framework or CDR, of the
basic variable domain structure. For example, the heavy v
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
Tesidue 82, .in the Kabat numbering. The correct Kabat
numbering of residues may be determined for a given
antibody by alignment at regions of homology of the
sequence of the antibody with a *standard” Kabat numbered

seguence.

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 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.

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. positiomns 2, 4, 6, 35, 49,
62, 64-69, 98, 99, 101 and 102, if not comnserved between
donor and acceptor, additionally comprise donor residues.
Most preferably the light chain framework additionally
comprises donor residues at positions 2, 4, 6, 35, 36, 38,
44, 47, 49, 62, 64-69, 85, 87, 98, 99, 101 and 102.
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In addition the framework of the second or third aspects
optionally comprises donor residues at one, some or all of

positions: 2
1l and 3, )
63, *

60 (if 60 and 54 are able to form at potential saltbridge),
70 (1f 70 and 24 are able to form a potential saltbridge),

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 binding regions of the CDR-grafted
light chain variable domain comprise CDRs corresponding to
the Kabat CDRs at CDR1 (residue 24-34), CDR2 (residues
50-56) and CDR3 (residues 89-97).

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

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

The humanised antibody molecules and chains of the present
invention may comprise: a complete antibody molecule,
having full length heavy and light chains; a fragment
thereof, such as a Fab, (Fab’)2 or FV fragment; a light
chain or heavy chain monomer or dimer; or a single chain
antibody, e.g. a single chain FV in which heavy and light
chain variable regions are joined by a peptide linker; or
any other CDR-grafted molecule with the same specificity
as the original donor antibody. Similarly the
CDR-grafted heavy and light chain variable region may be e
combined with other antibody domains as appropriate.
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Also the heavy or light chains or humanised antibody
molecules cof the present invention may have attached to
them an effector or reporter molecule. For instance, it
may have a macrocycle, for chelating a heavy metal atom,
or a toxin, such as ricin, attached to it by a covalent
bridging structure. Alternatively, the procedures of
recombinant DNA technology may be used to produce an
immunoglobulin molecule in which the Fc fragment or CH3
domain of a complete immunoglobulin molecule has been
replaced by, or has attached thereto by peptide linkage, a
functional non-immunoglobulin protein, such as an enzyme
or toxin molecule.

Any appropriate acceptor variable region framework
sequences may be used having regard to class/type of the
donor antibody from which the antigen binding regions are
derived. Preferably, the type of acceptor framework used
is of the same/similar clahs/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 105 M~1, preferably at
least about 108 M~1, or especially in the range 108-1012
M~l. ' In principle, the present invention is applicable
to any combination of donor and acceptor antibodies
irrespective of the level of homology between their -
sequences., A protocol for-applying the 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, NEWM, REI, EU, LAY and POM (refs. 4 and §5)

-and the like; for instance KOL end NEWM for the heavy

chain and REI for the light chain and EU, LAY and POM for '
both the heavy chain and the light chain.

Also the constant region domains of the products of the
invention may be selected having regard to the proposed
function of the antibody in particular the effector
functions which may be required. For example, 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 lymphokine
activity.

However, the remainder of the antibody molecules need not
comprise only protein 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 effector or
reporter molecule.

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

Thus in further aspects the invention also includes DNA ¢
sequences coding for the CDR-grafted heavy and light

chains, cloning and expression vectors containing the DNA
sequences, host cells transformed with the DNA sequences

PFIZER EX. 1002
Page 1079



© WO 91/09967 PCT/GB9%0/02017

R

-13 -

and processes for producing the CDR-grafted chains and
antibody molecules comprising expressing the DNA sequences
. in the transformed host cells.

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

The DNA sequences which encode the donor amino acid .
sequence may be obtained by methods well known in the

art. For example the donor coding sequences may be
obtained by gencmic cloning, or cDNA 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, EU and NEWM, are widely available to

workers in the art.

The standard techniques of molecular biology may be used
to prepare DNA sequences coding for the CDR-grafted
products. Desired DNA sequences may be synthesised
completely or in part using oligonucleotide synthesis
techhiques. 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 T34 DNA polymerase as, for example,
described by Queen et al (ref. 9) may be used.

Any suitable host cell/vector Eystqn 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

. expression of antibody fragments such as FAb and (Fab’)3
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
hybridoma cell lines.

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

(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.
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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
vactor 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 cDNA 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 cDNA 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 cell
surface-specific antibodies are anti-T cell antibodies,
such as anti-CD3, and CD4 and adhesion molecules, siuch 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 following: Interferonso(,.,p,)/ors., Ini, IL2, IL3,
or IL4, etc., TNF, GCSF, GMCSF, EPO, hGH, or insulin, etc. !

The 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 protoceocl and
rationale are given without prejudice to the generality of
the invention as hereinbefore described and defined.

Protocol

o

It is first of all necessary to segquence the DNA coding
for the heavy and light chain variable regions of the
donor antibody, to determine their amino acid sequences. &
It is also necessary to choose appropriate acceptor heavy

and light chain variable regions, of known amino acid
sequence. The CDR-grafted chain is then designed
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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

particular position and thus no change of acceptor

1.

2.2

framework residue is required.

As a first step donor residues are substituted for

. acceptor residues in the CDRs. For this purpose the

CDRs are preferably defined as follows:

CDR1: residues 26-35
- CDR2: residues 50-65
- CDR3: residues 95-102

Light chain - CDR1l: residues 24-34
~ CDR2: residues 50-56
- CDR3: residues 89-97

Heavy chain

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.

Heavy Chain

Choose donor residues at all of positiomns 23, 24, 49,
71, 73 and 7B of the heavy chain or all of positiomns
23, 24 and 49 (71, 73 and 78 are always either all

donor or all acceptor).

Check that the following have tﬁe 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. If at 48 the donor residue is chosen, consider

38 and 46

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

vi. 67

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

viii. 91

ix. 88

x. 9, 11, 41, 87, 108, 110, 112

3. Light Chain

3.1 Choose donor at 46, 48, 58 and 71

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‘optimiae affinity consider choosing donor e
residues at one, some or any of:

i. 1, 3
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iv.

Ve

vi.

vii.

Ratiocnale
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60, if 60 and 54 are able to form potential

saltbridge
70, if 70 and 24 are able to form potential

~saltbridge

73, and 21 if 47 is different between donor and

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

acceptor
10, 12, 40, 80, 103, 105

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 IBbax;rel framework of the light
and heavy variable domains. For H1l there was a
discrepancy in that the loop was from 26 to 32
inclusive and for H2 the loop was 52 to 56.and
for L2 from 50 to 53. However, with the
exception of H1l the CDR regions encompassed the
loop regions and extended into the O strand
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frameworks. In Hl 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 H1
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-H1. In order to produce
efficient antigen binding, residue 27 also needed
to be recruited from the donor (rat) antibody.

Non-CDR residues which contribute to antigen
binding

By examination of available X-ray structures we
have identified a number of residues which may
have an effect on net 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. a
Light Chain - Many residues close to the CDRs,
e.g. 63, 65, 67 and 69 are conserved. If. :

conserved none of the surface residues in the
light chain are likely to have a major effect.
Bowever, if the murine residue at these positions
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is unusual, then it would be of benaefit to
analyse the likely contribution more closely.
Other residues which may also contribute to
binding are 1 and 3, and also 60 and 70 if the
residues at these positions and at 54 and 24
respectively are potentially able to form a salt
bridge i.e. 60 + 54; 70 + 24.

Packing residues near the CDRs.

Beavy Chain - Key residues are 24, 49 and 78.
Other key residues would be 36 if not a
tryptophan, 94 if not an arginine, 104 and 106 if
not glycines and 107 if not a threonine.

Residues which may make a further contribution to
stable packing of the heavy chain and hence
improved affinity are 2, 4, 6, 38, 46, 67 and

69. 67 packs against the CDR residue 63 and
this pair could be either both mouse or both
human. Finally, residues which contribute to
packing in this region but from a longer range
are 18, 20, 80, B2 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 glycines
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 chains - In both the light and
heavy chains most of the non-CDR interface s
residues are conserved. If a conserved residue
is replaced by a residue of different character, e
e.g. size or charge, it should be considered for
retention as the murine residue.

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 B89 is also 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 B87 if not a
tyrosine and 98 if not a phenylalanine.
Variable-Constant region interface - The elbow
angle between variable and constant regions may
be affected by alterations in packing of key
residues in the variable region against the
constant region which may affect the position of
Vi, and Vg with respect to one another.

Therefore it is worth noting the residues llkely
to be in contact with the constant region. In

the heavy chain the surface residues potentially e
in contact with the variable region are conserved
between mouse and human antibodies therefore the e

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 proximity as the heavy
chain. Therefore the influences 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 Fiqures

Figure 1

Figure 2

Figqure 3

Figure 4

Figure 5.

Fiqure 6

shows DNA and amino acid seguences 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 KOLj;
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 7 shows a graph of binding assay results for
- various grafted OKT3 antibodies’

Figure 8 shows a graph of blocking assay results for )
various grafted OKT3 antibodies;

Figure 9 shows a similar graph of blocking assay results;

Figure 10 shows similar graphs for both binding assay and
blocking assay results;

Figure 11 shows further similar graphs for both binding
assay and blocking assay results;

Figure 12 shows a graph of competition assay results for
a minimally grafted OKT3 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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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

EXAMPIRE 1

CDR-GRAFTING OF OKT3

MATERIAL AND METHODS

1.

INCOMING CELLS
Bybridoma 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
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.

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. 1l1) and the Amersham
International Plc sequencing handbook. Site
directed mutagenesis was as described in Kramer et al
(ref. 12) and the Anglian Biotechnology Ltd...
handbook. COS cell ekpression and metabolic
labelling studies were as described in Whittle et al

(ref. 13)
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3. RESEARCH ASSAYS
3.1. ASSEMBLY ASSAYS
Assembly assays were performed on supernatants *

from transfected COS cells to determine the amount
of intact IgG present.

" 3.1.1. COS CELLS TRANSFECTED WITH MOUSE OKT3 GENES
The assembly assay for intact mouse IgG in COS
cell supernatants was an ELISA with the following
format: '
96 well microtitre plates were coated with F(ab’)?
goat anti-mouse IgG Fc. The plates were washed
in water and samples added for 1 hour at room
temperature. The plates were washed and F(ab’)?
goat anti-mouse IgG F(ab’)? (HRPO conjugated) was
then added. Substrate was added to reveal the
reaction. UPCl10, a mouse IgG2a myeloma, was used
as a standard.

3.1.2. COS AND CHO CELLS TRANSFECTED WITH CHIMERIC OR
CDR-GRAFTED OKT3 GENES
The 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 Fc. The plates were washed
and samples added and incubated for 1 hour at room
temperature. The plates were washed and
monoclonal mouse anti-human kappa chain was added
for 1 hour at room temperature.
The plates were washed and F(ab’)2 goat anti-mouse
IgG Fc (HRPO conjugated) was added. Enzyme
substrate was added to reveal the reaction.
Chimeric B72.3 (IgG4) (ref. 13) was used as a
standard. The use of a monoclonal anti-kappa 2
chain in this assay allows grafted antibodies to
be read from the chimeric standarxd.

(1)
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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: .

HUT 78 cells (human T cell line, CD3 positive)
were maintained in culture. Monolayers of HUT 78
cells were prepared onto 96 well ELISA plates 4
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 Fc (HRPO conjugated) or F(ab’)?2
goat anti-mouse IgG Fc (BERPO 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 bind to the
CD3-positive HPB-ALL (human peripheral blood acute
lymphocytic leukemia) cell line. It was also
tested for its ability to block the binding of
murine OKT3 to these cells. Binding was measured
by the following procedure: HPB-ALL cells were
harvested from tissue culture. Cells were
incubated at 4°C for 1 hour with various dilutions
of test antibody, positive control antibody; or
negative contrel antibody. The cells

were washed once and incubated at 4°C for 1 hour
with an FITC-labelled goat anti-human IgG (Fc-
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epecific, mouse absorbed). The cells were washed
twice and analysed by cytofluorography. Chimeric
OKT3 was used as a positive control for direct e
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
incubated at 4°C for 1 hour with various dilutions
of test antibody or control antibody. A fixed
saturating amount of FITC OKT3 was added. The
samples were incubated for 1 hour at 4°9C, 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-positive cells and block the binding of
murine OKT3 was initially tested in combination
with the chimeric OKT3 heavy chain. The chimeric
OKT3 heavy chain is composed of the murine OKT3
variable region and 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 ¢
OKT3 to these cells.

3.3 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 HPB-ALL
human T cell line as a source of CD3 antigen, and
fluorescein-conjugated murine OKT3 (F1-OKT3) of
known binding affinity as a tracer antibody. The
binding affinity of F1-OKT3 tracer antibody was
determined by a direct binding assay in which
increasing amounts of F1-OKT3 were incubated with
HPB-ALL (5x103) in PBS with 5% foetal calf serum
for 60 min. at 4°C. Cells were washed, and the
fluorescence intensity was determined on a FACScan
flow cytometer calibrated with quantitative
microbead standards (Flow Cytometry Standards,
Research Triangle Park, NC). Fluorescence
intensity per antibody molecule (F/P ratio) was
determined by using microbeads which have a
predetermined number of mouse IgG antibody binding
sites (Simply Cellular beads, Flow Cytometry
Standards). F/P equals the fluorescence intensity
of beads saturated with F1-OKT3 divided by the
number of binding Bites per bead. The amount of
bound and free F1-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 determine the affinity of binding
(absoclute value of the slope).

For competitive binding, increasing amounts of
competitor antibody were added to a sub-saturating
dose of F1-OKT3 and incubated with 5x105 BPB-ALL in

- 200 M1 of PBS with 5% foetal calf serum, for 60 min

at 49°cC. 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-
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bodies were -calculated from the equation

(X]-[OKT3] = (1/Kx) - (1/Ka), where Ka is the

affinity of murine OKT3, Kx is the affinity of e
competitor X, [ ] is the concentration of

competitor antibody at which bound/free binding is s
R/2, and R is the maximal bound/free binding.

é. cDNA LIBRARY CONSTRUCTION

4.1. mRNA PREPARATION AND cDNA SYNTHESIS
OKT3 producing cells were grown as described above
and 1.2 x 109 cells harvested and mRNA extracted
using the guanidinium/LiCl extraction procedure.
cDNA was prepared by priming from Oligo-dT to
generate full length cDNA. The cDNA was
methylated and EcoRl linkers added for ecloning.

4.2, LIBRARY CONSTRUCTION
The cDNA library was ligated to pSP65 vector DNA
which had been EcoRl cut and the 5’ phosphate
groups removed by calf intestinal phosphatase
(EcoR1/CIFP). The ligation was used to transform
high transformation efficiency Escherichia coli
(E.coli) HB1O1l. A cDNA 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
screening using the oligonucleotides:
5’ TCCAGATGTTAACTGCTCAC for the light chain, which :
is complementary to a sequence in the mouse kappa
constant region, and 5’ CAGGGGCCAGTGGATGGATAGAC N
for the heavy chain which is complementary to a
sequence in the mouse IgG2a constant CH1 domain
region. 12 light chain and 9 heavy chain clones

PFIZER EX. 1002
Page 1097



. WO 91/09967

PCT/GB%0/02017

- 31 -

were identified and taken for second round
screening. Positive clones from the -second round
of screening were grown up and DNA prepared. The
sizes of the gene inserts were estimated by gel
electrophoresis and inserts of a size capable of
containing a full length cDNA were subcloned into

M13 for DNA sequencing.

DNA SEQUENCING

Clones representing four size classes for both
heavy and light chains were obtained in M13. DNA
sequence for the 5/ untranslated regions, signal
sequences, variable regions and 3’ untranslated

‘regions of full length cDNAs {Figures 1l(a) and

2(a)] were obtained and the corresponding amino

acid sequences predicted [(Figures 1l(b) and
2(bj)]. In Figure l(a) the untranslated DNA

regions are shown in uppercase, and in both
Figures 1 and 2 the signal sequences are
underlined.

CONSTRUCTION OF cDNA EXPRESSION VECTORS
Celltech expression vectors are based 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
{(heMv) . Marker genes for selection of the
plasmid in transfected eukaryotic cells can be
inserted as BamBl cassettes in the unigque BamH1
site of pEE6 hCMV; for instance, the neo marker
to provide pEE6 hCMV neo. It is usual practice

to insert the nec 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 promoter which also provides an origin of
replication so that the vectors can be used for
expression in the COS cell transient expression
system.

The mouse sequences were excised from the M13
based vectors described above as EcoRl fragments
and cloned into either pEE6-hCMV-neo for the heavy
chain and into EE6-hCMV-gpt for the light chain to
yield vectors pJAl136 and pJAl35 respectively.

EXPRESSION OF cDNAS IN COS CELLS
Plasmids pJAl35 and pJAl36 were co-transfected
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.

CONSTRUCTION OF CHIMERIC GENES

Construction of chimeric genes followed a
previously described strategy [Whittle et al (ref.
13)1. 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
sultable restriction site for attachment to the
constant region of choice.

LIGHT CHAIN GENE CONSTRUCTION

The mouse light chain cDNA sequence contains an
Aval gite near the 3’ end of the variable region

" [Fig. 1(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 from the Aval site
and to include the 5’ residues of the human
constant region'up to and including & unique Narl
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 Vi fragment and the
413 bp EcoRl-Narl adapted fragment was purified
from the ligation mixture. :
The constant region was isolated as an Narl-BamH1
fragment from an M13 clone NW361 and was ligated
with the variable region DNA into an
EcoR1/BamH1/ClP pSP65 treated vector in a three
way reaction to yield plasmid JAl43. Clones were
isolated after transformation into E.coli and the
linker and junction sequences were confirmed by
the presence of the Hindlll site and by DNA
sequencing. ‘
LIGHT CEAIN 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:
¢seesse.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) glycosylation at the V-C junction.
Therefore, a2 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 Hindlll site was not included in this
adapter, to differentiate the two chimeric light
chain genes.
The variable region fragment was isolated as a 376
bp EcoRl-Aval fragment. The oligonucleotide *
linker was ligated to Narl cut pNW361 and then the
adapted 396bp constant region was isolated after
recutting the modified pNW361 with EcoRl. The
variable region fragment and the modified constant
region fragment were ligated directly into
EcoR1/ClP treated pEE6hCMVneo to yield pJal37.
Initially all clones examined had the insert in
the incorrect orientation. Therefore, the insert
was re-isolated and recloned to turn the insert
round and yield plasmid pJAl4l. 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 cDNA 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. EcoR1/ClP/Banl
fragment. An oligonucleotide adapter was
designated to replace the remainder of the 3~
region of the variable region from the Banl site
up to and including a unique HindIII site which !
had been previously engineered into the first two
amino acids of the constant region. ’
The linker was ligated to the Vg fragment and the
EcoRl-Hindlll adapted fragment was purified from
the ligation mixture.

PFIZER EX. 1002
Page 1101



WO 91/09967

10.

10.1.

10.2.

10.3.

PCT/GB90/02017

- 35 =

The variable region was ligated to the constant
region by cutting pJA91 with EcoRl and Eindl1ll
removing the intron fragment and replacing it with
the>V3 to yield pJAldz. Clones were isolated
after transformation into B.coli JM10l1l and the
linker and junction sequences were confirmed by
DNA sequencing. (N.B. The Hindlll site is lost

on cloning).

CONSTRUCTION OF CHIMERIC EXPRESSION VECTORS

neo AND gpt VECTORS o

The chimeric light chain (version 1) was removed
from pJAl43 as an EcoRl fragment and cloned into
EcoR1/C1P treated pEE6hCMVneo expression vector to
yield pJAlé4s. Clones with the insert in the
correct orientation were identified by restriction
mapping.

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

The chimeric heavy chain gene was isolated from
pJAl42 as a 2.5Kbp EcoRl/BamHl fragment and cloned
into the EcoR1/Bcll/ClP treated vector fragment of
a derivative of pEE6hCMVgpt to yield plasmid
pJAlad.

GS SEPARATE VECTORS
GS versions of pJAl4l and pJAl44 were constructed

by replacing the neo and gpt cassettes by a
BamH1/Sall/ClP treatment of the plasmids,
isolation of the vector fragment and ligation to a
GS~-containing fragment from the plasmid pR0O49 to
yield the light chain vector pJAl79 and the heavy
chain vector pJAlB0. :

GS SINGLE VECTOR CONSTRUCTION

Single vector constructions containing the cL
(chimeric light), cHE (chimeric heavy) and GS genes
on one plasmid in the order cL-cH-GS, or cH-cL-GS

PFIZER EX. 1002
Page 1102



WO 91/09967

11.
1l11.1.

' PCT/GB90/02017

- 36 -

and with transcription of the genes being head to

tail e.g. cL>cH>GS were constructed. These

plasmids were made by treating pJAl79 or pJAl80 *
with BamH1/ClP and ligating in a Bglll/Bindlll
hCMV promoter cassette along with either the
Hindlll/BamHl fragment from pJAldl into pJAl80 to
give the cB-cL-GS plasmid pJAl82 or the
Hindl11/BamHl fragment from pJAl44 into pJAl79 to
give the cL-cH-GS plasmid pJAlSl.

EXPRESSION OF CHIMERIC GENES

EXPRESSION IN COS CELLS

The chimeric antibody plasmid pJAl45 (cL) and
pJAl44 (cH) were co-transfected into COS cells and
supernatant from the transient expression
experiment was shown to contain assembled antibody
which bound to the HUT 78 human T-cell line.
Metabolic labelling experiments using 35s
methionine showed expression and assembly of heavy
and light chains. Bowever the light chain -
mobility seen on reduced gels suggested that the
potential glycoéylation site was being
glycosylated. Expression in COS cells in the
presence of tunicamycin showed a reduction in size
of the light chain to that shown for control
chimeric antibodies and the OKT3 mouse light
chain. Therefore JAl41 was constructed and

expressed. In this case the light chain did not

show an aberrant mobility or a eize shift in the
presence or absence of tunicamycin. This second
version of the chimeric light chain, when v
expressed in association with chimeric heavy (cH)
chain, produced antibody which showed good Linding
to HUT 78 cells. In both cases antigen binding
was equivalent to that of the mouse antibody.
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EXPRESSION IN CHINESE HAMSTER OVARY (CHO) CELLS
Stable cell lines have been prepared from plasmids -
PJA141/pJAl44 and from pJAl179/pJAl180, pJAl81 and
pJAl82 by transfection into CHO cells.

CDR~-GRAFTING .
The approach taken was to try to introduce
sufficient mouse residues into a human variable
region framework to generate antigen binding
activity comparable to the mouse 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 2 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 alsc 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 Complementarity Determining
Regions (CDRs) by Wu and Kabat (ref.- 5)]
can be identified. In the most but neot
all cases these CDRs correspond to, but
extend a short way beyond, the loop regions
noted above.
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(e) Residues not identified by (a) and (b) may
contribute to antigen binding directly or
indirectly by affecting antigen binding
site topology, or by inducing a stable
packing of the individual variable domains
and stabilising the inter-variable domain
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.

LIGHET CHAIN

Figure 3 shows an alignment of sequences for the

human framework region RE1l and the OKT3 light

variable region. The structural loops (LOOP) and

CDRs (KABAT) believed to correspond to the antigen

binding region are markad. Also marked are a

[t ]

number of other residues which may also contribute
to antigen binding as described in 13.1(c).

Above the sequence in Figqure 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 1
S - Surface E - Exposed
I -~ Interface * =~ Interface - :

Packing/Part Exposed
? - Non-CDR Residues which may require to be left
as Mouse sequence.
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Residues underlined in Figure 3 are amino acids.
‘RE]l .was chosen as the human framework because the
light chain is a kappa chain and the kappa
variable re§ions show higher homology with the
mouse sequences than a lambda light variable
region, e.g. KOL (see below). REl1 was chosen in
preference to another kappa light chain because
the X-ray structure of the light chain has been,
determined so that a structural examination of
individual residues could be made.

HEAVY CHAIN

Similarly Figure 4 shows an alignment of sequences
for the human framework region KOL 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 aleo contribute to
antigen binding as described in 12.1(c). The
residue type key and other indicators used in
Figure 4 are the same as those used in Figure 3.
KOL 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 OKT3 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 the signal
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sequence in the gene. This seguence motif is
believed to have a beneficial role in tramslation
initiation in eukaryotes.

12.3. 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 eimultaneocusly
replacing all of the CDRs or loop regiomns by
oligonucleotide directed site specific mmtagenesis
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
Pigures 4 and 5. It was noted in several cases
that the mutagenesis approach led to deletions and
rearrangements in the gene being remodelled, while
the success of the assembly approach was very
sensitive to the gquality of the oligonucleotides.

N
[}

13. CONSTRUCTION OF EXPRESSION VECTORS
Genes were isolated from M13 or SP65 based
intermediate vectors and cloned into pEE6hCMVneo
for the light chains and pEE6hCMVgpt for the heavy
chains in a manner similar to that for the
chimeric genes as described above.
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TABLE 1 CDR-GRAFTED GENE CONSTRUCTS ’ .
CODE  MOUSE SEQUENCE METHOD OF KOZAK

CONTENT CONSTRUCTION SEQUENCE
-+

LIGHT CHAIN ALL HUMAN FRAMEWORK- RE1
121 26-32, 50-56, 91-96 inclusive SDM and gene assembly + n.d.
121a 26-32, 50-56, 91-96 inclusive Partial gene assembly n.d. +
+1, 3, 46, 47 .
1218 26-32, 50-56, 91-96 inclusive Partial gene assembly n.d. +
+ 46, 47
221 24-24, 50-56, 91-96 inclusive Partial gene assembly + +
221A 24-34, 50-56, 91-96 inclusive Partial gene assembly + +
. 41, 3, 46, 47
221B 24-34, 50-56, 91-96 inclusive Partial gene assembly + +
+1,'3 ’
221c 24-34, 50-56, 91-96 inclusive Partial gene assembly <+ +
HEAVY CHAIN. ALL HUMAN FRAMEWORK KOL
121 26-32, 50-56, 95-100B inclusive Gene assembly n.d. +
131 26-32, 50-58, 95-100B inclusive Gene assembly n.d. +
141 26-32, 50-65, 95-100B inclusive Partial gene assembly + n.d.
321 26-35, 50-56, 95-100B inclusive Partial gene assembly + n.d.

331 26-35,
341 26-35,

341A | 26-35,

50-58, 95-100B inclusive Partial gene assembly +

Gene assembly +
50-65, 95-1008 inclusive SDM +
. Partial gene assembly +
50-65, 95-100B inclusive Gene assembly n.d. +
+6, 23, 24, 48, 49, 71, 73, 76,
78, 88, 91 (+63 = human)
50-65, 95-1008 inclusive Gene assembly n.d. +

341B  26-35,

+ 48, 49, 71, 73, 76, 78, 88, 91
{+63 + human)

KEY

n.d.

SDM

Gene assembly

Partial gene
assembly

not domne

Site directed mutagenesis

Variable region assembled entirely from oligonucleotides
Variable region assembled by combination of restriction
fragments either from other genes originally created by SDM
and gene assembly or by cligonucleotide assembly of part of
the variable region and reconstruction with restriction
fragments from other gemes originally created by SDM and gene

asseubly :
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4. . .EXPRESSION -OF .CDR-GRAFTED GENES

14.1. 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 were raised from approximately 200ng/ml to
approximately 500 ng/ml for kgL/cH or kgL/mH
combinations. '
When direct binding to antigen on HUT 78 cells was
measured, a construct designed to include mouse
sequence based on loop length (gLl2l) did not lead
to active antibody in association with mH or cH.
A construct designed to include mouse seguence
based on Kabat CDRs (gL22l1) 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 egquivalents
based on the argquments ocutlined 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

i

and 47, shows good binding activity in association
with cH.
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PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED HEAVY
{gH) -CHAINS WITH MOUSE LIGHT (mL) -OR CEIMERIC
LIGHT (cL) CHAINS

Expression of -the gH genes proved to be more
difficult to achieve than for gL. First,
inclusion of the Kozak sequence appeared to have
no marked effect on expression of gH genes.
Expression appears to be slightly improved but not
to the same degree as seen for the grafted light
chain. '

Also, it proved difficult to demonstrate
production of expected quantities of material when
the loop choice (amino acid 26-32) for CDR1 is
used, e.g. gH121, 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 antibody than the cH/cL or mH/mL
combinations. The alterations to gH341 to
produce gH341A and gH341B lead to improved levels
of expression.

This may be due either to a gemeral 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 gH321.

When gH321 or gH33l1 were expressed in association
with cL, antibody was produced but antibody
binding activity was not detected.

When the more conservative gHB341 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 based
on the arguments in 12.1, antigen binding could be
clearly demonstrated for the antibody produced
- when kgH341lA and kgH341lB were expressed in
association with cL.
14.3 PRODUCTION OF FULLY CDR~GRAFTED ANTIBODY

The kglL221A 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 kglL221A/kgH341A or
kgH221A/kgB341B amounts of antibody similar to
gL/cB 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 kgL221A/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.

15. DISCUSSION OF CDR—GRAFTING RESULTS
In the design of the fully humanised antibody the
aim was to transfer the minimum number of mouse
amino acids that would confer antigen binding onto
a human antibody framework.
15.1. 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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those hypervariable sequences defined by Kabat et
al (refs. 4 and 5) .as Complementarity Determining
Regions (CDRs) are equivalent for CDR2. For CDR1
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 RE1l
has glutamine. For CDR3 the loop extends from
residues 91-96 inclusive while the Kabat
hypervariability extends from residues 89-97
inclusive. For OKT3 amino acids 89, 90 and 97
are the same between OKT3 and REl (Fig. 3). When
constructs based on the loop choice for CDR1
(gL121) and the Kabat choice (gl22l) were made and
co-expressed with mB or cH no evidence for antigen
binding activity could be found for ngzi, but
trace activity could be detected for the gL22l,
suggesting that a single extra mouse residue in
the grafted variable region could have some
detectable effect. Both gene constructs were
reasonably well expressed in the transient
expression system.

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 OKT3
showed differences from the consensus framework
for the mouse subgroup (subgroup VI) to which OKT3
shows most homology. Four positions 1, 3, 46 and
47 were identified and their possible contribution
was examined by substituting the mouse amino acid
for the human amino acid at each position.
Therefore gL221A (gL221 + D1Q, Q3V, L46R, L47W,
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see Figure 3 and Table 1) was made, cloned in
EE6hCMVneo and co-expressed with cH (pJAl44). The
resultant antibody was well expressed and showed
good binding activity. When the related genes
gL221B (gL221 + D1Q, Q3V) and gL221C (gL221 +
L46R, L47W) were made and similarly tested, while
both genes produced antibody when co-expressed
with cH, only the gL221C/cH combination showed
good antigen binding. When the gL121A (gL121 +
D1Q, Q3V, L46R, L47W) gene was made and
co-expressed with cH, antibody was produced which
also bound to antigen.

HEAVY CHAIN

EXTENT OF THE CDRs

For the heavy chain the loop and hypervariability
analyses agree only in CDR3. For CDR1 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 50-56 inclusive as
there was some uncertainty as to the definition of
the end point for the CDR2 loop around residues 56
to 58. The genes were co-expressed with mL or cL
initially. 1In the case of the gH genes with loop
choices for CDR1 e.g. gH121l, gBl31l, gHl1l41 very
little antibody was produced in the culture
supernatants. As no free light chain was
detected it was presumed that the antibody was
being made and assembled inside the cell but that
the heavy chain was aberrant in some way, possibly
incorrectly folded, and therefore the antibody was
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being degraded internally. In some experiments
trace -amounts -of -antibody .could be detected .in 35s
labelling studies.

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

When, however, a combination of the loop choice
and the Kabat choice for CDR1 was tested (mouse
amino acids 26-35 inclusive) and in which residues
31 (Ser to Arg), 33 (Ala to Thr), and 35 (Tyr to
His) were changed from the human residues to the
mouse residue and compared to the first series,
antibody was produced for gH321, kgH331 and kgH341
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. Bowever, only in the case
of gH341/mL or kgH341l/cL could marginal antigen
binding activity be demonstrated. When the
kgH341 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
assay.

FRAMEWORK RESIDUES
As in the case of the light chain the heavy chain

frameworks were re-examined. Poesibly because of
the lower initial homology between the mouse and
human heavy variable domains compared to the light
chains, more amino acid positions proved to be of
interest. Two genes kgH341A and kgH341lB were
constructed, with 11 or 8 human residues )
respectively substituted by mouse residues
compared to gBE341, and with the CDR2 residue 63
returned to the human amino acid potentially to

PFIZER EX. 1002
Page 1114



. WO 91/09967

15.3

16.

PCT/GB90/02017

- 48 -

improve domain packing. Both showed antigen

binding when combined with cL .or kgL221lA, the

kgH341A gene with all 11 changes appearing to be
the superior choice.

INTERIM CONCLUSIONS

It has been demonstrated, therefore, for OKT3 that
to transfer antigen binding ability to the
humanised 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 regionms.

Of the changes seven (1 and 3 from the light chain
and 6, 23, 71, 73 and 76 from the heavy chain) are
predicted from a knowledge of other antibody
structures to be either partly exposed or on the
antibody surface. 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 gH341B heavy chain in
combination with the 221A light chain generated
only weak binding activity. Therefore the
presence of the 6, 23 and 24 changes are important
to maintain a binding affinity similar to that of
the murine antibody. ' It was important,
therefore, to further study the individual
contribution of othe other 8 mouse residues of the
kgH341A gene compared to kgH34l.

FURTHER CDR-GRAFTING 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 gh341 (plasmid pJAl178) and
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gH341A (plasmid pJAl185) with either mouse OKT3 or
buman KOL residues at 6, 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 were gL221, gL221A, gL221B and gL221C

as described above.
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TABLE 2

OKT3 HEAVY CHAIN CDR GRAFTS :

. ]

1. gH34l and derivatives

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

OKT3vh Q K__ A 1 G _F T K S I S ¢
" gH3al E s s v A F R N N L G F JA178

gHi4la Q K A I cC ¥ T K S A A Y JA185

gH341E Q_ K A 1 G VY T __ K S A G G Ja198

gH341% Q K __A 1 g€ v T XK N & G F JA207

gH341%* Q K A I g v R N N A G F JA209

gH341D Q K A I c v T K § L G F JA197

gH341* Q K A 1 Cc ¥ R®B ¥ X L & F JA199

gh34lc Q K A Vv A F R N ¥ L € F JA184

gH341% Q S A I G ¥ T X S A A Y JA203

gH34 1% E s A I G v T )4 s A A Y Ja205

gH341B E s ] I G ¥ T K S A A Y Ja183

gH341* Q s A I ¢ v T ¥ s A € F JA204

gH341% E 5 A I G ¥ T X __S A € F JA206
- gH341% Q s A I G v T K N A G  F Jaaos

KOL E ] [ v A R ¥ N 1 ¢ F

.OKT3 LIGHT CHAIN CDR GRAFTS

2. glL221 and derivatives

RES NUM 1 3 46 47
OKT3vl Q VvV R W .
GL221 . D® Q L -“L DA221

gl221A Q VR ___WDA221A ) .
gL221B Q __V L L DA221B

GL221C D Q R _ W DA221C

RE1 P Q L L

MURINE RESIDUES ARE UNDERLINED
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The CDR-grafted heavy and light chain genes ware
co=gxpressed in COS cells either with one another in

. various combinations but also with the corresponding
murine and chimeric heavy and light chain genes

. : aubstantinily as described above. The resultant antibody
products were then assayed in binding and blocking assays
with HPB-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 JAl184, JAl185, JA197 and JA198
‘constructs - see Table 2), in Figure 9 (for the JAl83,
JA184, JA185 and JAl197. constructs) in Figqure 10 (for the
chimeric, JA185, JA199, JA204, JA205, JA207, JA208 and
JA209 constructs) and in Figure 11 (for the JAlB3, JAl84,
JAl185, JA198B, 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 (JAl185), were assayed for
relative binding affinity in a competition assay against
murine OKT3 reference standard, using HPB-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 of the OKT3 murine reference standard. o

The binding and blocking assay results indicate the
following: '
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The JA198 and JA207 constructs appear to have the best
binding characteristics -and similar binding-abilities,
both substantially the same as the chimeric and fully
grafted gH341lA 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 respectively.

Moreover, on comparing the results obtained for the JA205
and JAl183 constructs it is seen that there is a decrease
in binding going from the JA205 to the JA183 comstructs.
This indicates the importance of retaining a mouse residue
at position 23, the only position changed between JA205
and JAl83.

These and other results lead us to the conclusion that of
the 11 mouse framework residues used in the gH341lA (JA1l85)
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. ’

»

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 TNFe¢(61E71, 101.4, hTNF1, hTNF2 and hTNF3).
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EXAMPLE 2

CDR-GRAFTING OF A MURINE ANTI-CD4 T CELL

RECEPTOR ANTIBODY, OKT4A

Anti OKT4A CDR-grafted heavy and light chain ganes yete
prepared, expressed and tested substantially as described
above in Example 1 for CDR-grafted OKT3. The CDR
grafting of OKT4A is described in detail in Ortho patent
application PCT/GB 90..¢.c.... of even date herewith
entitled "Humanised Antibodies”. The disclosure of this
Ortho patent application PCT/GB 90 «ceesess. is
incorporated herein by reference. A number of .
CDR-grafted 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 HCDR10.

THE LIGHT CEAIN
The human acceptor framework used for the graftéd light
chains was REl. 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 B89 fall within the
preferred extended CDRs of the present invention
(positions 33 and 34 in CDR1 and position 89 in CDR3).
The human to murine changes at positions 38 and 49
corresponds to pbsitiona 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 RE1 human
acceptor light chain variable further reveals that the
murine and human residues are identical at all of
positions 46, 48 and 71 and at-all of positions 2, 4, 6,
35, 36, 44, 47, 62, 64-69, 85, 87, 98, 99 and 101 and 102.
Bowever 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 had

The human acceptor framework used for the grafted heavy
chains was KOL.

The preferred CDR graft HCDR10 heavy chain has human to
mouse changes at positions 24, 35, 57, 58, 60, 88 and 91
in addition to the structural loop CDRs.

Of these positions, positions 35 (CDR1l) and positions 57,
58 and 60 (CDR2) fall within the preferred extended CDRs
of the present invention. Also the human to mouse change
at position 24 corresponds to a position at which the
amino acid residue is a donor murine residue in accordance
with the present invention. Moreover, the human to mouse
changes at positions 88 and 91 correspond to positions at
which the amino acid residues are optionally donor murine
residues.

Moreover, a comparison of the murine OKT4A and human KOL
heavy chain variable amino acid sequences reveals that the
murine and human residues are identical at 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 OKT4A CDR-grafted heavy chain HCDR10 corresponds
to a particularly preferred embodiment according to the
present invention.
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EXAMPLE 3

CDR-GRAFTING OF AN ANTI-MUCIN SPECIFIC MURINE
ANTIBODY, B72.3 _
The cloning‘of the genes coding for the anti-mucin
specific murine monoclonal antibody B72.3 and the
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 REl.
The regions transferred were:

CDR Number Residues
1 24-34
2 ' 50-56
3 90-96

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

B72.3 cH/B72.3 cL
and B72.3 cB/B72.3 gL

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

Comparison of the murine B72.3 and REI 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, (B72.3 gL) ’
in accordance with the present invention.

(b) B72.3 heavy chain

i.

Choice of framework

At the outset it was necessary to make a
choice of human framework. Simply put,
the question was as follows: Was it
necessary to use the framework regions from
an antibody whose crystal structure was
known or could the choice be made on some
other criteria?

For B72.3 heavy chain, it was reasoned
that, while 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.
Camparison of the B72.3 heavy chain
sequence with those in Kabat (ref. 4) for
human heavy chains showed clearly that
B72.3 had poor homology for KOL and NEWM
(for which crystal structures are
available) but was very homologous to the
heavy chain for EU.

On this basis, EU was chosen for the

_ CDR-grafting and the following residues

transferred as CDRs.

CDR Number Residues
1l ’ 27-36 . >
2 ' 50~63
3 93-102
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Also it was noticed that the FR4 region of
EU was unlike that of any other human (or
mouse) antibody. Consequently, in the
grafted heavy chain genes this was also
changed to produce a "consensus® human
sequence. (Preliminary experiments showed
that grafted heavy chain genes containing
the EU FR4 sequence expressed very poorly
in transient expression systems.)

Results with grafted heavy chain genes
Expreasiod 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 antibedy
could be increased to,, 10% of B72.3 by
exposure to pHs of 2-3.5. -

This ocbservation provided a clue as to how
the activity of the grafted antibody could
be improved without acid treatment. It
was postulated that acid exposure hrought'
about the protonation of an acidic residue
(pKa of aspartic acid = 3.86 and of
glutamine acid = 4.25) which in turn caused
a change in structure of the CDR loops, or
allowed better access of antigen.

From comparison of the sequences of B72.3
(ref. 13) and EU (refs. 4 and 5), it was
clear that, in going from the mouse to
human frameworks, only two positions.had
been changed in such a way that acidic
residues had been introduced. These
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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 +

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
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.
FPramework changes in B72.3 gH gene

On the basis of the above analysis, E73 wasa
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 asbility of the .
grafted Ab to bind to mucin and, as a whole,
indicated that the single framework change .
at position 73 is sufficient to generate an
antibody with similar binding properties to
B72.3.
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Comparison of the B72.3 murine and EU 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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EXAMPIE 4
CDR-GRAFTING OF A MURINE ANTI-ICAM-1 MONOCLONAL ANTIBODY v
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
gH341D which has 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 (CDRl), 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 (?), 60, 84, 85 and B87.
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 (CDR1l), 50-56 .
{CDR2) and94-~100B (CDR3). In addition murine residues '
were used in gH341D at positions 24, 48, 69, 71, 73, 80, L

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-TNFa3 antibodies

A number of murine anti-TNF2 monoclonal antibodies were
CDR-grafted substantially as described above in previous
examples. These antibodies include the murine monoclonal
antibodies designated 61 E71, hTNFl, 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, 68, 69, 71,
73, 75 and 88 as residues to potentially retain as

murine. The human frameworks chosen for CDR-grafting of
this antibody, and the hTNF3 and 101.4 antibodies were REl
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 [gHB341(6)] as murine residues. The
second gene also had 75 and 88 as murine residues
[gH341(8)] while the third gene additionally had 68, 69,
75 and 88 as murine residues [gH341(10)]. Each was
co-expressed with gL221, the 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/gB341(6) antibody was approximately 10% as active as
murine 61E71. .
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hTNF1
hTNFl is a monoclonal antibody which recognises an epitope
on human TNF- . The EU human framework was used for r

CDR-grafting of both the heavy and light variable domains.

Heavy Chain

In the CDR-grafted heavy chain (ghTNF1l) mouse CDRs were
used at positions 26-35 (CDRl1l), 50-65 (CDR2) and 95-102
{CDR3). Mouse residues were also used in the frameworks
at positions 48, 67, 69, 71, 73, 76, 89, 91, 94 and 108.
Comparison of 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 (gLhTNF1l) mouse CDRs wre
used at positions 24-34 (CDRl), 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 hTNFl1l mouse and EU human light chain
residues reveals that these are identical at positions 46,
58 and 71. '

The grafted hTNF1l heavy chain was co-expressed with the
chimeric light chain and the binding ability of the
product compared with that of the chimeric light
chain/chimeric heavy chain product in a TNF binding assay.
The grafted heavy chain product appeared to have binding
ability for TNF slightly better than the fully chimeric
product.

Similarly, a grafted heavy chain/grafted light chain

product was co-expressed and compared with the fully .
chimeric product and found to have closely similar binding
properties to the latter product.
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hTNF3

hTNF3 recognises an epitope on human TNF-0{.  The
sequence of hTNF3 shows only 21 differences compared to
61E71 in the light and heavy chain variable regioms, 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). The light and heavy chains
of the 61E71 and hTNF3 chimeric antibodies can be
exchanged without loss of activity in the direct binding
assay. However 61E71 is an order of magﬁitude less able
to compete with the TNF receptor on L929 cells for TNF-a
compared to hTNF3. Based on the 61E71 CDR grafting data
gL221 and gH341(+23, 24, 48, 49 71 and 73 as mouse) genes
have been built for hTNF3 and tested and the resultant
grafted antibody binds well to TNF-a, but competes very
poorly inm 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 RE1l for the light chain and KOL for the
heavy chain. Several grafted heavy chain genes have been
constructed with conservative choices 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 TNF equivalent to the
chimeric antibody is seen and when co-expressed with cL
the resultant antibodies are able to compete well in the
L1929 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 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. ILl1 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 invention.
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CLAIMS

6.

-A‘CDR-graftad‘antibodyﬂhaavy‘chainrhaving'n“vnriahle
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.

A CDR-grafted heavy chain according to Claim 1
comprising donor residues at positions 23, 24, 49,
71, 73 and 78, or at positions 23, 24 and 49.

A CDR-grafted heavy chain according to Claim 2
comprising donor residues at positioms 2, 4, 6, 25,
36, 37, 39, 47, 48, 93, 94, 103, 104, 106 and 107.

A CDR-grafted heavy chain according teo Claim 2 or 3,
comprising donor residues at one, some or all of
positions: '

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.

A CDR-grafted heavy chain according 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/eor 3 and 46 and/or 47.
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A CDR-grafted light chain according to Claim 6

comprising donor residues at positions 46 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.

A CDR-grafted light chain according to Claim 8
comprising donor residues at positions 46, 48, 58 and
71.

A CDR-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.

A CDR-grafted light chain according to Claim 9 or 10,
comprising donor residues at one, some or all of
positions:
1l and 3,
63,
60 (if 60 and 54 are able to form a potential
saltbridge),
70 (if 70 and 24 are able to form a potential
saltbridge),
73 and-21 (if 47 is different between donor and
acceptor),
37 and 45 (if 47 if different between donor and
acceptor), and 2
any one or more of 10, 12, 40, 83, 103 and 105.
- : ]
A CDR-grafted light chain according to any one of
Claims 6-11, comprising donor CDRs at positions
24-34, 50-56 and 89-97.
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A CDR-grafted antibody molecule caomprising at least
one CDR-grafted heavy chain according to any one of
Claims 1-5 and at least one CDR-grafted light chain
according to any one of Claims 6-12.

A CDR-grafted antibody molecule according‘to Claim
13, which is a site-specific antibody molacule.

A CDR-grafted antibody molecule accérding to Claim 13
which has specificity for an interleukin, hormone or
other biologically active compound or a receptor

therefor.

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. ' ’

A DNA sequence which codes for a CDR~-grafted heavy
chain according to Claim 1 or a2 CDR-grafted light
chain according to Claim 6 or Claim 8.

A cloning or expression vector containing a DNA
sequence according to Claim 17.

A host cell transformed with a DNA 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 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:;

(d) culturing the transfected cell line to produce
the CDR-grafted antibody product.

A therapeutic or diagnostic composition comprising a
CDR-grafted antibody 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 in combination with a
pharmaceutically acceptable carrier, diluent or
excipient.

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 eccording to Claim 13
to 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. PCT/GB90/02017/

2,

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 Requaest Form.

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 be seen that this clearly indicates that all
territoriaes should have been designated.

I also enclose evidence that the out-of-date Request Form was used
‘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 Requaest 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
thaereto the designations of Canada and Spain as national applications
and Greece, Spain and Denmark as designatad states within the EPC
designation. I note that it will not be 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 filing) Request Form and request that this
be substituted for the present, out-of-date Request Form.

Yours truly,
Crorr—=ae

HERCER, Christopher Paul
Authorised Representativa.

C ]
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GAATTCCCAA AGACAAAatg gattttcasg tgcagatttt cagcttectg
ctaatcagtg cctcagtcat aatatccaga ggacaaattg ttctcaccea

atcatgtctg catctccagg ggagaaggtc

gtctccagca
gcagtgccag
ggcacctcce
agtccctgcect

ctcaagtgta
ccaaaagatg
cacttcaggg

agttacatga
gatttatgac
gcagtgggtc

caatcagcgg catggaggct gaagatgctg

tggagtagta
ccgggctgat
agttaacatc
cccaaagaca
tggcgtcctg
gcatgagcag
agctatacct
gagcttcaac
CCAGCTCCCA
CCACAAGCGC
TCTCCTCCTC

acccattcac
actgcaccaa
tggaggtgce
tcaatgtcaa
aacagttgga
caccctcacg
gtgaggccac
aggaétgagt
GCTCCATCCT
tTACCACTGT
CTCCCTTTCC

gttcggctcg
ctgtatccat
tcagtcgtgt
gtggaagatt
ctgatcagga
ttgaccaagg
tcacaagaca
gtTAGAGACA
.ATCTTCCCTT
TGCGGTGCTC
TTGGCTITTTA

actggtacca
acatccaaac
tgggacctct
ccacttatta
gggacaaagt
cttcccacca
gcttcttgaa
gatggcagtg
cagcaaagac
acgagtatga
tcaacttcac
AAGGTCCTGA
CTAAGGTCTT
tAAACCTCCT
TCATGCTAAT

accatgacct
gcagaagtca
tggcttctgg
tactctcteca
ctgccagcag
tggaaataaa
tccagtgagce
caacttctac
aacgacaaaa
agcacctaca
acgacataac
ccattgtcaa
GACGCCACCA
GGAGGCTTCC
CCCACCTCCT
ATTTGCAGAA

AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA

Fig. 1(a)

MDFOVOIFSF LLISASVIIS RGQIVLTQSP AIMSASPGEK VTMTCSASSS

VSYMNWYQQK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME
AEDAATYYCQ QWSSNPFTFG SGTKLEINRA DTAPTVSIFP PSSEQLTSGG
ASVVCFLNNF YPKDINVKWK IDGSERQNGV LNSWTDQDSK DSTYSMSSTL
TLTKDEYERH NSYTCEATHK TSTSPIVKSF NRNEC*

Fig. 1(b)
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1 GAATTCCCCT CTCCACAGAC ACTGAAAACT CTGACTCAAC ATGGAAAGGC

51 ACTGGATCTT TCTACTCCTG TTGTCAGTAA CTGCAGGTGT CCACTCCCAG
101 GTCCAGCTGC AGCAGTCTGG GGCTGAACTG GCAAGACCTG GGGCCTCAGT
151 GAAGATGTCC TGCAAGGCTT CTGGCTACAC CTTTACTAGG TACACGATGC
201 ACTGGGTAAA ACAGAGGCCT GGACAGGGTC TGGAATGGAT TGGATACATT
251 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 GTGGACAAGA 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 AAATGCAARGG 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 CTGGGTGGAA 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)
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OKT 3 HEAVY CHAIN PROTEIN SEQUENCE DEDUCED FROM DNA SEQUENCE

1 MERHWIFLLI, LSVIAGVHSQ VQLOQSGAEL ARPGASVKMS TKASGYTFTR
51 YTMHWVKQRP GQGLEWIGYI NPSRGYTNYN QKFKDKATLT TDKSSSTAYM
101 OQLSSLTSEDS AVYYCARYYD DHYCLDYWGQ GTTLTVSSAK TTAPSVYPLA
151 PVCGDTTGSS VTLGCLVKGY FPEPVTLTWN SGSLSSGVHT FPAVLQSDLY
201 TLSSSVIVTS STWPSQSITC NVAHPASSTK VDKKIEPRGP TIKPCPPCKC
251 PAPNLLGGPS VFIFPPKIKD VILMISLSPIV TCVVVDVSED DPDVQISWFV
301 NNVEVHTAQT QTHREDYNST LRVVSALPIQ HQDWMSGKEF KCKVNNKDLP
351 APIERTISKP KGSVRAPQVY VLPPPEEEMT KRKQVTLTCMV TDFMPEDIYV
401 EWTNNGKTEL NYKNTEPVLD SDGSYFMYSK LRVEKKNWVE RNSYSCSVVH

451 EGLHNHHTTK SFSRTPGK* .
Fig. 2(b)
1 - 23 . 42
NN N - N . N N
RES TYPE SBspSPESss5BSbSsSssPSPSPsPSsse*s*p%Pi~ISsSe
Okt3vl QIVLTQSPAIMSASPGEKVTMTCSASS . SVSYMNWYQQKSGT
REI DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLNWYQQTPGK
) ?2?
CDR1 (LOOP) hkhkhhdd
CDR1 (KABAT) 1 IITITTI I
56 . 85
N NN

RES TYPE *IsiPpIeesesssSBEsePsPsﬁsSEsPspsPsseesspePb

Ookt3avl SPKRWIYDTSKLASGVPAEFRGSGSGTSYSLTISGMEAEDAAT

REIX APKLLIYEASNLQAGVPSRFSGSGSGTDzTgTISSLQPED;AT
? ?? . ?2 7

#*4xx4% CDR2 (LOOP/KABAT)

102 lo8

RES TYPE PiPIPies**iPIIsPPSPSPSS .

Okt3vl YYCQQWSSNPFTFGEGTKLEINR Fl g . 3
REIvl YYCQQYQSLPYTFGQGTKLQOITR

' -7
RRAKRR CDR3 (LOOP)
RARRRRRARR CRD3 (KABAT)
cURSTITUTE SHEET,
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NN N 23 26 32 35 N39 43
RES TYPE SESPs-SBssS-s5SsSpSpSPSPSEbSBssBePiPIpiesss
Ookt3h QVQLQQSGAELARPGASVKMSCRASGYTFTRYTMHWVKORPGQ
KOL OVQLVESGGGYVOPGRSLRLSCE8SGFIFSSYAMYWVRQAPGK
? 27

I CDR1 (LOOP)
***** CDR1 (KABAT)

52a 60 65 NN N 82abc 89

RES TYPE ITeIppp “ssssssss ps pSSsbSpseSsSseSp"pSpsSBssS ePb
Okt3vh GLEWIGYINPSRGYTNTNQKFKQKATLTTDKSSSTAYMQL?SLTSEDSAV

KOL GLEWVAIIWDDGSDQHYADSVRKGRFTISRDNSKNTLFLOMDSLRPEDTGV
?? . 22 ?2 2 _ ?
hdkdkhdkdhddd CDR2 (LOOP)

wkkhkkhkkkhkhhkkdd® CDR2 (KABAT)

92 N 107 113

RES TYPE PiPIEissssiiisssbibi*EIPIP*spSBSS

okt3vh YYCARYYDDHY.......CLDYWGQGTTLTVSS

ROL YPCARDGGHGFCSSASCFGPDYWGQGTPVIVSS
 kkmkkkkkkdkddkess CRD3 (KABAT/LOOP)

Fig. 4
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OKT 3 HEAVY CHAIN CDR GRAFTS

l. gh341 and derivatives

Okt3vh
gH341
gH341A

gH341E
gH341*
gH341#
gH341D
.gH341%
gH341C

gH341%*
- gH341*
gH341B
gH341+*
gH341%
gH341#
KoL

1 26 35 39 43
QVQLQQSGAELARPGASVKMSCKASGYTFTRYTMHWVKQRPGQ
QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCRASGYTFTRYTMHWVRQAPGK

QVQLVQSGGGVVQPGRSLRLSCKASCYTFTRYTMHWVRQAPGK
QVOLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCRASGYTFTRYTMHWVRQAPGK
QVOLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK

QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK
QVQLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK
QVQLVESGGGVVQPGRSLRLSCSSSGYTFIRYIMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK
QVOLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK

QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK

QVQLVESGGGVVQPGRSLRLSCSSSGFIFSSYAMYWVRQAPGK

Fig. 5(i)

SUBSTITUTE SHEET

JA178
JA185

JA198
JA207
JA209
JA197
JA199

JA1B4

JA203
JA205
JA183
JA204
JA206
JA208

PFIZER EX. 1002

Page 1144



o ffm i el

WO 91/09967

-

Oktavh
gH341
gH341A

gH341E
gH341%
gH341%
gH341D
gH341*
gH341C

gH341+*
gH341*
gH341B
gH341+
gH341%
gH341%
KOL
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| 6/15

44 50 65 83

GLEWIGYINPSRGYTNYNQKFKDKATLTTDKSSSTAYMQLSSLT
GLEWVAYINPSRGYTNYNOKFRDRFTISRDNSKNTLFLOMDSLR JA178
GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLQMDSLR JA185

GLEWLGYINPSRGYTNYNORKVEDRFTISIDKSKSTAFLOMDSLR
GLEWIGYINPSRGYINYNORVRKDRFTISTIDKSKNTAFLQMDSLR
GLEWIGYINPSRGYTNYNORKVKDRFTISRDNSKNTAFLOMDSLR

JA198
JA207
JA209

GLEWIGYINPSRGYINYNORKVKDRFTISTIDKSKNTLFLOMDSLR JA197

JA199
GLEWVAYINPSRGYTNYNOKFRDRFTISRDNSKNTLFLOMDSLR JA184

GLEWIGYTINPSRGYTNYNOKVKDRFTISRDNSKNTLFLQMDSLR

GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLOMDSLR JA207

GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLQMDSLR
GLEWIGYINPSRGYTNYNORVKDRFTISIDKSKSTAFLQMDSLR

GLEWZGYINPSRGYTNYNOKVKDRFTISIDESKSTAFLQMDSLR
GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLOMDSLR
GLEWIGYINPSRGYTNYNOKVEDRFTISIDKSKNTAFLQMDSLR

JA205
JAl183
JA204
JA206
JA208

GLEWVAIIWDDGSDQHYADSVRGRFTISRDNSRKNTLFLQMDSLR

Fig. 5(ii)
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Okt3vh
gH341
gH341A

gH341E
gH341*
gH341D
gH341*
gH341%
gH341C

gH341*
gH341%
gH341B
gH341*
gH341%
gH341%
KOL
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84 95 102 113
SEDSAVYYCARYYDDHY.......CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. . . . . . . CLDYWGQGTTLTVSS
PEDTAVYYCARYYDDHY. .. .. . . CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY « « - « « - s CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY.......CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY , , ; 2 5 2 2 CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY . ., ., . . CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY . < ... . CLDYWGQGTTLTVSS

PEDTAVYYCARYYDDHY. . . . . . . CLDYWGQGTTLTVSS
PEDTAVYYCARYYDDHY. . . ..., CLDYWGQGTTLTVSS
PEDTAVYYCARYYDDHY. . .. ... CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY, ... ... CLDYWGQGTTLTVSS
' PEDTGVYFCARYYDDHY.......CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY., .. ... .CLDYWGQGTTLTVSS

PEDTGVYFCARDGGHGFCSSASCFGPDYWGQGTPVTVSS

Fig. 5(iii)

SUBSTITUTE SHEET

JA178
JA185

JA198
JA207
JA1S97
JA209
JA199
JAl184

JA203
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OKT3 LIGHT CHAIN CDR GRAFTING

1. gL221 and derivatives

Okt3vl
gL221
gL221A
gL221B
gL221Cc
REI

okt3vl
gL221
gL221A
gL221B
gL221C
REI

Okt3vl

gL221
gL221A
gL221B
gL221C
REI

1 24 34 42
QIVLTQSPAIMSASPGEKVTMTCSASS . SVSYMNWYQQKSGT
DIQMTQSPSSLSASVGDRVTITCSASS. SUSYMNWYQQTPGK
QIVMTQSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
QIVMTQSPSSLSASVGDRVTITCSASS, SVSYMNWYQQTPGK
DIQMTQSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLNWYQQTPGK

43 50 56 85
SPKRWIYDTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAAT
APKLLIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKRHIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTISSLQPEDIAT

86 91 96 108
YYCQQWSSNPFTFGSGTKLEINR
YYCOOWSSNPFTFGQGTKLQITR
YYCOQWSSNPFTFGQGTKLQITR
YYCQOWSSNPFTFGQGTKLQITR
YYCQOWSSNPFTFGQGTKLQITR
YYCQQYQSLPYTFGQGTKLQITR

CDR'S ARE UNDERLINED

FRAMEWORK RESIDUES INCLUDED IN THE GENE ARE DOUBLE

UNDERLINED

Fig. 6
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-METHOD -FOR -MAKING -HUMANIZED -ANTIBODIES.

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.
Background of the Invention

Naturally occurring antibodies (immunogiobulins) 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 disuifide bonds. Each heavy chain has at one end a variable domain (V,;)
followed by a number of constant domains. Each light chain has a variable domain (V,) 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
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 al., 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 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
or complementarity determining regions {CDRs) (see Kabat, E. A. et al., Sequences of Proteins
of Immunological interest, National Institutes of Heaith, Bethesda, MD, (1987)). The four
framework regions {argely adopt a 8-sheet conformation and the CDRs form loops connecting,
and ﬁn some cases forming part of, the g-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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to the formation of the antigen binding site.

-~ “Widespread use has been made of monocional antibodies, particularly those derived
from rodents including mice, however th‘ey are frequently antigenic in human clinical use. For
example, a major limitation in the clinical use of rodent monoclonal antibodies is an
anti-globulin response during-therapy (Miller, R. A. et al., Blood 62:988-995 (1983); Schroft,
R. W. et al., Cancer Res. 45:879-BB85 (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

V(Cabilly et al., U.S. patent No. 4,816,567; Morrison, S. L. et al., Proc. Natl. Acad. Sci. USA

81:6851-6855 (1984); Boulianne, G. L. et af., Nature 312:643-646 (1984); Neuberger, M. S.
et al., Nature 314:268-270 (1985)). The term "chimeric” antibody is used herein to describe
a poiypeptide 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

antibody for participation in antibody-dependent cellular cytotoxicity (ADCC) and

"complement-dependent cytotoxicity (see e.g. Bruggemann, M. et al., J. Exp. Med.

166:1351-1361 {1987); Riechmann, L. et al., Nature 332:323-327 (1988); Love et al.,
Methods in Enzymology 178:515-527 (1989); Bindon et al., 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 al., Transplantation 41:572-578 (1986)).

In a tfurther effort to resoive the antigen binding functions of antibodies and to minimize
the use of heterologous sequences in human antibodies, Winter and colleagues (Jones, P. T.
et al., Nature 321:522-525 (1986); Riechmann, L. et al, Nature 332:323-327 (1988);
\/erhoeyen, M. et al., Science 239:1534-1536 (1988)) have substituted rodent CORs or COR
Sequences for the corresponding segments of a human antibody. As used herein, the term
"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

patients, one of whom had previously developed an anti-globulin response to the parental rat

-antibody ‘(Riechmann, L. et a/., Nature 332:323-327 (1988); “Hale, G. et 3., Lancet

i:1394-1399 (1988)). A murine antibody to the interleukin 2 receptor has also recently been
humanized (Queen, C. et al., Proc. Natl. Acad. Sci. USA 86:10029-10033 (1989)) as a
potential immunosuppressive reagent. Additiona! references related to humanization of
antibodies include Co et al., Proc. Natl. Acad. Sci. USA 88:2869-2873 {(1991); Gorman et al.,
Proc. Natl. Acad. Sci. USA 88:4181-4185 (1991); Daugherty et al., Nucleic Acids Research
19(9):2471-2476 (1991); Brown et al., Proc. Natl. Acad. Sci. USA 88:2663-2667 (1991);

" Junghans et al., 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. et al., Nature
321:522-525(1986); Verhoeyen, M. etal., Science 239:1534-1536 (1988)), whereasin other
cases it has been necessary to additionally replace one (Riechmann, L. et al., Nature
332:323-327 (1988)) or several (Queen, C. et al., Proc. Natl. Acad. Sci. USA
86:10029-10033 (1989)) framework region (FR) residues. See also Co et al., supra.

For a given antibody a small number of FR residues are anticipated to be important for

"antigen binding. Firstly for example, certain antibedies have been shown to contain a few FR

residues which directly contact antigen in crystal structures of antibody-antigen compiexes
(e.g., reviewed in Davies, D. R. et a/., Ann. Rev. Biochem. $9:439-473 (1990)). Secondly,
a number of FR residues have been proposed by Chothia, Lesk and colleagues {Chothia, C. &
Lesk, A. M., J. Mol. Biol. 196:901-917 (1987); Chothia, C. et al., Nature 342:877-883
(1989); Tramontano, A. et al., J. Mol. Biol. 215:175-182 (1990)) as critically affecting the
conformation of particular CDRs and thus their contribution to antigen binding. See also
Margolies et al., Proc. Natl. Acad. Sci. USA 72:2180-2184 (1975).

It is also known that, in a few instances, an antibody variable domain (either V, or V}
may contain glycosylation sites, and that this glycosylation may improve or abolish antigen
binding, Pluckthun, Biotechnology 9:545-51 (1991); Spiegelberg et al., Biochemistry 9:4217- .
4223 (1970); Wallicetal., J. Exp. Med. 168:1099-1109 (1988); Sox et al., Proc. Natl. Acad.
Sci. USA 66:975-982 (1970); Margni et al., Ann. Rev. Immunol. 6:535-554 (1988).
Ordinarily, thwevet, glycosylation has no influence 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
ant'i't'ioa;-antigen complexes have been published (see e.g., Saul et al., Journal of Biological
Chemistry 25:585-97 (1978); Sheriff et.al., Proc..Natl..Acad. Sci.l/SA 84:8075-79 (1987);
Segal et al., Proc. Natl. Acad. Sci. USA 71:4298-4302 (1974); Epp et al., Biochemistry
14(22):4943-4952 (1975); Marquart etal., J. Mol. Biol. 141:369-391 (1980); Furey et a/.,
J. Mol. Biol. 167:661-692 (1883); Snow and Amzel, Protein: Structure, Function, and
Genetics 1:267-279, AlanR. Liss, Inc. pubs. (1986); Chothia and Lesk, J. Mo/. Biol. 196:901-
917 (1987); Chothia et al., Nature 342:877-883 (1989); Chothia et a/., Science 233:755-58

A(1986): Huber et al., Nature 264:415-420 (1976); Bruccoleri et al., Nature 335:564-568

(1988) and Nature 336:266 (1988); Sherman et al., Journal of Biological Chemistry 263:4064-
4074 (1988); Amzel and Poljak, Ann. Rev. Biochem. 48:961-67 (1979); Silverton et a/., Proc.
Natl. Acad. Sci. USA 74:5140-5144 (1977); and Gregory et al., Molecular immunology
24:821-829 {1987). 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-dimensionat

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, L. etal., Nature 332:323-327 (1988); Queen, C. et al., Proc.
Natl. Acad. Sci. USA 86:100238-10033 (1989)).

Humanizing an antibody with retention of high affinity for antigen and other desired

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 2} encodes a
protein tyrosine kinase (p1 85HER2) that is related to and somewhat homologous to the human
epidermal growth factor receptor {see Coussens, L. et a/., Science 230:1132-1139 (1985);
Yamamoto, T. et al., Nature 319:230-234 (1986); King, C. R. et al., Science 229:974-976
{1985)). HER2 is also known in the field as c-erb8-2, and sometimes by the name of the rat

"homolog, neu. Amplification and/or overexpression of HER2 is associated with muitiple human

malignancies and appears to be integrally involved in progression of 25-30% of human breast
and ovarian cancers {Slamon, D. J. et al., Science 235:177-182 (1987), Slamon, D. J. et a/.,
Science 244:707-712 (1989)). Furthermore, the extent of amplification is inversely correlated
with the observed median patient survival time (Slamon, supra, Science 1989).

The murine monoclonal antibody known as muMAb4D5 (Fendly, B. M. et al., Cancer
Res. 50:1550-1558 {1990)), directed against the extracellular domain (ECD) of p185HERZ,
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specifically inhibits the growth of tumor cell lines overexpressing p185HER2 in monolayer
culture or,in soft agar (Hudziak, R. M. et al., Molec. Cell. Biol. 9:1165-1172 (1889); Lupu, R.
et al., Science 249:1552-1555 {199M™M). MuMADb4D5 also has the potential of enhancing
tumor cell sensitivity 'to tumor ‘necrosis “factor, ‘an ‘important effector ‘molecule in
macrophage-mediated tumor cell cytotoxicity {Hudziak, supra, 1989; Shepard, H. M. and
Lewis, G. D. V. Clinical Immunology 8:333-395 {1988)). Thus muMAb4D5 has potential for
clinical intervention in and imaging of carcinomas in which p185HERZ is overexpressed. The
muMADb4DS 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.
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
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.

It is another object of this invention to provide humanized antibodies cabab!e of binding
p1 85HER2_

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 (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

PFIZER EX. 1002
Page 1165



10

15

20

30

WO 92/22653

6 PCT/US92/05126

antibody and the corresponding FR of the consensus antibody;

. identifying import antibody FR 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 V- V, interface; and
g. 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-homotogous 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
{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, 38H, 43H,

45H, 49H, 58H, 60H, 67H, 68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, S1H, 92H, S3H, and

103H (utilizing the numbering system set forth in Kabat, E. A. et al., Sequences of Proteins
of Immunological Interest {National institutes of Health, Bethesda, MD, 1987)).

In certain embodiments, the method of this invention comprise§ the additional steps of
searching either or both of the import, non-human and the consensus variable domain
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

'Aresidue 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
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-

hori;c;logous 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, 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

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,
441, 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, 7€H,
78H, 91H, 92H, 93H, and 103H.

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.

Optionally, this just-recited embodiment comprises the additiona! steps of following the
method steps appearing at the beginniﬁg 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, 6SH, 70H, 73H, 74H,
75H, 76H, 78H, 91H, 92H, 93H, and 103H has been substituted by another residue. In
preferred embodiments, the residue substitutéd at the human FR site is the residue found at
the corresponding location of the non-human antibody from which the non-hun{an 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 inve;uion also encompasses specific humanized antibody variable domains, and
isolé‘teaubolypeptides having homology_with the following sequences.

1. SEQ. ID NO. 1, which is the light chain variable domain of-a humanized version of

muMADb4D5:

DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLESGVP

SRFSGSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIKRT

2. SEQ. ID NO. 2, which is the heavy chain variable domain of a humanized version of
muMADb4D5):
EVQLVESGGGLVQPGGSLRLSCAASG?NIKDTY!HWVROAPGKGLEWVAR!YPTNGYTR
YADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDVWGQGTLV
TVSS

In another aspect, this invention provides a consensus antibody variable domain amino

' 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:

SEQ. ID NO. 3 {light chain):
DIQMTQSPSSLSASVGDRVTITCRASQODVSSYLAWYQQKPGKAPKLLIYAASSLESGVP
SRFSGSGSGTDFTLTISSLOQPEDFATYYCQQYNSLPYTFGQGTKVEIKRT, and

SEQ. ID NO. 4 {heavy chain):
EVOLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGKGLEWVAVISENGGYT
RYADSVKGRFTISADTSKNTAYLOQMNSLRAEDTAVYYCSRWGGDGFYAMDVWGQGTL
VTVSS

Brief Description of the Drawings

FIGURE 1A shows the comparison of the V| domain amino acid residues of
muMADb4D5, huMAb4D5, and a consensus sequence (Fig. 1A, SEQ.ID NO. 5, SEQ. IDNO. 1
and SEQ. ID NO. 3, respectively). FIGURE 1B shows the comparison between the V| domain
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amino acid residues of the muMAb4d5, huMADb4D5, and a consensus sequence (Fig. 18, 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., et al., Sequences of Proteins of

Immunological Interest {National Institutes .of Health, -Bethesda, MD (1987)). in-both Fig. 1A

and Fig. 1B, the CDR residues determined according to a standard sequence definition (as in
Kabat, E. A. et al., 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. Biol. 196:901-817 (1987)) are indicated by the second, lower underlines. The
mismatches between genes are shown by the vertical lines.

FIGURE 2 shows a scheme for humanization of muMAb4D5 V| and V 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 al., Molec. Cell. Biol.
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
huMAD4D5-1 (i).

FIGURE 4 shows a stereo view of g-carbon tracing for a model of huMAb4D5-8 V| and
Vy . The CDR residues (Kabat, E. A. et al., Sequences of Proteins of Immunological Interest
(National Institutes of Health, Bethesda, MD, 1987)) are shown in bold and side chains of Vi
residues A71, T73, A78, 593, Y102 and V| residues Y55 plus R66 (see Table 3) are shown.

FIGURE 5 shows an amino acid sequence comparison of V_ (top panel) and Vi (lower
panel) domains of the murine anti-CD3 monoclonal Ab UCHT1 {muxCD3, Shalaby et al., J.
Exp. Med. 175, 217-225 (1992) with a humanized variant of this antibody (huxCD3v8). Also
shown are consensus sequences {most commonly occurring residue or pair of residues) of the
most abundant human subgroups, namely V|, x 1 and Vi Il upon which the humanized
sequences are based (Kabat, E. A. et al., Sequences of Proteins of Immunological Interest, 5™
edition, National Institutes of Health, Bethesda, MD, USA {1981)). The light chain sequences--
muxCD3, huxCD3v9 and huxi--correspond to SEQ.ID.NOs 16, 17, and 18, respectively. The
heavy chain sequences--muxCD3, huxCD3v9 and hukl--correspond to SEQ.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 (o} 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 (Kaba;t etal., 1991; Mian, |. S. et al., J. Mol. Biol. 217, 133-151 (1991)). The
location of CDR residues according to a sequence definition (Kabat et a/., 1991) and a
structural definition (Chothia and,Lesk.vaupra 1.987).are.shown.by.aline.and carats (") beneath
the sequences, respectively.

FIGURE 6A compares'murine and humanized amino acid sequences for the heavy chain
of an anti-CD18 antibody. H52H4-160 {SEQ. ID. NO. 22) is the murine sequence, and pH52-
8.0 (SEQ. ID. NO. 23) is the humanized heavy chain sequence. pH52-8.0 residue 143S is the

final amino acid in the variable heavy chain domain V4, and residue 144A is the first amino

acid in the constant heavy chain domain Cpyy.

FIGURE 6B compares murine and huménized amino acid sequences for the light chain
of an anti-CD18 antibody. H52L6-158 (SEQ. ID. NO. 24) is the murine sequence, and pH52-
9.0 (SEQ. ID. NO. 25) is the humanized light chain sequence. pH52-9.0 residue 128T is the
final amino acid in the light chain variable domain V|, and residue 129V is the first amino acid

in the light chain constant domain C.

Detailed Description of the Invention

Definitions
in general, the foliowing words or phrases have the indicated definitions when used in

the description, examples, and claims:

The murine monoclonal antibody known as muMAb4DS (Fendly, B. M. et al., Cancer
Res. 50:1550-1558 (1990)) is directed against the extracellular domain (ECD) of p185HERZ,
The muMADb4DS 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.
In this description and claims, the terms muMAb4D5, chMAb4D5 and huMAb4DS represent
murine, chimerized and humanized versions of the monoclonal antibody 4D5, 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

'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,

PFIZER EX. 1002
Page 1170



10

15

20

.30

WO 92722653 ' PCT/US92/05126

n

particularly a variable domain. An import residue, sequence, or antibody has a desired affinity
and/or specificity, 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’),, 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 {Fc), typically that of a human immunoglobulin. Ordinarily, the antibody will
contain both the light chain as we.ll as at least the variable domain of a heavy chain. The
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
IgM, 1gG, IgD, IgA and IgE, and any isotype, including igG1, 1gG2, IgG3 and 1gG4. 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 1gG,. Where such
cytotoxic activity is not desirable, the constant domain may be of the 1gG, 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
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 COR sequences, more often 90%, and most
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.
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 immunogliobulin sequence, i.e., the analysis of residues that influence the ability ot

the candidate immunoglobulin to bind its antigen.
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Residues that influence antigen binding are defined to be residues that are substantially
resaangi“llnle for the antigen affinity or antigen speéificity of a candidate immunoglobulin, in a
positive or a negative sense. Tne.invent;onisdirected to the salection and combination of FR
residues from the consensus and import sequence so that the desired immunoglobuiin
characteristic is achieved. Such desired characteristics include increases in affinity and greater
specificity for the target antigen, aithough it is conceivable that in some circumstances the
opposite effects might be desired. In general, the CDR residues ‘are directly and most
Vsubstantially involved in influencing antigen binding (although not all CDR residues are so

invoived and therefore need not be substituted into the consensus sequence). However, FR

- 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 noncovaiently directly bind to antigen. Typically, it is

_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 thase 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 less may also non-covalently
interact with antigen. Such residues typically are the relatively farger 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 6n either side of the CDR domain, again as visualized by
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, O, C5) by more than about 0.2 Angstroms.
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 sequencesinclude 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.
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A residue that interacts with a CDR side chain is one that is reasonably expected to
torm 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 -

3.2 Angstroms of one another that bear opposite charges, for exampie a lysinyl and a
glutamyl pairing. A hydrogen bond could be expected to form between the side chains of
residue pairs such as seryl or threonyl with asparty! or glutamy! (or other hydrogen accepting
residues). Such pairings are well known in the protein chemistfy art and will be apparent to
the artisan upon three dimensional modeling of the candidate immunogiobulin.

Immunoglobuiin residues that affect the interface between heavy and light chain

" variable regions ("the V, - V,, 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 V| 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 nomenciature set forth

in Kabat et al., 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 IgG only, they are
applicable across species. In the practice of this invention, import antibody residues that are
reasonably expected to be involved in interchain interactions are selected for substitution into
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
within the ordinary skill of the art.

CDR and FR residues are determined according to a standard sequence definition (Kabat
et al., Sequences of Proteins of Immunological Interest, National institutes of Health, Bethesda
MD (1987), and a structural definition.{as in Chothia and Lesk, J. Mo/. Biol. 196:901-917
(1987). Where these two methods result in slightly ditferent identifications of a CDR, the
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 to the numbering scheme from Kabat,

E. A., et al., Sequences of Proteins of Immunological Interest (National Institutes of Health,
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Bethesda, MD (?987) 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 subctasvﬁ. 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
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 immunoglobuilin sequence or any
consensus sequence in Kabat. Alignment may be done by hand, or by computer using
commonly accepted computer programs; an eiample 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 V| domain the two
cysteines are typicaliy at residue numbers 23 and 88, and in the V| domain the two cysteine
residues are typically numbered 22 and 82. 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

"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 out an entire
human or consensus CDR and replaces it with an import CDR sequence, (a) the exact number
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
an amino acid sequence which comprises the most frequently occurring amino acid residues
at each jocation 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 mosf frequently occurring amino acid residues
at each.location in all human immunoglobulins of any particular subclass or subunit structure.
This invention provides consensus human structures and consensus structures which consider
other ‘speciesin addition to-human.

The subunit structures of the five immunoglobulin classes in humans are as follows:

Class Heavy Chain Sithelasses Light Chain Molecular Formula
1gG Y ¥1. v2.v3. 4 Korh (¥exa) o (rA3)

IgA o al,a2 . kord (0x)." L (A,

igM u none ' KxorA WaKslls . WaAYs

igD ] none xorA (G255) . (64,)

IgE 3 none K orA (e.x3) . (€4,)

{*, may equal 1, 2, or 3)

in preferred embodiments of an igGy1 human consensus sequence, the consensus
variable domain sequences are derived from the most abundant subctasses in the sequence
compilation of Kabat et al., Sequences of Proteins of Immunological Interest, National institutes
of Health, Bethesda MD (1987), namely V| x subgroup | and V}, group lll. In such preferred
embodiments, the V, consensus domain has the amino acid” sequence:
DIQMTQSPSSLSASVGDRVTITCRASQDVSSYLAWYQQKPGKAPKLLIYAASSLESGVPSRFSG
SGSGTDFTLTISSLQPEDFATYYCQQYNSLPYTFGQGTKVEIKRT (SEQ. ID NO. 3);
the V, consensus domain has the amino acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGKGLEWVAVISENGGYTRYAD
SVKGRFTISADTSKNTAYLOQMNSLRAEDTAVYYCSRWGGDGFYAMDVWGQGTLVTVSS (SEQ.
ID NO. 4). '

These sequences include consensus CDRs as well as consensus FR residues {see for example
in Fig. 1).

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.
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 gmino 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 th.e 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-terminal or internal
extensions, deletions, or insertions into the specified sequence shall be construed as affecting
homology. Ali sequence alignments called for in this invention are such maximal homology
alignments. While such alignments may be done by hand using conventional methods, a
suitabie 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). ’

"Non-homologous" import antibody reéidues are those residues which are not identical
to the amino acid residue at the analogous or corresponding focation 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

_of ptacing 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-plBSHERz antibodies are provided. These novel anti-p1 gsHER2
antibodies are sometimes collectively referred to herein as huMAb4DS5, and also sometimes
as the light or heavy chain variable domains of huMADb4D5, and are defined herein to be any
polypeptide sequence which possesses a biological property of a polypeptide comprising the
following polypeptide sequence:

DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLESGVP

SRFSGSRSGTDFTLTISSLAOPEDFATYYCQQHYTTPPTFGQGTKVEIKRT (SEQ. ID NO. 1,

which is the light chain variable domain of huMAb4D5); or

EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWVARIYPTNGYTR
YADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDVWGQGTLV
TVSS (SEQ. ID NO. 2, which is the heavy chain variable domain of huMAb4D5).

"Biological property”, as relates for example to anti-p1 BSHERZ, for the purposes herein
means an in vivo effector or antigen-binding function or activity that is directly or indirectly
performed by huMADb4D5 (whether inits native or denatured conformation). Effector functions
include p1 g5HER2 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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of an epitope or antigenic site that is capable of cross-reacting with antibodies raised against
the poi\(p’eptide sequence of huMADb4DS.

E;oit;gically active huMAb4DS5 is defined herein as a polypeptide that shares an effector
function-of huMADb4D5. ‘A principal-known-effector function-of-huMAb4D5 isits-abilityto-bind
to p185HERZ,

Thus, the biologically active and antigenically active huMAb4DS5 polypeptides that are
the subject of certain embodiments of this invention include the sequence of the entire
translated nucleotide sequence of huMAb4D5; mature huMAb#DS; fragments thereof having
a consecutive sequence of at least 5, 10, 15, 20,25, 30 or 40 amino acid residues comprising

sequences from muMADb4DS plus residues from the human FR of huMAb4D5; amino acid

* sequence variants of huMAb4D5 wherein an amino acid residue has been inserted N- or C-

terminal to, or within, huMADb4D5 or its fragment as defined above; amino acid sequence
variants of huMAb4D5 or its fragment as defined above wherein an amino acid residue of
huMADb4D5 or its fragment as defined above has been substituted by another residue, including
predetermined mutations by, e.g., site-directed or PCR mutagenesis; derivatives of huMAb4D5
or its fragments as defined above wherein huMAb4D5 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 huMAb4D5 (insertion
of a glycosylation site or deletion of any glycosylation site by deletion, insertion or substitution
of suitable residués). Such fragments and variants exciude any polypeptide heretofore
identified, including muMADb4DS5 or any known polypeptide fragment, which are anticipatory
order 35 U.S.C.102 as well as polypeptides obvious thereover under 35 U.S.C. 103.

An "isolated" polypeptide means polypepti'de which has been identified and separated
and/or recovered from a component of its natural environmentf Contaminant components of
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 huMAb4D5 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
preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15 residues
of N-termina!l 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 huMAb4DS5 includes huMAb4DS5 in situ within recombinant
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cells since at least one component of the huMAb4D5 natural environment will not be present.
Ordinarily, however, isolated huMAb4D5 will be prepared by at least one purification step.
In accordance with this invention, huMAb4D5 nucleic acid .is RNA .or DNA containing
greater than ten bases that encodes a biologically or antigenically active huMAb4DS5, is
complementary to nucleic acid sequence encoding such huMAb4DS5, or hybridizes to nucleic

acid sequence encoding such huMAb4D5 and remains stably bound to it under stringent

" conditions, and comprises nucieic 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 atieast 80%, still more preferably at least 85%, even more

Apreferably at 90%, and most prefarably 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 80 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.

Stringent conditions are those that (1) employ low ionic strength and high temperature

: for washing, for example, 0.015 M NaCl/0.0015 M sodium citrate/0/1 % NaDodS0O, at 50° C;

(2) employ during hybridization a denaturing agent such as formamide, for exampie, 50%

" (vol/vol) formamide with 0. 1% bovine serumalbumin/0/1% Ficoll/0/1% polyvinylpyrrolidone/50

mM sodium phosphate buffer at pH 6.5 with 750 mM NaCl, 75 mM sodium citrate at 42° C;
or (3) employ 50% formamide, 5 x SSC (0.75 M NaCl, 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/mi), 0.1% SDS, and 10% dextran sulfate at 42 C, with washes at
42 Cin 0.2 x SSC and 0.1% SDS. _

The term "control sequences” refers to DNA sequences necessary for the expression
of an operably linked coding sequence in a particular host organism. The control sequences
that are suitable for prokaryotes, for example, indude 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

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 transiation. Generally,
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"operably linked” means that the DNA sequences being linked are contiguous and, in the case
of ¢ zcretory leader, contiguous and in reading phase. However enhancers do not have to
be ébntiguous. Linking is accomplished by ligation at ¢ wenient restriction sites. If such sites
do not-exist, then -synthetic oligonucieotide adaptors or linkers are used in accord with
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

interchangeably and all such designations include progeny. Thus, the words "transformants”
" and "transformed celis" 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 originaily transformed cell
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
Froehler et al., Nucl. Acids Res., 14: 5399-5407 [1986])). They are then purified on
polyacrylamide gels.

The technique of "polymerase chainreaction,” 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,
sequence information from the ends of the region of interest or beyond needs to be available,
such that oligonucieotide primers can be designed; these primers will be identical or similar in
sequence to opposite strands of the template to be amplified. The 5’ termina! 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 cDNA
transcribed from total cellular RNA, bacteriophage or plasmid sequences. etc. See generally
Mullis et al., Cold Spring Harbor Symp. Quant. Biol., 51: 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, compﬁsing the use of a known nucleic acid (DNA or RNA) as a primer and
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utilizes a nucleic acid poiymerase to amplify or generate a specific piece of nucleic acid or to

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
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
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.

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 (CDRs) can be successfully transplanted from
the import framework to a human one and to determine which framework residues from the
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.

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.
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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 from: :he Brookhaven Protein Data

- -Bank-wereusedentries 2FB4, 2RHE, 3FAB, and 1RElwhichare-human‘structures, and 2MCP,

1FBJ, 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: aipha-helix, beta-strand or other (i.e. non-helix and non-strand). The
immunoglebulin residues used in superpositioning and those included in the consensus

structure are shown in Table 1.
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~Table 1
Immunoglobulin Residues Used in Superpositioning -and Those Included in the
Consensus Structure

V10X domain
lg?  2FB4 2RHE 2MCP  3FAB 1FBJ 2HFL 1IREl Consensus®

2-11
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  82-9]

101-105
RMS¢ 0.40 0.60 0.53 0.54 0.40 0.50
VH domsin
Ig8  2FB4 2MCP 3FAB 1FBJ 2HFL Conscnsusb
‘ 3.8

18-25 18-25 18-25 18-25 18-25 17-23
34-39 34-39 34-39 34-39 34-3% 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 75-82
92-99 94-101 91-98 92-99 92-99 §8-94

102-108
RMS¢ 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 are taken from the Protein Data
Bank files. Residue numbers for the consensus structure are according to
Kabat et al.

¢ Rool-mean-square deviation in A for (N.Ca,C) atoms superimposed on 2FB4.

d Rool-mean-squarc deviation in A for (N,Ca,C) atoms superimposed on 2HFL.
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Step 2: Having identified the alpha-helices and beta-strands in each of the seven

structures, the structures were superimposed on one another using the INSIGHT computer
program {Biosym Technologies, San Diego, CA) 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.)

Step 3: With the seven structures thus superimposed, for each residue in the

- template (2FB4) Fab one calculates the distance from the template alpha-carbon atom (Ca) to

the analogous Ca atem in each of the other six superimposed structures. This results in a teble
of Ca-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,
if all Ca-Ca distances for a given residue position were =< 1.0A, 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 g-strands were included in the consensus
structure while some of the loops connecting the #-strands, e.g. complementarity-determining
regions {CDRs), were not included in view of Ca divergence.

Step 4: For eachresidue which was included in the consensus structure after step
3, the average of the coordinates for individuai mainchain N, Ca, C, O and C§ 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
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. al., J. Amer. Chem. Soc., 106: 765-784 (1984).

Step 5: In order to correct these deviations, the final step was to subject the
"average” structure to 50 cycles of energy minimization (DISCOVER program, Biosym
Technologies) using the AMBER (Weiner, S.J. et. al., J. Amer. Chem. Soc., 106: 765-784
{1984)) parameter set 'with only the Ca coordinates fixed {i.e. all other atoms are allowed to
move) (energy minimization is described below). This allowed any deviant bond lengths and

anglies to assume a standard (chemically acceptable) geometry. See Table 1i.
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Table II
Average Bond Lengths and Anpgles for "Average™ (Beforc) and

PCT/US92/05126

Vi VLK VH VH Standard .
before after before after Geometry
(A) (A) (A) (A) (A)
N-Ca 1.459(0.012) 1.451(0.004) 1.451(0.023) 1.452(0.004) 1.449
CaC 1.515(0.012) 1.523(0.005) 1.507(0.033) 1.542(0.005) 1.522
oL 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-CB 1.508(0.026) 1.530(0.002) 1.499(0.039) 1.530(0.002) 1.526
: ¢) ) o) *) )
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=CN 123.1(4.1) 123.4(0.6) 122.2(4.9) 123.3(0.4) 122.9
N-Ca-CBp 110.3(2.1) 109.8(0.7) 110.6(2.5) 109.8(0.6) 109.5
Cp-Ca-C 111.4(2.4) 111.1(0.7) 111.2(2.2) 111.1(0.6) 1111

Values in parentheses are standard deviations. Note that while some bond length
and angle averages did pot change appreciably after energy-minimization, the
corresponding standard deviations are reduced due to deviant geometries assuming
standard values after energy-minimization. Standard geometry values are from the
AMBER forcefield as implemented in DISCOVER (Biosym Technologies).
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The consensus structure might conceivably be dependent upon which crystal structure
was chg§en as the template on. which the ecthers were superimposed. As a test, the entire
pro;t.adt;re was repeated using the crystal structure with the worst superposition versus 2FB4,
i.e. the 2HFL Fab-structure,-as the new template-(reference). The two consensus structures
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, O, Cg atoms}
coordinates for only those residues which are part of a conformation common to ali seven X-

ray crystal structures. For the Fab structures, these include the common g-strands {which

_comprise two A-sheets) and a few non-CDR loops which connect these f-strands. The

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 ha§ only the basic shape without side chains. Starting with this consensus structure the
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
crystal structures) and rotamer libraries (Ponder, J.W. & Richards, F. M., J. Mol. Biol. 193:
775-721 (1887)). 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 mode! (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
structures tabulated by Chothia et a/., Nature, 342:877-883 (1989)) and which were derived
from Fab crystais. 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 (CDR1) and 95 (CDR3), and heavy chain residues 26, 27, 29 (CDR1) and
55 (CDR2). For light chain CDR2, and heavy chain CDR3, only the size of the CDR is
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 a/.) 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 EZDR, 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, using a program such as INSIGHT (Biosym
Technologies), the Brookhaven Protein Data Bank can be searched for loops with a similar size
to that of the import CDR and these ioops 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 et al.,, Nature 335: 564-568 (1988).

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 subjécted to energy
minimization using programs which are available commercially (e.g. DISCOVER, Biosym
Technoiogies). This technique uses compiex mathematical formulae to refine the model by
performing such tasks as checking that all atoms are within appropriate distances from one
another and checking that bond iengths and angles are within chemicalily 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

in more detail below. Modeling can also be used to explore the potential impact of changing

l 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
deriving a consensus amino acid sequence into which to incorporate the import sequences.
Next a model is generated for thesa 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 al.,

Sequences of Proteins of Immunological Interest {National institutes of Health, Bethesda, MD,
1987)), namely V|_x subgroup t and V group Ili, 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

PFIZER EX. 1002
Page 1186



10

15

20

30

W0 92/22653 PCT/US92/05126

23
CDR has been removed. The humanized antibody may contain human replacements of the
non-human import residues at positions within CDRs as defined by sequence variability (Kabat,
E. A. et al., Sequences of Proteins of Immunological Interest (National Institutes of Health,
Bethesda,'MD, 1987)) or as defined by structural variability (Chothia, C. & Lesk, A. M., J. Mol.
Biol. 196:901-917 (1987)). For example, huMAb4D5 contains human replacements of the
muMADb4D5 residues at three positions within CDRs as defined by sequence variability (Kabat,
E. A. et al., 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. Biol. 196:901-917 (1987)): V| -CDR1 K24R, V -CDR2 R54L and V -CDR2 T568S.

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 possibie influences is desirably performed
through modeling, by examination of the characteristics of the amino acids at particular
iocations, or determined experimentally through evaluating the effects of substitution or
mutagenesis of particular amino acids.

In certéin 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 FR of the consensus antibody;

e. identifying import antibody FR 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 V -V, interfac'e; and
g. for any non-homologous import antibody amino acid residue which is reasonably
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exﬁected 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 an} 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 (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, B5L, 87L, 98L, 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 (utilizing the numbering system set forth in Kabat, E.

A. et al., Sequences of Proteins of Immunological interest (National Institutes of Heaith,
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
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). {f the import sequence bears the glycosylation
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 glycosyiation site, it is preferred to
eliminate that glycosylation site or substitute therefor the corresponding amino acid residues
from the import sequence.

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
guch 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,
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 animport, 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
var@ple}Qomain having a CDR and a FR, substitutin»g the non-human CDR for the human CDR
in tﬁe consensus human antibody variable domain, and then substituting an amino acid residue
for the tonsensus amino -acid Tesidue-at-at feast ‘one ‘of the following sites:
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 .
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 V-
V, interface but may not directly affect COR conformation. It is also desirable to reevaluate
the humanized antibody utilizing the steps of the methods claimed hersin.

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, howevqr there are
circumstances where it is desired to evaiuate the effects of other amino acids. For example,
if 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.

Antibodies
Certain aspects of this invention are directed to natural antibodies and to monocional
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 an;;bodies are intended to include the use of natural or native antibodies as well
as humanized and chimeric antibodies. As used herein, the term "antibody” includes the
antibody variable domain and other.sepérable antibody domains unless specifically-excluded.

in accordance with certain aspects of this invention, antibodies to be humanized (import
antibodies) are isolated from continuous hybrid cell lines formed by the fusion of
antigen-primed immune Symphocytes 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 muiltiple

"subcutaneous (sc) or intraperitoneal (ip} injections of the antigen and an adjuvant. It may be

" useful to conjugate the antigen or a fragment containing the target amino acid sequance 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, maleimidobenzoyi sulfosuccinimide ester {conjugation through
cysteine residues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic
anhydride, SOCI,, or R'N = C = NR, where R and R! are different alky! groups.

' The route and schedule of the host animal or cultured antibody-producing cells
therefrom are generally in keeping with estabilished and conventiona!l 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
cells obtained therefrom can be manipulated according to the processes of this invention to
éerve 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 ug of conjugate (for rabbits or mice, respectively) with 3 volumes of
Freund's complete adjuvant and injecting the solution intradermally at multiple sites. Cne
month later the animals are boosted with 1/5 to 1/10 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
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.

Afterimmunization, monocional 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 celis or by
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Epstein-Barr (EB)-virus transformation and screening for clones expressing the desired antibody.
The hybridoma technique described 6riginally by Kohier and Milstein, Eur. J. Immunol. 6:511
(1976) has been widely applied to produce hybrid cell lines that secrete high leveis 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 @ composition comprising the

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, inciuding freezing and storage under liquid nitrogen. Frozen cell lines can
be revived and cultured indefinitely with resumed synthesis and secretion of monoclonal
antibody. The secreted antibody is recovered from tissue cuiture 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 IgG or IgM as the case may be that heretofore have
been used to purify these immunoglobulins from pooled plasma, e.g. ethanol or polyethylene
glycol precipitation procedures. The purified antibodies are sterile filtered, and optionally are
conjugated to a detectable marker such as an enzyme or spin labe! 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
the production of chimeric antibodies (Morrison et a/., Proc. Natl. Acad. Sci., 81:6851 (1984);
Neuberger et al., Nature 312:604 (1984); Takeda et al., 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 ADCC) can be used; such antibodies are within the
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 animmunized animal,

PFIZER EX. 1002
Page 1191



10

15

20

30

WO 92/22653 PCT/US92/05126

32 .
transcribes these'"into complementary DNA (cDNA), and clones the cDNA into a bacterial
expressions system. One example of such a technique suitable for the practice of this

invention was developed by researchers.at. Scripps/Stratagene, and.incorporates a proprietary

bacteriophage lambda vector system which contains a leader sequence that causes the

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 functional 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.

Aming 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
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
barticular amino acid sequences. Any combination of deletion, insertion, and subétitution 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-transiational processes of the
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
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) substituting first with conservative amino acid choices and then with more
fadical selections depending upon the resuits achieved, (2) deleting the target residue, or (3}
ihserting residues of the same or a different class adjacent to the located site, or combinations
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._his, 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 ‘agueous ‘environment in ‘or outside the cell. Those domains demonstrating

functional sensitivity to fhe 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 é mutation at a given site, ala
scanning or random mutagenesis may be conducted at the target codon or region and the

expressed target polypeptide variants are screened for the optima! combination of desired

" activity.

There are two principal variables ih 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
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
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. Intraséquence insertions
{i.e., insertions within the target polypeptide sequence) may range generally from about 1 to
10 residues, more p'referably 1to 5, most preferably 1 to 3. Examples of terminal insertions
inciude the target polypeptide with an N-terminal methionyi residue, an artifact of the direct
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 inciude STIl or Ipp for £. cofi, alpha factor for yeast, and viral
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 £. co/i trp locus, or yeast protein, and

C-terminal fusions with proteins having a long half-life such as immunogiobulin constant
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regions (or other‘immunogtobutin regions), albumin, or ferritin, as described in WO 89/02822
published 6 April 1989. |
-Another 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
inserted in its place. The sites of greatest interest fdr substitutional mutagenasis 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

i 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

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

conservative manner. lf 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

‘ 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) hydrophobic: norleucine, met, ala, val, leu, ile;

{2) neutral hydrophilic: cys, ser, thr;

(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
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.
... DNA 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 tase of naturally occurring amino acid sequence variants) or

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 technigues may utilized target poiypeptide nucleic acid (DNA or
RNA), or nucleic acid complementary to the target polypeptide nucleic acid.

Oligonucleotide-mediated mutagenesis is a preferred method for preparing substitution,

" deletion, and insertion variants of target polypeptide DNA. This technigue is well known in the

art as described by Adelman et a/., 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
unaitered 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 nucieotides in length are used. An optimal
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 molecuie. The
oligonucleotides are readily synthesized using techniques known in the art such as that
described by Crea et a/. (Proc. Natl. Acad. Sci. USA, 75: 5765 {1978]).

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
polymerase |, is then added to synthesize the complementary strand of the template using the
oligonucieotide as a primer for synthesis. -1 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, unaitered sequence of the target polypeptide. This

heteroduplex motecule is then transformed into a suitable host cell, usually a prokaryote such
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as £. coli JIM101 .‘\After the cells are grown, they are plated onto agarose plates and screened
usiri':g" tF{é oligonucleotide primer radioigbeied with 32-phosphate to identify the bacterial
colonies that contain the mutated. DNA. The-mutated region is then removed and-placed-in-an
appropriate vector for protein production, generally an expression vector of the type typically
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,
. deoxyriboadenosine (dATP), deoxyriboguanosine {dGTP), and deoxyribothymidine (dTTF), 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

dCTP-(aS) instead of dCTP, which serves to protect it from restriction endonuciease digestion.

After the template strand of the double-stranded heteroduplex is nicked with an

- appropriate restriction enzyme, the template strand can be digested with Exolll nuclease or

. another appropriate nuclease past the region that contains the site(s) to be mutagenized. The

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 transformed into a suitable host cell such as £. coli JM101, as described above.

DNA encoding target polypeptide variants with more than one amino acid to be
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

“amino 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

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 heteroduplex DNA molecule is'then generated. The second
round of mutagenesis utilizes the mutated DNA produced in the first round of mutagenesis as
the template. Thus, this template aiready 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

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 aiso finds
application with RNA. The PCR technique generally refers to the foliowing procedure {see
Erlich, supra, the chapter by R. Higuchi, p. 61-70): When small amounts of template DNA are
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 guantities 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;
the seguence 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
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
replace the corresponding region in the plasmid that served as PCR template using standard
DNA technology. Mutations at separate positions can be introduced simuitaneously 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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Ina speci?ic example of PCR mutagenesis, template ptasmid DNA (1 pg) is finearized

- T

by digestion with a restriction endonuciease that has a unique recognition site in the plasmid

. DNA_ outside_ of the region 1o be .ampliﬁed. -Of this material, 100 ng-s-added-toa PCR mixture

containing PCR buffer, which contains the four deoxynucleotide tri-phosphates and is inciuded
in the GeneAmp? kits (obtained from Perkin-Eimer Cetus, Norwalk, CT and Emaeryvilie, CA),

and 25 pmole of each oligonucleotide primer, to a final volume of 50 u4l. The reaction mixture

- is overiayed with 35 ul mineral oil. The reaction is denatured for 5 minutes at 100°C, placed

briefiy on ice, and then 1 gl Thermus aquaticus {Taq) DNA polymerase (5 units/ul, purchased
from Perkin-Eimer Cetus, Norwalk, CT and Emeryville, CA) is added below the mineral oil layer.

- The reaction mixture is then inserted into a DNA Thermal Cycler (purchased from Perkin-Elmer

Cetus) programmed as follows: 2 min. at 550C, then 30 sec. at 720C, then 18 cycles of the
following: 30 sec. at 840C, 30 sec. at 55°C, and 30 sec. at 72¢C.

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:vol), and

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 Welis et a/. (Gene, 34: 315[1985]). The starting material is the plasmid (or other
vector) comprising the target poiypeptide DNA to be mutated. The codon(s) in the target
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 mutag~énesis

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
linearize it. A double-stranded oligonucleotide encoding the sequence of the DNA between the
restriction sites but containing the desired mutation(s) 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
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 cDNA or genomic DNA encoding the target polypeptide is inserted into a replicable

PFIZER EX. 1002
Page 1198



e

10

15

20

. 30

WO 92/22653 PCT/US92/05126

39

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
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 foliowing: a signal sequence, an origin of replication, one or more

marker genes, an enhancer eiement, a promoter, and a transcription termination sequence.
(3) 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 aiso
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. Inciuded within the scope of this
invention are target poiypeptides with any native signal sequence deleted and replaced with
a heterologous signal sequence. The heterologous signal sequence selected should be one that
is recognized and processed (i.e. cleaved by a signa! 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 s;equence selected, for
example, from the group of the alkaline phosphatase, penicillinase; Ipp, or heat-stable
enterotoxin Il 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.

(b) Origin of Repfication 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 includ:é's origins of replication or autonomously replicating sequences. Such
sequences 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 2y
plasmid origin is suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VSV
or BPV) are useful for cloning vectors in mammalian cells. Generally, the origin of replication
componant 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 "shuttie” vectors, i.e. they are capabile of replication in.at

least one class of organisms but can be transfected into another organism for expression. For

_example, a vector is cloned in £. co/i and then the same vactor 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 inciuding in the vector a DNA
sequence that is complementary to a sequence found in Bacillus genomic DNA. Transfection
of Bacillus with this vector resuits 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.
(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
cells grown in a selective culture medium. Host cells not transformed with the vector
containing the selection gene will not survive in the cuiture medium. Typical selection genes
encode proteins that (a) confer resistance to antibiptics or other toxins, e.g. ampicillin,
neomycin, methotrexate, or tetracycline, {b) compliement auxotrophic deficiencies, or {c}) supply
critical nutrients not available from compiex media, e.g. the gene encoding D-alanine racemase
tor 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 a/., J. Molec. Appl. Genet., 1: 327 [1982)),
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mycophenolic acid (Mulligan et a/., Science, 209: 1422 [19801]) or hygromycin (Sugden et a/.,
Mol, Cell.. Biol., 5: 410-413 [1985]). The three examples given above employ bacterial genes
under eukaryotic control to convey resistance to the appropriate drug G418 or neomycin
{geneticin), xgpt {mycophenolic acid), or hygromycin, respectively.

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 selectioﬁ 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

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
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
propagated as described by Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77: 4216 [1980].
The transformed cells are then exposed 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.
CCL6&1 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
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 trp1 gene present in the yeast plasmid

YRp7 (Stinchcomb et a/., Nature, 282: 39 [1979]; Kingsman et a/., Gene, 7: 141 [1979]; or
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Tschemper et al.i Gene, 10: 157 [1980)). The trp1 gene provides é selection marker for a
mutant strain of yeast lacking the ability to grow in tryptophan, for exampie, ATCC No. 44076
or PEP4-1 {Jones, Genetics, 85: 12 I1977]). The presence of the trp1 lesion in the yeast host
cell genome then provides an effective environment for detecting transformation by growth
in the absence of tryptophan. Similarly, Leu2-deficient yeast strains {ATCC 20,622 or 38,626}

are complemented by known plasmids bearing the Leu2 gene.

(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 tocated upstream (5°) to the start codon of a structural gene (generally
within about 100 to 1000 bp} that control the transcription and translation of a particular
nucleic acid sequence, such as that encoding the target polypeptide, to which they are

operably linked. Such promoters typically fall into 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

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 DNA. However,
heteroiogous promoters are preferred, as they generally permit greater transcription and higher
yields of expressed target polypeptide as compared to the native target polypeptide promoter.

Promoters suitable for use with prokaryotic hosts include the g-lactamase and lactose

promoter systems (Chang et al., Nature, 275: 615 [1978]; and Goedde! et a/., Nature, 281:

‘544 (1979)), alkaline phosphatase, atryptophan (trp) promoter system (Goeddel, Nucleic Acids

Res., 8: 4057 [1980] and EP 36,776) and hybrid promoters such as the tac promoter (deBoer
et al., Proc. Natl. Acad. Sci. USA, 80: 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 {Siebenilist 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.)

PFIZER EX. 1002
Page 1202



10

15

20

.30

WO 92/22653 PCT/US92/05126

43
sequence operably linked to the DNA encoding the target polypeptide.

... Suitable promoting sequences for use with yeast hosts include the promoters for 3-
phosphogiycerate kinase (Hitzeman et a/., J. Biol. Chem., 255: 2073 [1980]) or other
glycolytic enzymes {Hess et al., J. Adv. Enzyme Reg., “7: 149 [19B8]; and Holland,
Biochemistry, 17:4900[19781]), such asenolase, 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

of transcription controlied by growth conditions, are the promoter regions for alcoho!

‘ 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 a/., EP 73,657A. Yeast enhancers
also are advantageously used with yeast promoters.

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an
AT-rich region iocated 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’
end of most eukaryotic genes is an AATAAA sequence that may be the signa!l 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 controlied by
promoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK
2,211,504 published 5 July 1989), adenovirus (such as Adenovirus 2), bovine papilloma virus,
avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus and most prefe}ably
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 compatibte with
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 (1980); Pavlakis et a/., Proc.
Natl. Acad. Sci. USA, 78: 7398-7402 (1981). The immediate early promoter of the human
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cytomegalovirus is conveniently obtained as a Hind!ll Erestriction fragment. Greenaway etal.,

Gene, 18: 355-360 (1982). A system for expressing DNA in mammalian hosts using the

bovine papilloma virus as a vector is di‘sclosed in US. 4,419,4456. -A modification of this

system is described in U.S. 4,601,978. See also Gray et a/., Nature, 295: 503-508 (1882}
on expressing cDNA encoding immune interferon in monkey cells; , Reyes et a/., Nature, 297:
598-601 (1982} on expression of human g-interferon cDNA in mouse cells under the control
of a thymidine kinase promoter from herpes simplex virus, Canaani and Berg, Proc. Natl. Acad.

Sci. USA, 79: 5166-5170 (1982} on expression of the human interferon £1 gene in cultured
“mouse and rabbit cells, and Gorman et a/., Proc. Natl. Acad. Sci. USA,79:6777-6781(1982)

.'on expression of bacterial CAT sequences in CV-1 monkey kidney cells, chicken embryo

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 10-300 bp, that act on a promoter to
increase its transcription. Enhancérs are relatively orientation and position independent having
been found 5’ {Laimins et a/., Proc. Natl. Acad. Sci. USA, 78: 993 [1981)) and 3’ {Lusky et

‘al., Mol. Cell Bio,, 3: 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 et a/., Mol. Cell
Bio., 4: 1293 [1984]). Many enhancer sequences are now known from mammalian genes
(globin, elastase, albumin, o-fetoprotein and insulin). Typically, however, one will use an
enhancer from a eukaryotic cell virus. Examples include the SV40 enhancer on the late side
of the replication origin (bp 100-270), the cytomegalovirus early promoter enhancer, the
polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. See
;!so Yaniv, &a;gr_e 297: 17-18 (1982) on enhancing elements for activation of eukaryotic
bromoters. The enhancer may be spliced into the vector at a position 5’ or 3’ to the target

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 celis from other multicellular organisms) will also contain sequences
necessary for the termination of transcription and for stabilizing the mRNA. Such sequences

are comimonly available from the 5’ and, occasionally 3’ untranslated regions of eukaryotic or

viral ‘DNAs or ¢cDNAs. “These regions contain nucleotide segments transcribed as

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
the plasmids required.

For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures
are used to transform E. coli K12 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
by the method of Messing et al., Nucleic Acids Res., 9: 309 (1981) or by the method of
Maxam et a/., Methods in Enzymology, £65: 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

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 idenfiﬁcation of polypeptides encoded by cloned DNAs, as
well as for the rapid screening of such polypeptides for desired biological or physiological
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 et a/., Nature,
293:620-625[1981); Mantei et al., Nature, 281: 40-46 [1879]; Levinson etal.; 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. 307,247) or pSVIEB.

Selection and Transformation of Host Cells
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Suitable host cells for cloning or expressing the vectors herein are the prokaryote,
yeas{, or higher eukaryote cells described above. Suitable prokaryotes include eubacteria, such
as Gram-negative or Gram-positive ovrga-hisms, for example, £. coli, Bacillisuch.as.8. subtilis,
Pseudomonas species such as P. aeruginosa, Salmonella typhimurium, or Serratia marcescans.
One preferred £. cofi cloning host is £. coli 294 {(ATCC 31,446), although other strains such
as £. coli B, £. coli x1776 (ATCC 31,537), and £. col/i W3110 (ATCC 27,325) are suitable.
These examples are illustrative rather than limiting. Preferably the host cell should secrete

"minimal amounts of proteolytic enzymes. Alternatively, /n vitro methods of cloning, e.g. PCR

“ or other nucleic acid polymerase reactions, are suitable.

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 most 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, 290: 140 (1981); EP
139,383 published May 2, 1985], Kluyveromyces hosts (U.S. 4,943,529) such as, e.g., K.

lactis [Louvencourt et al., J. Bagteriol., 737 (1983)), X. fragilis, K. bulgaricus, K.
‘thermotolerans, and K. marxianus, yarrowia [EP 402,226), Pichia pastoris [EP 183,070;

Sreekrishna et a/., J. Basic Microbio!., 2B: 265-278 (1988)], Candida, Trichoderma reesia [EP

~244,234], Neurospbra crassa [Case et al., Prgg'. Natl. Acad. Sci. USA, 76: 5259-5263

(1979)], and filamentous fungi such as, e.g, Neurospora, Penicillium, Tolypocladium [WO

'91/00357 published 10 January 1991], and Aspergillus hosts such as A. nidul/ans [Ballance

et al., Bipchem. Biophys. Res. Commun., 112: 284-289 (1983); Titburn et a/., Gene, 26: 205-

221 (1983); Yelton'et a/., Proc. Natl. Acad. Sci. USA, 81: 1470-1474 (1984)} and A. niger
[Kelly and Hynes, EMBO J., 4: 475-479 (1985)).

Suitable host cells for the expression of glycosylated target polypeptide are derived from
muiticellular 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
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 a/., Bio/Technology, 6: 47-55 (1988); Miller et a/., in Genetic
Engineering, Setlow, J.K. et a/., eds., Vol. 8 (Plenum Publishing, 1986), pp. 277-279; and
Maeda et a/., 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 californica NPV and the Bm-5 strain of Bombyx
mori NPV, and such viruses may be used as the virus herein according to the present
invention, particularly for transfection of Spodoptera frugiperda cells. Plant cell cufres
of cotton, ‘com, ‘potato, soybean, petunia, tomato, and tobacco can be utilized as hosts.
Typically, plant cells are transfected by incubation with certain strains of the bacterium
Agrobacterium tumefaciens, which has been previously manipulated to contain the target
poiypeptide DNA. During incubation of the plant cell culture with A. tumefaciens, the DNA
encoding target‘polypéptide 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

and signal sequences compatible with piant cells are available, such as the nopaline synthase

" promoter and polyadenylation signal sequences. Depicker et al., 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 19889.

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
etal., J. Gen Virol., 36: 59 [{1977]}; baby hamster kidney cells (BHK, ATCC CCL 10); Chinese
hamster dvary cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. Acad. Sci. USA, 77: 4216
[1980]); mouse sertoli cells (TM4, Mather, Biol. Reprod., 23: 243-251 [1980]); monkey kidney
cells (CV1 ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587);
human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells {MDCK, ATCC CCL
34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL
75); human liver cells (Hep G2, HB 8065}); mouse mammary tumor {MMT 060562, ATCC
CCLS51); TRI cells (Mather et a/., 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.

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 celi whether or
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not any coding sequences are in fact expressed. Numerous methods of transfection are known
to ‘the ‘ordinarily skilled artisan, for example, CaPQO, and electroporation. Successful

transfection is generally recognized when any indication of the operation 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

i al., supra, is generally used for prokaryotes or other cells that contain substantial cell-wall

f barriers. Infection with Agrobacterium tumefaciens is used for transformation of certain plant

cells, as described by Shaw et al., Gene, 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 et a/, supra, is preferred. General
aspects of mammalian cell host system transformations have been described by Axef in U.S.
4,399,216 issued 16 August 1883. Transformations into yeast are typically carried out
“according to the method of Van Solingen et a/., J. Bact., 130: 946 (1977} and Hsiao et a/.,
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.

Culturing the Host Celis

Prokaryotic cells used to produce the target polypeptide of this invention are cultured
in suitable media as described generally in Sambrook et a/., supra.

' The mammalian host celis used to produce the target polypeptide of this invention
may be cultured in a variety of media. Commercially available media such as Ham’s F10
{Sigma), Minimal Essential Medium (IMEM], Sigma), RPMi-1640 (Sigma), and Dulbecco’s
Modified Eagle’'s Medium ([DMEM], Sigma} are suitable for culturing the host cells. In addition,
;any of the media described in Ham and Wallace, Meth. Enz., 58: 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;
WO 90/03430; WO 87/00195; U.S. Pat. Re. 30,985, may be used as culture media for the
host cells. Any of thesé 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 Gentamycin™ drug), trace elements
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(defined as inorganic compounds usually present at final concentrations in the micromolar
rangf;_),;and 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 cutture conditions, 'such astemperature, ‘pH, and-the like, are those previously used-with
the host cell selected for expression, and will be apparent to the ordinarily skilied artisan.

The hos- cells referred to in this disclosure éncompass cells in in vitro culture as well
as cells that are within a host animal. i

It is further envisioned that the target polypeptides of this invention may be produced
by homologous recombination, or with recombinant production methods utilizing control
elements introduced into celis already containing DNA encoding the target polypeptide
currently in use in the field. For examplie., 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
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.

Detecting Gene Amplification/Expression

Gene amplification and/or expression may be measured in a sample directly, for
example, by conventional Southern blotting, northern biotting to quantitate the transcription
of mRNA (Thomas, Proc. Natl. Acad..Sgi. USA, 77: 5201-5205 [1980]), dot blotting (DNA
analysis), or in situ hybridization, using an appropriately labeled probe, based on the sequences
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 thén 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
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
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émmunohistocherhical staining of tissue sections and assay of cell cuiture or body fluids. to
quanhtitate directly the expression of gene product. With immunohistochemical staining
techniques, a cell sample is prepared, typically by dehydration .and fixation, followed by

reaction with labeled antibodies specific for the gene product coupled, where the labels are

~usually visually detectable, such as enzymatic labels, fluorescent labels, luminescent labels,

and the like. A particularly sensitive staining technigue suitable for use in the present invention

is described by Hsu et a/., Am. J. Clin. Path., 75: 734-738 (1980).

Antibodies useful for immunohistochemical staining and/or assay of sample fiuids may

be either monoclonal or polyclonal, and may be prepared in any mammal. Conveniently, the

. antibodies may be prepared against a native térget 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 poiypeptide preferably is recovered from the culture medium as a secreted

polypeptide, although it also may be recovered from host cell lysates when directly expressed
- without a secretory signal.

When the target polypeptide is expressed in a recombinant cell other than one of human
origin, the térget 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
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 be purified from the soluble protein fraction and from the membrane
fraction of the culture lysate, depending on whether the target polypeptide is membrane
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
1gG. »

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 pq{ypeptide is an antibody) can be used to adsorb the fusion. Immunoaffinity columns
suci:;as(a rabbit polycional anti-target polypeptide column can be employed to absorb the
target polypeptide-variant by binding-it to.at least.one remaining.immune epitope. A protease
inhibitor such as phenyl methyl sulfony! 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
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
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
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
amines), such as’ chloroacetic acid or chloroacetamide, to give carboxymethyl or
carboxyamidomethyl derivatives. Cysteinyl residues aiso are derivatized by reaction with
bromotriﬂuoroacetone', a-bromo-B-(5-imidozoyl)propionic acid, chloroacetyl phosphate, N-
alkylmaleimides,3-nitro—2-pyr§dyl disulfide, methyl 2-pyridyldisulfide, p-chloromercuribenzoate,
2-chloromercuri-_4-nitropheno|, or chloro-7-nitrobenzo-2-oxa-1,3-diazole.

Histidy! 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-bromophenacy!
bromide also is useful; the reaction is preferably performed in 0.1M 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;
trinitrobenzenesulfonic acid; O-methylisourea; 2,4-pentanedione; and transaminase-catalyzed
reaction with glyoxylate. ‘

Arginy! residues are modified by reaction with one or several conventional reagents,

among them phenyiglyoxal, 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

. introducing spectral labels into tyrosyl residues by reaction with aromatic diazonium

compounds or tetranitromethane. Most commonly, N-acetylimidizole and tetranitromethane
are used to form O-acetyl tyrosyl species and 3-nitro derivatives, respectively. Tyrosyl
residues are iodinated using ' or 'l to prepare labeled proteins for use in radiocimmunoassay,
the chloramine T method described above being suitable.

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with

“carbodiimides (R’-N=C=N-R’), where R and R’ are different alkyl groups, such as 1-

cyciohexyl-3-(2-morpholinyi-4-ethyl) carbodiimide or 1-ethyi-3-{4-azonia-4,4-dimethyipentyl)

‘carbodiimide. Furthermore, aspartyl and glutamyl residues are converted to asparaginyl and

giutaminyl residues by reaction with ammonium ions.
Derivatization with bifunctional agents ts useful for crosslinking target polypeptide to

3 water-insoluble support matrix or surface for use in the method for purifying anti-target

“polypeptide antibodies, and vice versa. Commonly used crosslinking agents inciude, e.g.. 1,1-

bis(diazoacetyl)-2-phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for example,
esters with 4-azidosa!icylic acid, homobifunctional imidoesters, including disuccinimidyl esters
such as 3,3’-dithiobis{succinimidylpropionate), and bifunctional maleimides such as bis-N-
maleimido-1,8-octane. Derivatizing agents such as methy!-3-[(p-azidophenyl)dithiolpropioimi-
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;
4,195,128; 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, phosphoryiation of
hydroxyl_groups of seryl or threony! residues, methylation of the g-amino groups of lysine, '
argi;mine, and histidine side chains (T.E. Creighton, Proteins: Structure and Molecular

~Properties, W:H.-Freeman -& -Co., ‘SanFrancisco, 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
target polypeptide.

Glycosylation of polypeptides is typically either N-linked or O-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
carbohydrate moiety to the asparagine side chain. Thus, the presence of either of these tri-
peptide sequences in a polypeptide creates a potentia! glycosylation site. O-linked
glycosylation refers to the attachment of one of the sugars N-acetyigalactosamine, galactose,
or xylose, to a hydroxyamino acid, most commonly serine or threonine, although 5-
hydroxyproline or 5-hydroxylysine may also be used. C

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 gly;osylation 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 O-linked glycosylation sites}. For ease, the target polypeptide amino
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”.

" 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 O- 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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carboxy! groups"f (c) free sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups
such z;s:those of serine, threonine, or hydroxyproiine, (e) aromatic residues such as thase of
phenylaianine, tyrosine, or‘tryptophan: or {f) the amidegroup of glutamine. These methods
are described in WO 87/05330 published 11 September 1987, and in Aplin and Wriston {CRC
Crit. Rev. Biochem., pp. 259-306 [1981])).

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 acjd, or an equivalent compound. This

treatment results in the cleavage of most or all sugars except the linking sugar (N-

g acetylglucosamine or N-acetyigalactosamine), while leaving the polypeptide intact. Chemical

degivcosylation is described by Hakimuddin et a/. (Arch. Biochem. Biophys., 259:52 {1987]))
and by Edge et a/. (Anal. Biochem., 118:131 [1981]). 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 et a/. (Meth. Enzymol., 138:350 [1987)).

Glycosylation at potential glycosylation sites may be prevented by the use of the

" compound tunicamycin as described by Duskin et a/. (J. Biol. 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 ' nonproteinaceoys polymers, e.g. polyethylene glycol,
" 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 exampie,
hydroxymethyiceliuiose or gelatin-microcapsules and poly-Imethylmethacylate) microcapsules,
respectively), in colloidal drug delivery systems (for example, liposomes, albumin microspheres,
microemulsions, nano-particles and nanocapsules), orin macroemulsions. Such techniques are
disciosed 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
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 cgﬁxpetitive-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

in the same assay. Other potential modifications of protein or polypeptide properties such as
redox or thermal stability, hyqrophobicity, 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.

Diagnostic and Rel U f the Antibodie

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
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
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
analyte, 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
>receptors, or antigens.

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 fiuorochrome, 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 2P, '*C, '®I, *H, and ',

) fiud?&phores such as rare earth chelates or fluorescein and its derivatives, rhodamine and its

derivatives, dansyl, _umbeilifer.one«,.Iuceriferases, e.g., firefly luciferase and ‘bacterial luciferase
(U.S. Pat. No. 4,737,456}, luciferin, 2,3-dihydrophthalazinediones, horseradish peroxidase

(HRP), alkaline phosphatase, #-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, bacteriophage labels, stable free radicals, and the

~like.

Conventional methods are available to bind these labels covalently to proteins or
polypeptides. Forinstance, 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.

Pat. Nos. 3,940,475 (fluorimetry) and 3,645,090 (enzymes); Hunter et a/., Nature, 144: 945"

'(1962); David et al., Biochemistry, 13: 1014-1021 (1974); Pain et a/., J. Immunol, 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

"manipulative procedure for one of ordinary skifl 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 Enixmolggx, 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.

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

etal.., U.S. 3,720,760}, by covalent coupling (for example, using glutaraldehyde cross-linking),
or by insoiubilizing 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 fimited 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
bound. to.the binding partner are separated from the unbound tracer and analyte. This

separation is accofnplished 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 pre'sent in the test sample. These assays are called ELISA systems when
enzymes are used as the detectable markers.

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
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
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.
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 iabeled
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
sandwich assay using an anti-antigen monocional 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 deveioped for the determination

of these analytes are included within the scope hereof, including the bioassays described
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above.
Immunotoxins

This invention is also directed to immunochemical derivatives of the antibodies of this

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 presenf.

For example, purified, sterile filtered antibodies are optionally conjugated to a cytotoxin
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

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, aipha-sarcin, Aleurites fordii

proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPI!, and PAP-S), momordica

“charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mitogeliin,

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
derivatives of imidoesters such as dimethyl adipimidate HCl, 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 |,5-difluoro- 2,4-dinitrobenzene. The lysing portion of a toxin may be
joined to the Fab fragment of the antibodies.

Immunotoxins can be made in a variety of ways, as discussed herein. Commonly
known crosslinking reagents can be used to yield stable conjugates.

Advantageously, monocional 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 advantageous method of making the ricin immunotoxin is described in Vitetta et al.,
Science 23B:1098 (1987).

‘When used to kill infected human‘cells in vitro for diagnostic purposes, the conjugates
will typically be added to the cell cuiture medium at a concentration of at least about 10 nM.
The formulation and mode of administration for /n 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. o

Cytotoxic radiopharmaceuticals for treating infected cells may be made by conjugating
radioactive isotopes (e.g. I, Y, Pr} to the antibodies. Advantageously alpha particle-emitting

" isotopes are used. The term ’c/ytotoxic 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).
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”}.

In a further embodiment toxin-conjugates are made with Fab or F(ab’), fragments.
Because of their relatively small size these fragments can better penetrate tissue to reach
infected cells. .

In another embodiment, 