:1%4

ACCESSIBILITY

F1G. 3B

0.6 -

o TA N ]\ [\ﬂ A Al |

UL VATV Y

180 220
RESIDUE POSITION
HFR 1 COR Wi HFR 2 COR H2 HFR 3 . CDR H3
11 IR | | | tesrent 11 rerertteeee || || H NN therrt Rt e dtaNee
g1b2 QVQLOQSGTELARPGASVRLSCKASGYTFTTPGIT--WVXQRTGQGLEWI GEL FRGNS - - KTYYAERFKGKATLTADRSSTTAYMQLS SLTSEDSAVYFCARE IR - -~ - -~ - === =~ WG
1£dl QVQLKESGRGLVAPSQSLSITCTVSGPSLIGYGVN--WVRQPPCKGLEWLNTWGDG - - -NTDYNSALKSRLST SKDNSKSQVF LI SLRTDDTARYY CARERDYRL - - - -~~~ DYWG
2hil -VQLOQSGAELMKPGASVKISCKASGYTTSDYWIE- -WVKQRPGHGLEWIGEILPGSG- - STNYHERFRGKATFTADTSSSTAYMOLNSLT SEDSGVYYCLAGNYDE - - - - - - == -~ DGWG
3hfm DVQLQESGPSLVKPSQTLSLICSVIGDSITSYHS -~ NI RKF PGNRLEYNGYVSYSG -~ STYYNPSLRSRIS I TROTSKMQY YEDLNSVTTEDTATYYCANWEG - - - - - = == ==~ DIVG
2fbj EVKLLESGOGLVQPGGSLKLSCAASGFDF SKYWNS - -WVROA PGRGLEWI GETHPDSG - - TINYTPSLRDKF 11 SRONAKNSL YLOMSKVRSEDTALYYCARLHYYGYN- -~ - == AYWG

2604 EVQLVQSGCGVVQPCRSLRLSCSSSCFIFSSYANY - -WWRQAPGKGLEWVAT TWDDGS - - DOHYADSVKGRFTT SRNDSKNTLFLOMDSLRPEDTGVYFCARDGGHGFCSSASCPGEDYWG
dmep EVRLVESCGCLYQPGGSLRLSCATSGFTE SDFYME- -WVRQP PGKRLEWI AASRNXGNKYTTEY SASVRGRE TVSRDTSQSI L YLOMNALRAEDTAT YY CARNYYGSTWYF - - - -~ DVHG
7fab -VQLEQSGPGLYRPSQTLSLTCTVSGTSFDDYYST- -WWRQPPGRGLEWIGYVFYHG - - ~TSDTDTPLRSRVIMLYNTSKNOF SLRLSSVTARDTAVYYCARNLIAGCT = - = < e VWG
4fab EVKLDETCGGLVQPGRENKLSCVASGETESDYWNN - ~WVRQS PEKGL EWVAQ! RNKPYNY ETY Y SDSVKGRETT SRODSK SSVYLMNNLRVEDMG YYCTGSYY (- - == ==~ DYWG
1£19 QVQLKESGAELVAASSSVKMSCKASCYTFTSYGVN--WVRQRPCOGLEWIGYINPGKG - - YLSYNEXEKGRTTLTVDRSSSTAYMQLRSLT SEDSAVYF CARSFYCGSDLAVYYF - - SWG
6£ab EVQLQQSGVELVRAGSSVAMSCKASCYTFTSNCIN - -WVKQR PCOCLEWICYNN SCNG - - YTA YNEKFXGXTTLIVDXSSSTA YMQLRSLTSEDSAVYPCARSEVYGESYRE - - - -~ DYWG
1> EVOLVESGGGLYOPCRSLALSCAASCTTINDYAME - ~WVROA DGHGLIWYSCT SWDSS - - SIGYADSVKGRFTT SRDMAKNS L YLOMNSLRAEDHAL YYCVKGRDYVDSGGYT TVAFDING

(SKQ D ¥0: 13)
(SEQ ID X0: 14)
(S20 ID NO: 1%}
(SR ID NO: 16)
(SR ID NO: 17)
(SEQ ID NO: 18)
{SEQ ID NO: 19)
{SEQ ID NO: 20)
(SEQ ID NO: 21)
{SEQ ID NO: 22)
(S2Q ID NO: 23}
(SE0 ID NO: 24)
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FIG. 4A

Light Chain Sequences

10 20
1 N901L .DVLMTQTPLSLPVSLGDQASISC
2 KOL QSVLTQPPSASG TPGQRVTISC

| | [
: QVLMTQTPSSLPVTLGQQASISC

4 KV2F$HUMAN : DVVMTQSPLSLPVTLGQPASISC
[most identical seq] * | [

5 N901L/KV2F : DVLMTQSPLSLPVTLGQPASISC
[CDR grafted]

6 KV4B$HUMAN

3 N901L/KOL

: DIVMTQSPDSLAVSLGERATINC
I I

[most identical surf] +
7 N90O1L/KV4B : DVLMTQTPDSLPVSLGDRASISC
[Resurfaced) (
ao 90
1 N9O1L . SGSGTDFTLMI SRVEAEDLOVYYC
2 KOL : SKSGASASLAIGGLQSEDETDYYC

| | |
3 N901L/KOL : SGSGTSFTLAISRVEAEDEGVYYC
4 KV2F$HUMAN : SGSGTDFTLKISRVEAEDVGVYYC
[most identical seq] . | I .
S N901L/KV2F : SGSGTDFTLKISRVEAEDVGVYYC
[{CDR grafted]
6 KV4B$SHUMAN
[most identical surf]
7 N901L/KV4B
[{Resurfaced])

: SGSGTDFTLTISSLQAEDVAVYYC

: SGSGTDFTLMISRVEAEDLGVYYC

{ L3

30 40 so so 70
——————————————— L e et et L bt 4
RSSQIIIHSDGNTY LE WFLQKPGQSPKLLIY KVSNRFS GVPDRFSG
SGTSSNIGS--~fSTVN WYQQLPGMAPKLLIY RDAMRPS GVPDRFSG
RSSQIIIHSDGNTY-LE WFLQKPGdSPKLLIY KVSNRFS GVPDRFSG
RSSQSLVYSDGNTY—LN WFQORPGQSPRgLIY KVSNRDS GVPDRFSG
RSSQIIIHSDGNTY—LE WFQQRPGQSPRLLIY KVSNRFS GVPDRFSG
KSSQSVLYSSNNKNYLA WYQQKPGQPPKLLIY WASTRES GVPDRFSG
RSSQIIIHSDGNTY-LE WFLOKPGQSPKLLIY KVSNRFS GVPDRFSG

L1 ] L2
100 110
FQGSH-~-VPHT FGGGTKLEI- (SEQ ID NO: 25)
AAWDVSLNAYV FG?GTKVTVL ( 44) (SEQ ID.NO: 26)
FQGSH--VPHT FGGGTKLEI- (104) (SEQ ID NO: 27)
MQGTH - ~-WSWT FG?GTRVEIK, ( 87) (SEQ ID NQ: 28)
FQGSH--VPHT FGGGTKVEI- (101) (SEQ ID NO: 29)
QQYDT---IPT FGGGTKVEIK ( 71) (SEQ ID NO: 30)
FQGSH--VPHT F?GGTKLEI— (109) (SEQ ID NO: 31)
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FIG. 4B

Heavy Chain Sequences

~

120 130 140 150 160 170 180

——————————— et e e e e S ittt
N901H DVQLVESGGGLVQPGGSRKLSCAASGF‘TF’S SFGMH- - WROAPEKGLEWVA YISSGSF--TIY HADTVKG
KOL : EVQLVQSGGGVVQPGRSLRLSCSSSGFIFS SYAMY-- WVRQAPGKGLEWVA IIWDDGS--DQH YADSVKG

| | (N I | I |
N901H/KOL : EVQLVESGGGVVQPGRSLRLSCAASGFIFS SFG -- WVRQAPGKGLEWVA YISSDGF--TIY HADSVKG
G36005 : QVQLVESGGGVVQPGRSLRLSCAASGFTFS SYAMH-- WVRQAPGKGLEWVA VISYDGS--NKY YADSVKG
[most identical seq)] | | I )
N901H/G36005 :QVQLVESGGGVVQPGRSLRLSCAASGFTFS SFGMH-- WVRQAPGKGLEWVA YISSGSF--TIY YADSVKG
{CDR grafted]
PL0123 : EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYWMS-- WVRQAPGKGLEWVA NIKQDGS--EKY YVDSVKG
[most identical surf] | | |
N901H/PL0123 : EVQLVESGGGLVQPGGSLRLSCAASGFTFS SFGMH-- WVRQAPGKGLEWVA YISSGSF--TIY HADSVKG
{Resurfaced] [ H1 ] [ H2

190 200 210 220 230 240

hadindt Balladiadhdt Safiadindiok dhalnaleaiodadouldlied o ——————— - - oS- o - -
N9O01H RFTISRDNPKNTLFLQMTSLRSEDTAM’YYCAR MREKGYAM- -~~~ = —~— DY WGQG'I"I’V’I‘VS‘ (SEQ
KOL H RFTISRNDSKNTLFLQHDSLRPEUI‘GVYFCAR DGGHGFCSSASCFGPDY WGQGTPVTVS ( 77) (SEQ

| L]

N901H/KOL H RE'PISRDDPKNTLFLQMTSLRSEDI‘AMYYCAR MRKGYAM- == = =~~~ DY WGQGTTVTVS (106) (SEQ
G36005 : RFTISRDNSKNTLY LOMNSLRAEDTAVYYCAR DRKDWGWALFV ~~~~~ DY NGQCTLVTVS ( 89) (SEQ
[most identical segq]) I | | | |
N901H/G36005 :RFTISRDNSKNTLYLQOMNSLRAEDTAVYYCAR MRKGYAM~- -~ ==~~~ DY WGQGTLVTVS {103) (SEQ
{CDR grafted]
PL0123 . :RFTISRDNAKNSLYLOMNSLRAEDTAVYYCAR -~ = m e om o om { 74) (SEQ
[most identical surf]
N901H/PL0123 : RFTISRDNAKNTLFLOMTSLRAEDTAMYYCAR MRKGYAM- -~ = == DY WGQGTTVTVS (110) (SEQ
(Resurfaced] . { H3 ] - .

1D
ID
ID
ID
ID
ID

ID

NO:
NO:

NO:

NO:
NO:

NO:

32)
33)
34)
35)
36)
37)
38)
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Knowledge base

1. Brookhaven databank

2. Antibody sequence database
3. Antibody structure database
4. Loop database

|
Analysis
[
Framework
construction
-
Modelling
protocol for
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Database Database & ab-initio | canonical
construction ab~initio construction construction
construction
1 | | | i |
|

Analysis and validation
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4, Comparison with canonical structures
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GAATTCCCAA AGACAAAAtg gattttcazg tocagatits cagettegtg
sfaatgagtg cotoagtoat aatatccaga ggacaaattg ttctcaccca

gtctccagca
gcagtgccag
ggcacectece
agtccetget
caatcagegg
tggagtagta
cegggetgat
agttaacatc
cccaaagaca
tggcgtecty
gcatgagcayg
agctatacet
gagcttcaac
CCAGCTCCCA
CCACAAGCGC
TCTCCTCCTC

atcatgtctg
ctcaagtgta
ccaaaagatg
cacttcaggg
catggagget
acccattcac
actgcaccaa
tggaggtgee
tcaatgtcaa
aacagttgga
caccctcacg
gtgaggccac
aggaatgagt

GCTCCATCCT.

tTACCACTGT
CTCCCTTTCC

catctccagg
agttacatga
gatttatgac
gcagtgggte
gaagatgctyg
gttcoggeteg
ctgtatccat
tcagtegtgt
gtggaagatt
ctgatcagga
ttgaccaagg
tcacaagaca
gtTAGAGACA
ATCTTCCCTT
TGCGGTGCTC
TTGGCTTTTA

ggagaaggtc accatgacct
actggtacca gcagaagtca
acatccaaac tggcttctgg
tgggacctet tactctctca
ccacttatta ctgccagcag
gggacaaagt tggaaataaa
cttcccacca tccagtgage
gcttcttgaa caacttctac

gatggcagtg aacgacaaaa

cagcaaagac agcacctaca
acgagtatga acgacataac
tcaacttcac ccattgtcaa
AAGGTCCTGA GACGCCACCA
CTAAGGTCTT GGAGGCTTCC
tAAACCTCCT CCCACCTCCT
TCATGCTAAT ATTTGCAGAR

AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA

Fig. 1(a)

MDEQVOIFSF LLISASVIIS RGQIVLTQSP AIMSASPGEK VTMTCSASSS
VSYMNWYQQOK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME
AEDAATYYCQ QWSSNPFTFG SGTKLEINRA DTAPTVSIFP PSSEQLTSGG
ASVVCFLNNF YPKDINVEWK IDGSERQNGV LNSWTDQDSK DSTYSMSSTL
TLTKDEYERH NSYTCEATHK TSTSPIVKSF NRNEC*

Fig. 1(b)
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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” in 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, CDR2 and CDR3) in each of the heavy and light chain variable domains.

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

Background of the Invention

Natural immunoglobulins have been known for many years, as have the various fragments ihereof, such
as the Fab, (Fab'): and Fc fragments, which can be derived by enzymalic cleavage. Natural im-
munoglobulins 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 immunoglobuiins have been used in assay, diagnosis and, to a more limited extent, therapy.
However, such uses, especially in therapy, were hindered until recently by the polyclonal nature of natural
immunoglobulins. A significant step towards the realisation of the potential of immunogiobuiins as therapeu-
tic agents was the discovery of procedures for the production of monoclonal antibodies (MAbs) of defined
specificity (1).

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

Since most available MAbs are of rodent origin, they are naturally antigenic in humans and thus can
give rise to an undesirable immune response termed the HAMA (Human Anti-Mouse Antibody) response.
Therefore, the use of rodent MAbs as therapeutic agents in humans is inherently limited by the fact that the
human subject will mount an immunological response to the MAb and wili 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)-
1. However, in view of the rodent nature of this and other such MADs, a significant HAMA response which
may include a major anti-idiotype component, may build up on use. Clearly, it would be highly desirabie 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 techniques typically involve the
use of recombinant DNA technology to manipulate DNA sequences encading the polypeptide chains of the
antibody molecule.

Early methods for humanising MAbs involved production of chimeric antibodies in which an antigen
binding site comprising the complete variable domains of one antibody is linked to constant domains
derived from another antibody. Methods for carrying out such chimerisation procedures are described in
EP0120694 (Celitech 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 (Celitech Limited). This lattér
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
humanized chimeric antibodies, howaver, still contain a significant proportion of non-human amino acid
sequences, i.e. the complete non-human variable domains, and thus may still slicit 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 fong oligonucleotides. The present invention’
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relates to humanized antibody molecules prepared according to this alternative approach, i.e. CDR-grafted
humanised antibody molecules. Such CDR-grafted humanized 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.

The earliest work on humanizing MAbs by CDR-grafting was carried out on MAbs recognizing synthetic
antigens, such as the NP or NIP antigens. However, examples in which a mouse MADb recognizing 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 CDR1, 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
interleukin 2 receptor, by combining the CDRs of a murine MAb (anti-Tac) with human immunogiobulin
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 wore 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 proposs four criteria for designing humanised immunoglobulins. The first
criterion is to use as the human acceptor the framework from a particular human immuneoglobulin that is
unusuaily homologous to the non-human donor immunogiobuiin to be humanised, or to use a consensus
framework from many human antibodies. The second criterion is to use the donor amino acid rather than
the acceptor if the human acceptor residue is unusual and the donor residue is typical for human
sequences at a specific residue of the framework. The third criterion is to use the donor framework amino
acid residue rather than the acceptor at positions immediately adjacent to the CDRs. The fourth criterion is
to use the donor amino acid residue at framework positions at which the amino acid is predicted to have a
side chain atom within about 3 A of the CDRs in a three-dimensional immunoglobulin model and to be
capable of interacting with the antigen or with the CDRs of the humanised immunoglobulin. it is proposed
that criteria two, three or four may be applied in addition or alternatively to criterion one, and may be
applied singly or in any combination.

WO 90/07861 describes in detail the preparation of a single CDR-grafted humanised antibody, a
humanised antibody having specificity for the p55 Tac protein of the IL-2 receptor. The combination of all
four criteria, as above, were employed in designing this humanized antibody, the variable region frame-
works of the human antibody Eu (7) being used as acceptor. In the resultant humanised antibody the donor
CDRs were as defined by Kabat et al (7 and 8) and in addition the mouse donor residues were used in
place of 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 10° M, about one-third
of that of the murine MADb.

Woe 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 ioops 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).
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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.

In preferred embodiments, the heavy chain framework comprises donor residues at positions 23, 24, 49,
71, 73 and 78 or at positions 23, 24 and 49. 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 conserved between donor and acceptor, additionally comprise donor
residues. Most preferably the heavy chain framework additionaily comprises donor residues at pasitions 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: )
1and 3,

72 and 76,

69 (if 48 is different between donor and acceptor),
38 and 46 (if 48 is the donor residuse),

80 and 20 (if 69 is the donor residue),

67,

82 and 18 (if 67 is the donor residuse),

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 general. Thus, the donor and acceptor
antibodies may be derived from animals of the same species and even same antibody class or sub-class.
More usually, however, the donor and acceptor antibodies are derived from animals of different species.
Typically the donor antibody is a non-human antibody, such as a rodent MAb, and the acceptor antibody is
a human antibody.

In the first and other aspects of the present invention, the donor antigen binding region typically
comprises at least one CDR from the donor antibody. 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 variabie 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 accord-
ing 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 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 acid insert (residues
82a, 82b and 82c) after framework residue 82, in the Kabat numbering. The correct Kabat numbering of
residues may be determined for a given antibody by alignment at regions of homology of the sequence of
the antibody with a “standard™ Kabat numbered sequence.

The invention also provides in a second aspect a CDR-grafted antibody 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 com-
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prises 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. positions 2, 4, 6, 35, 49, 62, 64-69, 98, 99, 101 and
102, if not conserved between donor and acceptor, additionally comprise donor residues. Most preferably
the light chain framework 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.

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

1 and 3,

63,

60 (if 60 and 54 are able to form at 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 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 CORs
corresponding to the Kabat CDRs at CDR1 {residue 24-34), CDR2 (residues 50-56) and CDR3 (residues 89-
a7). .

.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 combined with other antibody domains as appropriate.

Also the heavy or light chains or humanised antibody molecules of the present invention may have
‘attached to them an effector or reparter molecule. For instance, it may have a macrocycle, for chelating a
hsavy metal atom, or a toxin, such as ricin, attached to it by a covalent bridging structure. Aiternatively, the
procedures of recombinant DNA technology may be used to produce an immunoglobulin moiecule in which
the Fc fragment or CH3 domain of a complete immunogiobulin molecule has been replaced by, or has
attached thereto by peptide finkage, a functional non-immunogiobulin 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 denor antibody from which the antigen binding regions are derived. Preferably, the type of
acceptor framework used is of the same/similar class/type as the donor antibody. Conveniently, the
framework may be chosen to maximise/optimise homology with the donor antibody sequence particularly at
positions close or adjacent to the CDRs. However, a high fevel 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 10° M~, preferably at least about 10° M~"', or especially in the
range 10%-10'2 M~'. 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 hersinafter. Examples of human
frameworks which may be used are KOL, NEWM, REl, EU, LAY and POM (refs. 4 and 5) and the like; for
instance KOL and NEWM for the heavy chain and REI for the light chain and EU, LAY and POM for 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 IgG1 and IgG3 isotypes, when the humanised
antibody molecule is intended for therapeutic uses, and antibody effector .functions are required. Alter-
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natively, 19G2 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 fym-
phokine 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 immunogiobulin 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 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, transfection methods and culture
methods are well known per se and form no part of the invention. Such methods are shown for instance, in
references 10 and 11.
Thé DNA sequences which encode the donor amino acid sequence may be obtained by methads well
known in the art. For example the donor coding sequences may be obtained by genomic 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
oligonucieotide synthesis techniques. Site-directed mutagenesis and polymerase chain reaction (PCR)
techniques may be used as appropriate. For example oligonucleotide diracted 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 (ret. 5) or Riechmann et al (ref. 6) may be used. Also
enzymatic filling in of gapped oligonucleotides using T« DNA polymerase as, for example, described by
Queen et al {ref. 9) may be used.
Any suitable host cellivector system may be used for expression of the DNA sequences coding for the
CDR-grafted heavy and light chains. Bacterial e.g. E. coli, and other microbial systems may be used, in
particular for expression of antibody fragments such as FAb and (Fab'). fragments, and especially FV
fragments and single chain antibody fragments e.g. single chain FVs. Eucaryotic e.g. mammalian host cell
expression systems may be used for production of larger CDR-grafted antibody products, including
complete antibody molecules. Suitable mammalian host cells include CHO cells and myeloma or hybridoma
cell lines.
Thus, in a further aspect the present invention provides a process for producing a CDR-grafted antibody
product comprising:
{a) producing in an expression vector an operon having a DNA sequence Wthh 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 complemen-
tary antibody light chain according to the second or third aspect of the mvention
(c) transfecting a host cell with the or each vector; and
(d) culturing the transfected cell line to produce the CDR-grafted antibody product.

The CDR-grafted product may comprise only heavy or light chain derived polypeptide, in which case
only a heavy chain or light chain polypeptide coding sequence is used to transfect the host celis.

For production of products comprising both heavy and light chains, the cell line may be transfected with two

" vectors, the first vector may contain an operon encoding a light chain-derived polypeptide and the second

vector containing an operon encoding a heavy chain-derived polypeptide. Preferably, the vectors are
identical, except in so far as the coding sequences and selectable markers are concerned, so as to ensure
as far as possible that each polypeptide chain is equally expressed. Alternatively, a single vector may be
used, the vector including the sequences encoding both fight 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.
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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, such as CR3, ICAM and ELAM. The antibodies may have specificity for interleukins
(including lymphokines, growth factors and stimulating factors), hormones and other biologically active
compounds, and receptors for any of these. For example, the antibodies may have specificity for any of the
following: Interferons «, 8, y or &, iL1, IL2, IL3, or IL4, etc., TNF, GCSF, GMCSF, EPQ, 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 compris-
ing 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 admmlstenng an
effective amount of a CDR-grafted antibody heavy or light chain or molecule according to previous aspects
of the invention to a human or animal subject.

A preferred protocol for obtaining CDR-grafted antibody heavy and light chains in accordance with the
present invention is set out below together with the rationale by which we have derived this protocol. This
protocol and rationale are given without prejudice to the generality of the invention as herembefore
described and defined.

Protocol

it is first of all necessary to sequence the DNA coding for the heavy and light chain variable regions of
the donor antibody, to determine their amino acid sequences. It is also necessary to choose appropriate
acceptor heavy and light chain variable regions, of known amino acid sequence. The CDR-grafted chain is
then designed starting from the basis of the acceptor sequence. It wiit be appreciated that in some cases
the donor and acceptor amino acid residues may be identical at a particular position and thus no change of
acceptor framework residue is required.
1. As a first step donor residues are substituted for acceptor residues in the CDRs. For this purpose the
CDRs are preferably defined as follows:
Heavy chain - CDR1: residues 26-35
- CDR2: residues 50-65
- CDR3: residues 95-102
Light chain - CDR1: residues 24-34
- CDR2: residues 50-56
- CDR3: residues 89-97
Tha positions at which donor residues are to be substituted for acceptor in the framework are then
chosen as follows, first of all with respect to the heavy chain and subsequently with respect to the light
chain.
2. Heavy Chain
2.1 Choose donor residues at all of positions 23, 24, 49, 71, 73 and 78 of the heavy chain or all of
positions 23, 24 and 49 (71, 73 and 78 are always either all donor or all acceptor).
2.2 Check that the following have the same amino acid in donor and acceptor sequences, and if not
preferably choose the donor: 2, 4, 6, 25, 36, 37, 39, 47, 48, 93, 94, 103, 104, 106 and 107.
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 choséen, consider 80 and then 20
vi. 67
vii. If at 87 the donor residue is chosen, consider 82 and then 18
viii. 91
ix. 88
x. 9, 11, 41, 87, 108 110, 112
Light Chain
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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
5 3.3 To further optimise affinity consider choosing donor residues at one, some or any of:
i.1,3
ii. 63
ifi. 60, if 60 and 54 are able to form potential saltbridge
iv. 70, if 70 and 24 are able to form potential saltbridge
10 v. 73, and 21 if 47 is different between donor and acceptor
vi. 37, and 45 if 47 is different between donor and acceptor
vii. 10, 12, 40, 80, 103, 105

Rationale
15
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
20 basis of an analysis of the vanability 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 cor-
25 responded in the main to loop regions which extended from the 8 barrel framework of the light and
heavy variable domains. For H1 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 H1 the CDR
regions encompassed the loop regions and extended into the 8 strand frameworks. In H1 residue 26
tends to be a serine and 27 a phenylalanine or tyrosine, residue 29 is a phenylalanine in most cases.
30 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 ioop
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 aiso needed to be recruited from
35 the donor (rat) antibody.
2. Non-CDR residues which contribute to antigen binding
By examination of available X-ray structures we have identified a number of residues which may have an
eftect on net antigen binding and which can be demonstrated by experiment. These residues can be
sub-divided.inio a number of groups.
40 2.1 Surface residues near CDR [all numbering as in Kabat et al (ref. 7)].
2.1.1. Heavy Chain - Key residues are 23, 71 and 73. Other residues which may contribute to a
lesser extent are 1, 3 and 76. Finally 25 is usually conserved but the murine residue should be
used if there is a difference.
2.1.2 Light Chain - Many residues close to the CDRs, e.g. 63, 65, 67 and 69 are conserved. If
45 . conserved none of the surface residues in the light chain are likely to have a major effect.
However, if the murine residue at these positions is unusual, then it would be of benefit to analyse
the likely contribution 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.
50 2.2 Packing residues near the CDRs.
2.2.1. Heavy Chain - Key residues are 24, 49 and 78. Other key residues would be 36 if not a
tryptophan, 94 if not an arginine, 104 and 106 if not glycines and 107 if not a threonine. Residues
which may make a further contribution to stable packing of the heavy chain and hence improved
affinity are 2, 4, 6, 38, 46, 67 and 69. 67 packs against the CDR residue 63 and this pair could be
55 either both mouse or both human. Finally, residues which contribute to packing in this region but
from a longer range are 18, 20, 80, 82 and 86. 82 packs against 67 and in turn 18 packs against
82. 80 packs against 69 and in turn 20 packs against 80. 86 forms an H bond network with 38 and
46. Many of the mouse-human differences appear minor e.g. Leu-lle, but could have an minor
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impact on correct packing which could translate into altered positioning of the CDRs.
2.2.2. Light Chain - Key residues ars 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, 93 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.
2.3. Residues at the variable domain interface between heavy and light chains - In both the light and
heavy chains most of the non-CDR interface residues are conserved. if a conserved residue is
replaced by a residue of different character, e.g. size or charge, it should be considered for retention
as the murine residue.
2.3.1. Heavy Chain - Residues which need to be 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 it not a leucine, 47 if not a tryptophan, 91 if not a phenylalanine or tyrosine, 93 if not an alanine
and 103 if not a tryptophan. Residue 89 is also at the interface but is not in a position where the
side chain could be of great impact.
2.3.2. Light Chain - Residues which need to be considered are 386, if not a tyrosine, 38 if not a
glutamine, 44 if not a proline, 46, 49 if not a tyrosine, residue 85, residue 87 if not a tyrosine and
98 it not a phenylalanine.
2.4. Variable-Constant region interface - The elbow angle between variable and constant regions may
be affected by alterations in packing of key residues in the variable region against the constant region
which may affect the position of V. and V4 with respect to one another. Therefore it is worth noting
the residues likely to be in contact with the constant region. In the heavy chain the surface residues
potentially in contact with the variable region are conserved between mouse and human antibodies
therefore the variable region contact residues may influsnce the V-C interaction. In the light chain the
amino acids found at a number of the constant region contact points vary, and the V & C regions are
not in such close proximity as the heavy chain. Therefore the influences of the light chain V-C
interface may be minor.
2.4.1. Heavy Chain - Contact residues are 7, 11, 41, 87, 108, 110, 112.
2.4.2. Light Chain - In the light chain potentially contacting residues are 10, t2, 40, 80, 83, 103 and
105.
The above analysis coupled with our considerable practical experimental experience in the CDR-
grafting of a number of different antibodies have lead us to the protocol given above.
The present invention is now described, by way of example only, with reference to the accompanying
Figures 1 - 13.

Brief Description of the Figures

Figure 1 shows DNA and amino acid sequences of the OKT3 light chain;

Figure 2 shows DNA and amino acid sequences of the OKT3 heavy chain;

Figure 3 shows the alignment of the OKT3 light variable region amino acid sequence with that of the
light variable region of the human antibody REI;

Figure 4 shows the alignment of the OKT3 heavy variable region amino acid sequence wrth that of
the heavy variable region of the human antibody KOL;

" Figure 5 shows the heavy variable region amino acid sequences of OKT3, KOL and various

corresponding CDR grafts;

Figure 6 shows the light variable region amino acid sequences of OKT3, REl and various cor-
responding CDR grafts;

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

EXAMPLE 1

CDR-GRAFTING OF OKT3

MATERIAL AND METHODS

1. INCOMING CELLS
Hybridoma cells producing antibody OKT3 were provided by Ortho (seedlot 4882.1) and were grown up
in antibiotic free Dulbecco’s Modified Eagles Medium (DMEM) supplemented with glutamine and 5%
foetal calf serum, and divided to provide both an overgrown supernatant for evaluation and cells for
extraction of RNA. The overgrown supernatant was shown to contain 250 ug/mL murine lgG2a/kappa
antibody. The supernatant was negative for murine lambda light chain and lgG1, IgG2b, IgG3, IgA and
IgM heavy chain. 20mL of supernatant was assayed to confirm that the anticody present was OKT3.
2. MOLECULAR BIOLOGY PROCEDURES )
Basic molecular biology procedures were as described in Maniatis et al (ref. 9) with, in some cases,
minor modifications. DNA sequencing was performed as described in Sanger et al (ref. 11) and the
Amersham International Pic sequencing handbook. Site directed mutagenesis was as described in
Kramer et al (ref. 12} and the Anglian Biotechnoiogy Ltd. handbook. COS cell expression and metabolic
labelling studies were as described in Whittle et al (ref. 13)
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’)2 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')2
goat anti-mouse IgG F(ab’)2 (HRPO conjugated) was then added. Substrate was added to reveal
the reaction. UPC10, a mouse IgG2a myeloma, was used as a standard.
3.1.2. COS AND CHO CELLS TRANSFECTED WITH CHIMERIC OR CDR-GRAFTED OKTJ
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 tempera-
ture.
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 chain in this assay allows grafted antibodies to be
read from the chimeric standard.
3.2. ASSAY FOR ANTIGEN BINDING ACTIVITY
Material from COS cell supsrnatants 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 celi line, CD3 positive) were maintained in culture. Monolayers of HUT 78
cells were prepared onto 96 well ELISA plates using poly-L-lysine and glutaraldehyde. Samples were
added to the monolayers for 1 hour at room temperature.
The plates were washed gently using PBS. F(ab')2 goat anti-human IgG Fc (HRPO conjugated) or F-
(ab’)2 goat anti-mouse igG Fc (HRPO conjugated) was added as appropriate for humanised or mouse
samples. Substrate was added to reveal the reaction.
The negative control for the cell-based assay was chimeric B72.3. The positive control was mouse
Orthomune OKT3 or chimeric OKT3, when available. This cell-based assay was difficult to perform,
and an alternative assay was developed for CDR-grafted OKT3 which was more sensitive and easier
to carry out.
In this system CDR-grafted OKT3 produced by COS cells was tested for its ability to 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
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procedure: HPB-ALL cells were harvested from tissue culture. Cells were incubated at 4°C for 1 hour
with various dilutions of test antibody, positive control antibody, or negative control antibody. The celis
were washed once and incubated at 4°C for 1 hour with an FITC-labelled goat anti-human igG (Fc-
specific, mouse absorbed). The cells were washed twice and analysed by cytofluorography. Chimeric
OKT3 was used as a positive control for direct binding. Cells incubated with mock- transfected COS
cell supernatant, followed by the FITC-labelied 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°C, washed
twice and analysed by cytofluorography. FITC-labslled OKT3 was used as a positive control to
determine maximum binding. Unlabelled murine OKT3 served as a reference standard for blocking.
Negative controls were unstained celis 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 celis.
3.3 DETERMINATION OF RELATIVE BINDING AFFINITY
The relative binding affinities of CDR-grafted 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 (FI-OKT3) of known binding affinity as a tracer antibody. The
binding affinity of FI-OKT3 tracer antibody was determined by a direct binding assay in which
increasing amounts of FI-OKT3 were incubated with HPB-ALL (5x10°) in PBS with 5% foetal calf
serum for B0 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 deter-
mined by using microbeads which have a predetermined number of mouse IgG antibody binding sites
(Simply Ceflular beads, Flow Cytometry Standards). F/P equals the fluorescence intensity of beads
saturated with FI-OKT3 divided by the number of binding sites per bead. The amount of bound and
free FI-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 (absolute value of the slope).
For competitive binding, increasing amounts of competitor antibody were added to a sub-saturating
dose of FI-OKT3 and incubated with 5x10° HPB-ALL in 200 M of PBS with 5% foetal caif serum, for
60 min at 4°C. The fiuorescence intensities of the cells were measured on a FACScan flow cytometer
calibrated with quantitative microbead standards. The concentrations of bound and free FI-OKT3 were
calculated. The affinities of competing anti-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 competitor X, [ ] is the
concentration of competitor antibody at which bound/free binding is R/2, and R is the maximal
boundAree binding.

4. cDNA LIBRARY CONSTRUCTION
4.1. mMRNA PREPARATION AND cDNA SYNTHESIS
OKT3 producing cells were grown as described above and 1.2 x 10° cells harvested and mRNA
extracted using the guanidinium/LiCl extraction procedure. cDNA was prepared by priming from Oligo-
dT to generate full tength cDNA. The cDNA was methylated and EcoR1 linkers added for cloning.
4.2. LIBRARY CONSTRUCTION
The cDNA library was ligated to pSP65 vector DNA which had been EcoR1 cut and the 5' phosphate
groups removed by calf intestinal phosphatase (EcoR1/CIP). The ligation was used to transform high
transformation efficiency Escherichia coli (E.coli) HB101. 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 for the

heavy chain which is complementary to a sequence in the mouse igG2a constant CH1 domain region. 12
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light chain and 9 heavy chain clones 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 ge! electrophoresis and inserts of a size capable of containing a full length
cDNA were subcloned into M13 for DNA sequencing.

6. DNA SEQUENCING

Clones representing four size classes for both heavy and hght 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 1(a) and 2(a)] were obtained and the corresponding amino acid sequences

- predicted [(Figures 1(b) and 2(b)]. In Figure 1(a) the untransiated DNA regnons are shown in uppercase,

and in both Figures 1 and 2 the signal sequences are underlined.
7. CONSTRUCTION OF cDNA EXPRESSION VECTORS
Celltech expression vectors are based on the piasmid pEEBhCMV (ref. 14). A polylinker for the insertion
of genes to be expressed has been introduced after the major immediate early promoter/enhancer of the
human Cytomegalovirus (hCMV). Marker genes for selection of the plasmid in transfected eukaryotic
celis can be inserted as BamH1 cassettes in the unique BamH1 site of pEE6 hCMV; for instance, the
neo marker to provide pEE6 hCMV neo. it is usual practice to insert the neo and gpt markers prior to
insertion of the gene of interest, whereas the GS marker is inserted last because of the presence of
internal EcoR1 sites in the cassette.
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 EcoR1 fragments
and cloned into either pEE6-hCMV-neo for the heavy chain and into EE6-hCMV-gpt for the light chain to
yield vectors pJA136 and pJA135 respectively.
8. EXPRESSION OF cDNAS IN COS CELLS
Plasmids pJA135 and pJA136 were co-transfected into COS cells and supernatant from the transient
expression experiment was shown to contain assembled- antibody which bound to T-cell enriched
lymphocytes. Metabolic fabelling experiments using 3$ methionine showed expression and assembly of
heavy and light chains.
9. CONSTRUCTION OF CHIMERIC GENES
Construction of chimeric genes followed a previously described strategy [Whittle et al (ref. 13)]. A
restriction site near the 3' end of the variable domain sequence is identified and used to attach an
oligonucleotide adapter coding for the remainder of the mouse variable region and a suitable restriction
site for attachment to the constant region of choice. .
9.1. LIGHT CHAIN GENE CONSTRUCTION
The mouse light chain cDNA sequence contains an Aval site near the 3' end of the variable region
[Fig. 1(a)]. The majority of the sequence of the variabie region was isolated as a 396 bp. EcoR1-Aval
fragment. An oligonucieotide adapter was designed to replace the remainder of the 3' region of the
variable region from the Avai site and to include the 5' residues of the human constant region up to
and including a unique Nar1 site which had been previously engineered into the constant region.
A Hind111 site was introduced to act as a marker for insertion of the linker.
The linker was ligated to the V. fragment and the 413 bp EcoR1-Nar1 adapted fragment was purified
from the ligation mixturs.
The constant region was ‘isolated as an Nar1-BamH1 fragment from an M13 clone NW361 and was
ligated with the variable region DNA into an EcoR1/BamH1/C1P pSP65 treated vector in a three way
reaction to yield plasmid JA143. Clones were isolated after transformation into E.coli and the linker
and junction sequences were confirmed by the presence of the Hind111 site and by DNA sequencing.
» 9.2 LIGHT CHAIN GENE CONSTRUCTION - VERSION 2
The construction of the first chimeric light chain gene produces a fusion of mouse and human amino
acid sequences at the variable-constant regiori junction. In the case of the OKT3 light chain the amino
acids at the chimera junction are:

sessscs.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, a second version of the chimeric light chain
oligonucleotide adapter was designed in which the threonine (Thr), the first amino acid of the human
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constant region, was replaced with the equivalent amino acid from the mouse constant region, Alanine
(Ala). . .
An internal Hind111 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 EcoR1-Aval fragment. The oligonucleotide linker
was ligated to Nar1 cut pNW361 and then the adapted 396bp constant region was isolated after recutting
the modified pNW361 with EcoR1. The variable region fragment and the modified constant region
fragment were ligated directly into EcoR1/C1P treated pEE6hCMVneo to yield pJA137. initially ail clones
examined had the insert in the incorrect orientation. Therefore, the insert was re-isolated and recloned to
turn the insert round and yield plasmid pJA141. Several clones with the insert in the correct orientation
were obtained and the adapter sequence of one was confirmed by DNA sequencing
9.3. HEAVY CHAIN GENE CONSTRUCTION
9.3.1. CHOICE OF HEAVY CHAIN GENE ISOTYPE
The constant region isotype chosen for the heavy chain was human igG4.
9.3.2. GENE CONSTRUCTION
The heavy chain cDNA sequence showed a Ban1 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/C1P/Ban1
fragment. An oligonucleotide adapter was designated to replace the remainder of the 3' region of the
variable region from the Ban1 site up to and including a unique Hindlil site which had been previously
engineered into the first two amino acids of the constant region. )
The linker was ligated to the Vy fragment and the EcoR1-Hind111 adapted fragment was purified from
the ligation mixture. The variable region was ligated to the constant region by cutting pJAS1 with
EcoR1 and Hind111 removing the intron fragment and replacing it with the Vy, to yield pJA142. Clones
were isolated after transformation into E.coli JM101 and the linker and junction sequences were
confirmed by DNA sequencing. (N.B. The Hind111 site is lost on cloning).
10. CONSTRUCTION OF CHIMERIC EXPRESSION VECTORS
10.1. neo AND gpt VECTORS
The chimeric light chain (version 1) was removed from pJA143 as an EcoR1 fragment and cloned into
EcoR1/C1P treated pEE6hCMVneo expression vector to yield pJA145. Clones with the insert in the
correct orientation were identified by restriction mapping.
The chimeric light chain (version 2) was constructed as described above.
The chimeric heavy chain gene was isolated from pJA142 as a 2.5Kbp EcoR1/BamH1 fragment and
cloned into the EcoR1/Bcl1/C1P treated vector fragment of a derivative of pEEBhCMVgpt to yield
plasmid pJA144. )
10.2. GS SEPARATE VECTORS
GS versions of pJA141 and pJA144 were constructed by replacing the neo and gpt cassettes by a
BamH1/Sa11/C1P treatment of the plasmids, isolation of the vector fragment and ligation to a GS-
containing fragment from the plasmid pRO49 to yield the light chain vector pJA179 and the heavy
chain vector pJA180.
10.3. GS SINGLE VECTOR CONSTRUCTION
Single vector constructions containing the cL (chimeric light), cH (chimeric heavy) and GS genes on
one plasmid in the order cL-cH-GS, or cH-cL-GS and with transcription of the genes being head to tai
e.g. cL>cH>GS were constructed. These plasmids were made by treating pJA179 or pJA180 with
BamH1/C1P and ligating in a Bgl11/Hind111 hCMV promotesr casseite along with either the
Hind111/BamH1 fragment from pJA141 into pJA180 to give the cH-cL-GS plasmid pJA182 or the
Hind111/BamH1 fragment from pJA144 into pJA179 to give the cL-cH-GS plasmid pJA181.
11. EXPRESSION OF CHIMERIC GENES
11.1. EXPRESSION IN COS CELLS
The chimeric antibody plasmid pJA145 (cL) and pJA144 {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 {abelling experiments using 3*S methionine
showed expression and assembly of heavy and light chains. Howevaer the light chain mobility seen on
reduced gels suggested that the potential glycosylation site was being glycosylated. Expression in
COS cells in the presence of tunicamycin showed a reduction in size of the light chain to that shown
for cantrol chimeric antibodies and the OKT3 mouse light chain. Therefore JA141 was constructed
and expressed. In this case the light chain did not show an aberrant mobility or a size shift in the
presence or absence of tunicamycin. This second version of the chimeric light chain, when expressed
in association with chimeric heavy (cH) chain, produced antibody which showed good binding to HUT
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78 cells. In both cases antigen binding was equivalent to that of the mouse antibody.
11.2 EXPRESSION IN CHINESE HAMSTER OVARY (CHO) CELLS Stable cell lines have been
prepared from plasmids PJA141/pJA144 and from pJA179/pJA180, pJA181 and pJA182 by transfec-
tion into CHO celis.
12. CDR-GRAFTING
The approach taken was to try to introduce sufficient mouse residues into a human variable region
framework to generate antigen binding activity comparable to the mouse and chimeric antibodies.
12.1. VARIABLE REGION ANALYSIS
From an examination of a small database of structures of antibodies and antigen-antibody complexes
it is clear that only a small number of antibody residues make direct contact with antigen. Other
residues may contribute to antigen binding by positioning the contact residues in favourabie configu-
rations and also by inducing a stable packing of the individual variable domains and stable interaction
of the light and heavy chain variable domains.
The residues chosen for transfer can be identified in a number of ways:
(a) By examination of antibody X-ray crystal structures the antigen binding surface can be
predominantly located on a series of loops, three per domain, which extend from the B-barrel
framework. )
{(b) By analysis of antibody variable domain sequences regions of hypervariability [termed the
Complementarity Determining Regions (CDRs) by Wu and Kabat {ref. 5)] can be identified. In the
most but not all cases these CDRs correspond to, but extend a short way beyond, the loop regions
noted above. '
(c) 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 individuai 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.
12.1.1. LIGHT CHAIN
Figure 3 shows an alignment of sequences for the human framework .region RE1 and the OKT3
light variable region. The structural loops (LOOP) and CDRs (KABAT) believed to correspond to the
antigen binding region are marked. Also marked are a number of other residues which may also
contribute to antigen binding as described in 13.1(c). Above the sequence in Figure 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
S - Surface E - Exposed
| - Interface * - Interface
- Packing/Part Exposed
? - Non-CDR Residues which may require to be left as Mouse sequence. Residues underlined in
Figure 3 are amino acids. RE1 was chosen as the human framework because the light chain is a
kappa chain and the kappa variable regions show higher homology with the mouse sequences than
a lambda light variable region, e.g. KOL (see below). RE1 was chosen in preference to another
kappa light chain because the X-ray structure of the.light chain has been determined so that a
structural examination of individual residues could be made.
12.1.2. HEAVY CHAIN
Similarly 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 also 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.
12.2. 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 ai (ref. 13)]. The
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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 sequence in the gene. This sequence motif is believed to
have a beneficial roie in translation initiation in eukaryotes.
12.3. GENE CONSTRUCTION
To build the variable regions, various strategies are available. The sequence may be assembied by
using oligonucleotides in a manner similar to Jones et al (ref. 17) or by simultaneously replacing all of
the CDRs or loop regions by oligonucleotide directed site specific mutagenesis in a manner similar to
Verhoeyen et al (ref. 2). Both strategies were used and a list of constructions is set out in Tables 1
and 2 and Figures 4 and 5. It was noted in several cases that the mutagenesis approach led to
deletions and rearrangements in the gene being remodelled, while the success of the assembly
approach was very sensitive to the quality of the oligonucleotides.
13. CONSTRUCTION OF EXPRESSION VECTORS
Genes were isolated from M13 or SP65 based intermediate vectors and cloned into pEEGBhCMVneo for
the light chains and pEEShCMVgpt for the heavy chains in a manner similar to that for the chimeric
genes as described above.
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TABLE 1 CDR-GCRAFTED GENE CONSTRUCTS
CODE MOUSE SEQUtNCE 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.
121 26-32, 50-56, 91-96 inclusive Partial gene assembly n.d. +
+1, 3, 46, 47
121B 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 + +
221 fﬁ-}h, 50-56, 91-96 inclusjve Partial gene assembly <+ +
+1, 3, 46, 47
221B 24-34, 50-56, 91-96 inclusive Partial gene asseably + +
+1, 3
221¢ 24-34, 50-56, 91-96 inclusive Partial gene asseably + +
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 fnclusive ‘Parcial gene assembly + n.
kY31 26-35, 50-56, 95-100B inclusive Partial gene assembly + n.d.
31 © 26-35, 50-58, 95-100B inclusive Parcial gene assembly +
Gene assembly +
341 26-35, 50-65, 95-100B inclusive  SODM .
Partial gene assembly +
341A 26-35, 50-65, 95-100B inclusive Gene assembly . n.d. +
+6, 23, 24, 4B, 49, 71, 73, 76,
78, 88, 91 (+63 = human)
3418 26-35, 50-65, 95-100B inclusive Gene assembly n.d. +
+ 48, 49, 71, 73, 76, 78, 88, 91

(+63 + human)

KEY

n.d.

SDM

Gene assembly

Partial gene
assembly

not done

Site directed mutagenesis

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

14. EXPRESSION OF CDR-GRAFTED GENES

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 §' to the ATG (kgL constructs) however, led to a 2-5 fold
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improvement in net expression. Over an extended series of experiments expression levels were raised
from approximately 200ng/mi to approximately 500 ng/mi for kglL/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 (gL121) did not lead to active antibody in association with mH
or cH. A construct designed to include mouse sequence based on Kabat CDRs (gL221) demonstrated
some weak binding in association with mH or cH. However, when framework residues 1, 3, 46, 47
were changed from the human to the murine OKT3 equivalents based on the arguments outlined in
Section 12.1 antigen binding was demonstrated when both of the new constructs, which were termed
121A and 221A were co-expressed with cH. When the effects of these residues were examined in
more detail, it appears that residues 1 and 3 are not major contributing residues as the product of the
gL221B gene shows little detectable binding activity in association with cH. The light chain product of
gL221C, in which mouse sequences are present at 46 and 47, shows good binding activity in
association with cH.

14.2 PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED HEAVY (gH) CHAINS WITH MOUSE
LIGHT (mL) OR CHIMERIC 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 gH341 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 general increase in the fraction of mouse sequence-in the variable region,
or to the alteration at position 63 where the residue is returned to the human amino acid Valine (Val)
from Phenylalanine (Phe) to avoid possible internal packing problems with the rest of the human
framework. This arrangement also occurs in gH331 and gH321.

When gH321 or gH331 were expressed in association with cL, antibody was produced but antxbody
binding activity was not detected.

‘When the more conservative gH341 gene was used antigen binding could be detected in association
‘with cL or mL, but the activity was only marginally above the background level. When further mouse

residues were substituted based on the arguments in 12.1, antigen binding could be clearly
demonstrated for the antibody produced when kgH341A and kgH341B were expressed in association
with cL.
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 littte material was produced in a normal COS cell expression. '
For the combinations kglL221A/kgH341A or kgH221A/kgH341B amounts of antibody similar to glL/cH
was produced.
In several experiments no antigen binding activity could be detected with kgH221A/gH341 or
kgH221A/kgH341 combinations, although expression levels were very low.
Antigen binding was detected when kglL221A/kgH341A or kgH221A/kgH341B combinations were
expressed. In the case of the antibody produced from the kgL221A/kgH341A combmalxon 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 those hypervanable 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 inciusive 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 RE1 has glutamine. For CDR3 the loop extends from residues 91-96 inclusive while the
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Kabat hypervariability extends from residues 89-97 inclusive. For OKT3 amino acids 89, 90 and 97

are the same between OKT3 and RE1 (Fig. 3). When constructs based on the loop choice for
CDR1 (gL121) and the Kabat choice (gL221) were made and co-expressed with mH or cH no
evidence for antigen binding activity could be found for gL121, but trace activity could be detected
for the gL221, suggesting that a single extra mouse residue in the grafted variable region could
have some detectable effect. Bath gene constructs were reasonably well expressed in the transient
expression system.
15.1.2. FRAMEWORK RESIDUES
The remaining framework residues were then further examined, in particular amino acids known
from X-ray analysis of other antibodies to be close to the CDRs and also those amino acids which
in 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, see Figure 3 and
Table 1) was made, cloned in EEGhCMVneo and co-expressed with cH (pJA144). 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 glL221C/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.

15.2. HEAVY CHAIN
15.2.1. EXTENT OF THE CDRs _
For the heavy chain the loop and hypervariability analyses agree only in CDR3. For 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. In-the case of the gH genes with loop choices for CDR1 e.g. gH121, gH131, gH141 very
littte 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 being
degraded internally. In some experiments trace amounts of antibody could be detected in *S
labelling studies.
As no net antibody was produced, analysis of these constructs was not pursued further.
When, however, a combination of the loop choice and the Kabat choice for 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. However,
only in the case of gH341/mL or kgH341/cL could marginal antigen binding activity be dem-
onstrated. 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.
15.2.2. FRAMEWORK RESIDUES
As in the case of the light chain the heavy chain frameworks were re-examined. Possibly because
of the lower initial homology between the mouse and human heavy variable domains compared to
the light chains, more amino acid positions proved to be of interest. Two genes kgH341A and
kgH341B were constructed, with 11 or 8 human residues respectively substituted by mouse
residues compared to gH341, and with the CDR2 residue 63 returned to the human amino acid
potentially to improve domain packing. Both showed antigen binding when combined with cL or
kglL221A, the kgH341A gene with ail 11 changes appearing to be the superior choice.

15.3 INTERIM CONCLUSIONS

It has been demonstrated, therefore, for OKT3 that to transfer antigen binding ability to the 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
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light chain, possibly due to the higher initial homology between the mouse and human kappa variable
regions.
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, theretfore, to further study the individual contribution of othe other 8 mouse residues of
the kgH341A gene compared to kgH341.
16. FURTHER CDR-GRAFTING EXPERIMENTS
Additional CDR-grafted heavy chain genes were prepared substantially as described above. With
reference to Table 2 the further heavy chain genes were based upon the gh341 (plasmid pJA178) and
gH341A (plasmid pJA185) with either mouse OKT3 or human 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 2 48 49 63 71 73 76 18 88 91
OKT3vh Q K A 1 G _F T K S A A Y
ghisl E s s VvV A F R N N L G FJA8
gH341A Q K A 1 6 V T__ K S A A YJIABS
gHIG1E Q K A 1 6 VvV T_K S A G GJal9s
gH341* o K _A_ 1 6 VvV T_ K N A G Fula07
gHIu1x Q K A _1_ ¢ VvV R K N A G FJIa209
gH341D Q K _a 1 6 VY TI_K N L G FJag
gH3G1 © K A __1_G VvV R N N L G FJASSY
giislc Q_ X A VvV A F- R N N L G FJI8
gHIL1* q S A _ 1 G VvV TI__K__S A A _YJA0)
gH3e1% E s a__ 1 G VvV T__K_ S A A Y JA20S
gH341B E s s 1 G VvV T_K S A A Y Jala3
gHIL1* q s A_1 G v I_K_ S A G FJA20
gH3L1x E s A1 G vV T__K__ S A G FJA206
gH3ulw Q s a_ 1 -6 Vv T_X N A G FJa0s
roL £ s s v A R X N L G F

OKT3 LIGHT CHAIN CDR GRAFTS

2. gl221 and derivatives

RES NUM 13 w47

OKT3v1 Q v _R_W .

cL221 D Q L L Da221

gl221a Q VR __ W DA2A

L2218 Q__ VvV L L DA221B

cL221¢ D Q R___W DA221C

RE1 P Q L L

MURINE RESIDUES ARE UNDERLINED

The CDR-grafted heavy and light chain genes were co-expressed in COS cells either with one another
in various combinations but also with the corresponding murine and chimeric heavy and light chain genes
substantially as described above. The resultant antibody products were then assayed in binding and
blocking assays with HPB-ALL cells as described above.
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The resuits of the assays for various grafted heavy chains co-expressed with the gL221C light chain are
given in Figures 7 and 8 (for the JA184, JA185, JA197 and JA198 constructs - see Table 2), in Figure 9 (for
the JA183, JA184, JA185 and JA197 constructs) in Figure 10 (for the chimeric, JA185, JA199, JA204,
JA205, JA207, JA208 and JA209 constructs) and in Figure 11 (for the JA183, JA184, JA185, JA198, JA203,
JA205 and JA206 constructs).

The basic grafted product without any human to murine changes in the vanable frameworks, i.e. gL221
co-expressed with gh341 (JA178), and also the "fully grafted" product, having most human to murine
changes in the grafted heavy chain framework, i.e. gL221C co-expressed with-gh341A (JA185), were
assayed for relative binding affinity in a compstition 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.

The binding and blocking assay results indicate the following:

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 gH341A products. This indicates that

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

This is borne out by the finding that the JA209 and JA199, although of simiiar 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 JA208 constructs respectively.

Moreover, on comparing the results obtained for the JA205 and JA1B3 constructs it is seen that there is
a decrease in binding going from the JA205 to the JA183 constructs. This indicates the importance of
refaining a mouse residue at position 23, the only position changed between JA205 and JA183.

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

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 TNFa(61E71, 101.4,
hTNF1, hTNF2 and hTNF3).

EXAMPLE 2

CDR-GRAFTING OF A MURINE ANTI-CD4 T CELL RECEPTOR ANTIBODY, OKT4A

Anti OKT4A CDR-grafted heavy and light chain genes were prepared, expressed and tested substan-
tially as described above in Example 1 for CDR-grafted OKT3. The CDR grafting of OKT4A is described in
detail in Ortho patent application PCT/GB 90......... “of even date herewith entitled "Humanised Antibodies™.
The disclosure of this Ortho patent application PCT/GB. 90 ......... 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 CHAIN

The human acceptor framework used for the grafted light chains was RE1. The preferred LCDR2 light
chain has human to mouse changes at positions 33, 34, 38, 49 and 89 in addition to the structural loop
CDRs. Of these changed positions, positions 33, 34 and 89 fall within the preferred extended CDRs of the
present invention (positions 33 and 34 in CDR1 and position 89 in CDR3).

The human to murine changes at positions 38 and 49 corresponds to positions at which the amino acid
residues are preferably donor murine amino acid residues in accordance with the present invention.

A comparison of the amino acid sequences of the donor murine light chain variable domain and the 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. However the amino acid residue at position 58 in LCDR2 is the human RE1 framework residue not
the mouse OKT4 residue as would be preferred in accordance with the present invention.
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THE HEAVY CHAIN

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 (CDR1) 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.

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 monocional 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 RE1. The regions transferred were:

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

The activity of the resuiting 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 cH/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 872.3 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 48, 58 and 71 but are different at position 48. Thus changing the human residue to
the donor mouse residue at position 48 may further improve the binding characteristics of the CDR-grafted
Light chain, (B72.3 gL) in accordance with the present invention.

(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. Gomparison 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.
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CDR Residues
Number
1 27-36
50-63
3 93-102

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.)
ii. Resuits with grafted heavy chain genes

" Expression of grafted heavy chain genes containing all human framework regions with either gL or cL
genes produced a grafted antibody with little abifity to bind to mucin. The grafted antibody had about
1% the activity of the chimeric antibody. In these experiments, however, it was noted that the activity
of the grafted antibody could be increased to ~ 10% of B72.3 by exposure to pHs of 2-3.5.
This observation provided a clue as to how the activity of the grafted antibody could be improved
without acid treatment. It was postulated that acid exposure brought about the protonation of an acidic
residue (pKa of aspartic acid = 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 §), it was clear that, in going
from the mouse to human frameworks, only two positions had been changed in such a way that acidic
residues had been introduced. These positions are at residues 73 and 81, where K to E and Q to E
changes had been made, respectively.
Which of these positions might be important was 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.
iii. Framework changes in B72.3 gH gene .
On the basis of the above analysis, E73 was mutated to a lysine (K). It was found that this change had
a dramatic effect on the ability of the grafted Ab to bind to mucin. Further the ability of the grafted
B72.3 produced by the mutated gH/gL combination to bind to mucin was similar to that of the B72.3
chimeric antibody.
iv. Other framework changes
In the course of the above 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 togeiher,
appeared beneficial.
v. Other
All assays used measured the ability of the grafted Ab to bind to mucin and, as a whole, indicated
that the single framework change at position 73 is sufficient to generate an antibody with similar
binding properties to B72.3.
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.

EXAMPLE 4

CDR-GRAFTING OF A MURINE ANTI-ICAM-1 MONOCLONAL ANTIBODY

A murine antibody, R6-5-D6 (EP 0314863) having specificity for Intercellular Adhesion Molecule 1
{ICAM-1) was CDR-grafted substantially as described above in previous exampies. This work is described in
greater detail in co-pending application, British Patent Application No. 9009549.8, the disclosure of which is
incorporated hersin by reference.

The human EU framework was used as the acceptor framework for both heavy and light chains. The CDR-
grafted antibody currently of chaice 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
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mouse-human chimeric antibody.
LIGHT CHAIN

gL221A has murine CDRs at positions 24-34 (CDR1), 50-56 (CDR2) and 89-97 (CDR3). In addition
several framework residues are also the murine amino acid. These residues were chosen after consideration
of the possible contribution of these residues to domain packing and stability of the conformation of the
antigen binding region. The residues which have been retained as mouse are at positions 2, 3, 48 (?), 60,
84, 85 and 87. Comparison of the murine anti-ICAM 1 and human EU light chain amino acid sequences
reveals that the murine and human residues are identical at positions 46, 58 and 71.

HEAVY CHAIN

gH341D has murine CDRs at positions 26-35 (CDR1), 50-56 (CDR2) and94-100B (CDR3). in addition
murine residues were used in gH341D at positions 24, 48, 69, 71, 73, 80, 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. :

EXAMPLE 5

CDR-Grafting of murine anti-TNFA antibodies

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

61E71

A similar analysis as described above (Example 1, Section 12.1.) was done for 81E71 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 RE1 for the light chain and KOL for the heavy chain.

Three genes were built, the first of which contained 23, 24, 48, 49, 71 and 73 [gH341(6)] as murine
residues. The second gene also had 75 and 88 as murine residues [gH341(8)] while the third gene
additionally had 68, 69, 75 and 88 as murine residues [gH341(10)). Each was co-expressed with glL.221, the
minimum grafted light chain (CDRs only). The gL221/gH341(6) and glL221/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 gl 221/gH341(6) antibody was assessed in an L929 cell competition assay in which the
antibody competes against the TNF receptor an L929 celis for binding to TNF in solution. in this assay the
glL221/gH341(6) antibody was approximately 10% as active as murine 61E71.

hTNF1

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

Heavy Chain

In the CDR-grafted heavy chain {(ghTNF1) mouse CDRs were used at positions 26-35 (CDR1), 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.
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Light Chain

In the CDR-grafted light chain (gLhTNF1) mouse CDRs wre used at positions 24-34 (CDR1), 50-56
{CDR2) and 89-97 (CDR3). In addition mouse residues were used in the frameworks at positions 3, 42, 48,
49, 83, 106 and .108. Comparison of the hTNF1 mouse and EU human light chain residues reveals that
these are identical at positions 46, 58 and 71.

The grafted hTNF1 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.

hTNF3

hTNF3 recognises an epitope on human TNF-a. The sequence of hTNF3 shows oniy 21 differences
compared to 61E71 in the light and heavy chain variable regions, 10 in the light chain (2 in the CDRs at
positions 50, 96 and 8 in the framework at 1, 18, 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 81E71 and hTNF3 chimeric antibodies can be exchanged without loss of
activity in the direct binding assay. However B1E71 is an order of magnitude less able to compete with the
TNF receptor on L829 cello 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 in the L929 assay. It is possible
that in this case also the framework residues identified for OKT3 programme may improve the competitive
binding ability of this antibody. )

1014

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 RE1 for the light chain
and KOL for the heavy chain. Several grafted heavy chain genes have bsen constructed with conservative
choices for the CDR's {(gH341) 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 glL221. 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 L929 assay. However, with gL221 the resultant
antibodies 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 demaonstrated 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. iL1 and cancer
markers such as carcinoembryonic antigen (CEA) e.g. the monoclonal antibody ASB7 (ref. 21), have been
successfully CDR-grafted according to the present invention.

It will be appreciated that the foregoing examples are given by way of illustration only and are not intended
to limit the scope of the claimed invention. Changes and modifications may be made to the methods
described whiist still falling within the spirit and scope of the invention.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT:
(A) NAME: CELLTECH LIMITED
(B) STREET: 216 BATH ROAD
(C) CITY: SLOUGH
(D) STATE: BERKSHIRE
(E) COUNTRY: UNITED KINGDOM
(F) POSTAL CODE (2IP): SL1 4EN
(G) TELEPHONE: 0753 534655
(H) TELEFAX: 0753 536632
(I) TELEX: 848473

(ii) TITLE OF INVENTION: HUMANISED ANTIBODIES
(iii) NUMBER OF SEQUENCES: 33

(iv) COMPUTER REAPABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS .
. (D) SOFTWARE: PatentIn Release #1.0, Version
(EPO)

(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

TCCAGATGTT AACTGCTCAC
20

(2) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

CAGGGGCCAG TGGATGGATA GAC
23

(2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 9 amino acids
(B) TYPE: amino acid
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(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein -

(v) FRAGMENT TYPE: internal

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Leu Glu Ile Asn Arg Thr Val Ala Ala
1 5

{2) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 943 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

GAATTCCCAA AGACAAAATG GATTTTCAAG TGCAGATTTT CAGCTTCCTG CTAATCAGTG
60

CCTCAGTCAT AATATCCAGA GGACAAATTG TTCTCACCCA GTCTCCAGCA ATCATGTCTG
120

'‘CATCTCCAGG GGAGAAGGTC ACCATGACCT GCAGTGCCAG CTCAAGTGTA AGTTACATGA

180

ACTGGTACCA GCAGAAGTCA GGCACCTCCC CCAAAAGATG GATTTATGAC ACATCCAAAC
240

TGGCTTCTGG AGTCCCTGCT CACTTCAGGG GCAGTGGGTC TGGGACCTCT TACTCTCTCA
ioo0

CAATCAGCGG CATGGAGGCT GAAGATGCTG CCACTTATTA CTGCCAGCAG TGGAGTAGTA
360

ACCCATTCAC GTTCGGCTCG GGGACAAAGT TGGAAATARA CCGGGCTGAT ACTGCACCAA
420 '

CTGTATCCAT CTTCCCACCA TCCAGTGAGC AGTTAACATC TGGAGGTGCC TCAGTCGTGT
480

GCTTCTTGAA CAACTTCTAC CCCAAAGACA TCAATGTCAA GTGGAAGATT GATGGCAGTG
540

AACGACAAAA TGGCGTCCTG AACAGTTGGA CTGATCAGGA CAGCAAAGAC AGCACCTACA
- 600

GCATGAGCAG CACCCTCACG TTGACCAAGG ACGAGTATGA ACGACATAAC AGCTATACCT
660

GTGAGGCCAC TCACAAGACA TCAACTTCAC CCATTGTCAA GAGCTTCAAC AGGAATGAGT
720

GTTAGAGACA AAGGTCCTGA GACGCCACCA CCAGCTCCCA GCTCCATCCT ATCTTCCCTT
780

29
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CTAAGGTCTT GGAGGCTTCC CCACAAGCGC TTACCACTGT TGCGGTGCTC TAAACCTCCT

CCCACCTCCT TCTCCTCCTC CTCCCTTTCC TTGGCTTTTA TCATGCTAATAATTTGtﬁéAA

AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA

(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:

(ii)

(xi)
Met
1
Ile
Ala
val
Arg
65
Phe
Met
Asn
Asp
Thr
145
Lys
Gly
ser

Asn

val
225

(A} LENGTH:

(B) TYPE:
(C) STRANDEDNESS: single
(D) TOPOLOGY:

233 amino acids
amino acid

linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION: SEQ ID NO:

Asp
Ser
Ser
Ser
50

Trp
Arg
Glu
Pro
Thr
130
Ser
Asp
Val
Met
Ser

210

Lys

Phe
Arg
Pro
35

TYyr
Ile
Gly
Ala
Phe
115
Ala
Gly
Ile
Leu
Ser
195

Tyr

Ser

val
Gly
20

Gly
Met
Tyr
Ser
Glu
100
Thr
Pro
Gly
Asn
Asn
180
Ser

Thr

Phe

S:

Ile Phe Ser Phe Leu Leu

-]

Gln

Glu

Asn

Asp

Gly

85

Asp

Phe

Thr

Ala

val

1565

Ser

Thr

Cys

Asn

Ile

Lys

Trp

Thr

70

Ser

Ala

Gly

vVal

Ser

150

Lys

Trp

Leu

Glu

Arg
230

Val

Val

Tyr

55

Ser

Gly

Ala

Ser

Ser

135

val

Trp

Thr

Thr

Ala

215

Asn

(2) INFORMATION FOR SEQ ID NO: 6:

Leu
Thr
40

Gln
Lys
Thr
Thr
Gly
120
Ile
val
Lys
Asp
Leu
200

Thr

Glu

30

Thr

25

Met

Gln

Leu

Ser

TYr

105

Thr

Phe

cys

Ile

Gln

185

Thr

His

Cys

10

Gln
Thr
Lys
Ala
Tyr
S0

Tyr
Lys
Pro
Phe
Asp
170
Asp

Lys

Lys

Ile
Ser
Cys
Ser
Ser
75

Ser
Cys
Leu
Pro
Leu
155
Gly
Ser

Asp

Thr

Ser
Proc
Ser
Gly
60

Gly
Leu
Gln
Glu
Ser
140
Asn
Ser
Lys

Glu

Ser
220

Ala

Ala

Ala

45

Thr

val

Thr

Gln

Ile

125

Ser

Asn

Glu

Asp

Tyr

205

Thr

Ser
Ile
30

Ser
Ser
Pro
Ile
Trp
110
Asn
Glu
Phe
Arg
ser
190

Glu

Ser

Val
15

Met
Ser
Pro
Ala
Ser
95

Ser
Arg
Gln
Tyr
Gln
175
Thr

Arg

Pro

Ile
Ser
Ser
Lys
His
80

bly
Ser
Ala
Leu
Pro

160

Asn
Tyr
His

Ile

840
900

943
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(i) SEQUENCE CHARACTERISTICS:

1570 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(A) LENGTH:

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

GAATTCCCCT
TCTACTCCTG
GGCTGAACTG
CTTTACTAGG
TGGATACATT
CACATTGACT
TGAGGACTCT
CTGGGGCCAA
TCCACTGGCC
CAAGGGTTAT
TGTGCACACC
TGTAACCTCG
CAGCACCAAG
ATGCAAATGC
GATCAAGGAT
GAGCGAGGAT
AGCTCAGACA
CCCCATCCAG
AGACCTCCCA
ACAGGTATAT
CTGCATGGTC
AACAGAGCTA
GTACAGCAAG
AGTGGTCCAC
TAAATGAGCT
TGCTTCCCTT

AAAGGAATTC

CTCCACAGAC
TTGTCAGTAA
GCAAGACCTG
TACACGATGC
AATCCTAGCC
ACAGACAAAT
GCAGTCTATT
GGCACCACTC
CCTGTGTGTG
TTCCCTGAGC
TTCCCAGCTG
.AGCACCTGGC
GTGGACAAGA
CCAGCACCTA
GTACTCATGA
GACCCAGATG
CAAACCCATA
CACCAGGACT
GCGCCCATCG
GTCTTGCCTC
ACAGACTTCA
AACTACAAGA
CTGAGAGTGG
GAGGGTCTGC
CAGCACCCAC

GTATAAATAA

ACTGAAAACT
CTGCAGGTGT
GGGCCTCAGT
ACTGGGTAAA
GTGGTTATAC
CCTCCAGCAC
ACTGTGCAAG
TCACAGTCTC
GAGATACAAC
CAGTGACCTT
TCCTGCAGTC
CCAGCCAGTC
AAATTGAGCC
ACCTCTTGGG
TCTCCCTGAG
TCCAGATCAG
GAGAGGATTA
GGATGAGTCC
AGAGAACCAT
CACCAGAAGA
TGCCTGAAGA
ACACTGAACC
AAAAGAAGAA
ACAATCACCA
AAAACTCTCA

AGCACCCAGC

CTGACTCAAC
CCACTCCCAG
GAAGATGTCC
ACAGAGGCCT
TAATTACAAT
AGCCTACATG
ATATTATGAT
CTCAGCCAAA
TGGCTCCTCG
GACCTGGAAC
TGACCTCTAC
CATCACCTGC
CAGAGGGCCC
TGGACCATCC
CCCCATAGTC
CTGGTTTGTG
CAACAGTACT
CAAGGAGTTC
CTCAAAACCC
AGAGATGACT
CATTTACGTG
AGTCCTGGAC
CTGGGTGGAA
CACGACTAAG
GGTCCAAAGA

AATGCCTGGG

(2) INFORMATION FOR SEQ ID NO: 7:

31

ATGGARAGGC
GTCCAGCTGC
TGCAAGGCTT
GGACAGGGTC
CAGAAGTTCA
CAACTGAGCA
GATCATTACT
ACAACAGCCC
GTGACTCTAG
TCTGGATCCC
ACCCTCAGCA
AATGTGGCCC
ACAATCAAGC
GTCTTCATCT
ACATGTGTGG
AACAACGTGG
CTCCGGGTGG
AAATGCAAGG
AAAGGGTCAG
AAGAAACAGG
GAGTGGACCA
TCTGATGGTT
AGAAATAGCT
AGCTTCTCCC
GACACCCACA

ACCATGTAAA

ACTGGATCTT
AGCAGTCTGG
CTGGCTACAC
TGGAATGGAT
AGGACAAGGC
GCCTGACATC
GCCTTGACTA
CATCGGTCTA
GATGCCTGGT
TGTCCAGTGG
GCTCAGTGAC
ACCCGGCAAG
CCTGTCCTCC
TCCCTCCAAA
TGGTGGATGT
AAGTACACAC
TCAGTGCCCT
TCAACAACAA
TAAGAGCTCC
TCACTCTGAC
ACAACGGGAA
CTTACTTCAT
ACTCCTGTTC
GGACTCCGGG
CTCATCTCCA

AAAAAAAARA

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320

1380

1440 -

1500
1560

1570
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(ii)

(xi)
Met
val
Pro
Thr
Glu
65
Gln
Thr
Tyr
Gly
Ser
145
val
Leu
Ala
Thr
Pro
225
Thr
Gly

Met

Glu

EP 0 620 276 A1

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 468 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION: SEQ ID NO: 7:

Glu Arg His Trp Ile Phe Leu Leu Leu
5 : 10

His Ser Gln Val Gln Leu Gln Gln Ser
20 25

Gly Ala Ser Val Lys Met Ser Cys Lys
35 40

Arg Tyr Thr Met His Trp Val Lys Gln
50 55 .

Trp Ile Gly Tyr Ile Asn Pro Ser Arg
70

Lys Phe Lys Asp Lys Ala Thr Leu Thr
85 90

Ala Tyr Met Gln Leu Ser Ser Leu Thr
100 105

Tyr Cys Ala Arg Tyr Tyr. Asp Asp His
115 ‘120

Gln Gly Thr Thr Leu Thr Val Ser Ser
130 135

Val Tyr Pro Leu Ala Pro Val Cys Gly
150

Thr Leu Gly Cys Leu Val Lys Gly Tyr
165 170

Thr Trp Asn Ser Gly Ser Leu Ser Ser
180 185

Val Leu Gln Ser Asp Leu Tyr Thr Leu
185 200

Ser Ser Thr Trp Pro Ser Gln Ser Ile
210 215

Ala Ser Ser Thr Lys Val Asp Lys Lys
230

Ile Lys Pro Cys Pro Pro Cys Lys Cys
245 250

Gly Pro Ser Val Phe Ile Phe Pro Pro
260 265

Ile Ser Leu Ser Pro Ile Val Thr Cys
275 280

Asp Asp Pro Asp Val Gln Ile Ser Trp

32

Leu
Gly
Ala
Arg
Gly
75

Thr
Ser
Tyx
Ala
Asp
155
Phe
Gly
Ser
Thr
Ile
235
Pro
Lys

val

Phe

Ser

Ala

Ser

Pro

60

TYyr

Asp

Glu

Cys

Lys

140

Thr

Pro

val

Ser

Cys

220

Glu

Ala

Ile

val

val

val
Glu
Gly
45

Gly
Thr
Lys
Asp
Leu
125
Thr
Thr
Glu
His
Ser
205
Asn
Pro
Pro
Lys
val

285

Asn

Thr
Leu
30

Tyr
Gln
Asn
Ser
Ser
110
Asp
Thr
Gly
Pro
Thr
190
val
Val
Arg
Asn
Asp
270

Asp

Asn

Ala
15

Ala
Thr
Gly
Tyr
Ser
95

Ala
TYr
Ala
Ser
val
175
Phe
Thr
Ala
Gly
Leu
255
val

Val

val

Gly

Arg

Phe

Leu

Asn

80

Ser

Val

Trp

Pro

Ser.

160

Thr

Pro

val

His

Pro

240

Leu

Leu

Ser

Glu
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Val
305
Leu
Gly
Ile
val
Thr
385
Glu
Pro
val

Val

Thr
465

(2) INFORMATION FOR SEQ ID NO: 8:

290
His

Arg

Lys

Glu

Tyr

370

Leu

Trp

Val

Glu

His

450

Pro

Thr
val
Glu
Arg
355
val
Thr
Thr
Leu
Lys
435

Glu

Gly

Ala

Val

Phe
340

Thr

Leu

Cys

Asn

Asp

420

Lys

Gly

Lys

EP 0 620 276 A1

Gln

Ser

325

Lys

Ile
Pro
Met

Asn

405

Ser.

Asn

Leu

Thr
310

Ala

cys

Ser

Pro

val
390

Gly

Asp

Trp

His

295

Gln

Leu

Lys

Lys

Pro
375

Thr
Lyé

Gly

vVal

Asn
455

Thr

Pro

Val

Pro

360

Glu

Asp

Thr

Ser

Glu
440

His

(i) SEQUENCE CHARACTERISTICS:
107 amino acids

(ii)
(xi)
Gln
Glu
Asn
AsSp
Gly

65

Asp

(A}
(B)
(C)
(D)

LENGTH:
amino acid

TYPE:
STRANDEDNESS: single
TOPOLOGY:

linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION:

Ile
Lys
Trp
Thr
50

Ser

Ala

val
val
Tyr
35

Ser

Gly

Ala

Leu
Thr
20

Gln
Lys

Thr

Thr

Asn
345
Lys
Glu
Phe

Glu

Tyr

425

Arg

His

SEQ ID NO:

Thr Gln Ser Pro Ala

5

Met

Gln

Leu

Ser

TYr
85

Thr

Lys

Ala

Tyr

70

Tyr

Cys
Ser
Ser
55

Ser

Cys

Ser
Gly
40

Gly

Leu

Gln

Ala
25

Thr
Val

Thr

Gln

Arg

Gln
330
Asn
Gly
Glu
Met
Leu
410
Phe

Asn

Thr

Ile
10

Ser
Ser
Pro

Ile

Trp
90

Glu
315
His
Lys
Ser
Met
Pro
385
Asn
Met

Ser

Thr

Met
Ser
Pro
Ala
Ser

75

Ser

300

Asp:Yyr

Gln
Asp
Val
Thr
380
Qlu
Tyr
Tyr
Tyr

Lys
460

Ser
Ser
Lys
His
60

Gly

Ser

Asp
Leu
Arg
365
Lys
Asp
Lys
Ser
Ser

445

Ser

Ala
val
Arg
45

Phe

Met

Asn

-Asn:

Trp
Pro
350
Ala
Lys
Ile
Asn
Lys
430

cys

Phe

Ser
Ser
30

Trp
Arg

Glu

Pro

Ser
Met
335
Ala
Pro
Gln
Tyr
Thr
415
Leu

Ser

Ser

Pro
15

Tyr
Ile
Gly
Ala

Phe
95

Thr
320
Ser
Pro
Gln
val
val
400
Glu
Arg

val

Arg

Gly
Met
Tyr
Ser
Glu

80

Thr
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Phe Gly Ser

(i)

(ii)

(xi)
Asp
1
Asp
Leu
Tyr
Ser

65

Glu

Thr

(1)

(ii)

(xi)

Gln

Ser

Thr

Gly

Lys
65

EP 0 620 276 At

Gly Thr Lys Leu Glu Ile Asn Arg

100 105
(2) INFORMATION FCR SEQ ID NO: 9:
SEQUENCE CHARACTERISTICS:
(A) LENGTH: 108 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
MOLECULE TYPE: protein
SEQUENCE DESCRIPTION: SEQ ID NO: 9:
Ile Gln Met Thr Gln Ser Pro Ser Ser Leu
5 10
Arg Val Thr Ile Thr Cys Gln Ala Ser Gln
20 25
Asn Trp Tyr Gln Gln Thr Pro Gly Lys Ala
35 40
Glu Ala Ser Asn Leu Gln Ala Gly Val Pro
50 55
Gly Ser Gly Thr Asp Tyr Thr Phe Thr Ile
70 75
Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Tyr
85 90
Phe Gly Gln Gly Thr Lys Leu Gln Ile Thr
100 105
(2) INFORMATION FOR SEQ ID NO: 10:
SEQUENCE CHARACTERISTICS:
(A) LENGTH: 119 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
MOLECULE TYPE: protein
SEQUENCE DESCRIPTION: SEQ ID NO: 10:
val Gln Leu Gln Gln Ser Gly Ala Glu Leu
5 10
Val Lys Met Ser Cys Lys Ala Ser Gly Tyr
20 25
Met His Trp Val Lys Gln Arg Pro Gly Gln
35 40
Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn
50 55
Asp Lys Ala Thr Leu Thr Thr Asp Lys Ser
70 75
34

Ser
Asp
Pro
Ser
60

Ser

Gln

Arg

Ala
Thr
Gly
Thr

60

Ser

Ala
Ile
Lys
45

Arg

Ser

Ser

Arg
Phe
Leu
45

Asn

Ser

Ser

Ile

30

Leu

Phe

Leu

Leu

Pro

Thr

30

Glu

Gln

Thr

val
15

Lys
Leu
Ser
Gln

Pro
95

Gly
15

Arg
Trp

Lys

Ala

Gly

Tyr

Ile

Gly

Pro

80

Tyr

Ala

TYr

Ile

Phe

TYr
80
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Met Gln Leu Ser Ser Leu Thr Ser GluvAsp Ser Ala Val Tyr Tyr Cys
. 85 20 95

Ala Arg Tyr Tyr Asp Asp His Tyr cCys Len Asp Tyr Top Gly Gln Gly
100 105 110

Thr Thr Leu Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 11:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 126 amino acids
{(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 . 15 -

Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Phe Ile Phe Ser Ser Tyr
20 25 30

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

Ala Ile Ile Trp Asp Asp Gly Ser Asp Gln His Tyr Ala Asp Ser Val
50 55 . 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe
65 70 75 80

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly val Tyr Phe Cys
85 90 95

Ala Arg Asp Gly Gly His Gly Phe Cys Ser Ser Ala Ser Cys Phe Gly
100 105 110

Pro Asp Tyr Trp Gly Gln Gly Thr Pro Val Thr Val Ser Ser
115 120 125

(2) INFORMATION FOR SEQ ID NO: 12:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 119 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Ala Arg Pro Gly Ala
1 - 5 10 15

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr
20 25 30

35
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Thr Met His Trp Val Lys Gln Arg
35 40

Gly Tyr Ile Asn Pro Ser Arg Gly
50 55

Lys Asp Lys Ala Thr Leu Thr Thr
65 70

Met Gln Leu Ser Ser Leu Thr Ser
- 85

Ala Arg Tyr Tyr Asp Asp His Tyr
100

Thr Thr Leu Thr Vval Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 13:

(1) SEQUENCE CHARACTERISTICS:

Pro

Tyr:

Asp-

Glu

Cys
105

(A) LENGTH: 119 amino acids

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

(ii) MOLECULE TYPE: protein

{(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

Gln Vval Gln Leu Val Glu Ser Gly
1 5

Ser Leu Arg Leu Ser Cys Ser Ser
20

Thr Met His Trp Val Arg Gln Ala
a5 40

Ala Tyr Ile Asn Pro Ser Arg Gly
50 55

Lys Asp Arg Phe Thr Ile Ser Arg
65 70

Leu G1ln Met Asp Ser Leu Arg Pro
85

Ala Arg Tyr Tyr Asp Asp His Tyr
100

Thr Thr Leu Thr val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 119 amino acids

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

(ii) MOLECULE TYPE: protein

36

Gly
Ser
25

Pro
Tyr
Asp

Glu

Cys
105

Gly

Thr

Lys

Asp

90

Leu

13:

Gly
10

Gly
Gly
Thr
Asn

Asp

Leu

Gln

Asn

Ser
75
Ser

Asp

val

TYY

Lys

Asn

Ser

75

Thr

Asp

Gly

Tyr

60

Ser

Ala

Tyr

val
Thr
Gly
Tyr
60

Lys

Gly

Tyr

val

Trp

Gln
Phe
Leu
45

Asn
Asn

Val

Trp

Glu

Gln’

Thr

TYyr

Gly
110

Pro
Thr
30

Glu
Gln
Thr

Tyr

Gly
110

Trp
Lys
Ala
fyr
95

Gln

Gly
15

Arg
Trp
Lys
Leu
Phe

95

Gln

Ile
Phe
Tyr
80

Cys

Gly

Arg
Tyr
Val
FPhe
Phe
80

Cys

Gly
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(xi)
Gln

1
Ser
Thr
‘Gly
Lys
65
Leu

Ala

Thr

EP 0 620 276 A1

SEQUENCE DESCRIPTION: SEQ ID NO: 14:

val

Leu

Met

Tyr

50

Asp

Gln

Arg

Thr

Gln

Arg

His

35

Ile

Arg

Met

Tyr

Leu
115

Leu

Leu

20

Trp

Asn

Phe

Asp

TYr

100

Thr

val Gln Ser Gly 4Sly Gly Val Val:

5

Ser

val

Pro

Thr

Ser

85

Asp

Val

cys

Arg

Ser

Ile

70

Leu

Asp

Ser

Lys

Gln

Arg

55

Ser

Arg

His

Ser

Ala
Ala
40

Gly
Thr

Pro

Tyr

(2) INFORMATION FOR SEQ ID NO: 15:

(1) -

i)

(xi)
G1ln
1
Ser
Thr
Gly
Lys
65
Leu

Ala

Thr

SEQUENCE CHARACTERISTICS:

(A). LENGTH:

(B) TYPE:
(€C) STRANDEDNESS:
(D) TOPOLOGY:

119 amino acids
amino acid
single
linear

MOLECULE TYPE: protein

1C

Ser Gly Tyr
25

Pro Gly Lys

Tyr Thr Asn

Asp Lys Ser
75

Glu Asp Thr
90

Cys Leu Asp
105

SEQUENCE DESCRIPTION: SEQ ID NO: 15:

val Gln Leu Val Gln Ser Gly Gly Gly Val
s 10

Leu

Met

Tyr
50

Asp

Gln

Arg

Thr

Arg
His
35

Ile

Arg

Met

Tyr

Leu
115

Leu
20

Trp
Asn
Phe
Asp
Tyr
100

Thr

Ser
Val
Pro
Thr
Ser
85

Asp

val

Cys
Arg
Ser
Ile
70

Leu

Asp

Ser

Lys

Gln

Arg

55

Ser

Arg

His

Ser

(2) INFORMATION FOR SEQ ID NO: 16

Ala
Ala
40

Gly
Thr

Pro

Tyr

(i) SEQUENCE CHARACTERISTICS:

37

Ser Gly Tyr
25

Pro Gly Lys
Tyr Thr Asn
Asp Lys Ser

75

Glu Asp Thr
90

Cys Leu Asp
108

Thr
Gly
Tyr
60

Lys

Ala

Tyr

val
Thr
Gly
TYr
60

Lys

Gly

Tyr

Gln

Phe

Leu

45

Asn

Ser

val

Trp

Gln

Phe

Leu

45

Asn

Ser

Val

Trp

Prao.

Thr
30

Glu
Gln
Thr

Tyr

Gly
110

Pro
Thr
30

Glu
Gln
Thr

Tyr

Gly
110

Gly
15

Arg
Trp
Lfs
Ala
Tyr
95

Gln

Gly
15

.Arg

Trp
Lys
Ala
Phe

95

G1ln

Arg

Tyr

Ile

val

Phe

80

Cys

Gly

Arg

Tyr

Ile

val

Phe

80

Cys

Gly
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(ii)

(xi)

Gln

1

Ser
Thr
Gly
Lys
65

Leu

Ala

Thr

(A) LENGTH:
amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY:

(B) TYPE:

EP 0 620 276 A1

119 amino acids

single
linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION: SEQ ID NO: 16:

Val G1ln Leu
Leu Arg Leu
20

Met His Trp
35

Tyr Ile Asn
50

Asp Arg Phe

Gln Met Asp

Arg Tyr Tyr
100

Thr Leu Thr
115

Val Gln Ser Gly Gly Gly Vval
5 10

Ser Cys Lys Ala Ser Giy Tyr
25

Val Arg Gln Ala Pro Gly Lys
40

Pro Ser Arg Gly Tyr Thr Asn
55

Thr Ile Ser Thr Asp Lys Ser
70 75

Ser Leuw Arg Pro Glu Asp Thr
85 90

Asp Asp His Tyr Cys Leu Asp
105

vVal Ser Ser

(2) INFORMATION FOR SEQ ID NO: 17:

(1)

(1i)
(xi)
Gln
Ser
Thr
Gly
Lys

65

Leu

SEQUENCE CHARACTERISTICS:

(A) LENGTH:
amino acid

(B) TYPE:

119 amino acids

(C) STRANDEDNESS: single

(D) TOPOLOGY:

MOLECULE TYPE:

linear

protein

SEQUENCE DESCRIPTION: SEQ ID NO: 17:

Val G1ln Leu
Leu Arg Leu
20

Met His Trp
35

Tyr Ile Asn
50

Asp Arg Phe

Gln Met Asp

val Gln Ser Gly Gly Gly val
5 10

Ser Cys Lys Ala Ser Gly Tyr
25

Val Arg Gln Ala Pro Gly Lys
40

Pro Ser Arg Gly Tyr Thr Asn
55

Thr Ile Ser Arg Asp Asn Ser
70 75

Ser Leu Arg Pro Glu Asp Thr
85 90

38

val
Thr
Gly
Tyr
60

Lys

Gly

Tyr

Val
Thr
Gly
TYr
60

Lys

Gly

Gln

Phe

Leu

45

Asn

Asn

val

Trp

Gln

Phe

Leu

45

Asn

Asn

val

Pro
Thr
30

Glu
Gln
Thr

Tyr

Gly
110

Pro
Thr
30

Glu
Gln

Thr

Tyr

Gly
15

Arg
Trp
Lys
Ala
Phe

95

Gln

Gly
Arg
Trp
Lys
Ala

Phe
95

Arg
Tyxr
Ile
val
Phe
80

Cys

Gly

Arg

Tyr

Ile

val

Phe
80

Cys
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Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gln Gly
. 100 110

105

Thr Thr Leu Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 18:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 119 amino acids
(B) TYPE: amino acid
{(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:

Gln Val Gln Leu Val Gln.Ser Gly Gly
1 S

Ser Leu Arg Leu Ser Cys Lys Ala Ser
20 25

Thr Met His 'Trp Val Arg Gln Ala Pro
35 40

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr
50 55

Lys Asp Arg Phe Thr Ile Ser Thr Asp
65 70

Leu Gln Met Asp Ser Leu Arg Pro Glu
85 )

Ala Arg Tyr Tyr Asp Asp His Tyr Cys
100 . 105

Thr Thr Leu Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 19:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 119 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:

Gln Val Gln Leu Val Gln Ser Gly Gly
1 S

Ser Leu Arg Leu Ser Cys Lys Ala Ser
20 25

Thr Met His Trp Val Arg Gln Ala Pro
a5 40

39

18:

Gly Vval val
10

Gly Tyr Thr
Gly Lys Gly
Thr Asn Tyr

60

Lys Ser Lys
75

Asp Thr Gly
90

Leu Asp Tyr

19:

Gly val val
10

Gly Tyr Thr

Gly Lys Gly

Gln
Phe
Leu
45

Asn
Asn

val

Trp

Gln
Phe

Leu
45

Pro Gly Arg
15

Thr Arg Tyr

30

Glu Trp Ile

Gln Lys Val

Thr Leu Phe

80

Tyr Phe Cys

95

Gly Gln Gly
110

Pro Gly Arg
15

Thr Arg Tyr
Jo

Glu Trp Ile
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Gly Tyr Ile Asn Pro Ser Arg Gly
- 50 55

Lys Asp Arg Phe Thr Ile Ser Arg
65 70

Leu Gln Met Asp Ser Leu Arg Pro
85

Ala Arg Tyr Tyr Asp Asp His Tyr
100

Thr Thr Leu Thr val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:
(B) TYPE: amino acid
(C) STRANDEDNESS: single

Tyr Thr Asn
Asp. Asn Ser
75

Glu Asp Thr
90

Cys Leu Asp
105

119 amino acids

(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:
Gln Val Gln Leu Val Gln Ser Gly Gly Gly Val
1 5 10

Ser -Leu Arg Leu Ser Cys Lys Ala
20

Thr Met His Trp val Arg Gln Ala
35 40

. Ala Tyr Ile Asn Pro Ser Arg Gly
50 55

Lys Asp Arg Phe Thr Ile Ser Arg
65 70

Leu Gln Met Asp Ser Leu Arg Prc
85

Ala Arg Tyr Tyr Asp Asp His Tyr
100

Thr Thr Leu Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 21:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 118 aminc acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID

Ser Gly Tyr
25

Pro Gly Lys

Tyr Thr Asn

Asp Asn Ser
75

Glu Asp Thr
90

Cys Leu Asp
105

NO: 21:

Tyr
60
Ly=s

Gly

Tyr

Val
Thr
Gly
Tyr
60

Lys

Gly

Tyr

Asn

\3n

val

Trp

Gln

Phe

Leu

45

Asn

Asn

val

Trp

Gln

Thr'

Tyr

Gly
110

Pro
Thr
30

Glu
Gln
Thr

Tyr

Gly
110

Lys
Leu
Phe

95

Gln

Gly
15

Arg
Trp
Lys
Leu
Phe

95

Gln

Val
Phe
80

Cys

Gly

Arg

Tyx

val
Phe
Phe
8o

Cys

Gly
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Gln
1 .
Ser
Thr
Gly
Asp
65

Gln

Arg

Thr

val

Leu

Met

Tyx

50

Arg

Met

Tyr

Leu
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Gln Leu Val Gln Ser Gly Gly
©5

Arg Leu Ser Cys Ser Ala Ser
20 25

His Trp Val Arg Gln Ala Pro
35 40

Ile Asn Pro Ser Arg Gly Tyr
55

Phe Thr Ile Ser Thr Asp Lys.

70

Asp Ser Leu Arg Pro Glu Asp
85 X

Tyr Asp Asp His Tyr Cys Leu
100 105

Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 22:

(i) SEQUENCE CHARACTERISTICS:
(A)

(ii)

(xi)
Gln
Ser
Thr
Gly
Asp
65
Gln

Arg

Thr

(B)
(<)
(D)

LENGTH: 118 amino acids
TYPE: amino acid
STRANDEDNESS: single
TOPOLOGY: linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION: SEQ ID NO:

Val

Leu

Met

Tyr

S0

Arg

Met

Tyr

Leu

Gln Leu Val Glu Ser Gly Gly
]

Arg Leu Ser Cys Ser Ala Sef
20 25

His Trp Val Arg Gln Ala Pro
35 40

Ile Asn Pro Ser Arg Gly Tyr
55

Phe Thr Ile Ser Thr Asp Lys
70

Asp Ser Leu Arg Pro Glu Asp
85

Tyr Asp Asp His Tyr Cys Leu
100 105

Thr val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 23:

(i) SEQUENCE CHARACTERISTICS:

(A)
(B)

LENGTH: 118 amino acids
TYPE: amino acid

41

Gly val
10

Giy Tyr
Gly Lys
Thr Asn
Ser Lys

75

Thr Ala
30

Asp Tyr

22:

Gly val
10

Gly Tyr
Gly Lys
Thr Asn

Ser Lys
75

Thr Ala
20

Asp Tyr

Val Gln
Thr Phe
Gly Leu

45
Tyr Asn
60
Ser Thr

Val Tyr

Trp Gly

val Gln
Thr Phe
Gly Leu

45
Tyr Asn
60
Ser Thr

Val Tyr

Trp Gly

Pro

Thr’
30
Glu
Lys
Ala

Tyr

Gln
110

Pro
Thr
30

Glu
Lys
Ala

Tyr

Gln
110

Gly
15

Arg
Trp
val
Phe
cys
95

Gly

Gly
15

Arg
Trp

val

Phe

Cys
95

Gly

Arg

TYr

Ile

Lys

Leu

a0

Ala

Thr

Arg

Tyr

Ile

Lys

Leu

80

Ala

Thr
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(i)
(x1i)
Gln
1
" ser
Thr
Gly
Asp
65
Gln
Arg

Thr

EP 0 620 276 A1

(C) STRANDEDNESS: single
(D) TOPOLOGY:

MOLECULE TYPE:

linear

protein

SEQUENCE DESCRIPTION: SEQ ID NO: 23:

val Gln Leu Val Glu Ser Gly

Leu Arg Leu
20

Met His Trp
35

Tyr Ile Asn
50

Arg Phe Thr

Met Asp Ser

Tyr Tyr Asp
100

Leu Thr Val
115

5

Ser
val
Pro
Ile
Léu
85

Asp

Ser

Cys

Arg

Ser

Ser

70

Arg

His

Ser

Ser Ser

Gln Ala
40

Arg Gly
55
Thr Asp

Pro Glu

Tyr Cys

(2) INFORMATION FOR SEQ. ID NO: 24:

(1) SEQUENCE CHARACTERISTICS:
118 amino acids

(ii)

(xi)
Gln
Ser
Thr
Gly
Asp
65

Gln

Arg

(A) LENGTH:
amino acid

(B) TYPE:

(C) STRANDEDNESS: single
(D) TOPOLOGY:

linear

MOLECULE TYPE: protein

Gly Gly Val
10

Ser Gly Tyr
25

Pro Gly Lys
Tyr Thx Asn
Lys Ser Lys

75

Asp Thr Ala
90

Leu Asp Tyr
105

SEQUENCE DESCRIPTION: SEQ ID NO: 24:

Val Gln Leu

Leu Arg Leu
20

Met His Trp
35

Tyr Ile Asn
50

Arg Phe Thr

Met Asp Ser

Tyr Tyr Asp
100

Val Gln Ser Gly Gly Gly Val

S

Ser

val

Pro

Ile

Leu

85

Asp

cys

Arg

Ser

Ser

70

Arg

His

Ser Ala

Gln Ala
40

Arg Gly

55

Thr Asp

Pro Glu

Tyr Cys

42

10

Ser Gly Tyr
25

Pro Gly Lys

Tyr Thr Asn

Lys Ser Lys
75

Asp Thr Gly
90

Leu Asp Tyr
105

Val

Thr

Gly

Tyr

60

Ser

vVal

Trp

val

Thr

Gly

Tyr

60

Ser

Val

Trp

Gln

Phe

Leu

45

Asn

Thr

Tyr

Gly

Gln

Phe

Leu

45

Asn

Thr

Tyr

Gly

Pro Gly Arg
15

Thr Arg Tyr
30

Glu Trp Ile
Lys Val Lys
Ala Phe Leu

80

Tyr Cys Ala
95

Gln Gly Thr
110

Pro Gly Arg
15

Thr Arg Tyr
30

Glu Trp Ile
Lys Val Lys
Ala Phe Leu

80

Phe Cys Ala
95

Gln Gly Thr
110
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Thr Leu Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 118 aminc acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:

Gln Val Gln Leu Val Glu Ser Gly Gly Gly
1 5 10

Ser Leu Arg Leu Ser Cys Ser Ala Ser Gly
20 . 25

Thr Met His Trp Val Arg Gln Ala Pro Gly
35 40

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr
50 55

Asp Arg Phe Thr Ile Ser Thr Asp Lys Ser
65 70

Gln Met Asp Ser Leu Arg Pro Glu Asp Thr
85 90

Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp
100 105

Thr Leu Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 26:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 118 amino acids
(B) TYPE: amino aciaq
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

Gln Val Gln Leu Val Gln Ser Gly Gly Gly
1 5 10

Ser Leu Arg Leu Ser Cys Ser Ala Ser Gly
20 25

Thr Met His Trp Val Arg Gln Ala Pro Gly
35 40

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr
50 SS

val
Tyr
Lys
Asn
Lys
75

Gly

Tyr

Val

TYY

Lys

Asn

val
Thr
Gly
Tyr
60

Ser

Val

Trp

val

Thr

Gly

Tyr

" 60

Gln.

Phe
Leu
45

Asn
Thr

Tyr

Gly

Gln

Phe

Leu
45

Asn

Pro
Thr
30

Glu
Lys
Ala

Phe

Gln
110

Pro

Thr

30

Glu

Lys

Gly
15

Arg
Trp

val

Phe

Cys
95

Gly

Gly
15
Arg

Trp

val

Arg

Tyr

Ile

Lys

Leu

80

Ala

Thr

Arg

TYyr

Ile

Lys
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Asp
65

Gln
Arg

Thr

(2) INFORMATION FOR SEQ ID NO:

(i)

(i)
C(xi)
Gln
Ser
Ala
Ala
Lys
65
Ala

Pro

(2) INFORMATION FOR SEQ ID NO:

(1)

(ii)

(xi)

Gln

Arg

Met

Tyr

Leu

Phe

Asp

Tyr

Thr
115

Thr
Ser
Asp

100

Val

Ile
Leu
85

Asp

Ser

EP 0 620 276 A1

70

Ser Thr Asp Lys Ser

Lys Asn Thr
1% s

-

Arg Pro Glu Asp Thr Gly Val Tyr
S0

His Tyr Cys Leu Asp Tyr Trp Gly

Ser

27:

SEQUENCE CHARACTERISTICS:

(A)
(B)
()
(D)

LENGTH:

TYPE:
STRANDEDNESS:
TOPOLOGY :

126 amino acids
amino acid
single
linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION:

val

Leu

Met

Ile

50

Gly

Gln

Arg

Asp

Gln

Arg

Tyr

35

Ile

Arg

Met

Asp

TYr
115

Leu
Leu
20

Trp
Trp
Phe
Asp
Gly

100

Trp

val
5
Ser
val
Asp
Thr
Ser
85

Gly

Gly

Glu Ser Gly

Cys

Arg

Asp

Ile

70

Leu

His

Gln

Ser
Gln
Gly
55

Ser
Arg

Gly

Gly

Ser

Ala

40

Ser

Arg

Pro

Phe

Thr
120

28:

SEQUENCE CHARACTERISTICS:

(R) LENGTH:

(B) TYPE:
(C) STRANDEDNESS: single
(D) TOPOLOGY:

107 amino acids
amino acid

linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION:

105

SEQ ID NO:

27:

Gly Gly Val
10

Ser Gly Phe

25

Pro Gly Lys

Asp Gln His

Asp Asn Ser

75

Glu Asp Thr

90

Cys Ser Ser

105

Pro Val Thr

SEQ ID NO:

28:

val
Ile
Gly
Tyr
€0

Lys
Gly

Ala

val

Gln
Phe
Leu
45

Ala
Asn
val

Ser

Ser
125

Ala

Phe’

Gln
110

Pro
Ser
30

Glu
Asp
Thr
Tyr
Cys

110

Ser

Phe
Cys
95

Gly

Gly
15

Ser
Trp
Ser
Leu
Phe

95

Phe

Leu
80
Ala

Thr

Arg
Tyr
val
val
Phe
80

Cys

Gly

Ile Val Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser Pro Gly

5

10

15
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Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser
. 20 25

Asn Trp Tyr Gln Gln Lys Ser Gly Thr Ser Pro
35 40

Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ala
50 55

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser
65 70 75

Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Trp Ser
85 90

Phe Gly Ser Gly Thr Lys Leu Glu Ile Asn Arg
100 105

(2) INFORMATION FOR SEQ ID NO: 29:
(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 107 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29:

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu
1 5 . 10

Asp Arg Val Thr Ile Thr Cys Ser Ala Ser Ser
20 25

Asn Trp Tyr Gln Gln Thr Pro Gly Lys Ala Pro
35 40

Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ser
50 55

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

Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Trp Ser
85 90

Phe Gly Gln Gly Thr Lys Leu Gln Ile Thr Arg
100 105

{2) INFORMATION FOR SEQ ID NO: 30:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 107 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:

Tyr Met
Ile Tyr
Gly Ser

Ala Glu

80

Phe Thr

val Gly
Tyr Met
Ile Tyr
Gly Ser

Pro qu

80

Phe Thr
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Gln
1 -
Asp
Asn
Asp
Gly
65

Asp

Phe

(2) INFORMATION FOR SEQ ID NO:

Ile

Arg

Trp

Thr

50

Ser

Ile

Gly

val

val

TYTr

35

Ser

Gly

Ala

Gln

Met

Thr
20

Gln

Lys

Thr

Thr

Gly
1¢0

Thr
5

Ile

Gln

Leu

Asp

TYyr

85

Thr

EP 0 620 276 A1

Gln

Thr

Thr

Ala

Tyr

70

Tyr

Lys

Ser

cys

Pro

Ser

55

Thr

Cys

Leu

Pro

Ser

Gly

40

Gly

Phe

Gln

Gln

31:

(1) SEQUENCE CHARACTERISTICS:

(ii)

(x1)
Gln
1
Asp
Asn
Asp
Gly
65

Asp

Phe

(A) LENGTH:

{B) TYPE:
{C) STRANDEDNESS:
(D) TOPOLOGY:

amino acid

single

linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION: SEQ ID NO:

Ile Val Met Thr

Arg
Trp
Thr
50

Ser

Ile

Gly

val
TYyr
35

Ser
Gly

Ala

Gln

Thr
20

Gln
Lys
Thr

Thr

Gly
100

5

Ile

Gln

Leu

Asp

Tyr

85

Thr

Gln

Thr

Thr

Ala

Tyr

70

Tyr

Lys

Ser

Cys

Pro

Ser

55

Thr

Cys

Leu

Pro
Ser
Gly
40

Gly
Phe

Gln

Gln

(2) INFORMATION FOR SEQ ID NO: 32:

(1)

SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

(<

amino acid
STRANDEDNESS:
(D) TOPOLOGY: linear

107 amino acids

single

(ii) MOLECULE TYPE: protein

46

Ser

Ala

25

Lys

val

Thr

Gln

Ile
105

107 amino acids

Ser

Ala

25

Lys

val

Thr

Gln

Ile
105

Ser Leu
10

Ser Ser
Alé Pro
Pro Ser
Ile Ser

75
Trp Ser
90

Thr Arg

31:

Ser Leu
10

Ser Ser
Ala Pro
Pro Ser

Ile Ser
75

Trp Ser
90

Thr Arg

Ser
Ser
Lys
Arg
60

Ser

Ser

Ser
Ser
Lys
Arg
60

Ser

Ser

Ala

Va1

Arg
45
Phe

Leu

Asn

Ala

vVal

Arg

Phe

Leu

Asn

Ser
Ser
30

Trp
Ser

Gln

Pro

Ser
Ser
30

Trp
Ser

Gln

Pro

val
15

Tyr
Ile
Gly

Pro

Phe
95

val
15

TYyr
Ile
Gly

Pro

Phe
95

Gly

Met

TYr

Ser

Glu

80

Thr

Gly

Met

Tyr

Ser

Glu

80

Thr
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:

Asp Ile Gln
1

Asp Arg Vval
Asn Trp Tyr
35

Asp Thr Ser
50

Gly Ser Gly
65

Asp Ile Ala

Phe Gly Gln

Met
Thr
20

Gln
Lys
Thr

Thr

Gly
100

Thr Gln Ser Pro Ser Ser lLeu

5

Ile

Gln

Leu

Asp

Tyr

85

Thr

Thr

Thr

Ala

Tyxr

70

Tyr

Lys

Cys

Pro

Ser

55

Thr

cys

Leu

Ser
Gly
40

Gly
Phe

Gln

Gln

(2) INFORMATION FOR SEQ ID NO: 33:

(i) SEQUENCE CHARACTERISTICS:
108 amino acids

(A) LENGTH:
amino acid

(B) TYPE:
(C) STRANDEDNESS:
(D) TOPOLOGY:

{(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION:

single
linear

Ala

25

Lys

val

Thr

Gln

Ile
105

SEQ ID NO:

Asp Ile Gln Met Thr Gln Ser Pro Ser

Asp Arg Vval
Leu Asn Trp
35
Tyr Glu Ala
50
Ser Gly Ser

Glu Asp Ile

Thr Phe Gly

Claims

Thr
20

Tyr
Ser
Gly

Ala

Gln
100

5

Ile

Gln

Asn

Thr

Thr

85

Gly

Thr

Gln

Leu

Asp

70

Tyr

Thr

Cys

AThr

Gln
55
Tyr

Tyr

Lys

Gln

Pro

40

Ala

Thr

Cys

Leu

Ala
25

Gly
Gly
Phe

Gln

Gln
105

1y,

Ser Ser
Ala Pro
Pro Ser
Ile Ser

75

Trp Ser
20

Thr Arg

33:

Ser Leu
10

Ser Gln
Lys Ala
val Pro

Thr Ile
75

Gln Tyr
90

Ile Thr

Seriala
Ser Val
Lys Arg

45

Arg Phe
60
Ser Leu

Ser Asn

Ser Ala
Asp Ile
Pro Lys

45
Ser Arg
60
Ser Ser

Gln Ser

Arg

.Sariel Gly

1L

Ser Tyr Met
30

Trp Ile Tyr
Ser Gly Ser

Gln Pro Glu
80

Pro Phe Thr
95

Ser Val Gly
15

Ile Lys Tyr
Leu Leu Ile
Phe Ser Gly
Leu Gln Pro

80

Leu Pro Tyr
95

1. 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 andfor 49, 71 and/or 73, 75 and/or 76 and/or 78 and 88 and/or 91.

47

BIOEPIS EX. 1002

Page 560



10

20

25

30

35

45

50

55

10.

1"1.

12,

13

14.

15.

16.

EP 0 620 276 A1

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 positions 2, 4, 6, 25, 36,
37, 39, 47, 48, 93, 94, 103, 104, 106 and 107.

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

1and 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 {east one of
positions 1 and/or 3 and 46 and/or 47.

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:

1and 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

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.

A CDR-grafted antibody molecule comprising 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 molecule.

A CDR-grafted antibody molecule according to Claim 13 which has specificity for an interleukin,
hormane 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 residuses.
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A DNA sequence which codes for a CDR-graﬂedbheavy chain according to Claim 1 or a 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:
(a) producing in an expression vector an opsron having a DNA sequence which encodes an antibody
heavy chain according to Claim 1;

and/or ’
(b) producing in an expression vector an operon having a DNA sequence which encodes a
complementary antibody light chain according to Claim 6 or Claim 8;
(c) transfecting a host cell with the or each vector;

and
(d) culturing the transfected cell line 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 sffective amount of a CDR-grafted heavy

chain according to Claim 1, or a CDR-grafted light chain according to Claim 6 or Claim 8, or a CDR-
grafted antibody molecule according to Claim 13 to a human or animal subject.
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GAATTCCCAA AGACAAAatg gattttcaaq tgcagatttt cagecttectg
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ctaatcagtg cctcagtcat aatatccaga ggacaaattg

gtctccagca
gcagtgccag
ggcacctcce
agtccctgcet
caatcagcgg
tggagtagta
ccgggctgat
agttaacatc
cccaaagaca
tggcgtccetg
gcatgagcag
agctatacct
gagcttcaac
CCAGCTCCCA
CCACAAGCGC
TCTCCTCCTC

atcatgtctg
ctcaagtgta
ccaaaagatg
cacttcaggg
catggaggct
acccattcac
actgcaccaa

tggaggtgcce

tcaatgtcaa“

aacagttgga
caccctcacg
gtgaggccac
aggaatgagt

GCTCCATCCT.

tTACCACTGT
CTCCCTTTCC

Fi

catctccagg
agttacatga
gatttatgac
gcagtgggtc
gaagatgctg
gttcggetcyg
ctgtatccat
tcagtcgtgt
gtggaagatt
ctgatcagga
ttgaccaagg
tcacaagaca
gtTAGAGACA
ATCTTCCCTT
TGCGGTGCTC
TTGGCTTTTA

g. 1(a)

ggagaaggtc
actggtacca
acatccaaac
tgggacctct
ccacttatta
gggacaaagt
cttcccacca
gcttcttgaa
gatggcagtg
cagcaaagac
acgagtatga
tcaacttcac
AAGGTCCTGA
CTAAGGTCTT
TAAACCTCCT

ttctcaccca
accatgacct
gcagaagtca
tggcttetgg
tactctctca
ctgccagcag
tggaaataaa
tccagtgage
caacttctac
aacgacaaaa
agcacctaca
acgacataac
ccattgtcaa
GACGCCACCA
GGAGGCTTCC
CCCACCTCCT

TCATGCTAAT ATTTGCAGAA
AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAARAARMAA AAA

MDFOVOIFSF LLISASVIIS RGQIVLTQSP AIMSASPGEK VITMTCSASSS
VSYMNWYQQK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME
AEDAATYYCQ QWSSNPFTFG SGTKLEINRA DTAPTVSIFP PSSEQLTSGG
ASVVCFLNNF YPKDINVKWK IDGSERQNGV LNSWTDQDSK DSTYSHSSTﬁ
TLTKDEYERH NSYTCEATHK TSTSPIVKSF NRNEC*

Fig. 1(b)
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GAATTCCCCT CTCCACAGAC

ACTGAAAACT CTGACTCAAC ATGGAAAGGC

G CTG G GCAGG (o CCAG

GTCCAGCTGC AGCAGTCTGG
GAAGATGTCC TGCAAGGCTT
ACTGGGTAAA ACAGAGGCCT
AATCCTAGCC GTGGTTATAC
CACATTGACT ACAGACAAAT
GCCTGACATC TGAGGACTCT
GATCATTACT GCCTTGACTA
CTCAGCCAAA ACAACAGCCC
GAGATACAAC TGGCTCCTCG
TTCCCTGAGC CAGTGACCTT
TGTGCACACC TTCCCAGCTG
GCTCAGTGAC TGTAACCTCG
AATGTGGCCC ACCCGGCAAG
CAGAGGGCCC ACAATCAAGC
ACCTCTTGGG TGGACCATCC
GTACTCATGA TCTCCCTGAG
GAGCGAGGAT GACCCAGATG
AAGTACACAC AGCTCAGACA
CTCCGGGTGG TCAGTGCCCT
CAAGGAGTTC AAATGCAAGG
AGAGAACCAT CTCAAAACCC
GTCTTGCCTC CACCAGAAGA
CTGCATGGTC ACAGACTTCA
ACAACGGGAA AACAGAGCTA
TCTGATGGTT CTTACTTCAT
CTGGGTGGAA AGAAATAGCT
ACAATCACCA CACGACTAAG
CAGCACCCAC AAAACTCTCA
TGCTTCCCTT GTATAAATAA

GGCTGAACTG GCAAGACCTG GGGCCTCAGT
CTGGCTACAC CTTTACTAGG TACACGATGC
GGACAGGGTC TGGAATGGAT TGGATACATT
TAATTACAAT CAGAAGTTCA AGGACAAGGC
CCTCCAGCAC AGCCTACATG CAACTGAGCA
GCAGTCTATT ACTGTGCAAG ATATTATGAT
CTGGGGCCAA GGCACCACTC TCACAGTCTC
CATCGGTCTA TCCACTGGCC CCTGTGTGTG
GTGACTCTAG GATGCCTGGT CAAGGGTTAT
GACCTGGAAC TCTGGATCCC TGTCCAGTGG
TCCTGCAGTC TGACCTCTAC ACCCTCAGCA
AGCACCTGGC CCAGCCAGTC CATCACCTGC
CAGCACCAAG GTGGACAAGA AAATTGAGCC
CCTGTCCTCC ATGCAAATGC CCAGCACCTA
GTCTTCATCT TCCCTCCAAA GATCAAGGAT
CCCCATAGTC ACATGTGTGG TGGTGGATGT
TCCAGATCAG CTGGTTTGTG AACAACGTGG

CARACCCATA GAGAGGATTA CAACAGTACT

CCCCATCCAG CACCAGGACT GGATGAGTGG
TCAACAACAA AGACCTCCCA GCGCCCATCG
AAAGGGTCAG TAAGAGCTCC ACAGGTATAT
AGAGATGACT AAGAAACAGG TCACTCTGAC
TGCCTGAAGA CATTTACGTG GAGTGGACCA
AACTACAAGA ACACTGAACC AGTCCTGGAC
GTACAGCAAG CTGAGAGTGG AAAAGAAGAA
ACTCCTGTTC AGTGGTCCAC GAGGGTCTGC
AGCTTCTCCC GGACTCCGGG TAAATGAGCT
GGTCCAAAGA GACACCCACA CTCATCTCCA
AGCACCCAGC AATGCCTGGG ACCATGTAAA

AAAAMAAAAA AAAGGAATTC

Fig. 2(a)
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OKT 3 HEAVY CHAIN PROTEIN SEQUENCE DEDUCED FROM DNA SEQUENCE

1 MERHWIFLLL LSVTAGVHSQ VGLQQSGAEL ARPGASVKMS CKASGYTFTR
51 YTMHWVKQRP GQGLEWIGYI NPSRGYTNYN QKFKDKATLT TDKSSSTAYM
101 QLSSLTSEDS AVYYCARYYD DHYCLDYWGQ GTTLTVSSAK TTAPSVYPLA
151 PVCGDTTGSS VTLGCLVKGY FPEPVTLTWN SGSLSSGVHT FPAVLQSDLY
201 TLSSSVIVTS STWPSQSITC NVAKPASSTK VDKKIEPRGP TIKPCPPCKC
251 PAPNLLGGPS VFIFPPKIKD VLMISLSPIV TCVVVDVSED DPDVQISWFV
301 NNVEVHTAQT QTHREDYNST LRVVSALPIQ HQDWMSGKEF KCKVNNKDLP
351 APIERTISKP KGSVRAPQVY VLPPPEEEMT KKQVTLTCMV TDFMPEDIYV
401 EWTNNGKTEL NYKNTEPVLD SDGSYFMYSK LRVEKKNWVE RNSYSCSVVH
451 EGLHNHHTTK SFSRTPGK+*

Fig. 2(b)
1 o 23 42
NN N N . N N
RES TYPE SBSpSPESssBSbSsSssPSPSPsPSsse*s#*p*Pi~ISsSe
oktlivl QIVLTQSPAIMSASPGEKVTMTCSASS. SVSYMNWYQQKSGT
REI DIQMTQSPSSLSASVGCRVTITCQASQDIIKYLNWYQQTPGK
?? :
CDR1 (LOOP) kkk Ak Rk
CDR1 (KABAT) LA 22222 22K 2]
56 85
N NN

RES TYPE *IsiPpleesesssSBEsePsPSBSSEsPspsPsseesSPePb

okt3vl SPKRWIYDTSKLASGVPAEFRGSGSGTSYSLTISGMEAEDAAT

REI APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTISSLQPEDIAT
' 2?2 ?? ?2 2 '

#xxskex CDR2 (LOOP/KABAT)

102 108
RES TYPE PiPIPies*#*iPIISPPSPSPSS ,
Oktivl  YYCQOWSSNPFTFGEGTKLEINR Fig. 3
REIV1 YYCQQYQSLPYTFGQGTKLOITR
2 2
rranns CDR3 (LOOP)
I EEEXZ R X CRDa (KABAT)
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NN N 23 26 32 35 N39 42
RES TYPE SESPs "SBssS“sSSsSpSpSPsPSEbSEssBePiPIpiesss
Okt3h QVQLQQSGAELARPGASVKMSCKASGYTFTRYTMHWVKQRPGQ
KOL " QVQLVESGGGYVQPGRSLRLSCESSGFIFSSYAMYWVRQAPGK
? ??

LT CDR1 (LOOP)

#x*#*+ CDR1 (KABAT)

52a 60 65 NN N 82abc 89

RESTYPE Ilelppp ssssSSss ps pSSsbSpseSsSseSp pSpsSBssS~ePb
Okt3vh GLEWIGYINPSRGYTNTNQKFKEKATLTTDKSSSTAYMQLSSLTSEDSAV

KOL GLEWVAIIWDDGSDQHYADSVKGRFTISRDNSKNTLELQMDSLRPEDTGV
22 22 2 2 ?
CRARAR AR R h CDR2 (LOOP)
kkusakusarsneardass  CDR2 (KABAT)
92 N 107 113
RES TYPE PiPIFissssiiisssbibi*EIPIP*spSBSS
Okt3vh YYCARYYDDHY....... CLDYWGQGTTLTVSS
KOL YFCARDGGHGFCSSASCFGPDYWGQGTRPVTVSS
*sassasassdnssers CRDI (KABAT/LOOP).
Fig. 4
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OKT 3 HEAVY CHAIN CDR GRAFTS

1. gh341 and derivatives

Okt3vh
gH341
gH341A

gHI41E
gH341%
gH341+
gH341D
gH341%
gH341C

gH341+
gH341+
' gH341B
gH341%*
gH341*
gH341%
KOL

b 26 35 39 43
QVQLQQSGAELARPGASVKMSCKASGYTFTRYTMHWVKQRPGQ
QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK

QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGY TFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK

QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRY TMHWVRQAPGK
QVQLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK
QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK
QVQngscccvvopsaSLRLscsbggxzzxgx:uHWVRQApcx
QVQLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK

QVQLVQSGGGVVQPGRSLRLSCSASGYTFIRYTMHWVRQAPGK
QVQLVESGGGVVQPGRSLRLSCSSSGFIFSSYAMYWVRQAPGK

Fig. 5(i)
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44 50 €5 83
Okt3ivh GLEWIGYINPSRGYTNYNQKFKDKATLTTDKSSSTAYMQLSSLT
gH341  GLEWVAYINPSRGYTNYNOKFKDRFTISRDNSKNTLFLQMDSLR JA178
gH341A GLEWLGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLQMDSLR JA185

gH341E GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR JA198
gH341* GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKNTAFLQMDSLR JA207
gH341* GLEWLGYINPSRGYTNYNOKVKDRFTISRDNSKNTAFLQMDSLR JA209
gH341D GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKNTLFLQMDSLR JA197
gH341%* GLEWIGYINPSRGYTNYNOKVKDRFTISRDNSKNTLFLQMDSLR JA199
gH341C GLEWVAYINPSRGYTNYNOKFKDRFTISRDNSKNTLFLOMDSLR JA184

'gH341* GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLOMDSLR JA207
gH341* GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLQMDSLR JA205
gH341B GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLQMDSLR JA183
gH341% GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLOMDSLR JA204
gH341* GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR JA206
gH341* GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKNTAFLQMDSLR JA208
KOL GLEWVAI IWDDGSDQHYADSVKGRFTISRDNSKNTLFLQMDSLR

Fig. 5(ii)
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Oktivh
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
PEDTGVYFCARYYDDHY. ..., ..CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. ..., ..CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. ... ...CLDYWGQGTTLTVSS

PEDTAVYYCARYYDDHY. .....,CLDYWGQGTTLTVSS
PEDTAVYYCARYYDDHY. . .. ... CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY.......CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY . . ..., ,CLDYWGQGTTLTVSS
PEDTGVYFCARDGGHGFCSSASCFGPDYWGQGTPVTVSS

Fig. 5(iii)
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OKT3 LIGHT CHAIN CDR GRAFTING

1. glL221 and derivatives

Okt3vl
gl221
gL221A
gL221B
gL221C
REI

oktivi

.gL221
glL221A
gL221B
gL221C
REI

okt3vl
glL221
gL221A
gL221B
gL221C
REI

1 24 34 42
QIVLTQSPAIMSASPGEKVTMTCSASS . SVSYMNWYQQKSGT
DIQMTQSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
QIVMTQSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
QIVMTQSPSSLSASVGDRVTITCSASS . SVSYMNWYQQTPGK
DIQMTQSPSSLSASVGDRVTITCSASS , SVSYMNWYQQTPGK
DIQMTQSPSSLSASVGDRVTITCQASQDI IKYLNWYQQTPGK

43 50 56 85
SPKRWIYDTSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAAT
APKLLIYQI§£LA§GVPSRFSGSGSGTDYTFTISSﬁOPEDIAT
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSIQPEDIAT
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTISSLQPEDIAT

86 91 96 108
YYCQQWSSNPFTFGSGTKLEINR
YYCQOWSSNPFTFGQGTKLQITR
YYCQOWSSNPFTFGQGTKLQITR
YYCQOWSSNPFTFGQGTKLQITR
YYCQOWSSNPFTFGQGTKIQITR
YYCQQYQSLPYTFGQGTKLQITR

CDR'S ARE UNDERLINED

FRAMEWORK RESIDUES INCLUDED IN THE GENE ARE DOUBLE
UNDERLINED

Fig.6
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FLUORESCENCE INTENSITY

OKT3 - pJA198 EVALUATION

BINDING ASSAY Fig. 7

2007 (Mean Channel - HPBALL's)
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OKT3 - pJA198 EVALUATION
BLOCKING ASSAY  Fig.8
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BLOCKING ASSAY
(Mean Channel - HPBALL's)

200"

A —e— 221CX185-1
B —&— 221CX197-

150 C —o— 221CX 183.
D —e— 221CX184°
E —o— 221CX185-2

100 T T T T 1

0 50 100 150 200 250

ANTIBODY (ng/tube)

Fig.S
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Fig.10 OKT3 - GRAFTED HEAVY CHAINS
BINDING ASSAY
> 200 " (Mean Channel - HPBALL's)
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141 X W4
221C X 185
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- 21C X 204

221C X 205
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.;;%0 @
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Fig. 11 OKT3 - GRAFTED HEAVY CHAINS

: BINDING ASSAY

> 200 (Mean Channel - HPBALL's)

= } , BCD. . ,
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OKT3 Competition

Murine Ref Std vs. CDR Grqfted OKT3
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Bound / Free

OKT3 Competition Fig.13

Murine Ref Std vs. CDR Grafted OKT3
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Claims searched completely :
Claims searched incompletely :
Qiaims not searched :
Reason for the limitation of the search:
see sheet C
Placs of samrch Date of cemplation of 1he search Examiaar
THE HAGUE 8 June 1994 Nooij, F
CATEGORY OF CITED DOCUMENTS T : theory or prindple underiying the Iovention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the fling date
Y : particutasdy rel I comblned with unother D: cited in the applicatt
document of the tame category L : document cited for other reasons
A : techoologleat
O : non-written disclosore & : member of the same patent family, corresponding
P : intermediate document docunent
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Remark: Although claim 23
is directed to a method of
treatment of (diagnostic method
practised on) the human/animal body
{Art. 52(4) EPC) the search has been
carried out and based on the
alleged effects of the compound/
composition
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13 ReC d PCT/» « ~ 1 7 FEB 1993 From the INTERNATIONAL BUREAU
PCT To:
NOTIFICATION OF ELECTION
(PCT Rule 61.2) Um‘ted States Patent and Trademark
Office
Washington, D.C.
Date of mailing:
09 Februa ry 1993 (09'02_93) in its capacity as elected Office
International application No.: Applicant's or agent's file reference:
PCT/US92/05126 709P1
International filing date: Priority date:
15 June 1992 (15.06.92) 14 June 1991 (14.06.91)
Applicant:
CARTER, Paul, J. et al
1.  The designated Office is hereby notified of its election made:
in the demand filed with the Internationél preliminary Examining Authority on:
07 January 1993 (07.01.93)
D in a notice effecting later election filed with the International Bureau on:
2.  The election was
D was not
ma-e before the expiration of 19 months from the priority date.
The International Bureau of WIPO Authorized officer:
34, chemin des Colombettes
1211 Geneva 20, Switzerland J. Leitao
Facsimile No.: (41-22) 740.14.35 | Telephone No.: (41-22) 730.91.11
Form PCT/IB/331 (July 1992) 000132072
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,TENT COOPERATION TREAT"E’

PCT | RECD 23 SEP.1993

e~
~is i

INTERNATIONAL PRELIMINARY EXAMINATION'REPORT

(PCT Article 36 and Rule 70}

“Appli 1% [
pplicant’s or agenl’s file reference . N Sec Notification of Transmittal of International
709P1 FOR FURTIIER ACTION Preliminary Examination Report (Form PCT/IPEA/416)
Internalional application No. International filing date (day/month/year) Priority dawe (day/month/ycar)
PCT/US 92/ 05126 | 15/06/1992 14/06/1991
Inlernational Patent Classification (IPC) or national classification and IPC
C12N15/13
Applicant

GENENTECH, INC. et al. .

L. This international preliminary examination reporl has been prepared by this International Preliminary Examining
Authority and is transmitted to the applicant according to Arlicle 36. .

2.  This REPORT consists of a tolal of 8 sheets.

E Fhis report is also accompanicd by ANNEXLS, i.c., sheets of the descriplion, claims and/or drawings amended
- - during international preliminary examination andjor containing rcclifications made before this Authority.

These annexes consists of a totat of 2.2 shects. . ‘

3. This report contains indications and corresponding pages relating to the following items:

i Basis of the report

1 [] priority
Tt E Non-establishment of opinion with regard to novelly, inventive step and industrial applicability
v L.ack of unity of invention

y
v E Reasoned statemenl with regard to novelty, inventive step or industrial applicability;
citations and éxplanations supporting such statement

vi D Certain documents ciled

v D Certain defects in Lhe international application

VI [:] Certain observations on the inlernational application

Date of submission of the demand IDate of comipletion of this report

07/01/1993 | ' 2 0. 09 93

Name and mailing address of the IPLEA/ Authorized officer

T« European Patent Office, lirhardtstrasse 27 ? *

) W-8000 Munich 2 &

p) Tel. ( +49-89) 2399-0, Tx: 523656 epmu d . ‘gc.‘”"”" o T O
Fax: ( +49-89) 2399-4465 G, Germinarto

Form PCT/IPEA/409 (cover sheet) (July 1992) P20476 (14/06/1993)
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Intern. application No.
PCT/US92/05126 ;

e vk 4 uah

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

I. Basis of the report

1. This report has been dravn up on the basis of:

[ ] the international application as originally filed.

[x] the description, pages 1—107 , as originally filed,

pages -, filed with the demand,
pages , filed with the letter of

pages , filed with the letter of '

[x] the clains, No. 10-17_
No.
No.

, as originally filed,

, as amended under Article 19,
, filed vith the demand,

No. 1-9, 18, 19

, filed vith the letter of 12.06.93,
" No.

, filed vith the letter of

’

[x] the drawings, sheets/fig 1/9 - 9/9 , as originally filed,

\

sheets/fig -, filed with the demand,

sheets/fig , filed vith the letter of ,
sheets/fig , filed with the letter of

2. The amendments have resulted in the cancellation of: pages:

sheets of drawings/fiqures No.: .

3. [ ] This report has been established as if (some of) the amendments had not been made, since they have been
considered to go beyond-the disclosure as filed:

4. Additional observations, if necessary:

Form PCT/IPEA/409 (sheet 1) (July 1992)
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INTERNATIONAL PRELIMINARY EXAMINATION  REPORT PCT/US92/05126

III. Non-establishment of opinion with reqard to novelty, inventive step and industrial applicability

The .questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), or
to be industrially applicable have not been and will not be examined in respect of:

[ ] the entire international application,

[x] claims Nos. 17, 18

because:

[x] the said international application, or the said claims Nos. 17, 18_. . _ relate
to the following subject matter which does not require an international preliminary examination (specify):

Claims 17 is directed to a mere presentation of informa-
tion, namely the translation of the information inherent
in an amino acid sequence into a message .or a language
readable by the computer. |

Claim 18 would appear to be directed to a method of pre-
paring a computer program. "

According to Rule 67.1 (V) and (VI)‘no International
Preliminary Examination (thus no preliminary,wfitten

Opinion) can be carried out for such a subject matter.

" [x] the description, claims or drawings (indicate pérticulér elements below) or said claims
Nos. 16 ‘ _are so unclear that no meaningful opinion could be formed
(specify)£

Claim 16 represents. a novel claim-category; its subject
matter is in fact a machine or an apparatus i.e. a com-
puter. ' ‘

Now an independent claim directed to a machine must cite
all the essential technical features,neceSSary to define
said machine; the information saved in memory of a com-
puter are not considered a characterizing part of the
same. Therefore the subject matter of claim 16 is

definitely not at all characterized as requested by Art.

Form PCT/IPEA/409 (sheet 2) (July 1992)
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7 Intern. application No. C
INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCT/US92/05126 !

6 PCT (see PCT Guidelines C III 4.4).

[ ] the claims, or said claims Nos. : ‘are so inadequately supported by

the description that no meaningful opinion could be formed.

[ ] no international search report has been established for said ¢laims
Nos. '

Form PCT/IPEA/409 (sheet 3) (July 1992)
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. ® » |

V. Reasoned statement under Article 35(2) vith reqard to novelty, inventive step and industrial applicability;
. citations and-explanations supporting such statement '

1. STATENENT

Novelty (N) o .. Claims 1-9,.12~15, 19. . - YES
..~ Claiss 10,-.22 . . .. . e N .

Inventive Step (IS) Clains 2, 6-9, 13, 14, 19 YES
QAMS}{'ng!wlzqﬂls A _ m‘

Industrial Applicabiiity (1) Claims 1-19 = 77 7t yps
Claims NO

* 2. CITATIONS AND EXPLANATIONS
S A ) S !

1. The following document is referred:to in the present

IPER as the-closest prior: art::

WO-A-90/07861; . e -

2. This earlier application<aeéqfip§s“a_méthod for design-
ing humanized antibodies which consists of all the steps
a) to g) of the present claim 1.

More precisely the features under item a) that the amino
acid sequences of both donor (import) and acceptor (con-
sensus) antibody are from the variable domain and that
the human sequence (acceptor) is a consensus sequence
are disclosed at page 10, last two lines and‘pége'll
first lines and page 12 '"criterion I.

Steps under b) and c) are disclosed at page 5 line 8 to
31 and qlaim 18. . N

Steps under items d) to g) are disclosed in claims 19 to
21 and at page 5 line 32 td page 6 line 20 and more in
details at page. 11 1line 19 to page 15 line 2.

. Form PCT/IPEA/409 (sheet 4) (July 1992)
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Among the three criteria for selecting FR-residues con-

venient for substitution (item f), criterion 2. is dis-

closed at page 14 under Y“criterion IVP.and criterion 1.
is disclosed at page 14 lines 7_én§M8.

Under "criterion I"™ at page 12 of the earlier WO appli-
cation two different options are contemplated for the
selection of the acceptor antibédy; the first option is
based on the homology with the framework of the donor
immunoglobulin, the second on the use of a consensus
framework from many~huhan‘antibodies.

The IPEA recognizes that the latter possibility, which.
corresponds to the present invention, is not further
disclosed with details or exemplified. )
Therefore the use of a "consensus sequence" as acceptor
is not actually an embodiment of the WO-A-90,/07861 in-
vention. ,

For this reason claims 1 to 9, 13 to 15 and 19 are re-
garded as novel. 4

Claims 10 to 12 do not comprise any reference to a con-

sensus sequence as accéptor of the non-human CDR. There
fore the unique feature discriminating between the
present invention and the subject matter of the earlier
WO appiication is missing. - )
It should moreover be noted that the WO-A-90/07861 dis-
closes in details the humanized Eu antibody light chain
where the CDRs are replaced by the corresponding  CDRs
from anti-Tac light chain and where additionally other
amino acids in the FR are replace by the corresponding
anti-Tac amino acids (see Experimental, page 26, 27;
Fig. 2 and explanation of the same at page 7).

From Fig.. 2 and explanation of the same is evident that
the site 63L of the Eu light chain, which is one of
those contemplated by the present claim 10, is replaced
by the corresponding amino acid from the anti-Tac light
chain (see *). ' '

Form PCT/IPEA/409 (sheet 5) (July 1992)
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For this reason claims 10 and 11 are not regarded as

novel (Art. 33.2 PCT).

Though the WO-A-90/07861 does not discloses in details a
consensus sequence, it nevertheless unambiguously sug-
gests the use of a consensus framework from many human
antibodies as acceptor sequence (criterion I, page 12).
The existence of different criteria (thus not only that
based on the homology) for selecting the acceptor se-
quence ‘is moreover stressed on page 13, line 12, by the
sentence ""Regardleés of how the acceptor immunoglobulin

is chosen..."

' since the reduction to practice of this suggesting is

carried out merely by comparing known sequences taken
from available collection and designing on paper the re-
quested consensus sequence, the production of said se-
qguence falls within the competence of the skilled person
and therefore does not involve per se an inventive
merit. )

For this reason claims 1 and 15 are not regarded as in-
ventive (Art. 33.3 PCT).

V The: ability of the glycosylation sites on the variable

domain to. influence. antigen binding has been known since
long time as recognized in the description (see page 3
last paragraph). , .

Claims 3 and 4 are therefore not regarded as involving

an inventive step (Art.33.3 PCT).

The earlier WO application under "criterion IIY at page
13 teaches that "“rare residues"™ in the framework of hu-
man acceptor should be replaced by residues from the do-
nor (import) sequence, should said residues (from the

donor) be "common"” for human sequences at that site.

Form PCT/IPEA/409 (sheet 6) (July 1992)
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The interpretétion of this teaching by the skilled

reader should be that "residues which are highly con-

served across all different human antibody types should
be conserved". '

Therefore also the selecting criterion according to
claim 5 is suggested in the earlier WO application .
Hence the subject matter of claim 5 is not regarded as
involving an inventive step (Art. 33.3 EPC).

Claims 2 and claim 19 identify an additional not previ-
ouslyAsuggested criteribnlfor the-selection of the
FR-residues suitable for substitution; the subject mat-
ter of the two claims is therefore recognized as involv-
ing an inventive step. ' !

Claims 6 to 9 and 13 and 14 are directed to specific enm-
bodiments of the invention. Such embodiments do not ap-
pear.to be disclosed or suggested in the prior art.

Said claims are thus recognized as novel and as involv-

ing an inventive step.

Form PCT/IPEA/409 (sheet 7) (July 1992)
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WE CLAIM:

1.

A n{ethod for making a humanized antibody comprising amino acid sequence

of a non-human, ifnport antibody and a human antibody, comprising the steps

of:

a. obtaining the amino acid sequences of at least a portion of an import
variable domain and of a consensus human variable domain;

b. identifying Complementarity Determining Region (CDR) amino acid

. sequent:es in the import and the human amino variable domain

sequences;

¢.  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 antibddy and the corresponding FR of the cdnsensus antibody;

e. identifying import antibody FR ;gsidues in the aligned FR sequences that
are-non-homologous to the corresponding consensus antibody residues;

f. determinin'g‘ if the non-homblogous import amino acid residue is

reasonably expected to have at least one of the fbllowing effects:

1. non-covalently binds antigen directly,
‘2. interacts with a CDR; or .
3. participates in the V, - V interfaée; 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.

" The method of claim 1, having an additional step of determining if any such

non-homologous residues are exposed on the surface of the domain or buried
within it, and if the residue is exposed, retaining the consensus residue.

The method of claim 101;1avir'19 the additional steps of searching the import
variable domain sequence for glycosylation sites, determining if any such
glycosylation site is reasonably expected to affect. the antigen binding or
affinity of the antibody, and if so, substituting the glycosylation site into the
consensus sequence.

The method of claim 1$ot11-a\15i9n'g the additional steps of searching the consensus

variable domain seqyence for glycosylation sites which are not present at the

SUBSTITUTE SHEET
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cosrresponding amino acid in the import sequence, and if the glycosylation site

. is not present in the import sequence, substituting the import amino acid

site.

or 19,
The method of claim 18 havmg an additional step which comprises aligning
import antibody and consensus antibody FR sequences, identifying import

antibody FR residues which are non-homologous with the aligned consensus FB

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 sbecies at that site, and if it is so
conserved, breparing‘a humanized antibody which comprises the consersus

antibody amino acid residue at that sute

The method of claim 1, wherein the corresponding consensus antlbody resudues

are selected from the group consisting of 4L, 35L, 36L, 38L, 43L, 44L, 46L,
58L, 62L. 63L, 64L, 65L, 66L, 67L, 68L, 69L, 70L, 71L, 73L, 85L, 87L, 98L,
2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H, 67H, 68H, 69H,
70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H, 93H, and 103H.

A method comprising providing at I_east a8 portion of an import, non-human
antibody variable domain amino acid sequence having a CDR and a Fﬁ,

obtaining the amino acid sequence of at least a portion of a consensus human

antibody variablé domain havihg a CDR and a VFR, substituting the non-human
" CDR for the human CDR in the consensus human antibody variable domain,

and then substituting an amino acid resudue for the consensus amino acid

resndue at at least one of the following sites:

4L, 35L, 36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L,

691.‘; 70L, 71L, 73L, 85L, 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. o

The method of claim 7, wherein the substituted residue is the residue found at
the Corresponding location of the non-human antibbdy.

The method of claim 1 or 7, wherein the consensus human variable domain is

a consensus based on human variable domains and additionally variable

domains from species other than human. ‘ ,
A humanized antibodjydomain having a non-human CDR incorporated

into a human antibody variable domain, wherein the improvement comprises

SUBSTITUTE SHEET
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a.

"AVISENGGYTRYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCS
" RWGGDGFYAMDVWGQGTLVTVSS
A rnet_hod comprising storing a computer representation of the following amino
" acid sequence: . .
D!dMTQSPSSLSASVGDRV’TITCRASQ’DVSSYLAWYQQKPGKAPKLLIY

AASSLESGVPSRFSGSG SGTDFTLTISSLQPEDFATYYCQQYNSLPYTFG
QGTKVEIKRT, or

EVQLVESGGGLVQPGGSLRLS CAASGFTFSDYAMSWVRQAPGKGLEWV

. AVIS ENGGYTRYADSVKG RFl'lSADTSKNTAYLQMNSLRAEDTAVYYCS

RWGGDGFYAMDVWGQGTLVTVSS

19. A method for makmg a humanized antlbody comprising amino acsd sequence of a

non-human, import antibody and a human antibody, comprising the steps of:

a.

obtaining the amino acid sequences of at least a portion of an lmport
variable domain and of a consensus human variable domain;

identifying Complementarity Determining Region (CDR) - amino acid
sequences in the impdrt and the human amino variable domain sequences;
substituting an import CDR amino vac'ird sequence for the corresponding
human CDR amino aci‘fd sequence;

aligning the amino acid sequences of a Framework Region (FR) of the
import antibody and the corresponding FR of the consensus antibody;
identifying import antibody Fh r(_asidues in the aligned FR sequences that

are non-homologous to the corresponding consensus antibody residues;

: deterrnining if the non-homologous import amino acid residue isreasonably

expeﬁcted 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;

for any non-homologous import antibody amino acid residue which is
reasonably expected to have at least one of these effects, substituting
tnai residue: for the corresponding amino acid residue in the consensus
antibody FR sequence; and '

for.any non-homologous import antibody amino acid residue. determining
if any such non-homologous residue is exposed on the surface of the
domain or buried within it, and if the residue is exposed, retaining the

consensus residue.
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PATENT COOPERATION TREATY
. ‘ Minchen 210993

From the . .
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY P‘ l

To:
BARZ, Peter

P. BARZ. & P. WEINHOLD NOTIFICATION OF TRANSMITTAL OF
Siegfriedstrasse 8 INTERNATIONAL PRELIMINARY
D-80803 MUNCHEN ‘ EXAMINATION REPORT
ALLEMAGNE

(PCT Rule 71.1)

Datc of mailing 2 0- 09. 93

(day/month/year}

Applicant’s or agent’s file reference
IMPORTANT NOTIFICATION

709P1
Intcrnational application No. International filing date (day/month/year) Priority date (day/month|year)
PCT/US 92/ 05126 15/06/1992 14/06/1991
Applicant

GENENTECH, INC. et al.

1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the international
preliminary examination report and its anncxcs, il any, established on the international application.

2. A copy of the report and its anncxes, if any, is being transmitted to the International Bureau for communication to all the
clected OfTices. :

3. Where required by any of the elected OfTices, the International Burcau will prepare an English translation of the report (but
not of any annexcs) and will transmit such translation to those Offices.

4.  REMINDER

The applicant must enter the national phase before each clected Office by performing certain acts (liling translations and
paying national fees) within 30 months rom the priority date {or later in some QfTices)(Article 39(1))(sec also the remindcr
sent by the International Bureau with Form PCT/IB/301).

Where a translation of the international application must be lurnished to an elected Office, that translation must contain a
translation of any annexes lo the international preliminary examination report. It is the applicant’s responsibility to prepare
and furnish such translation directly to each elected OfTice concerned.

For further details on the applicable time limits and requircments of the elected Offices, see Volume ! of the PCT Applicant’s
Guide.

Name and mailing address of the IPEA/ Authorized officer;

European Patent Office

D-80298 Munich
. O))] Tei. (+49-89) 2399-0, Tx: 523656 epmu d
Fax: (+49-89) 2399-4465

H.-P. Diete hofer

Form PCT/IPEA/A16 (July 1992) P20473 (15/07/1993)
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L PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Article 36 and Ruile 70)

o

licant s filc refi . .
Applicant’s or agent's file reference . . See Notification of Transmittal of International
709P1 FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416)
International application No. International filing date (day/monthjyear) Priorily date (day/monthjyear)
PCT/US 92/ 05126 15/06/1992 14/06/1991
International Patent Classification (IPC) or national classification and IPC
C12N15/13
Applicant
GENENTECH, INC. et al.
1.  This international preliminary examination report has been prepared by this International Preliminary Examining

Authority and is transmitted to the applicant according to Article 36.
2.  This REPORT consists of a total of 8 sheets.

This report is also accompanied by ANNEXES, i.c., sheets of the description, claims and/or drawings amended
during international preliminary examination andfor containing rectifications made before this Authority.

These annexes consists of a total of g sheets.

3. This report contains indications and corresponding pages rclating to the following items:

1 Basis of the report

1A D Priority
I & Non-establishment of opinion with regard to novelly, inventive step and industrial applicability
1v D Lack of unity of invention

v x Reasoned statement with regard to novelty, inventive step or industrial applicability;

citations and explanations supporting such statement

Vi D Certain documents cited
VIl D Certain defects in the international application

Viil D Certain observations on the international application

Date of submission of the demand Date of completion of this report

07/01/1993 20 0993 ‘

Name and mailing address of the 1PEA/ Authorized officer
T\ European Patent Office, Erhardistrasse 27 p/ *
_0) 1"'\;.1?(()104‘9\1;;).?339—0, Tx: 523656 epmu d - ‘é&m/ﬁk \D
- Fax: (+49-89) 2399-4465 -G Germing no
Form PCT/IPEA/409 (cover sheet) (July 1992) P20476 (14/06/1993)
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i Intern. application No.
INTERNATIONAL PRELIMINARY EXAMINATION REPORT

PCT/US92/05126

I. Basis of the report

1. This report has been drawn up on the basis of:

[ ] the international application as originally filed.

[2] the description, pages 1-107 , @s originally filed,

pages , filed with the demand,
pages , filed with the letter of .
pages , filed vith the letter of

[x] the clains, No. 10-17
No.
No. g

, as originally filed,

, as amended under Article 19,

, filed vith the demand,

, filed with the letter of 12.06.93,
, filed with the letter of

No. 1-9, 18, 19
No.

!
[%] the drawings, sheets/fig 1/9 - 9/9

sheets/fig , filed with the demand,

sheets/fig _ , filed with the letter of '
sheets/fig , filed with the letter of

, as originally filed,

2. The amendments have resulted in the cancellation of: pages:

sheets of drawings/fiqures No.:

3. [ ] This report has been established as if (some of) the amendments had not been made, since they have been

considered to go beyond the disclosure as filed:

4. Additional observations, if necessary:

Form PCT/IPEA/409 (sheet 1) (July 1992)
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III. Hon-establishment of opinion with regard to novelty, inventive step and industrial applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), or
to be industrially applicable have not been and will not be examined in respect of:

[ ] the entire international application,

[x] claims Nos. 17, 18

because:
[x] the said international application, or the said claims Nos. 17, 18 relate

to the following subject matter which does not require an international preliminary examination (specify):

Claims 17 is directed to a mere presentation of informa-
tion, namely the translation of the information inherent
in an amino acid sequence into a message or a language
readable by the computer.

Claim 18 would appear to be directed to a method of pre-
paring a computer program.

According to Rule 67.1 (V) and (VI) no International
Preliminary Examination (thus no preliminary Written
Opinion) can be carried out for such a subject matter.

[x] the description, claims or drawings (indicate particular elements below) or said claims
Nos. 16 are so unclear that no meaningful opinion could be formed

(specify):

Claim 16 represents a novel claim-category; its subject
matter is in fact a machine or an apparatus i.e. a com-
puter.

Now an independent claim directed to a machine must cite
all the essential technical features necessary to define
said machine; the information saved in memory of a com-
puter are not considered a characterizing part of the
same. Therefore the subject matter of claim 16 is
definitely not at all characterized as requested by Art.
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6 PCT (see PCT Guidelines C III 4.4).

[ ] the claims, or said claims Nos. ‘are so inadequately supported by

the description that no meaningful opinion could be formed.

[ 1 no international search report has been established for said claims
Nos.
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

1. STATEMENT
Novelty (N) Claims 1-9, 12-15, 19 YES
Claiss 10, 11 N
Inventive Step (IS) Claims 2, 6-9, 13, 14, 19 YES
Claiss 1, 3-5, 12, 15 NO
Industrial Applicability (IA) Claims 1-19 YES
Claims NO
2. CITATIONS AND EXPLANATIONS
1. The following document is referred to in the present
IPER as the closest prior art:
WO-A~90/07861;
2. This earlier application describes a method for design-

ing humanized antibodies which consists of all the steps

a) to g) of the present claim 1.

More precisely the features under item a) that the amino

acid sequences of both donor (import) and acceptor (con-

sensus) antibody are from the variable domain and that

the human sequence (acceptor) is a consensus sequence

are disclosed at page 10,

last two line

first lines and page 12 "“criterion I.

s and page 11

Steps under b) and c) are disclosed at page 5 line 8 to

31 and claim 18.

Steps under items d) to g) are disclosed in claims 19 to

21 and at page 5 line 32 to page 6 line 20 and more in

details at page 11 line 19 to page 15

line 2.
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Among the three criteria for selecting FR-residues con-
venient for substitution (item f), criterion 2. is dis-
closed at page 14 under "criterion IV" and criterion 1.

is disclosed at page 14 lines 7 and 8.

2.1 Under "criterion I" at page 12 of the earlier WO appli-
cation two different options are contemplated for the
selection of the acceptor antibody; the first option is
based on the homology with the framework of the donor
immunoglobulin, the second on the use of a consensus
framework from many human antibodies.

The IPEA recognizes that the latter possibility, which
corresponds to the present invention, is not further
disclosed with details or exemplified.

Therefore the use of a "consensus sequence" as acceptor
is not actually an embodiment of the WO-A-90,/07861 in-
vention.

For this reason claims 1 to 9, 13 to 15 and 19 are re-
garded as novel.

2.2. Claims 10 to 12 do not comprise any reference to a con-
sensus seguence as acceptor of the non-human CDR. There-
fore the unique feature discriminating between the
present invention and the subject matter of the earlier
WO application is missing.

It should moreover be noted that the WO-A-90/07861 dis-
closes in details the humanized Eu antibody light chain
where the CDRs are replaced by the corresponding CDRs
from anti-Tac light chain and where additionally other
amino acids in the FR are replace by the corresponding
anti-Tac amino acids (see Experimental, page 26, 27;
Fig. 2 and explanation of the same at page 7).

From Fig. 2 and explanation of the same is evident that
the site 63L of the Eu light chain, which is one of
those contemplated by the present claim 10, is replaced
by the corresponding amino acid from the anti-Tac light
chain (see *).
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For this reason claims 10 and 11 are not regarded as
novel (Art. 33.2 PCT).

3. Though the WO-A-90/07861 does not discloses in details a
consensus sequence, it nevertheless unambiguously sug-
gests the use of a consensus framework from many human
antibodies as acceptor sequence (criterion I, page 12).
The existence of different criteria (thus not only that
based on the homology) for selecting the acceptor se-
quence is moreover stressed on page 13, line 12, by the
sentence ""Regardless of how the acceptor immunoglobulin
is chosen..."

Since the reduction to practice of this suggesting is
carried out merely by comparing known sequences taken
from available collection and designing on paper the re-
gquested consensus segquence, the production of said se-
quence falls within the competence of the skilled person
and therefore does not involve per se an inventive

merit.

For this reason claims 1 and 15 are not regarded as in-
ventive (Art. 33.3 PCT).

3.1 The ability of the glycosylation sites on the variable
domain to influence antigen binding has been known since
long time as recognized in the description (see page 3
last paragraph).
Claims 3 and 4 are therefore not regarded as involving
an inventive step (Art.33.3 PCT).

3.2 The earlier WO application under "criterion II" at page
13 teaches that "rare residues" in the framework of hu-
man acceptor should be replaced by residues from the do-
nor (import) sequence, should said residues (from the

donor) be "common" for human sequences at that site.
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The interpretation of this teaching by the skilled
reader should be that "residues which are highly con-
served across all different human antibody types should
be conserved".

Therefore also the selecting criterion according to
claim 5 is suggested in the earlier WO application .
Hence the subject matter of claim 5 is not regarded as
involving an inventive step (Art. 33.3 EPC).

4. Claims 2 and claim 19 identify an additional not previ-
ously suggested criterion for the selection of the
FR-residues suitable for substitution; the subject mat-
ter of the two claims is therefore recognized as involv-
ing an inventive step.

4.1 Claims 6 to 9 and 13 and 14 are directed to specific em-
bodiments of the invention. Such embodiments do not ap-
pear to be disclosed or suggested in the prior art.

Said claims are thus recognized as novel and as involv-

ing an inventive step.
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) CLAIMS
WE CLAIM:
’ 1. A method for making a humanized antibody comprising amino acid sequence

of a non-human, import antibody and a human antibody, comprising the steps
5 of:
a. obtaining the amino ‘acid sequences of at least a portion of an import
variable domain and of a consensus human variable domain;
b. identifying Complementarity Determining Region (CDR) amino acid
. sequenbes in the import and the human amino variable‘ domain
10 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:
15 -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 fbllowing effects:
1. non-covalently binds antigen directly,
20 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 éxpected to have at least one of these effects, substituting
that residue for the corresponding amino acid residue in the consensus
25 antibody FR sequence.

2. The method of claim 1, having an additional step of determining if any such
non-homologous residues are exposed on the surface of the domain or buried
within it, and if the residue is exposed, retaining the consensus residue.

3. The method of claim S)ialvgiﬁg the additional steps of searching the import

30 variable domain sequence for glycosylation sites, determining if any such
glycosylation site is reasonably expected to affect the antigen binding or
affinity of the antibody, and if so, substituting the glycosylation site into the
consensus sequence.

4. The method of claim 150§a&i?1'g the additional steps of searching the consensus

35 variable domain sequyence for glycosylation sites which are not present at the
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10.

corresponding amino acid in the import sequence, and if the glycosylation site

is not present in the import sequence, substituting the import amino acid
residues for the amino acid residues comprising the consensus glycosylation
site.

or 19, . .
The method of claim 1S having an additional step which comprises aligning
import antibody and consensus antibody FR sequences, identifying import
antibody FR residues which are non-homologous with the aligned consensus FR

sequence, and for each such non-homologous import antibody FR residue,

determining if the corresponding consensus antibody residue represents a -

residue which is highly conserved across all species at that site, and if it is so
cons.erved, preparing a humanized. antibody which comprises the consensus
antibody amino acid residue at that site.

The method of claim 1, wherein the corresponding consensus antibody residues
are selected from the group consisting of 4L, 35L, 36L, 38L, 43L, 44L, 46L,
58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L, 69L, 70L, 71L, 73L, 85L, 87L, 98L,
2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H, 67H, 68H, 69H,
70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H, 93H, and 103H.

A method comprising providing at least a portion of an import, non-human
antibody wvariable domain amino ‘acid sequence having 8 CDR and a FR,
obtaining the amino acid sequence of at least a portion of a consensus human
antibody variable domain having a COR and a FR, substituting the non-human
CDR for the human CDR in the consensus human antibody variable domain,
and then substituting an amino acid residue for the consensus amino acid
residue at at least one of the following sites:

4L, 35L, 36L, 38L, 431, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L,
69L, 70L, 71L, 73L, 85L, 87L, 88L, 2H, 4H, 24H, 36H, 37H, 3SH, 43H, 45H,
49H, 58H, 60H, 67H, 68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H,
93H, and 103H. . |

The method of claim 7, wherein the substituted residue is the residue found at
the corresponding location of the non-human antibody.

The method of claim 1 or 7, wherein the consensus human variable domain is
a consensus based on human variable domains and additionally variable
domains from species other than I'!uman.

A humanized antibody variable-domain having a non-human CDR incorporated
into a8 human antibcmj’;ﬂdomain, wherein the improvement comprises
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AVISENGGYTRYADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCS
RWGGDGFYAMDVWGQGTLVTVSS
18. A method comprising storing a computer fepresentation of the following amino

acid sequence: . .

a. DIOMTQSPSSLSASVGDRWITCRASQDVSSYLAWYQQKPGKAPKLLIY
AASSLESGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYNSLPYTFG
QGTKVEIKRT, or ‘ '

b. EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSWVRQAPGKGLEWV

. AVISENGGYTRYADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCS
RWGGDGFYAMDVWGQGTLVTVSS

19..A method for making a humanizéd antibody comprising amino acid sequence of a

non-human, import antibody and a human antibody, comprising the steps of:

a. obtaining the amino acid sequences of at least a portion of an import
variable domain and of ah consensus human variable domain;

b. identifying Complementarity Determining Region (CDR) amino acid
sequences in the import and the human amino variabfe domain séduences;

c. substituting an import CDR amino acid sequence for the corresponding
human CDR amino acid sequence; o

d. " aligning the amino acid sequences of a Framework Region (FR) of the
import antibody and the corresponding FR of the consensus antibody;

€. identifying import antibody FR résidues 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 réasonably

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;
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; and

h. for any non-homologous import antibody amino acid residue, determining '
if any such non-homologous residue is exposed on the surface of the
domain or buried within it, and if the residue is exposed. retaining the

consensus residue.
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ACCORDING TO THE PATENT COOPERATION TREATY jrome 90 Sition
Apphﬂm s or agent ‘s file reference

ed by app if desired) 709P1

Box No. | TITLE OF INVENTION
IMMUNOGLOBULIN VARIANTS

Box No. Il APPLICANT (WHETHER OR NOT ALSO INVENTOR); DESIGNATED STATES FOR WHICH HE/SHE/IT
IS APPLICANT. Use this box for indicating the applicant or, if there are several spplicants, one of them. If more than one person
(includes, where applicable. a legal entity) is involved. continue in Box No. IIl.

The person identified in this box is (mark one check-box oniy): D spplicant and ::ry““"‘
Name and address:**
GENENTECH, INC.
460 Point San Bruno Boulevard
South San Francisco, California 94080
United States of America
Telephone number (inciuding area code): | Telegraphic sddress: Telepninter sddress:
415-225-1000 FAX: 415-952-9881

State of nationslity: United States of America Stats of residence:* United States of America
The person identified in this box is appiicant for the purposes of (mark one check-box only): .

all designated all designated States except the United States the States indicated

States the United States of America of America only in the “Suppiemental Box™

Box No. 11l FURTHER APPLICANTS. IF ANY;: (FURTHER) INVENTORS, IF ANY: DESIGNATED STATES FOR
WHICH THEY ARE APPLICANTS (IF APPLICABLE). A separste sub-box has to be filled in in respecz of each person (includes,
where applicable. a legal entity). If the following two sub-boxes are insufficient. continue in the "Supplemenul Box." (giving there for
each additional person the same indications as those requested in the following two sub-boxes) or by using a “‘continustion sheet.”

The person idemified in this sub-box is (mark one check-box oaly): @ "W"“"z and ;:g:mt ::“;;",‘"
Name and address:**®

Paul J. CARTER 4
2074 18th Avenue

San Francisco, California 94116
United States of America

If the person identified in this sub-box is applicant ror applicant and inventor), indicate also:

Suate of naionality: United Kingdom State of residence:*United States of America
and whether that person is cppﬂmr for the purposes of (mark one check-box only):
D all designated D i d States the United States the States indicated
States the Umwd States of America of America only in the “Supplemental Box™
The person identified in this sub-box is (mark one check-box oniy): E 'Pm and ;:rylml E ».:;'\:;n.wr

Name and address: **

Leonard G. PRESTA 4

1900 Gough Street, #206

San Francisco, California 94109
United States of America

If the person identified in this sub-box is applicant ror applicant and inventor), indicate also:

State of nationality: United States of America State of residence:* United States of America
and whether that person is applicant (or the purposes of (mark one check-box only):

D all designaied all designated States except . the United States the States indicated .
States the United States of Amenca of Amenca only in the “*Suppiemental Box
If the person indicated as “appli and in * or as “inventor only" is not an invenror for the purposes of all the designated

States. give the necessary nndlauom in the "Supplememal Box.”

Indicate the name of a natursi person by giving his/her family name first followed by the given name(s). Indicate the name of a iegal
entity by its full official designation. In the address, include botb the postal code (if any) and the Staie (name).

**e i residence is not indicated, it will be assumed that the State of residence is the same as the State indicated in the address.
Form /RO/ 101 (first sheat) (January 1991) Sece notes on accompanying sheet
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. Sheet number 2....

Box No. IV AGENT (IF ANY) OR COMMON REPRESENTATIVE (IF ANY); ADDRESS FOR NOTIFICATIONS
(IN CERTAIN CASES). A common representative may be appointed only if there are several applicants and if no agent is or has
been appmmed the common representative must be one of the applicants.

g person (includes, where licable, a legal entity) is hereby/has been appointed as agent or common representative to act
on behalf of ‘the npphzam(s) before the eompetem International Authorities: " ar
the space below is used instead for
Name and address, including po‘ml code and country: an add for notificats k h

Carolyn R. ADLER
GENENTECH, INC.
460 Point San Bruno Boulevard

South San Francisco, California 94080
United States of America

Telephone number (including area code): Telegraphic address: Teleprinter address:
415-225-1000 FAX: 415-952-9881
Box No. V DESIGNATION OF GROUPS OF STATES OR STATES(); CHOICE OF CERTAIN KINDS OF
PROTECTION OR TREATMENT. The following designations are hereby made (p) mark the li check-b
Reglonal Patent
EP  Earopesn Patest®: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, °
DE German DK Denmark, ES Spain, FR France, GB United Kingdom, GR Greece,

IT laly, Luxembourg, MC Monaco, NL Netherlands, SE Sweden, <
and any other State which is a Contracting State of the European Patent Convention and of the PCT

D OA OAPI Patent: Benin, Burkina Faso, Cameroon, Central African Republic, Chad, Congo, Céte d’lvoire,
Gabon, Guinea, Mali, Mauritania, Senegal, Togo,
nnd(;)ny other Siate which is a Contracting State of OAPI and of the PCT; if other OAPI title desired, specify on dotted
line

Natioaal Patent (if other kind of protection or treatment desired, specify on dotted line(®

(] AT Austria® ... [C] KR Republicof Korea® ..............c.......
AU Australia® ... ... ... ... ...l D LK Sri Lanka

(] BB Barbados [J LU Luxembourg®.................. O
[ BG Butgaria® ...l ) MG Madagascar

[ BR Brazit» ... (] MN Mongolia® ..........coooiiiiiiininn.
m CA Canada D MW Malawi® ...
D CH anéd LI Switzerland and Liechtenstein D NL Netherlands

D CS Czechoslovakia D NO Norway

(0] DE Gemeny®.... ...l [(J PL Polando ... ...
[ DK Denmark [J RO Romanis ’

(] ES Spain®...........coooiiiiiiiiiiii.. ] sp sudan

D F1  Finland D SE Sweden

[CJ 6B United Kingdom [[J su soviet Union

(] MU Hungary [X] US United States of America® _...............
JP Japan® ........ieeieeeeiiiieiiann. .continvationtin-part,. ... ...
O

KP Democratic People’s Republic of Korea® _ .

S'sneehreurved for designating States (for the purposes of a nationa! patent) which have become party 1o the PCT after the issuance of
this sheet:

) The tpplium‘s choice of the order of designations may be indicated by marking the check-boxes with sequential arabic numerals (see
also the "Notes to Box No. V™).

(2) The selection of panicular States for a Europuvnum can be made upon entering the national (regional) phase before the European
Patent Office (see aiso the **Notes to Box No. . . .
1 her kind of pr ion or a title of addition or, in the United States of Al asa or a conti
in-part is desired, ipecnfy according to the instructions given in the “Notes to Box No. V."

Form PCT/RO/ 10} (second sheet) (January 1992) See notes on accompanying sheet
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Sapplemental Box. Use this box "bllowing cases:

(i) if more than three persons are invoived as applicants and/or inventors; in such case, write “*Continuation of Box No. 111" and indi-
cate for each additional person the same type of information as required in Box No. HI;

(ii} if. in Box No. Il or any of the sub-boxes of Box No. 1il. the indication *the States indicated in the 'Supplemenial Box,"" is checked: in
such case, write **Continuation of Box No. 11"" or **Continuation of Box No. HI" or “*‘Continuation of Boxes No. 11 and No. 1II'" (as the
case may be), indicate the name of the applicant(s) involved and, next to (each) such name, the State or States (or EP or OA, if appli-
cable) for the purposes of which he/she/it is applicant; ’

(iii) if, in Box No. Il or any of the sub-boxes of Box No. I, a person indicated as “‘applicant and inventor” or “inventor only” is not invenior
for the purposes of all designated States or for the purposes of the United States of America; in such case, write *‘Continuation of Box No. I1™
or **Continuation of Box No. 111" or **Continuation of Boxes No. 11 and No. 111" (as the case may be), indicate the name of the inventor
and, next 1o such name, the State or States (or EP or OA, if applicable) for the purposes of which the named person is inventor;

(iv) if there is more than one agent and their addresses are not the same; in such case, write **Continuation of Box No. IV and indicate
for each additional agent the same type of information as required in Box No. IV; :

(v) if, in Box No. V. the name of any country (or OAPI) is ac ied by the indication *'patent of addition,” ‘certificate of addirion," or
“inventor's cerrificate of addition.” or if, in Box No. V, the name of the United States of America is accompanied by an indication *‘Confinua-
fion" or “'Continuation-in-part’’; in such case, write **Continuation of Box No. V™" and the name of each State involved (or OAPI), and
after the name of cach such State (or OAPI), the number of the parent title or parent application and the date of grant of parent title or
filing of parent application;

(vi) if there are more than three earlier applicarions whose priority is claimed; in such case, indicate “Continuation of Box No. VI and
indicate for each additional earlier application the same type of information as required in Box No. VI,

(vii) {f. in any of the Boxes, the space is insyfficient to furnish all the information; in such case, write *““Continuation of Box No....” [indicate
the number of the Box] and furnish the information in the same manner as required according to the captions of the Box in which the
space was insufficient;

(viii) ifthe applicant intends to claim, in respect of any designated Office, the benefit of provisions of the narional law concerning non-prejudi-

cial disclosures or exceptions to lack of novelty; in such case, write “‘Statement Concerning Non-prejudicial Disclosures or Exceptions to
Lack of Novelty”” and furnish that statement below.

Continuation Box IV

Also: BUTING, Walter E., DREGER, Ginger R., FITTS, Renee A.,
HASAK, Janet E., HENSLEY, Max D., GLAISTER, Debra J.,
RAINES, Stephen, WINTER, Daryl B.

All of: GENENTECH, INC.
460 Point San Bruno Boulevard
South San Francisco, California 94080
United States of America

Continuation Box V

United States of America Application Serial Number 715,272 filed

4 June . 3
‘g 7

If this Supplemental Box is not used, this sheet need not be included in the Request.

Form PCT/RO/101 (supplemental sheet) (January 1991) See notes on accompanying sheet
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Sheet numher.........

Box No. VI PRIORITY CLAIM (IF ANY). The priority of the following carlier appiication(s) is hereby claimed:

Country (country in which it Filing Date ’ Application No. Office of filing (fill in oniy
was (iled if nations! applica- (day, month. year) if the eariier appiicauon is
tion: one of the coumnes for - an internatonsl applica-
which it was filed if regionai tion or a regional applica-
or international application) . tion)

14 June 1991
M ys (14.06.91) 715,272
(£3)
(¢)}

(Letter codes may be used 10 indicate country and/or Office of filing)

When the earlier application was filed with the Office which, for the purposes of the present international application, is the receiving

OfTice. the applicant may, against paymen: of the required fee, sk the following:

- the receiving Office is hereby requested to prepare and iransmit to the Intemationsl Buresu a8 certified copy of the above-men-
tioned eartier application/of the earlier nyplieuiom identified above by the numbers (insert the applicable numbers) ( 1)

Box No. VII EARLIER SEARCH (IF ANY). Fill in where a search (intemational, internationai-type or other) by the International
Searching Authority has alresdy been requested (or completed) and the said Authority is now requested 10 base the international search,

(0 the extent possible. on the resuits of the said earlier search. Identify such search or request euher by reference to the reievant applica-
tion (or the transiation thereof) or by reference to the search request.

Intemationst application number or ’ international/regional/national
number and country (or regional filine date:
Office) of ather annlicatian:

Numbder (il available)

Date of request for search: given to search request:
Box No. VII}. SIGNATURE OF A S) OR AGENT
=07 1\ (
(Stephen RAINES - Yice President (Carolyn R. ADLER, Agent for

Intellectual Property, Paul J. CARTER, Leonard G. PRESTA)
GENENTECH, INC.)
If the present Request form is signed on behall of any applicant by an agent, s separate power of attomey appointing the agent and

by the applicant is required. If in such case it is desired to make use of a general power of antorney (deposited with the receiving
ce), a copy thereof must be anached to this form.

Box No. IX CHECK LIST (To be filled in by the Applicant) This international npphuuon as filed is accompanied by the
This international application contsins the following number ) To be filed
of hems: A 1. [Z] separate signed power of assomey within 30 dayfq

1. requen —r 07 sheets | 2, D copy of general power of attorney
description 1 sheers

z . . 5 3 . priority document(s) (see Box No. V1) ol:'dered

3." claims - shests above

4. sbsusa 1 " 4, D receipe of the fees paid or revenue stamps

5. drawings 9 shoets | S D chequa (or the payment of {ees

Towa) 126  theeu | 6 @ request to charge deposit accoum  07-0630
2 1. @ other document (specify)Transmittal Sheet,
Fi AUMDET ....ccveeiunnnresaen eeee Of the drawi (f )
is ‘s:;uled to accompany the abstract for publnxon *™ |Fee Calculation Sheet

(The following is to be Nlled.in by the receiving Office)

1. Date of actual receipt of the purported international application: 13 RQC’d PCT/PC 1 5 !! !N lgsz

2. Correced date of actual receipt due 1o Jater but timely received papers
or drawings compieting the purported isternational application:

3. Date of timety receipt of the required corrections under Article || of the PCT:

4. Drawings D Received D No Drawings

(The followieg is to be fllied in by the internstiens! Buress)

Date of receipt of the record copy:
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GENENTECH, INC. et al. by grc'glving
- ice
INTERNATIONAL APPLICATION NUMBER DATE STAMP OF RECEIVING OFFICE

(to be filled in by the receiving Office)

| PCTUS92/05126

FEE CALCULATION SHEET'
FEES SUBMITTED OR TO BE CHARGED TO DEPOSIT ACCOUNT

L TRANSMITTAL FEE2. . ... . .. ittt 190 T / ”
I SEARCHFEE® .. ...ttt 1320 S {3//

International search to beeffected by. . .EP .. .. . ... ... .. ... ...
(Please indicate, but only if the applicant has the choice between two or
more International Searching Authorities, the name of the Authority to
which the international application is to be transmitted. Note that the

amount of the search fee depends on the identity of the International
Searching Authority.)

11I. INTERNATIONAL FEE#
BASIC FEES
Indicate the number of SHEETS contained in the mtemntloml application 126

........................................ 525 by | 222

first 30 sheets

remaining 96 sheets X 10 - 960 b2 ,_2 ‘é/_
Add amounts entered in boxes b, and b. and enter total in box B. Bl /é/%/
This figure is the amount of the BASICFEE ..................... 1485

DESIGNATION FEES?

Indicate the number
of NATIONAL PA.
TENTS which have
been sought and mul-

tiply by the amount of

the designation fee. 4 x 127 - 508 d & ?
Indicate the number
of REGIONAL PA.
TENTS which have
been sought and mul-

tiply by the t of :
(lhpe!:legigna::::lo?;. 1 x 127 - 127 d2 / 2 2

Add amounts entered in boxes dy and da and enter total in box D (if
that total exceeds the figure which corresponds to the amount of the
designation fee multiplied by ten. enter the latter figure in Box D)6. D
This figure is the amount of the DESIGNATION FEES ........... 635

Add amounts entered in boxes B and D. and enter total in box I.
This figure.is the total amount of the INTERNATIONAL FEE.......... 2120 ! ’?1 /jﬂ

IV. TOTAL OF PRESCRIBED FEES SUBMITTED OR TO BE CHARGED
TO DEPOSIT ACCOUNT

Add amounts entered in boxes T. S and 1. and enter total in the TOTAL box. ﬂ é
This figure is the amount of the PRESCRIBED FEES SUBMITTED OR TO /

BE CHARGED TO DEPOSIT ACCOUNT

3630.
TOTAL

THE APPLICANT MAY PAY THE PRESCRIBED FEES BY [CHEQUE. POSTAL MONEY ORDER. BANK
DRAFT. CASH. REVENUE STAMPS, COUPONS, ETC.}. PAYMENT SHOULD BE MADE IN THE PRE-
SCRIBED CURRENCY TO THE [ACCOUNT OF, ACCOUNT INDICATED BELOW OF. ORDER OF] THE
RECEIVING OFFICE. PAYMENT MAY ALSO BE MADE BY AUTHORIZATION TO CHARGE A DEPOSIT
ACCOUNT AT THE RECEIVING OFFICE IF THE LATTER HAS A DEPOSIT ACCOUNT SYSTEM.
DEPOSIT ACCOUNT AUTHORIZATION7

R The RO/ us is hereby authorized to charge the total fees indicated above to my deposit account.

X The RO/ us is hereby authorized to charge any deficiency or credit any overpayment in the total fees
indicated above to my deposit account.

R The RO/ us is hereby authorized to charge the fee for preparation and transmittal of the priority document
to the International Bureau of WIPO 1o my deposit account.

07-0630 12 June 1992 (IMK Mé

Deposit Account Number Date Signature
Form PCT/RO/ 101 (Annex) (January 1991)

See notes on reverse side
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. PATENT COOPERATION TREATY

- ®  per ®

INTERNATIONAL SEARCH REPORT

"
.

(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent's file reference FOR FURTHER see Notification of Transmittal of International Search Report
(Form PCT/ISA/220) as well as, where applicable, item 5 below.

709P1 _ ACTION .

International application No. International filing date( day/month/year) (Earliest) Priority Date (day/month/year)

PCT/US 92/ 05126 15/06/92 14/06/91

Applicant

GENENTECH, INC. et al.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 4 sheets.

It is also accompanied by a copy of each prior art document cited in this report.

1. m Certain claims were found unsearchable (see Box I).

2. |:| Unity of invention is lacking (see Box II).

3. E] The international application contains disclosure of a nucleotide andfor acid seq| listing and the
international search was carried out on the basis of the sequence listing .

[] filed with the international application.
[j furnished by the applicant separately from the international appiication,

o D but not accompanied by a statement to the effect that it did not include
matter going beyond the disclosure in the international application as filed.

(] Transcribed by this Authority

4. With regard to the title, D the text is approved as submitted by the applicant
m the text has been established by this Authority to read as follows:

METHOD FOR MAKING HUMANIZED ANTIBODIES.

5. With regard to the abstract, ’

m the text is approved as submitted by the applicant.
the text has been established, according to Rule 38.2(b), by this Authority as it appears in

Box [II. The applicant may, within one month from the date of mailing of this international
search report, submit comments to this Authority.

6. The figure of the drawings to be published with the abstract is:
Figure No. 2 : D as suggested by the applicant.
D because the applicant failed to suggest a figure.

D because this figure better characterizes the invention.

. D None of the figures.

Form PCT/ISA/210 {first sheet) (July 1992)
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Cowal

. INTERNATIONAL SEARCH REPORT

International Application No -6T/U S 92/05126
I. CLASSIFICATION OF SUBJECT MATTER  (if several classification symbols apply, indicate all)&

According to Invernational Patent Classification (IPC) or to both National Classification and IPC — - =

Int.C1. 5 C12N15/13; C12P21/08; C07K13/00{

-C12N5/10
GO6F15/00

. FIELDS SEARCHED

Minimum Documentation Searched?

Classification System Classification Symbols

Int.Cl. 5 CO7K C1i2N ; GO6F

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Fields Searched®

. DOCUMENTS CONSIDERED TO BE RELEVANT?

Category ° Citation of Document, 1} with indication, where appropriate, of the relevant passages 12 Relevant to Claim No.l3

Y JOURNAL OF MOLECULAR BIOLOGY

vol. 215, 1990, ACADEMIC PRESS

pages 175 — 182

Tramontano, Anna; Chothia, Cyrus; Lesk,
Arthur M. 'Framework residue 71 is a major
determinant of the position and
conformation of the second hypervariable
region in the VH domains of
immunoglobulins'

cited in the application

See the whole document, especially
paragraph 7 W\

Y W0,A,9 007 861 (PROTEIN DESIGN LABS, INC.)
26 July 1990
See pages 1-6; 9-25

1-12,15

1-12,15

° Spedal categories of cited documents : 10 “T* later document pubdlhhe‘i after f'iihe lnte;naﬁanaluﬁligg d:te
or priority date and not in conflict with the application but
"A” iz:t:;em l‘f:'::“gf'ge g.f:‘e'h':lr:lum °;'h° art which is not cited to ;‘:ldemznd the principle or theory unp erlying the

invention
“E” earller document but published on or after the international ~X” document of particular relevance; the clalmed invention
filing date cannot be considered novel or cannot be considered to
“L* document which may throw doubts on priority ciaim(s) or involve an inventive step
which Is cited to establish the publi date of h - .
citation or other al reasor (as ified) “Y” document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the
“O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means

ments, such combination being obvious to a person skilled
“P“ document published prior to the international filing date but .

in the art.
facer than the priority date claimed “&* document member of the-same patent family

TV. CERTIFICATION

Date of the Actual Completion of the International Search

07 OCTOBER 1992

Date of Malling of this International Search Report

Intemational Searching Autharity Signature of Authorized Officer

NAUCHE S.A.

EUROPEAN PATENT OFFICE

Form PCT/ISAJ210 (second sheet) (January 1935)

““Ske notes on accampanying sheet
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. International Application No ‘S/US 92/0 5126

. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET)
Categori‘f ol Cltation of Document, with Indication, where appropriate, of the relevant passages Relevant to Claim No.
Y NATURE. 1-12,15

vol. 342, December 1989, LONDON GB

pages 877 - 883

Chothia, Cyrus; Lesk, Arthur M.;
Tramontano, Anna; Levitt, Michael;
Smith-Gill, Sandra J.; Air, Gillian;
Sheriff, Steven; Padlan, 'Conformations of
immunoglobulin hypervariable region'

cited in the application

See the whole document, especially
'Discussion’

P,X PROCEEDINGS OF THE NATIONAL ACADEMY OF 1-15
SCIENCES OF USA.

vol. 89, May 1992, WASHINGTON US

pages 4285 - 4289

Carter, Paul et al. 'Humanization of an
anti-pl85HER2 antibody for human cancer
therapy.'

see the whole document

Form PCT/ISA/210 (exira sheet) (January 1985) See notes om accompamying sheei
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International application No.

INTERNATIONAL S@JRCH REPORT pcT{fs 92/ 05126

Box,! Observations where certain claims were-found unsearchable (Continuation of item 1 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. [X] craims Nos: 17-18

because they relate to subject matter not required to be searched by this Authority, namelyﬁ

see PCT-Rule 39.1(1v)

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. l:l Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

A

1. I:] As all required additional séa:rch fees were timely paid by the applicant, this international search report covers all
searchable claims. o

As all searchable claims could be searches without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. l:] As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA /210 (continuation of first sheet (1)) (July 1992)
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.o ANNEX TO THE INTERNATIONAL SEARCH REPORT
ON INTERNATIONAL PATENT APPLICATION NO. US 9205126
SA 61838
This lists the p family bers relating to the patent documents cited in the above-mentioned international search report.

The members are as tained in the Eur

{ 4

Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 07 /10/92

Patent document Publication Patent family Publication
cited in search report date member(s) date
W0-A-9007861 26-07-90 AU-A- 5153290 13-08-90
CA-A- 2006865 28-06-90
EP-A- 0451216

16-10-91

For more details ahout this annex : see Official Journal of the European Patent Office, No. 12/82
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PCT/US92/05126
PAQT COOPERATION TREATY (@

From the INTERNATIONAL BUREAU
PCT To:

NOTIFICATION CONCERNING

DOCUMENT TRANSMITTED United States Patent and Trademark

Office
Washington, D.C.

Date of mailing:
24 September 1993 (24.09.93) in its capacity as elected Office
International application No.: Internationat filing date:
PCT/US92/05126 15 June 1992 {15.06.92)

Applicant:
GENENTECH, INC. et al

The International Bureau transmits herewith the following documents and number thereof:

copy of the international preliminary examination report and annexes (Article 36(3)(a))

The International Bureau of WIPO Authorised officer:

34, chemin des Colombettes
1211 Geneva 20, Switzerland B. Fitzgerald

Facsimile No.: (41-22) 740.14.35 Telephone No.: (41-22) 730.91.11
Form PCT/iB/310 (July 1992) 000274361
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0 DO/US WORKSHEET ¢
U. S Appl. No. O8 / /< Internationa#*ppl No. L(S?gz/ﬁol@

Application filed by: D 20 months . .. (4”30 months ~ N
INTE “TIONAL APPLICATION PAPERS IN THE APPLICATION FILE:
International application (RECORD COPY) equest form PCT/RO/ 101
(] Article 19 amendments PCT/IB/302
PCT/IB/331 ’ PCT/ISA/210-Search Report
PCT/IPEA/409 IPER (PCT/IPEA/416 on front) Search Report references
Annexes to 409 Other 3/0

-Priority document(s) No.
INTERNATIONAL APPLICATION ON DOUBLE SIDED PAPER (COPIES MADE)

REC FROM THE APPLICANT: (other than checked ) -

Basic Nationa! Fee (paid or authorized to charge) Preliminary amendment(s) filed
Translation of international application as filed: 17_NON 993

[ pescription

[ claims ' D Information Disclosure Statement

Words in the drawing figure(s) D'Assignmcnt document
. LJ Article 19 amendments [ power of attorney/Change of address
@/ Annexes to 409 , Substitute specification
/ Declaration Verified small status claim

DNA diskette Other

Notes: fpricc e 3Y MmT _ eEVTUTY
LLAIMS GrRE /1) Com plle;.

35 U.S.C. 371 - Receipt of Request (PTO-1390) ' WIPO Publication
: |7 _Ney 1963 Publ.ication No.
Date acceptable oath / declaration received . WO/
7 NOV /%43

|Date complete 35 U.S.C 371 requirements met

‘ 7 Nov 194 '3 Publication Date

' - [ 7 OdY. 194 3 Publication Language
Date of completion of DO/EO 906 - Notification of Missing 102(e) Requirements

102(e) Date

Date of completion of DO/EO 907 - Notification of Acceptance for 102(e) date Not Published

Ou.s. only .
Date of completion of DO/EO 911 - Application accepted under 35 U.S.C. 1.11 Designated

EP request

Date of completion of DO/EO 905 - Notification of Missing Requirements

ing done by:
Date of completion of DO/EO 916 - Notification of Defective Response m‘
Date of compleuon of DO/EO 903 - Notification of Acceptancc '
T UL Taqy

Date of completion of DO/EO 909 - Notification of Abandonment

Mav 1993
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EXPRESS MAIL LABEL: HB214759258US

- Ty , _ MAILED, 7 NOVEMBER 1993
Attorney’s Docket No. 709P1

COMBINED DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

As a below named inventor, | hereby declare that:
My residence, post office and citizenship are as stated below next to my name,
| believe | am the original and sole inventor (if only one name is listed below) or an original, first and joint inventor
(if ptlural names are listed below) of the subject matter which is claimed and for which a patent is sought on the
invention entitled:
METHOD FOR MAKING HUMANIZED ANTIBODIES

the specification of which (check only one item below):

is attached hereto.

_ was filed as United States application Serial No. on
and was amended on {if applicable.).
X was filed as PCT international application Number PCT/US92/05126 on 15 JUNE 1992 and was

amended under PCT Article 19 on (if applicable).

I hereby state that | have reviewed and understand the contents of the above-identified specification, including the
claims, as amended by any amendment referred to above.

| acknowledge the duty to disclose information which is material to the examination of this application in accordance
with Title 37, Code of Federal Regulations, §1.56(a).

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application(s) for
patent or inventor’s certificate or of any PCT international application(s) designating at least one country other than
the United States of America listed below and have also identified below any foreign application(s) for patent or
inventor’s certificate or any PCT international application{s) designating at least one country other than the United
States of America filed by me on the same subject matter having a filing date before that of the application(s) of
which priority is claimed.

PRIOR FOREIGN/PCT APPLICATION(S) AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. 119:

COUNTRY APPLICATION NUMBER DATE OF FILING PRIORITY CLAIMED
(day, month, year) UNDER 35 USC 119

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s} or PCT
international application(s) designating the United States of America that is/are listed below and, insofar as the subject
matter of such of the claims of this application is not disclosed in that/those priori application{s) in the manner
provided by the first paragraph of Title 35, United States Code 8112, | acknowledge the duty to disclose material
information a defined in Title 37, Code of Federal Regulations, §81.56(a) which occurred between the filing date of
the prior application({s) and the nationai or PCT international filing date of this application:

Page 1 of 2/
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COMBINED DE\C&NRAITI N

PRIOR U.S. APPLICATIONSORPCT INTERNATIbNAL APPLICATIONS DESIGNATING THE U.S. FOR BENEFIT UNDER
35 U.S.C. 120:

Attorney’s Docket No. 709P1
"“R PATENT APPLICATION AND POVWER OF ATTORNEY (Continued)

U.S. APPLICATIONS STATUS (Check one)
U.S. Application Number | U.S. Filing Date Patented Pending | Abandoned
07/715,272 ! 14 June 1991 x AR~

i

t

!

| !

PCT APPLICATIONS DESIGNATING THE U.S. [
!
E
!

PCT Application No. | PCT Filing Date | U.S. Serial Numbers

I !
! I

!
! i
I i
| !
{ !
| |
! !
! |

POWER OF ATTORNEY: As a named inventor, | hereby appoint the following attorney(s) and/or
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office
connected therewith.

Carolyn R. Adler - Reg. No. 32,324 Sean A. Johnston - Reg. No. 35,910
Renee A. Fitts - Reg. No. 35,136 Dennis G. Kleid - Reg. No. 32,037
Walter E. Buting - Reg. No. 23,092 Janet E. Hasak - Reg. No. 28,616
Ginger R. Dreger - Reg. No. 33,055 Stephen Raines - Reg. No. 25,912

Daryl B. Winter - Reg. No. 32,637

Send correspondence to Genentech, Inc.
Attn: Janet E. Hasak
460_Point San Bruno Boulevard
South_San_Francisco,.CA: . 94080-4990
Telephone: (415) 225-1896 '

I hereby declare that all statements made herein of my own knowledge and belief are believed to be true; and further
that these statements were made with the knowledge that wiliful false statements and the like so made are punishable
by fine or imprisonment or both, under Section 1001 of Title 18 of the United States Code and that willful false
statements may jeopardize the validity of the application or any patent issue thereon.

The undersigned hereby authorizes the U.S. attorney or agent named herein at accept and follow instructions from his
foreign patent agent as to any action to be taken in the Patent and Trademark Office regarding this application without
direct communication between the U.S. attorney or agent and the undersigned. In the event of a change in the persons
from whom instructions may be taken, the U.S. attorney or agent named herein will be so notified by the undersigned.

Full name of sole or first inventor
Paul J. Carter—.

Inventor’s signature Date
g W 0. Cote (o /14 /93

Residence en
2074 18th Avenue, San Francisco, CA 94116
Citizenship

United Kingdom

Post Office Address

2074 18th Avenue, San Francisco, CA 94116

Full name of second or joint inventor, if any

Leonard G. Presta

Sec| Inventor's signature Date
M \/% % /g//jg/?q

Residence Y
1900 Gough Street, #206, San _Francisco, CA 94109 &
Citizenship

U.S.A.

Post Office Address

1900 Gough Street, #206, San Francisco, CA 94109

Page 2 of 2
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t“:\““\:t:mob P5 Rec'd PCT/PTO 17 NOV 1993

! %O{p PATENT DOCKET 709P1

IN f([HEWL‘JNI\TE’D STATES PATENT AND TRADEMARK OFFICE %[ ,:);
NECEIVED 6
In re Application of JUN 4 1994

Paul J. Carter et aﬁPPUCAT[ON DW'S,ON

Serial No. To Be Assigned

Art Unit: To Be Assigned

Examiner: To Be Assigned

Filed: 17 November 1993

For: METHOD OF MAKING HUMANIZED ANTIBODIES
460 Point San Bruno Boulevard
South San Francisco, CA 94080-4990

)
)
)
)
)
)
)
)
)
)
)
) {415) 225-1896

PRELIMINARY AMENDMENT

-+ Honorable Commissioner of Patents and Trademarks

Washington, D.C. 20231 RECE\VED
Sir: JUN1O \99’

In the Specification:

Please amend the specification by inserting after page 76 the attached (&B@ l!iRnJ §00

pages 77-92.

Please further amend the specification by renumbering pages 95-99 to be pages 93-97.
Remarks
This amendment is prepared for the purposes of introduéing a substitute sequence listing into
the application. In accordance with 37 C.F.R. 8 1.821(f), | hereby state that this Sequence Listing is
submitted in paper copy and in computer-readable copy, and that the content of these copies are the
same, without adding any new matter.
Early entry of these amendments is requested. The inventors submit that this application is now

in compliance with the requirement of 37 C.F.R. §1.821-1.825,

Respectfully submitted,
GENENTECH, INC.

oot € e

Janet E. Hasak
Reg. No. 28,616

Date: November 17, 1993
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SEQUENCE LISTING
(1) GENERAL INFORMATION:

5 (i) APRPLICANT: Paul J. Carter
Leonard G. Presta

(ii) TITLE\OF INVENTION: Method for Making Humanized
Antibodies
10
(iii) NUMBER OF SEQUENCES: 25

(iv) CORRESPONNENCE ADDRESS:
(A) ADDRESSEE: Genentech, Inc.
15 (B) STREET:\ 460 Point San Bruno Blvd
(C) CITY: South San Francisco
(D) STATE: California
(E) COUNTRY: §SA
(F) ZIP: 94080

20
(v) COMPUTER READABDE FORM:
(A) MEDIUM TYPE:\5.25 inch, 360 Kb floppy disk
(B) COMPUTER: IBM\PC compatible
(C) OPERATING S¥&ZTE PC-DOS/MS-DOS
25 (D) SOFTWARE: Ppatin anentech)
(vi) CURRENT APPLICATION A
(A) APPLICATION NUMBER:
(B) FILING DATE X\
30 (C) CLASSIFICATIQN!
(vii) PRIOR APPLICAT
(A) APPLICATI® 715272
(B) FILING DA 391
35
(viii) ATTORNEY/AGE C ATION:
(A) NAME: Hasak, Janet E.
(B) REGISTRATION NUMBER: 28,616
(C) REFERENCE/DOCKET NUMBER: A09P1
40
(ix) TELECOMMUNICATION INFORMATION :
(A) TELEPHONE: 415/225-1896
(B) TELEFAX: 415/952-9881
(C) TELEX: 910/371-7168
45

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
50 (B) TYPE: amino acid
(D) TOPOLOGY: linear
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:1:

55 Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
1 5 10 15

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Aspy Val Asn

BIOEPIS EX. 1002
Page 619
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10

15

25

30

35

40

45

50

55

Thr

Leu

Arg

Ser

His

Ile

(2)
(

(x

Glu

1

Gly

Asp

Glu

Ala

Lys

Thr

Ala

(2)
(

Ala

Leu

Phe

Ser

Tyr

Lys

i) SEQUENCE
(A) LENGTH
(B) TYPE:

Val A e Lys

Ile Leu

Ser Thr

Leu Ala

Thr X Gly

Arg

(D) TOPOLOGY

i) SEQUENCE DES

Val

Ser

Thr

Trp

Asp

Asn

Ala

Met

INFORMATION FOR SEQ ID NO:3:

i) SEQUENCE CHARACTERISTICS:

Gln Leu Ser Gly Gly

Leu Arg Leu Ser
20

Cys Ala Ala

Tyr Ile His Trp
35

fal Arg Gln

Val Ala Arg Ile Tyiwe Pro Thr

50
Ser Val Lys Gly Arg\Phe Thr
65
Thr Ala Tyr Leu Gln Asn
: 80

Val Tyr Tyr Cys Ser Ar
95

Asp Val Trp Gly Gln Gly
110

(A) LENGTH: 109 amino acids

25

Pro
40

Glu
55

Asp
70

Thr
85

Gln
100

SEQ ID NO:2:

Gly
10

Ser
25

Ala
40

Asn
55

Ile
70

Ser
85

Gly
100

Leu
115

Gly

Ser

Phe

Tyr

Gly

Leu

Gly

Pro

Gly

Ser

Leu

Gly

val

Lys

Gly

Thr

Tyr

Thr

Val

Phe

Gly

Tyr

Ala

Arg

Asp

Thr

Ala

Val

Leu

Cys

Lys

Gln

Asn

Lys

Thr

Asp

Ala

Gly

Val

Pro
Pro
Thr
Gln

Val

Pro
Ile
Gly
Arg
Thr
Glu
Phe

Ser

30

Lys
45

Ser
60

Ile
75

Gln
90

Glu
105

Gly
15

Lys
30

Leu
45

Tyr
60

Ser
75

Asp
90

Tyr
105

Ser
120

BIOEPIS EX. 1002
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10

15

25

30

35

40

45

50

55

(x

Asp

1
Gly
Ser
Leu
Arg
Ser
Tyr

Ile

(2)

(i)

({x

Glu

1
Gly
Asp
Glu
Ala

Lys

Thr

(B) T

(D)

i)

TO}

PE :

OLOGY :

-79-

amino acid
linear

SEQUENCE DESCRIPTION:

Ile Gln Melt Thr Gln Ser

Asp

Tyr

Leu

Phe

Ser

Asn

Lys

INFORMATION FOR SEQ

(A)
(B)
(D)

i)

vVal

Ser

Tyr

Trp

Asp

Asn

Ala

Arg

Leu

Ile

Ser

Leu

Ser

Arg

Gln

Leu

Ala

Val

Ser

Thr

vVal

5

Val\ Thr Ile
20

Ala Trp Tyr
5

Tyr Ala

Gly Ser\Gly
65

Gln Pro
80

Leu Pro
95

Thr

109

SEQUENCE CHARACTER
LENGTH:
TYPE:
TOPOLOGY :

amino #
1i

SEQUENCE DESCRIPTION:

Leu Val
5

Glu

Leu
20

Arg Ser

Met Ser

35

Trp

Ala Val

50

Ile

Val Lys

65

Gly

Ala Tyr Leu

80
Tyr Tyr
S5

Cys

120 apn

Thr

Gln

Ser

Ser

Ser

Cys

Val

Ser

Arg

Gln

Ser

SEQ

Pro

Cys

Gln

Ser

Gly

Phe

Phe

ID NO:3:

Ser

Arg

Lys

Leu

Thr

Ala

Gly

ID NO:4:

Gly

Ser
10

Ala
25

Pro
40

Glu
55

Asp
70

Thr
85

Gln
100

Gly
10

Ser
25

Ala

40

Gly
55

Ile
70

Ser
85

Gly
100

Leu

Ser

Gly

Ser

Phe

Tyr

Gly

Leu

Gly

Pro

Gly

Ser

Leu

Gly

Ser

Gln

Lys

Gly

Thr

Tyr

Thr

Val

Phe

Gly

Tyr

Ala

Arg

Asp

Ala

Asp

Ala

val

Leu

Cys

Lys

Gln

Thr

Lys

Thr

Asp

Ala

Gly

Ser

val

Pro

Pro

Thr

Gln

vVal

Pro

Phe

Gly

Arg

Thr

Glu

Phe

Val
15

Ser
30

Lys
45

Ser
60

Ile
75

Gln
90

Glu
105

Gly
15

Ser
30

Leu
45

Tyr
60

Ser
75

Asp
S0

Tyr
105
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-80-

Ala Met Asp\Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser

(2)
(

(x

Asp

1

Gly

Thr

Leu

Arg

Ser

His

Ile

(2)

(1)

(x
Glu
1
Ala

Asp

Glu

110

115

INFORMATIQON FOR SEQ ID NO:5:

i)

(A)
(B)

i)

Ile

Asp

Ala

Leu

Phe

Ser

Tyr

Lys

val

Arg

val

Ile

Thr

vVal

Thr

Arg

109 amino
amino acid
OGY: linear

SEQUENCE PESCRIPTION:

Met \Thr Gln Ser

Val Ile Thr
Ala b Tyr Gln
3
Tyr Ser\Ala Ser
Gly Ser
Gln
Thr
Ala
109

SEQUENCE CHARACTERISTICS:
LENGTH :
TYPE\:
(D) TOPO

acids

SEQ ID NO:5:

His Lys Phe

10

Ala
25

Cys Lys

Gln Pro

40

Lys

Phe Arg Tyr

55
Thr

Gly Asp

70
Ala Val
85

Leu

Gly Gly

100

INFORMATION FOR SEQ Ib NO:6:

(A)
(B)

i)

Val Gln Leu Gln Gln Ser

120 amiho
amino acid

SEQUENCE DESCRIPTION: SEQ

5

Ser Leu Lys Leu Ser Cys

20

Thr Tyr Ile His Trp Val

35

Trp Ile Gly Arg Ile Tyr
50

SEQUENCE CHARACTERISTICS:
LENGTH :
TYPE:
(D) TOPOLOGY: linea

acids

ID NO:6:

Pro Glu
10

Ala Ser
25

Gln Arg
40

Thr Asn
55

Met

Ser

Gly

Thr

Phe

Tyr

Gly

Leu

Gly

Pro

Gly

Ser

Gln

His

Gly

Thr

Tyr

Thr

Val

Phe

Glu

Tyr

120

Thr Val

15

Ser

Val Asn

30

Asp

Ser Pro Lys

45
Val

Pro Asp

60
Phe

Thr Ile

75
Gln Gln
90

Cys

Glu
105

Lys Leu

Lys Pro Gly

15

Asn Lys
30
Gln

Gly Leu

Thr Arg Tyr

60
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-81-

Asp Pro Lys\ Phe Gln Asp Lys Ala Thr Ile
65 70
Ser Asn Thr RAla Tyr Leu Gln Val Ser Arg
80 85
Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly
95 100
Ala Met Asp Tyr¥ Trp Gly Gln Gly Ala Ser
110 115
(2) INFORMATION ROR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH) 27 bases
(B) TYPE: nucleic acid
(C) STRAND ES single
(D) TOPO ear
(xi) SEQUENCE DES [TON: SEQ ID NO:7:
TCCGATATCC AGCT GICTCCA 27

(2) INFORMATION FOR\SHK NO:8:

(i) SEQUENCE CH [EKISTICS:
(A) LENGTH: lyases
(B) TYPE: nucleik acid
(C) STRANDEDNESSY single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

GTTTGATCTC CAGCTTGGTA CCHSCDCCGA A 31

(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERIS
(A) LENGTH: 22 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

AGGTSMARCT GCAGSAGTCW GG 22

Thr Ala
Leu Thr
Gly Asp

Val Thr

Asp Thr Ser
75

Ser Glu Asp
S0

Gly Phe Tyr
105

Val Ser Ser
120
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(2) INFORMARION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 bases
5 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE BESCRIPTION: SEQ ID NO:10:
10

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34

15
(2) INFORMATION FOR \SEQ ID NO:11:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36\ bases
20 (B) TYPE: nucl
(C) STRANDEDNE
(D) TOPOLOGY:

(xi) SEQUENCE D
25

GTAGATAAAT CCTCTAARAC X

TCTG CAAATG 36

30

(2) INFORMATION FOR I

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 bases
35 (B) TYPE: nucleic adid
(C) STRANDEDNESS: sil gle
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
40

GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 36

45
(2) INFORMATION FOR SEQ ID NO:

(i) SEQUENCE CHARACTERISTIC

(A) LENGTH: 36 bases
50 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

{(xi)}) SEQUENCE DESCRIPTION: SEQ {D NO:13:
55

GTAGATAAAT CCTCTTCTAC AGCCTATCTG GAAATG 36
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(2) INFORMATIO

-83-

FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 68 bases

(B) TYPE{ nucleic acid
(C) STRANDEDNESS: single
(D) TOPOL®GY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

CTTATAAAGG TGTTTCG

ATATCCGTAG ATAAATC

CC TATAACCAGA AATTCAAGGA TCGTTTCACG 50

(2) INFORMATION FOR SR

(1) SEQUENCE CHARACTERIST
107 amino
amino acid
TOPOLOGY: linear

(A) LENGTH:
(B) TYPE:
(D)

(xi) SEQUENCE DESCRIPTION:

Asp Ile Gln Met Thr Gln Thr

1

Gly Asp

Asn Tyr

Leu Leu

Lys Phe

Arg

Leu

Ile

Ser

5

Val Thr
20

Asn Trp
35

Tyr Tyr
50

Gly Ser
65

Ile

Tyr

Thr

Gly

Ser

Gln

Ser

Ser

Ser Ser
10

Ala
25

Pro

40
His
55

Asp
70

Leu

Ser

Asp

Ser

Tyr

Ser

Gln

Gly

Gly

Ser

Ala Ser Leu
15

Asp Ile Arg
30

Thr Vval Lys
45

Val Pro Ser
60

Leu Thr Ile
75
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Ser Asn Leu

Gly Asn

Ile Lys
107

(2) INFORMATION FO

(1)

SEQUENCE C
(A) LENGTH:

G114

(B) TYPE:
{D) TOPOLOGY:

Gln
80

Thr Leu\ Pro

95

ami

Asp Ile Gln Met Thr

Gly Asp Arg

Asn Tyr Leu

Leu Leu Ile

Arg Phe Ser

Ser Ser Leu

Gly Asn Thr

Ile Lys
107

(2) INFORMATION FOR SEQ ID NO:

(1)

(x1)

SEQUENCE CHARACTERISTICSY

(A) LENGTH: 107 amino acids

Val

Asn

Tyr

Gly

Gln

Leu

(B) TYPE:
(D) TOPOLOGY:

5

Thr
20

Trp
35

Tyr
50

Ser
65

Pro
80

Pro
95

ami

-84-

Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln

85

90

Trp Thr Phe Ala Gly Gly Thr Lys Leu Glu

100

SEQ ID NO:17:

e} acid

Gln Ser

no acid
linear

Thr

Gln

ARACTERISTICS:
107 amino acids

SEQ ID NO:17:

Pro Ser Ser
10

Cys Arg Ala
25

Gln Lys Pro
40

Arg Leu Glu
55

Thr Asp
70

la Thr
85

Gly Gln
100

Leu Ser

Ser Gln

Gly Lys

Ser Gly

Tyr Thr

Tyr Tyr

Gly Thr

SEQUENCE DESCRIPTION: SEQ \ID NO:18:

Asp Ile Gln Met Thr Gln Ser Pro $er Ser

1

5

Leu Ser

Ser Gln

Gly Lys

105

Ala Ser Vval
15

Asp Ile Arg
30

Ala Pro Lys
45

Val Pro Ser
60

Leu Thr Ile
75

Cys Gln Gln
90

Lys Val Glu
105

Ala Ser Val
15

Ser Ile Ser
30

Ala Pro Lys
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Leu

Arg

Ser

Tyr

Ile

(2)
(

(x1i)

Glu

1

Ala

Gly

Glu

Asn

Thr

Asn

Ser

Ala

(2)

(i) SEQUENCE CHARACTERISTICS:
LENGTH:
TYPE:

-85-

Ser

Phe

Tyr

Gly

Leu

Gly

His

Gly

Ser

Leu

Tyr

Phe

35 40
Leu Ile Tyr \Ala Ala Ser Ser Leu Glu
50 55
Phe Ser Gly Ser Gly Ser Gly Thr Asp
70
Ser Leu Gln Prio Glu Asp Phe Ala Thr
85
Asn Ser Leu Pro\ Trp Thr Phe Gly Gln
100
Lys
107
INFORMATION FOR SEQ\ ID NO:19:
i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 129 atyino acids
(B) TYPE: amino acyid
(D) TOPOLOGY: lineg
SEQUENCE DESCRIPTION SEQ ID NO:19:
Val Gln Leu Gln Gln\S Rro Glu
5 10
Ser Met Lys Ile Ser Ser
20 25
Tyr Thr Met Asn Trp Ser
35 40
Trp Met Gly Leu Ile Lys
50 55
Gln Lys Phe Lys Asp Arg
65
Val Asp Lys Ser Ser Ser Thr
80
Ser Leu Thr Ser Glu Asp Ser
95
Gly Tyr Tyr Gly Asp Ser Asp
110
Gly Thr Thr Val Thr val Ser
125
INFORMATION FOR SEQ ID NO:20:

(A)
(B)

122 amino acids
amino acid

Gly

Thr

Tyr

Thr

val

Tyr

Gly

Val

Lys

Met

Tyr

Asp

45

Val Ser

60

Pro

Thr Ile

75

Leu

Gln Gln

90

Cys

Glu
105

Lys Val

Pro Gly

15

Lys

Thr
30

Ser Phe

Leu
45

Lys Asn

Ser Thr Tyr

60
Ala

Thr Leu

75
Glu Leu
90

Leu

Cys Ala Arg

105

Val Trp Gly

120

BIOEPIS EX. 1002
Page 627



10

15

25

30

35

40

45

50

55

(x1i)

Glu

1
Gly
Gly
Glu
Asn
Lys
Thr

Asp

Ser

(1)

(x1)

Glu

1
Gly
Ser
Glu

Ala

Lys

-86 -

(D) TOPQLOGY: linear

SEQUENCE \DESCRIPTION:

Val Gln Leu

Ser Leu Arg

Tyr Thr Met

Trp Val Ala

Gln Lys Phe

Asn Thr Ala

Ala Val Tyr

Trp Tyr Phe

SEQUENCE CHARACTERISTI
(A) LENGTH: 122 amino
({B) TYPE: amino acid,
(D) TOPOLOGY: linear

SEQUENCE. DESCRIPTION:

Val Gln Leu Val Glu Ser

5
Leu Ser
20

Ser Leu Arg Cys

Ala Met Ser Val

35

Tyr Trp

val Val

50

Trp Ser Ile Ser

Asp Ser Val Lys

65

Gly Arg

Asn Thr Leu Tyr Leu Gln
80

SEQ

Gly

Ala

Arg

Gly

Phe

Met

Asp

Thr

Asn

ID NO:20:
Gly Gly Leu
10
Ala Ser Gly
25
Gln Ala Pro
40
Tyr Lys Gly
55
Thr Ile Ser
70
Asn Ser Leu
85
Ser Gly Tyr
100
Gln Gly Thr
115

ID NO:21:
Gly Gly Leu
10
la Ser Gly
25
G Ala Pro
40

Gly

Ser

Leu

Val

Tyr

Gly

Val

vVal

Arg

Tyr

Leu

Val

Phe

Gly

Ser

Arg

Arg

Gln

Ser

Lys

Ser

Asp

Ala

Gly

vVal

Gln

Thr

Lys

Thr

Asp

Ala

Pro

Phe

Gly

Thr

Lys

Glu

Asp

Thr

Pro

Phe

Gly

Tyr

Asn

Glu

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
90

Ser
105

Val
120

Gly
15

Ser
30

Leu
45

Tyr
60

Ser
75

Asp
90
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Ser

(2)
(

(x

Gln

1

Ala

Glu

Glu

Asn

Thr

Ser

Phe

Thr

Ala

Cys

Asn

Leu

Pro

Ser
122

-87-

INFORMATION FOR SEQ ID NO:22:

i) SEQUENCE CHARAC
(A) LENGTH:

(B) TYPE:

454
amino

i) SEQUENCE DESCRIPTIDN:

Val Gln Leu Gln

Ser

Tyr

Trp

Gln

Ser

Gly

Asp

Val

Pro

Leu

Ser

Gln

Ser

Val

Thr

Ile

Arg

Thr

Ile

Val

Ser

Ser

Val

Gly

Ser

Ser

Lys

Met

Gly

Phe

Ala

Tyr

Arg

Ser

Ser

Lys

Ala

Ser

Ser

5

Ile
20

His
35

Gly
50

Met
65

Tyr
80

Tyr
95

TyY
1io

Ala
125

Lys
140

Asp
155

Leu
170

Gly
185

Leu

Ser

Trp

Phe

Asp

Met

Cys

Phe

Ser

Ser

Tyr

Thr

Leu

Gly

ERISTICS:
amino acids

100

115

SEQ ID NO:22:

Gly Pro Glu

Lys Thr

10

Leu

Gly

His

Gly

Ala

Leu

Gly

Ala

Ser

Thr

Val

Thr

Ser

Ile

Val

Tyr

Gly

Gly

Val

Thr

Leu

Gly

Val

Ala

Thr

Phe

val

Cys

Lys

Thr

Lys

Ser

Asp

Ser

Asn

Thr

Phe

Ala

Val

Pro

Val

Asn

Pro

Phe

Ser

Ser

Lys

Glu

Tyr

Thr

Pro

Leu

Ser

Ala

Thr

val

105

Val
120

Gly
15

Thr
30

Leu
45

His
60

Ser
75

Asp
90

Gly
105

Val
120

Leu
135

Gly
150

Trp
165

vVal
180

Val
195

Asn
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His

Ser

Leu

Asp

val

val

Glu

Leu

Sexr

Ala

Ser

val

Asn

Asp

Lys

His

Ser

(2)
(

Lys

Cys

Leu

Thr

Asp

Asp

Gln

His

Asn

Lys

Arg

Lys

Gly

Serxr

Sexr

Glu

Pro

INFORMATION FOR SEQ ID NO:2

Pro

Asp

Gly

Leu

val

Gly

Tyr

Gln

Lys

Gly

Glu

Gly

Gln

Asp

Arg

Ala

Gly

Lys
454

i) SEQUENCE CHARACTERISTICS\:

(A)

(B} TYPE:

LENGTH: 557 amino ac}

amino acid

Asp

Pro

Leu

Pro

Glu

Ala

Val

Lys

Ile

Gln

Gln

Ile

Lys

Tyr

Val

Thr

205

Lys
220

Pro
235

Phe
250

Glu
265

val
280

Lys
295

vVal
310

Glu
325

Glu
340

val
355

vVal
370

Ala
385

Thr
400

Serxr
415

Phe
430

Gln
445

Lys

Cys

Pro

Val

Lys

Thx

Ser

Tyxr

Lys

Tyr

Ser

vVal

Thr

Lys

Serxr

Lys

vVal

Pro

Pro

Thr

Phe

Lys

Val

Lys

Thx

Thr

Leu

Glu

Pro

Leu

Cys

Ser

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Pro

Pro

Pro

Val

Trp

Arg

Thr

Lys

Serxr

Pro

Cys

Glu

Val

val

Val

Ser

210

Lys
225

Glu
240

Lys
255

Val
270

Tyr
285

Glu
300

vVal
315

vVal
330

Lys
345

Pro
360

Leu
375

Ser
390

Leu
405

Asp
420

Met
435

Leu
450
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(x1i)

His

1

Pro

Phe

Thr

Gly

Thr

Gln

Lys

Thr

Asn

Trp

Trp

Gly

Glu

Glu

val

Leu

Thr

(D) TO

His

Gly

Thr

Ala

Gly

Ser

Ala

Asn

Ile

Ser

Arg

Gly

Pro

Ser

Pro

His

Ser

Tyr

Gln

Ala

Glu

Thr

Leu

Gly

Pro

Gly

Ser

Leu

Gly

Gln

Ser

Thr

vVal

Thr

Ser

Thr

SEQUENCE DESCRIPTION:

Gln Leu
5

val

Ser\ Val

20

Lys
Met Trp

Gly His

Val Pro
Tyr Thn Phe
Gly Lys

Gly

Val

Arg

Leu Tyr

Gly Leu

vVal Pro

Ala Leu

Thr Ser

Phe Pro Ala

230
Val Val
245

Thr

Asn Val

260

Cys

-89 -

YOLOGY: linear

SEQ

Gln Gln

Ile Ser
Ser Cys
Ser Glu
Gly Gly
Thr Glu

Leu Glu

Phe
Thr
Leu
Gly
Trp Asn
Val Leu
Val

Thr

Asp His

ID NO:23:

Ser

Cys

Ile

Val

Ser

Tyr

Trp

Gln

Ser

Ala

Asp

Val

Pro

Leu

Gly
10

Lys
25

Ile
40

Gln
55

Leu
70

Thr
85

vVal
100

Arg
115

Thr
130

val
145

vVal
160

Ser
175

Cys
190

Val

Pro

Thr

Leu

Leu

Arg

Met

Ala

Phe

Ala

Tyr

Arg

Ser

Ser

Lys

Ala

Ser

Asn

Ser

Glu

Ser

Phe

Val

Leu

His

Gly

Met

Tyr

TyY

Tyr

Ala

Arg

Asp

Leu

Gly

Phe

Asn

Leu Val Lys

15

Thr
30

Gly Tyr

Val Ala

45

Leu

Glu Ser Gly

60

Ala
75

Ser Cys

Trp Met Arg

90
Ile Pro
105

Asn

Phe
120

Asp Arg

Met Gln Met

135
Ala

Cys Arg

150
Phe Val
165

Asp

Ser Thr Lys

180
Thr Ser
195

Ser

Phe Pro

210

Tyr

Thr Ser Gly

225
Leu Ser
240

Tyr

Thr Gln

255

Gly

Thr Val

270

Lys
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Asp

Pro

Pro

Thr

Glu

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Asn

Asp

Tyr

Leu

Asn

Tyr

(2)

Lys

Ala

Lys

Cys

Cys

Leu

Pro

Glu

Ala

Val

Lys

Ile

Gln

Gln

Ile

Lys

Tyr

Val

Thr

INFORMATION FOR SEQ ID NO:24:

Thr

Pro

Pro

Val

Pro

Phe

Glu

Val

Lys

Val

Glu

Glu

Val

val

Ala

Thr

Ser

Phe

Gln

Lys

vVal

Pro

Pro

Val

Gln

Thr

Ser

Tyr

Lys

Tyr

Ser

Val

Thr

Lys

Ser

Lys

Thr
455

Leu
470

Glu
485

Pro
500

Leu
515

Cys
530

Ser
545

Arg
Leu

Thr

Cys
Asn
Pro
Leu
Cys
Ile
Leu
Thr
Trp
Pro
Thr
Ser

Leu

-90-

Lys Cys
Gly Gly

Leu Met

Val Ser

Ala Pro

Lys

Pro
Cys Leu
Glu

Ser

Met Leu

Val Asp
Val Met

Ser Leu

Cys

Pro

Ile

His

Pro

Asp

Val

val
280

Ser
295

Ser
310

Glu
325

Val
340

Thr
355

Thr Cys

Val Phe
Arg Thr
Asp Pro
Ala Gly
Leu Met
Val Ser
Gly Met
Phe Asn
Gln Asp
Lys Gly
Gly Gln
Glu Glu
Phe
Pro
Gly
Trp

Leu

Lys

Pro

Leu

Pro

Glu

Pro

Ile

His

Glu

Ser

Trp

Leu

Pro

Met

Tyr

Glu

Ser

Gln

His

Pro
Phe
Glu
Val
Ser
Ser
Glu
Val
Thr
Leu
Pro
Aré
Thr
Pro
Asn
Phe
Gln

Asn

Cys
285

Pro
300

Val
315

Lys
330

Val
345

Arg
360

Asp
375

His
390

Phe
405

Asn
420

Ala
435

Glu
450

Lys
465

Ser
480

Asn
495

Phe
510

Gly
525

His
540

555
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SEQUENCE CHARACTERISTICS:

214 amino acids

linear

Thr

Asn

Gln

Ser

Ser

Asp

(A) LENGTH
(B) TYBE: amino acid
{D) TOPOLOGY
(xi) SEQUENCE\ DESCRIPTION:
Asp Val Gln Mefi Thr Gln
1 5
Gly Asp Arg Val Thr Ile
Asn Tyr Leu Asn Tyr
Leu Leu Ile Tyr Tyn Thr
Arg Phe Ser Gly Ser Gly
65
Ser Asn Leu Asp Gln Glu
80
Gly Asn Thr Leu Pro PrqQ
95
Ile Lys Arg Thr Val
110
Ser Asp Glu Gln Leu
125
Leu Asn Asn Phe Tyr
140
Asp Asn Ala Leu Gln
155
Gln Asp Ser Lys Asp Ser
170
Leu Ser Lys Ala Asp Tyr
185
Val Thr His Gln Gly Leu ¢
200
Arg Gly Glu Cys
214

SEQ ID NO:24:

Thr

Cys

Gln

Thr

Gly

Ile

. Phe

Ser

Arg

Lys

Leu

Thr

Ala

Gly

Ser

Thr

Ala

Ser

Ser

Ser
10

Ala
25

Pro
40
His
55

Asp
70

Thr
85

Gly
100

Val
115

Ala
130

Lys
145

Gln
160

Leu
175

Lys
190

vVal
205

Leu

Ser

Asn

Ser

Tyr

Tyr

Gly

Phe

Ser

Val

Glu

Ser

val

Thr

Ser

Gln

Gly

Gly

Ser

Phe

Thr

Ile

Val

Gln

Ser

Ser

Tyr

Lys

Ala

Asp

Thr

Val

Leu

Cys

Lys

Phe

vVal

Trp

Val

Thr

Ala

Ser

Ser

Ile

Val

Pro

Thr

Gln

Val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Leu
15

Asn
30

Lys
45

Ser
60

Ile
75

Gln
90

Glu
105

Pro
120

Leu
135

Val
150

Glu
165

Thr
180

Glu
195

Asn
210

(2) INFORMATION FOR SEQ ID NO:25:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 233 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
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10

15

20

30

35

40

45

50

(x1i)

Met

1
Gly
Ser
Gln

Lys

Gly

Thr

Tyr

Thr

Ile

val

Gln

Ser

Ser

Tyr

Lys

Gly

Val

Ala

Asp

Ala

Val

Leu

Cys

Lys

Phe

val

Trp

Val

Thr

Ala

Ser

SEQUE]

Trp

His

Ser

Ile

Pro

Pro

Thr

Gln

val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

-92-

CE DESCRIPTION:

Ser Cys Ile Ile

Gln

Arg

Asn Leu

Lys Ile

Ser Ser

Ile Leu

Gln Thr

Glu I

Pro

Leu
155

Val Asp Asn

170

Glu Gln Asp

185

Thr Leu Ser

200

Lys

val Thr
215

Glu His

Asn Arg Gly Glu

230

SEQ

Leu

Met

Val

Asn

Tyr

Gly

Gln

Leu

Leu

Lys

Ala

ID NO:25:
Phe Leu Val
10
Thr Gln
25

Ser

Thr Ile Thr

40
Gln

Trp Tyr

55

Thr
70

Tyr Ser

Ser Gly Ser

85

Glu
100 .

Pro Asp

Pro Thr

115

Pro

Ala
130

val Ala

Leu Lys Ser

145

Pro
160

Tyr Arg

Gln- Ser

175

Gly

Ser Thr

190

Asp

Tyr Glu

205

Asp

Leu
220

Gly Ser

Ala

Pro

Cys

Gln

Thr

Gly

Phe

Phe

Pro

Gly

Glu

Asn

Tyr

Lys

Ser

Thr Ala Thr

15
Ser Leu
30

Ser

Ala Ser

45

Arg

Lys Pro Gly

60
His

Leu Ser

75

Thr Asp Tyr

90
Thr

Ala Tyr

105
Gln

Gly Gly

120
Val Phe
135

Ser

Thr Ala Ser

150
Ala vVal
165

Lys

Gln Glu

180

Ser

Serxr
1395

Ser Leu

val
210

His Lys

Val Thr

225

Pro
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UNITED STATES DEPARTMENT OF COMMERCE

\ Patent and Trademark C™
é Address: COMMISSIONER OF 7, m AND TRADEMARKS %9/

Washington, D.C. 20231

U5 APPLICATION NO. | FILST NAMED APPLICANT I ATTY. DOCKET NO.
Te7TIC: 208 TARTER 7 TOTET
Il INTERMATIONAL APPLICATION NO.
S&11 PUTAOSY2 7 05T3E s

CAROLYN R. ADLER
GENENTECH, INC.

4&0 POINT SAN BRUNO BOULEVARD | tA FOINGOaTE | emommryoate |
SOUTH SAN FRANCISCO, CALIFORNIA 94080 QE1S/72 [V E VA
04,0424
DATE MAILED:

NOTIFICATION OF ACCEPTANCE OF APPLICATION UNDER 3§ U.S.C. 371
AND 37 CFR 1.494 OR 1.498

1. The applicant is hereby advised that the U, States Patent and Trademark Office in ity capacity as
a Designated Office (37 CFR 1.494), | ¥|an Elected Office (37 CFR 1.495), has determined

that the above identified international application has met the requirements of 35 U.S.C. 371, and is

ACCEPTED for national patentability examination in the United States Patent and Trademark Office.

2. The United States Application Number assigned to the application is shown above and the relevant -
dates are:

I1_Aov 1943 17 AoV (%3

35 US.C. 102(e) DATE DATE OF RECEIPT OF
35 U.S.C. 371 REQUIREMENTS

3. Ii\ request for inmediate examination under 35 U.S.C. 371(f) was received onw
and the application will be examined in tum.

4. The ing items have been received:
Copy of the international application in:
language.

English.
iom of the internaticaal application into Eaglish.
Osth or Declaration of invensors(s) for DOVEO/US.
Copy of Asticle 19 amendmenss. [ Translation of Article 19 amendments into English.

The Articlo 19 smendments [J bave [ have not been entered.
ﬁmm&nmmhpmm&mmlnmuny
Transiation of Annexes to the Intemational Preliminary Examination Report into English.

Tho Anmexes [J have [J have not been entered.
Preliminary amendment(s) filed V 993 and

ion Disclosure Statement(s) filed and
Assignment document.

Power of Attorney and /or Change of Address.
g Substitute specification filed
VmMSmmChmmSmﬂlEnmySw
} Document.
of the Search Report [1d"and copies of the references cited therein.
Other: ARTICLE 3U AMENDMENTS AOT ENTITY,

CLAMAS ARE IACOMPLETE .

A Filing Receipt (PTO-103X) will be issued for the present application in due course. Once the
Filing Receipt has been received, send all correspondence to the Group Art Unit designated thereocn.

Applicant is reminded that any communication to the United States Patent and Trademark Office must be
mailed to the address given in the heading and include the U.S. application no. shown above. (37 CFR 1.5)

Telephone: (703') \FISTCS

FORM PCT/DO/EO/903 (May 1993)
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UNITEARSTATES PATENT & TRADE @ROFFICE
Washington, D.C. 20231 ,

REQUEST FOR PATENT FEE REFUND
) Date of Request: X9 IMAR T | 2 serial/patent ¥ O8//4¢ 204

4 PAPER s DATE
3 Plgfase refund the following fee(s): NUMBER FILED 6 AMOUNT
v/ | Filing / [7M048 s /4. 00
Amendment $
Extension of Time $
Notice of Appeal/Appeal S
Petition $
Issue S
Cert of Correction/Terminal Disc. $
. Maintenance S
Assignment $
Other S
"o reFUND | s /7A@
i 8 TO BE REFUNDED BY:
10 R/EKSON: i Treasury Check
\/ Overpayment / " Credit Deposit A/C #:
Duplicate Payment 9 ﬂ 7 --14 (0 3| O
No Fee Due (Explanation):

PO SEACCH

11 REFUND REQUESTED BY: | 4
TYPED/PRINTED NAME: _ /L] FEES /N TITLE: ﬁfﬁ{é&zé [ Speenfs
SIGNATURE: 77 /('WW‘J PHONE: 30537371

' T

OFFICE:
KREKRRKRRRERRRRERRERRRKRRRRRRRRRERRRRRRRRRRR AR RRRRRRRRRBRRRRRNREE AR ARk khkk
THIS SPACE RESERVED FQR Flﬁc E ONLY: /
APPROVED: y, 3 DATE: £/6 A‘/
/ 7 77

Instructions fo’r completion of this form_appear on the back.  After completion, attach
white and yellow copies to the official file and mail or hand-carry to:

Office of Finance
PORM PTO 1577 Refund Branch
{01/90) Crystal Park One, Room 802B
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PAGE: 1

woJTamd wWwN R

.Oﬁk,f ervyored i:_qu@aoc/
s Shewor~ RN< .

RAW SE%P NCE LISTING
PATENT APPLICATION US/08/146,206

DATE: 04/15/94
TIME: 12:13:19

INPUT SET: $§2658.raw

. SEQUENCE LISTING
(1) General Information:

(1) APPLICANT: Paul J. Carter
Leonard G. Presta

(ii) TITLE OF INVENTION: Method for Making Humanized Antibodies

(iii) NUMBER OF SEQUENCES: 25

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Genentech, Inc.
(B) STREET: 460 Point San Bruno Blvd
(C) CITY: South San Francisco
(D) STATE: California
(E) COUNTRY: USA
(F) Z2IP: 94080

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: 5.25 inch, 360 Kb floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: patin (Genentech)

{(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 07/715272
(B) FILING DATE: 14-JUN-1991

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Hasak, Janet E.
(B) REGISTRATION NUMBER: 28,616
(C) REFERENCE/DOCKET NUMBER: 709P1

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 415/225-1896
(B) TELEFAX: 415/952-9881
(C) TELEX: 910/371-7168

(2) INFORMATION FOR SEQ ID NO:23:

(1) SEQUENCE
) LENGTH:?SS'J gﬂ@ Ohfk/[ SgL G e Shewn,
(B) TYPE: amin

(D) TOPOLOGY: linear Yﬁfi&1f€>&ﬂ—>

7
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: ci-*ésc;’fi15t3L’/\Cl"77
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PAGE: 2 RAW SE(%EENCE LISTING DATE: 04/15/94
PATENT APPLICATION US/08/146,206 TIME: 12:13:25

INPUT SET: S2658.raw
702 His His Gln Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys

703 1 5 10 15
704

705 Pro Gly Ala Ser Val Lys Ile Ser Cys Lys Thr Ser Gly Tyr Thr
706 20 25 30
707

708 Phe Thr Glu Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala
709 35 40 45
710

711 Thr Ala Thr Gly Val His Ser Glu Val Gln Leu Val Glu Ser Gly
712 50 55 60
713 '

714 Gly Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala
715 65 70 75
716

717 Thr Ser Gly Tyr Thr Phe Thr Glu Tyr Thr Met His Trp Met Arg
718 80 85 90
719

720 Gln Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Gly Ile Asn Pro
721 95 100 105
722

723 Lys Asn Gly Gly Thr Ser His Asn Gln Arg Phe Met Asp Arg Phe
724 110 "115 120
725

726 Thr Ile Ser Val Asp Lys Ser Thr Ser Thr Ala Tyr Met Gln Met
727 125 130 135
728

729 Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg
730 140 145 150
731

732 Trp Arg Gly Leu Asn Tyr Gly Phe Asp Val Arg Tyr Phe Asp Val
733 155 160 165
734

735 Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys
736 170 175 180
737

738 Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser
739 185 190 195
740

741 Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro
742 200 205 210
743

744 Glu Pro val Thr val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly
745 215 220 225
746

747 Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
748 230 235 240
749

750 Leu Ser Ser Val Val Thr Val Thr Ser Ser Asn Phe Gly Thr Gln
751 245 250 255
752

753 Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val
754 260 265 270
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PAGE: 3

755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807

Asp

Pro

Pro

Thr

Glu

Phe

Thr

Pro

Asn

Gly

Pro

Pro

Asn

Asp

Tyr

Leu

Asn

Lys

Ala

Lys

Cys

cys

Leu

Pro

Glu

Ala

Val

Lys

Ile

Gln

Gln

Ile

Lys

Tyr

Val

Thr

Pro

Pro

Val

Pro

Phe

Glu

Val

Lys

val

Glu

Glu

Val

Val

Ala

Thr

Ser

Phe

RAW SEQUENCE LISTING

PATENT

Val

Glu

Lys

Val

Pro

Pro

Val

Gln

Thr

Ser

Tyr

Lys

Tyr

Ser

Val

Thr

Lys

Ser

Glu
275

Leu
230

Asp
305

Val
320

Cys
335

Pro
350

Thr
365

Phe
380

Lys
395

val
410

Lys
425

Thr
440

Thr
455

Leu
470

Glu
485

Pro
500

Leu
515

Cys

Arg

Leu

Thr

Asp

Pro

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

PLICATION

Lys
Gly
Leu
Val
Ala
Pro
Val
Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

Met

Val

val

Cys

Gly

Met

Ser

Pro

Lys

Val

Tyr

Glu

val

Val

Lys

Pro

Leu

Ser

Leu

Asp

Met

Cys

Pro

Ile

His

Pro

Asp

Val

Val

Glu

val

Ser

Thr

Ser

Val

Asn

Asp

Lys

His

US/08/146,206

Val
280

Ser
295

Ser
310

Glu
325

Val
340

Thr
355

Asp
370

Asp
385

Gln
400

His
415

Asn
430

Lys
445

Arg
460

Lys
475

Gly
4390

Ser
505

Ser
520

Glu

Thr

Val

Arg

Asp

Ala

Leu

Val

Gly

Phe

Gln

Lys

Gly

Glu

Gly

Gln

Asp

Arg

Ala

Cys
Phe
Thr
Pro
Gly
Met
Ser
Met
Asn
Asp
Giy
Gln
Glu
Phe
Pro
Gly
Trp

Leu

Pro

Leu

Pro

Glu

Pro

Ile

His

Glu

Ser

Trp

Leu

Pro

Met

Tyr

Glu

Ser

Gln

His

DATE: 04/15/94
TIME: 12:13:30

INPUT SET: S2658.raw

Pro

Phe

Glu

Val

Ser

Ser

Glu

Val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

Asn

Cys
285

Pro
300

Val
315

Lys
330

Val
345

Arg
360

Asp
375

His
390

Phe
405

Asn
420

Ala
435

Glu
450

Lys
465

Ser
480

Asn
495

Phe
510

Gly
525

His
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PAGE: 4 RAW SE%I}J’ENCE LISTING DATE: 04/15/94
PATENT APPLICATION US/08/146,206 TIME: 12:13:36
INPUT SET: 52658.raw
808 530 535 540
809
810 Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
811 545 550
A
o
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PAGE: 1 SEQUENCE VERIFICATION REPORT DATE: 04/15/94
PATENT APPLICATION US/08/146,206 TIME: 12:13:37

INPUT SET: $2658.raw

Line Error Original Text

696 Entered (557) and Calc. Seq. Length (552) differ (A) LENGTH: 557 amino acids
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’Q\ UNITED STATL:s DEPARTMENT OF COMMERCE
. | Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
j Washington, D.C. 20231

[ aeucaronmmeen | rmaoare | FIRST NAMED APPLICANT | ATTY. DOCKET NO.TTITLE |

a/i46, 2048 11737733 CARTER F 75

ORAL/G%0E g

AE0 POINT SAN BRUNO BOULEVARD
SUUTH SAN FRANCISOO, CALIFCRNIA 240810 QNN

DATE MAILED: DS/02/94

NOTICE TO FILE MISSING PARTS OF APPLICATION
FILING DATE GRANTED

An Application Number and Filing Date have been assigned to this application. However, the items indicated
below are missing. The required items and fees identified below must be timely submitted ALONG WITH
THE PAYMENT OF A SURCHARGE for items 1 and 3-6 only of § for large entities or
$ for small entities who have filed a verified statement claiming such status. The surcharge is set forth in
37 CFR 1.16(¢e).

If all required items on this form are filed within the period set below, the total amount owed by applicantasa Olarge
entity, (J small entity (verified filed), is § .

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of this application, WHICHEVER IS LATER, within which to file all required items and pay any fees
required above o avoid abandonment, Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1.136(a).

1. O The statutory basic filing fee is: O missing [ insufficient. Applicant as a O large entity O small
entity, must submit § to complete the basic filing fee.

2. 0 Additional claim fees of $ as a [J large entity, (] small entity, including any
required multiple dependent claim fee, are required. Applicant must subm:t the additional claim
fees or cancel the additional claims for which fees are due.

3. O The oath or declaration:
O is missing.
O does not cover items omitted at time of execution.

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required.

4. The oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

5.0 The signature to the oath or declaration is: [ missing; O a reproduction; (1by a person other than
- the inventor or a person qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or
declaration in compliance with 37 CFR 1.63, identifying the application by the above Application
Number and Filing Date, is required.

6. {1 The signature of the following joint inventor(s) is missing from the oath or declaration:

_ An oath or declaration listing the names of all inventors and signed by
the omitted inventor(s), identifying this application by the above Application Number and Filing
Date, is required.

7. O The application was filed in a language other than English. Applicant must file a verified English
translation of the application and a fee of $. under 37 CFR 1.17(k), unless this fee has
already been paid.

8.0A$ processing fee is required for returned checks. (37 CFR 1.21(m)).
9. ?\.\r filing receipt was mailed in error because check was returned without payment.
10. /' Th

e application does not comply with the Sequence Rules. See attached Notice to Comply with
Sequence Rules 37 CFR 1.821-1.825.

11.0 Other.

Direct the response and any questions about this notice toCo‘ (% “‘N«) , Application Processing
Division, Special Processing and Correspondence Branch (703) 308-1202.

A copy of this notice MUST be returned with the response.

_FoRM mmaaau:v s8) . OFFICE COPY

[P ——— e . Ch e e - P — U — DD RSSO RSt
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Application No. SY[ e Z0G

NOTICE TO COMPLY WJI"RBQUTRIEHHT!B FOR PATBEH?]!'!DICATIC“"ﬁ CONTAINING
NUCLEOTIDE SBEQUENCE AND/OR AMINO ACID SEQUENCE DISCLOSURES

The nucleotide and/or amino acid sequence disclosure contained in this application does
not comply with the requirements for such a disclosure as set forth in 37 CFR 1. 821 -
1.825 for the following reason(s): ) -

[:] 1. This application'cleérly fails to comply with the requirements of 37 CFR 1.821

- 1.825. Applicant‘s attention is directed to these tegulatlons, published at 1114 OG 29,
May 15, 1990 and at 55 FR 18230, May 1, 1990.

[:] 2. This application does not contain, as a separate part of the disclosure on
paper copy, a "Sequence Listing" as required by 37 CFR 1.821(c).

[:] 3. A copy of the "Sequence Listing™ in computer readéble form has not been
submfitted as required by 37 CFR 1.821(e). ’

4. A copy of the "Sequence Listing™ in computer readable form has been submitted.

However, the content of the computer readable form does not comply with the requirements
of 37 CFR 1.822 and/or 1.823, as indicated on the attached copy of the marked-up "Raw
Sequence Listing."

[:] S. The computer readable form that has been filed with this application has been

found to be damaged and/or unreadable as indicated on the attached CRF Diskette Problem
Report. A substitute computer readable form must be submitted as required by 37 CFR
1.825(d).

[:] 6. The paper copy of the "Sequence Listing” is not the same as the computer
readable form of the "Sequence Listing™ as required by 37 CFR 1.821(e).

1 ..

Other:

Applicant must provide:

[:] An initial or substitute computer readable form (CRF) copy of the "Sequence
Listing"

initial or substitute paper copy of the "Sequence Listing”, as well as an
amendment directing its entry into the specification

A statement that the content of the paper and computer readable copies are the same

and, where applicable, include no new matter, as required by 37 CFR 1.821(e) or
'1.821(f) or 1.821(g) or 1.825(b) or 1.825(d)

For questions regarding compliance with these requirements, please contact:
For Rules Interpretation, call (703) 308-1123

For CRF submission help, call (703) 308-4212
For PatentIn software help, call (703) 557-0400

Please return a copy of this notice with your response.
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\ UNITED STATES uEP NT OF COMMERCE
. | Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

FIRST NAMED APPLICANT i ATTY. DOCKET NOJTITLE |
03/146&, 206 11717793 CARTER = 7NeF
. . s 4 SRS
- -.n‘:m Q381 /0542
Y OOAROLYN B, ADLERT e
GENEMTECH, INC.
460 POINT SAN BRUND BOULEYARD
SOUTH SAN FRANCLISCD, CALIFORNIA 24080 QoOn
DATE MAILED: 05/ 0294

NOTICE TO FILE MISSING PARTS OF APPLICATION
FILING DATE GmD

An Application Number and Filing Date have been assigned to this application. However, the items indicated
below are missing. The required items and fees identified below must be timely submitted ALONG WITH
THE PAYMENT OF A SURCHARGE for items 1 and 3-6 only of § for large entities or
$_____ __ for small entities who have filed a verified statement claiming such status. The surcharge is set forth in
37 CFR L.16(e).

If all required items on this form are filed within the period set below, the total amount owed by applicantasa [ large
entity, O small entity (verified fited), is $.

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of this application, WHICHEVER IS LATER, within which to file all required items and pay any fees
required above to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1.136(a).

1. O The statutory basic filing fee is: O missing O insufficient. Applicant as a 0 large entity [ small
entity, must submit $ to complete the basic filing fee.

2.0 Additional claimfeesof §______asa O large entity, (J small entity, including any
required multiple dependent claim fee, are required. Applicant must submit the additional claim
fees or cancel the additional claims for which fees are due.

3. O The oath or declaration:
O is missing.
0 does not cover items omitted at time of execution.

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required.

4. J The oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

5. O The signature to the oath or declaration is: (Jmissing; O a reproduction; O by a person other than
the inventor or a person gualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or
declaration in compliance with 37 CFR 1.63, identifying the application by the above Application
Number and Filing Date, is required.

6. O The signature of the following joint inventor(s) is migsing from the oath or declaration:

An oath or declaration listing the names of all inventors and signed by
the omitted inventor(s), identifying this application by the above Application Number and Filing
Date, is required.

7.0 The application was filed in a language other than English. Applicant must file a verified English
translation of the application andafeeof $_______ under 37 CFR 1.17(k), unless this fee has
P already been paid.

8.0AS$ processing fee is required for returned checks. (37 CFR 1.21(m)).
9. Ei}aur filing receipt was mailed in error because check was returned without payment.

10. (¥ The application does not comply with the Sequence Rules. Ses attached Notice to Cemply with
Sequence Rules 37 CFR 1.821-1.825.

11.0 Other. —
SN

Direct the response and any questions about this notice to
Division, Special Processing and Comsgczi@‘ce Branch (703) 308-1202.

, Application Processing

A copy of this notice ¥ ~wrned with the response.

ol 'HRESPONSE ~™* "~ -

FORM PTO-15833 (REV. 5-03)
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Application No, =it oo

.UIRB)(MB FOR PATENT APPI'\TIO)IB CONTAINING

NOTICE TO COMPLY.
#OR AMINO ACID SEQUENCE DISCLOSURES

NUCLEOTIDE SEQEEN ﬁL
i § (@)

“The nucleotide Am ﬁ”&no‘leid sequence disclosure contained in this application does

not comply wich‘thc Lremogts for such a disclosure as set forth in 37 CFR 1. 821 -

1.825 for the fﬂf; eason(e): - ,

[:J 1. This application'cleazly fails to comply with the requirements of 37 CFR 1.821

- 1.825. Applicant‘s attention is directed to these regulationl, published at 1114 0G 29,
May 15, 1990 and at 55 FR 18230, May 1, 1990.

[:] 2. This application does not contain, as a separate part of the disclosure on
paper copy, & "Segquence Listing”" ae required by 37 CFR 1.821(¢).

[:] 3. A copy of the "Sequence Listing" in computer readable form has not been
sub9{tted as required by 37 CFR 1.821(e).

/
[:] 4. A copy of the "Sequence Listing” in computer readable form has been submitted.

Zcwever, the content of the computer readable form doees not comply with the requirements
of 37 CFR 1.822 and/or 1.823, as indicated on the attached copy of the marked~up "Raw
Seguence Listing."

[:] S. The computer readable form that has been filed with thie application has been

fcund to be damaged and/or unreadable as indicated on the attached CRF Diskette Problem
Report. A substitute computer readable form must be submitted as required by 37 CFR
1.825(d).

[:] 6. The paper copy of the "Sequence Listing® is not the same ae the computer
readable form of the "Sequence Listing"™ as required by 37 CFR 1.821(e).

L]

Other:

Applicant must provide:

[:] An initial or substitute computer readable form (CRF) copy of the "Sequence

Listing” ) )

[:] initial or substitute paper copy pf the "Sequence Listing®, as well as an
amendment directing its entry into the specification

A statement that the content of the paper and computer readable copies are the same

and, where applicable, include no new matter, as required by 37 CFR 1.821(e) or
1.821(f) or 1.821(g) or 1.825(b) or 1.825(d)

For questions regarding compliance with these requirements, please contact:
For Rules Interpretation, call (703) 308-1123

For CRF submission help, call (703) 308-4212
For PatentlIn software help, call (703) 557-0400

Please return a copy of this notice with your response.
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PATENT DOCKET 709P1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: Unknown

PAUL J. CARTER et al.

Examiner: Unassigned

Serial No. 08/146,206

Filed: 17 November 1993

ANTIBODIES

)
)
)
)
)
)
)
)
For: METHOD FOR MAKING HUMANIZED)
)
)
)
)
)
)
)
)

CERTIFICATE RE: SEQUENCE LISTING

BOX SEQUENCE
Honorable Commissioner of Patents
and Trademarks

Washington, D.C. 20231
Sir:

| hereby state that the Sequence Listing submitted with this application is submitted in paper
copy and a computer-readable diskette, and that the content of the paper and computer readable copies
are the same. v

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

Respectfully submitted,
NTECH, INC.

Date: QKQ t 4¥ By: M
Wendy M. Lee

460 Pt. San Bruno Blvd.

So. San Francisco, CA 94080-4990
Phone: {415) 225-1994

Fax: (415) 952-9881
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In re Application of Group Art Unit: Unknown

PAUL J. CARTER et al. Examiner: Unassigned

Serial No. 08/146,206

Filed: 17 November 1993

ANTIBODIES

)
)
)
)
)
)
)
)
For: METHOD FOR MAKING HUMANIZED)
)
)
)
)
)
)
)
)

AMENDMENT

BOX SEQUENCE

Honorable Commissioner of Patents
and Trademarks

Washington, D.C. 20231

Sir:

This is responsive to the Notice to File Missing Parts of Application - Filing Date Granted and
Notice to Comply with Sequence Rules Pursuant to 37 CFR 1.821-1.825, mailed 2 May 1994. The due
date for this response is 2 June 1994. This response is timely filed.

Please amend the application as follows:

IN THE SPECIFICATION

Please amend the specification by replacing the original Sequence Listing pages 77-94 with the
attached corrected Sequence Listing as pages 77-}4./

REMARKS
An error in the original Sequence Listing filed 11/17/93 was found in SEQ ID NO:23 in that
there claimed to be 557 amino acids, and only 552 residues are shown. This error has been corrected

and now corresponds to Figure 6A and the sequence entitled "pH52-8.0". Another error was founc
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..
08/146,206 Page No. 2

in SEQ ID NO:19 which has also been corrected and now corresponds to Figure 5 (lower panel} and
the sequence entitled "muxCD3".

The inventors submit that this application is now in compliance with the requirements of 37 CFR
1.821-1.825, and respectfully request further processing of this application.

A copy of a document pursuant to 37 C.F.R. 8 10.9(b) is attached as proof of the authorization
of the undersigned to prosecute the above-mentioned application. The original of this document is on

file in the Office of Enroliment and Discipline.

Respectfully submitted,
ENTECH, INC.

Date: é;z- q | By:

Wendy M. Lee

460 Pt. San Bruno Bivd.

So. San Francisco, CA 94080-4990
Phone: {415) 225-1994

Fax: (415) 952-9881
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-77-

(1) GENERAL INFORMATION:

5 (1) APPLICANT: Carter, Paul J. /'
Presta, Leonard G.

/

(ii) TITLE OF INVENTION: Method for Making Humal{ized Antibodies
10 (iii) NUMBER OF SEQUENCES: 25

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Genentech, Inc.
(B) STREET: 460 Point San Bruno BlV
15 (C) CITY: South San Francisco /
(D) STATE: California
(E) COUNTRY: USA
(F) ZIP: 94080 \
20 (v) COMPUTER READABLE FORM: //
(A) MEDIUM TYPE: 5.25 inch/
(B) COMPUTER: IBM PC compa

(C) OPERATING SYSTEM: PC-~DOS/MS-DOS
(D) SOFTWARE: patin (Genefitech)
25 -
{(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBE 08/146206
(B) FILING DATE: 17-NOV-1993
(C) CLASSIFICATION:
30
(vii) PRIOR APPLICATION/DATA:
(A) APPLICATION BER: 07/715272
(B) FILING DATE/ 14-JUN-1991
35 (viii) ATTORNEY/AQE INFORMATION:
(A) NAME: Hg6ak, Janet E.
(B) REGISTRATION NUMBER: 28,616
(C) REFERBNCE/DOCKET NUMBER: 709P1
40 (ix) TELECQ; ICATION INFORMATION:
(A) TEYEPHONE: 415/225-1896
(B) TELEFAX: 415/952-9881
(C)/FELEX: 910/371-7168
45 (2) INFOBMATION FOR SEQ ID NO:1:
(i) /SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(BY TYPE: amino acid
50 (D) TOPOLOGY: linear

BIOEPIS EX. 1002
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10

25

30

35

40

45

50

-78-~
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser
1 5 10
Gly Asp Arg Val Thr Ile Thr Cys Arg Ala
20 25
Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro
35 40
Leu Leu Ile Tyr Ser Ala Ser Phe Leu Glu
50 55
Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp
65 70
Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr
80 85
His Tyr Thr Thr Pro Pro Thr Phe Gly Gln
95 100
Ile Lys Arg Thr
109
(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:
Glu Vval Gln Leu Val Glu Ser Gly Gly Gly
1 5 10
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser
20 25
Asp Thr Tyr Ile His Trp Val Arg Gln Ala
35 40
Glu Trp Val Ala Arg Ile Tyr Pro Thr Asn
50 55
Ala Asp Ser Val Lys Gly Arg Phe Thr Ile
© 65 70
Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser
80 85

Leu

Ser

Gly

Ser

Phe

Tyr

Gly

Leu

Gly

Pro

Gly

Ser

Leu

Ser

Gln

Lys

Gly

Thr

Tyr

Thr

Val

Phe

Gly

Tyr

Ala

Arg

Ala

Asp

Ala

val

Leu

Cys

Lys

Gln

Asn

Lys

Thr

Asp

Ala

Ser

Val

Pro

Pro

Thr

Gln

val

Pro

Ile

Gly

Arg

Thr

Glu

Val
15

Asn
30

Lys
45

Ser
60

Ile
75

Gln
90

Glu
105

Gly
15

Lys
30

Leu
45

Tyr
60

Ser
75

Asp
90

BIOEPIS EX. 1002
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10

15

25

30

35

40

45

50

-79-

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe

95

Ala Met Asp Val Trp Gly Gln Gly Thr Leu

110

(2) INFORMATION FOR SEQ ID NO:3:

(

(x

Asp

1

Gly

Ser

Leu

Arg

Ser

Tyr

Ile

(2)
(

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

i) SEQUENCE CHARACTERISTICS:

(A)

LENGTH:

(B) TYPE:

amino acid
(D) TOPOLOGY: linear

i) SEQUENCE DESCRIPTION:

Ile Gln Met Thr

Asp

Tyr

Leu

Phe

Ser

Asn

Lys

Arg

Leu

Ile

Ser

Leu

Ser

Arg

val

Ala

Tyr

Gly

Gln

Leu

Thr
109

5

Thr
20

Trp
35

Ala
50

Ser
65

Pro
80

Pro
95

Gln

Ile

Tyr

Ala

Gly

Glu

Tyr

Ser

Thr

Gln

Ser

Ser

Asp

Thr

SEQ

Pro

Cys

Gln

Ser

Gly

Phe

Phe

INFORMATION FOR SEQ ID NO:4:

i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:
(D) TOPOLOGY:

amino acid
linear

109 amino acids

100

Val Thr Val Ser
115
ID NO:3:

Ser Ser Leu Ser Ala Ser
10

Arg Ala Ser Gln Asp Val
25

Lys Pro Gly Lys Ala Pro
40

Leu Glu Ser Gly Val Pro
55

Thr Asp Phe Thr Leu Thr
70

Ala Thr Tyr Tyr Cys Gln
85

Gly Gln Gly Thr Lys Val
100

120 amino acids

Tyr
105

Ser
120

Val
15

Ser
30

Lys
45

Ser
60

Ile
75

Gln
90

Glu
105

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly

1

5

10

15
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10

15

25

30

35

40

45

50

-80-
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly
20 25
Asp Tyr Ala Met Ser Trp Val Arg Gln Ala Pro
35 40
Glu Trp Val Ala Val Ile Ser Glu Asn Gly Gly
50 55
Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser
65 70
Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu
80 85
Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly
95 100
Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val
110 115
(2) INFORMATION FOR SEQ ID NO:5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
Asp Ile Val Met Thr Gln Ser His Lys Phe Met
1 5 10
Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser
20 25
Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly
35 40
Leu Leu Ile Tyr Ser Ala Ser Phe Arg Tyr Thr
50 55
Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe
65 70
Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr
80 85
His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly
95 100

Phe
Gly
Tyr
Ala
Arg
Asp

Thr

Ser
Gln
His
ély
Thr
Tyr

Thr

Thr

Lys

Thr

Asp

Ala

Gly

val

Thr

Asp

Ser

val

Phe

Cys

Lys

Phe

Gly

Arg

Thr

Glu

Phe

Ser

Ser

Val

Pro

Pro

Thr

Gln

Leu

Ser
30

Leu
45

Tyr
60

Ser
75

Asp
90

Tyr
105

Ser
120

val
15

Asn
30

Lys
45

Asp
60

Ile
75

Gln
90

Glu
105
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-81-
Ile Lys Arg Ala
109
(2) INFORMATION FOR SEQ ID NO:6:
5
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
10
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly
1 5 10 15
15
Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys
20 25 30
Asp Thr Tyr Ile His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu
35 40 45
Glu Trp Ile Gly Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
50 55 60
25 Asp Pro Lys Phe Gln Asp Lys Ala Thr Ile Thr Ala Asp Thr Ser
65 70 75
Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg Leu Thr Ser Glu Asp
80 85 90
30
Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr
95 100 105
Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser Val Thr Val Ser Ser
35 110 115 120
(2) INFORMATION FOR SEQ ID NO:7:
40 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear :
45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
TCCGATATCC AGCTGACCCA GTCTCCA 27
50
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-82-

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 bases
5 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
)

(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
10
GTTTGATCTC CAGCTTGGTA CCHSCDCCGA A 31
15

(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases
2 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

25

AGGTSMARCT GCAGSAGTCW GG 22

30

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
{({A) LENGTH: 34 bases
35 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

40
TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34
45
(2) INFORMATION FOR SEQ ID NO:11:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 bases
50 (B) TYPE: nucleic acid

)
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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-83-

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

GTAGATAAAT CCTCTAACAC AGCCTATCTG CAAATG 36

(2) INFORMATION FOR SEQ ID NO:12:

10 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
15
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:12:

GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 36

\\\(2) INFORMATION FOR SEQ ID NO:13:
~ (i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 36 bases

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

30
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:13:
GTAGATAAAT CCTCTTCTAC AGCCTATCTG CAAATG 36
35
(2) INFORMATION FOR SEQ ID NO:14:
40 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 68 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
CTTATAAAGG TGTTTCCACC TATAACCAGA AATTCAAGGA TCGTTTCACG 50
50

ATATCCGTAG ATAAATCC 68
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10

15

30

35

40

45

50

(2)

INFORMATION FOR SEQ ID NO:15:

-84-

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

{B) TYPE:
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

30 bases
nucleic acid

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

CTATACCTCC CGTCTGCATT CTGGAGTCCC 30

(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION:

Asp

1

Gly

Asn

Leu

Lys

Ser

Gly

Ile

Ile Gln Met Thr

Asp

Tyr

Leu

Phe

Asn

Asn

Lys
107

Arg

Leu

Ile

Ser

Leu

Thr

val

Asn

Tyr

Gly

Glu

Leu

5

Thr
20

Trp
35

Tyr
50

Ser
65

Gln
80

Pro
95

Gln

Ile

Tyr

Thr

Gly

Glu

Trp

Thr

Ser

Gln

Ser

Ser

Asp

Thr

107 amino acids

SEQ ID NO:16:

Thr

Cys

Gln

Arg

Gly

Ile

Phe

Ser Ser Leu

Arg

Lys

Leu

Thr

Ala

Ala

10

Ala
25

Pro
40
His
55

Asp
70

Thr
85

Gly
100

Ser

Asp

Ser

Tyr

Tyr

Gly

Ser Ala

Gln Asp

Gly Thr

Gly Vval

Ser Leu

Phe Cys

Thr Lys

Ser

Ile

val

Pro

Thr

Gln

Leu

Leu
15

Arg
30

Lys
45

Ser
60

Ile
75

Gln
90

Glu
105
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10

15

25

30

35

40

45

50

(2)

INFORMATION FOR SEQ ID NO:17:

-85-

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:
(B)

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION:

Asp

1
Gly
Asn
Leu
Arg
Ser
Gly

Ile

(2)

Ile Gln Met Thr

Asp

Tyr

Leu

Phe

Ser

Asn

Lys
107

INFORMATION FOR SEQ ID NO:18:

Arg

Leu

Ile

Ser

Leu

Thr

Val

Asn

Tyr

Gly

Gln

Leu

5

Thr
20

Trp
35

Tyr
50

Ser
65

Pro
80

Pro
95

Gln

Ile

Tyr

Thr

Gly

Glu

Trp

Ser

Thr

Gln

Ser

Ser

Asp

Thr

107 amino acids
TYPE: amino acid

SEQ ID NO:17:

Pro

Cys

Gln

Arg

Gly

Phe

Phe

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:
(B) TYPE:
(D)

amino acid

TOPOLOGY: linear

Ser Ser
10

Arg Ala
25

Lys Pro
40

Leu Glu
55

Thr Asp
70

Ala Thr
85

Gly Gln
100

107 amino acids

Leu

Ser

Gly

Ser

Tyr

Tyr

Gly

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

Asp Ile Gln Met Thr

1

5

Gly Asp Arg Val Thr

20

Asn Tyr Leu Ala Trp

35

Ser

Gln

Lys

Gly

Thr

Tyr

Ala

Asp

Ala

Val

Leu

Cys

Lys

Ser Val
15

Ile Axrg
30

Pro Lys
45

Pro Ser
60

Thr Ile
75

Gln Gln
90

Val Glu
105

Gln Ser Pro Ser Ser Leu Ser Ala Ser Val

10

15

Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser

25

30

Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys

40

45

BIOEPIS EX. 1002
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10

15

25

30

35

40

45

50

Leu

Arg

Ser

Tyr

Ile

(2)
(1)

(x1)

Glu

1

Ala

Gly

Glu

Asn

Ser

Ser

Asp

Ser

Leu

Phe

Ser

Asn

Lys
107

(A) LENGTH:
(B) TYPE:
(D)

Val
Ser
Tyr
Trp
Gln
Ser
Ala
Trp

Ser
122

Ile

Ser

Leu

Ser

Tyr

Gly

Gln

Leu

Ala
50

Ser
65

Pro
80

Pro
95

Ala

Gly

Glu

Trp

Ser

Ser

Asp

Thr

amino acid

Gln Leu Gln

Met

Thr

Met

Lys

Thr

Val

Tyr

Lys

Met

Gly

Phe

Ala

Tyr

Phe

5

Ile
20

Asn
35

Leu
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Gln

Ser

Trp

Ile

Asp

Met

Cys

Val

TOPOLOGY: linear

SEQUENCE DESCRIPTION:

Ser

Cys

Val

Asn

Lys

Glu

Ala

Trp

-86-

Ser Leu Glu

55

Gly Thr Asp

70

Phe Ala Thr

85

Phe Gly Gln

INFORMATION FCR SEQ ID NO:19:

SEQUENCE CHARACTERISTICS:
122 amino acids

SEQ

Gly

Lys

Lys

Pro

Ala

Leu

Arg

Gly

100

Ser

Phe

Tyr

Gly

ID NO:19:

Pro Glu Leu

Ala
Gln
Tyr
Thr
Leu
Ser

Ala

10

Ser
25

Ser
40

Lys
55

Leu
70

Ser
85

Gly
100

Gly
115

Gly

His

Gly

Thr

Leu

Tyr

Thr

Gly
Thr
Tyr

Thr

Val
Tyr
Gly
Val
Val
Thr
Tyr

Thr

Val

Leu

Cys

Lys

Lys

Ser

Lys

Ser

Asp

Ser

Gly

val

Pro

Thr

Gln

Val

Pro

Phe

Asn

Thr

Lys

Glu

Asp

Thr

Ser
60

Ile
75

Gln
90

Glu
105

Gly
15

Thr
30

Leu
45

Tyr
60

Ser
75

Asp
90

Ser
105

Val
120
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(2)

INFORMATION FOR SEQ ID NO:20:

-87-

(1) SEQUENCE CHARACTERISTICS:

(2) INFORMATION FOR SEQ ID NO:21:

(7)
(B)

LENGTH:
TYPE:

amino acid
(D) TOPOLOGY: linear

i) SEQUENCE DESCRIPTION:

Val

Ser

Tyr

Trp

Gln

Asn

Ala

Trp

Ser
122

Gln Leu Val

Leu

Thr

Val

Lys

Thr

Val

Tyr

Arg

Met

Ala

Phe

Ala

Tyr

Phe

5

Leu
20

Asn
35

Leu
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Glu

Ser

Trp

Ile

Asp

Leu

Cys

Val

Ser

Cys

Val

Asn

Arg

Gln

Ala

Trp

SEQ

Gly

Ala

Arg

Pro

Phe

Met

Arg

Gly

(i) SEQUENCE CHARACTERISTICS:

(A)
(B)

LENGTH:
TYPE:

amino acid

(D) TOPOLOGY :

linear

122 amino acids

ID NO:20:

Gly Gly Leu

Ala

Gln

Tyr

Thr

Asn

Ser

Gln

122 amino acids

10

Ser
25

Ala
40

Lys
55

Ile
70

Ser
85

Gly
100

Gly
115

Gly

Pro

Gly

Ser

Leu

Tyr

Thr

i) SEQUENCE DESCRIPTION: SEQ ID NO:21:

Val

Tyr

Gly

val

Val

Arg

Tyr

Leu

Gln

Ser

Lys

Ser

Asp

Ala

Gly

Val

Pro Gly
15

Phe Thr
30
45

Thr Tyr
60

Lys Ser
75

Glu Asp
90

Asp Ser
105

Thr Val
120

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly

5

10

15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser

5
(x
10 Glu
1
Gly

15
Gly
Glu

0
Asn
Lys
Thr

30
Asp
Ser

35

40
(x

45
1

50

20

25

30
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-88~
Ser Tyr Ala Met Ser Trp Val Arg Gln Ala Pro
35 40
Glu Trp Val Ser Val Ile Ser Gly Asp Gly Gly
5 50 55
Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser
65 70
10 Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu
80 85
Thr Ala Val Tyr Tyr Cys Ala Arg Gly Arg Val
95 100
15
Ser Gly Leu Tyr Asp Tyr Trp Gly Gln Gly Thr
110 : 115
Ser Ser
2 122
(2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
25 (A) LENGTH: 454 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:
30
Gln Val Gln Leu Gln Gln Ser Gly Pro Glu Leu
1 : 5 10
Ala Ser Val Lys Ile Ser Cys Lys Thr Ser Gly
35 20 25
Glu Tyr Thr Met His Trp Met Lys Gln Ser His
35 40
40 Glu Trp Ile Gly Gly Phe Asn Pro Lys Asn Gly
50 55
Asn Gln Arg Phe Met Asp Lys Ala Thr Leu Ala
65 70
45
Thr Ser Thr Ala Tyr Met Glu Leu Arg Ser Leu
80 85
Ser Gly Ile Tyr Tyr Cys Ala Arg Trp Arg Gly
50 95 100

Gly

Ser

Arg

Arg

Gly

Leu

val

Tyr

Gly

Gly

val

Thr

Leu

Lys

Thr

Asp

Ala

Tyr

Val

Lys

Thr

Lys

Ser

Asp

Ser

Asn

Gly

Tyr

Asn

Glu

Ser

Thr

Pro

Phe

Ser

Ser

Lys

Glu

Tyr

Leu
45

Tyr
60

Ser
75

Asp
90

Leu
105

Val
120

Gly
15

Thr
30

Leu
45

His
Ser
75

Asp
90

Gly
105
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10

15

30

35

40

45

50

Phe

Thr

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

val

val

Glu

Leu

Ser

Ala

Asp

Val

Pro

Leu

Ser

Gln

Ser

Lys

Cys

Leu

Thr

Asp

Asp

Gln

His

Asn

Lys

Val

Ser

Ser

val

Gly

Ser

Ser

Pro

Asp

Gly

Leu

Val

Gly

Tyr

Gln

Lys

Gly

Arg

Ser

Ser

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

Ser

val

Asn

Asp

Ala

Gln

Tyr
110

Ala
125

Lys
140

Asp
155

Leu
170

Gly
185

Leu
200

Asn
215

Thr
230

Pro
245

Ile
260
His
275

Glu
290

Ser
305

Trp
320

Leu
335

Pro
350

Phe

Ser

Ser

Tyr

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

Val

Thr

Leu

Pro

Arg

Asp

Thr

Thr

Phe

Ser

Tyr

Thr

Lys

Thr

vVal

Arg

Asp

His

Tyr

Asn

Ala

Glu

-89-

Val

Lys

Ser

Pro

Gly

Ser

Gln

Val

Cys

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Trp

Gly

Gly

Glu

Val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

vVal

Lys

Ile

Gln

Gly
115

Pro
130

Gly
145

Pro
160
His
175

Ser
190

Tyr
205

Lys
220

Pro
235

Phe
250

Glu
265

vVal
280

Lys
295

Val
310

Glu
325

Glu
340

Val
355

Ala

Ser

Thr

Val

Thr

Ser

Ile

Lys

Cys

Pro

Val

Lys

Thr

Ser

Tyr

Lys

Tyr

Gly

Val

Ala

Thr

Phe

val

Cys

Val

Pro

Pro

Thr

Phe

Lys

Val

Lys

Thr

Thxr

Thr

Phe

Ala

Val

Pro

Val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Pro

Leu

Ser

Ala

Thr

vVal

Pro

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Val
120

Leu
135

Gly
150

Trp
165

Val
180

Val
195

Asn
210

Lys
225

Glu
240

Lys
255

Val
270

Tyr
285

Glu
300

val
315

Val
330

Lys
345

Pro
360
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30

35

40

45

50

Ser
Val
Asn
Asp
Lys
His
Ser

(2)

(x

Met

1
Gly
Val
Tyr
Gly

Gly

val

-90~
Arg Glu Glu Met Thr Lys Asn Gln Val Ser
365 370
Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val
380 385
Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
395 400
Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
410 415
Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
425 430
Glu Ala Leu His Asn His Tyr Thr Gln Lys
440 445
Pro Gly Lys
454
INFORMATION FOR SEQ ID NO:23:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 469 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
i) SEQUENCE DESCRIPTION: SEQ ID NO:23:
Gly Trp Ser Cys Ile Ile Leu Phe Leu Val
5 10
Val His Ser Glu Val Gln Leu Val Glu Ser
20 25
Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys
35 40
Thr Phe Thr Glu Tyr Thr Met His Trp Met
50 55
Lys Gly Leu Glu Trp Val Ala Gly Ile Asn
65 70
Thr Ser His Asn Gln Arg Phe Met Asp Arg
80 85
Asp Lys Ser Thr Ser Thr Ala Tyr Met Gln
95 100

Leu

Glu

Pro

Leu

Cys

Ser

Ala

Gly

Ala

Arg

Pro

Phe

Met

Thr

Trp

Pro

Thr

Ser

Leu

Thr

Gly

Thr

Gln

Lys

Thr

Asn

Cys

Glu

vVal

val

Val

Ser

Ala

Gly

Ser

Ala

Asn

Ile

Ser

Leu
375

Ser
390

Leu
405

Asp
420

Met
435

Leu
450

Thr
15

Leu
30

Gly
45

Pro
60

Gly
75

Ser
90

Leu
105
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10

15

30

35

40

45

50

Arg

Leu

Gly

Val

Ala

Thr

Phe

Val

Cys

val

Pro

Asp

Val

Val

Glu

Val

Ser

Ala
Asn
Thr
Phe
Ala
Val
Pro
Val
Asn
Glu
Val
Thr
Asp
Asp
Gln
His

Asn

Glu

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

Val

Arg

Ala

Leu

Val

Gly

Phe

Gln

Lys

Asp

Gly

Val

Leu

Gly

Trp

vVal

Val

Asp

Lys

Gly

Met

Ser

Met

Asn

Asp

Gly

Thr
110

Phe
125

Thr
140

Ala
155

Cys
170

Asn
185

Leu
200

Thr
215
His
230

Cys
245

Pro
260

Ile
275
His
290

Glu
305

Ser
320

Trp
335

Leu
350

Ala

Asp

val

Pro

Leu

Ser

Gln

Ser

Lys

'Cys

Ser

Ser

Glu

Val

Thr

Leu

Pro

Val

val

Ser

Cys

Val

Gly

Ser

Ser

Pro

Val

Val

Arg

Asp

His

Phe

Asn

Ala

-91-

Tyr

Arg

Ser

Ser

Lys

Ala

Ser

Asn

Ser

Glu

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Tyr

Tyr

Ala

Arg

Asp

Leu

Gly

Phe

Asn

Cys

Leu

Pro

Glu

Ala

Val

Lys

Ile

Cys
115

Phe
130

Ser
145

Ser
160

Tyr
175

Thr
190

Leu
205

Gly
220

Thr
235

Pro
250

Phe
265

Glu
280

val
295

Lys
310

Val
325

Glu
340

Glu
355

Ala

Asp

Thr

Thr

Phe

Ser

Tyr

Thr

Lys

Pro

Pro

val

Gln

Thr

Ser

Tyr

Lys

Arg

Val

Lys

Ser

Pro

Gly

Ser

Gln

Val

Cys

Pro

Thr

Phe

Lys

Val

Lys

Thr

Trp

Trp

Gly

Glu

Glu

val

Leu

Thr

Asp

Pro

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Arg

Gly

Pro

Ser

Pro

His

Ser

Tyr

Lys

Ala

Pro

Val

Trp

Arg

Thr

Lys

Ser

Gly
120

Gln
135

Ser
150

Thr
165

val
180

Thr
195

Ser
210

Thr
225

Thr
240

Pro
255

Lys
270

val
285

Tyr
300

Glu
315

val
330

Val
345

Lys
360
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25

30

35

40

45

50

Thr
Ser
Val
Asn
Asp
Lys
His
Ser

(2)

Asp

1
Gly
Asn
Leu

Arg

Ser

Tyr Thr

Ser Leu

Val Glu

Thr Pro

Lys Leu

Ser Cys

Lys Ser

Leu Ser

Ser Gln

Asn Gly

Ser Gly

Tyr Ser

Tyr Phe

-92-
Lys Gly Gln Pro Arg Glu Pro Gln Val
: 365 370
Arg Glu Glu Met Thr Lys Asn Gln Val
380 385
Lys Gly Phe Tyr Pro Ser Asp Ile Ala
385 400
Gly Gln Pro Glu Asn Asn Tyr Lys Thr
410 415
Ser Asp Gly Ser Phe Phe Leu Tyr Ser
425 430
Ser Arg Trp Gln Gln Gly Asn Val Phe
440 445
Glu Ala Leu His Asn His Tyr Thr Gln
455 460
Pro Gly Lys
469
INFORMATION FOR SEQ ID NO:24:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 214 amino acids
(B) TYPE: aminc acid
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
Val Gln Met Thr Gln Thr Thr Ser Ser
5 10
Asp Arg Val Thr Ile Asn Cys Arg Ala
20 25
Tyr Leu Asn Trp Tyr Gln Gln Lys Pro
35 40
Leu Ile Tyr Tyr Thr Ser Thr Leu His
50 55
Phe Ser Gly Ser Gly Ser Gly Thr Asp
65 70
Asn Leu Asp Gln Glu Asp Ile Ala Thr
80 85

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Ala

Asp

Thr

Val

Leu

Cys

Pro

Cys

Glu

Met

Val

Val

Ser

Ser

Ile

Val

Pro

Thr

Gln

Pro
375

Leu
390

Ser
405

Leu
420

Asp
435

Met
450

Leu
465

Leu
15

Asn
30

Lys
45

Ser
Ile
75

Gln
90
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15

25

30

35

40

45

50

_93_
Gly Asn Thr Leu Pro Pro Thr Phe Gly Gly Gly
95 100
Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe
110 115
Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser
125 130
Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val
140 145
Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu
155 160
Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
170 175
Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
185 190
Val Thr His Gln Gly Leu Ser Ser Pro Val Thr
200 205
Arg Gly Glu Cys
214
(2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 233 amino acids
(B) TYPE: aminc acid
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val
1 5 10
Gly Val His Ser Asp Ile Gln Met Thr Gln Ser
20 25
Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr
35 40
Gln Asp Ile Asn Asn Tyr Leu Asn Trp Tyr Gln
50 55
Lys Ala Pro Lys Leu Leu Ile Tyr Tyr Thr Ser
65 70

Thr

Ile

val

Gln

Ser

Ser

Tyr

Lys

Ala

Pro

Cys

Gln

Thr

Lys

Phe

Val

Trp

val

Thr

Ala

Ser

Thr

Ser

Arg

Lys

Leu

val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Ala

Ser

Ala

Pro

His

Glu
105

Pro
120

Leu
135

Val
150

Glu
165

Thr
180

Glu
195

Asn
210

Thr
15

Leu
30

Ser
45

Gly
60

Ser
75
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10

[§;]

25

30

Gly

Thr

Tyr

Thr

Ile

vVal

Gln

Ser

Ser

Tyr

Lys

Val

Leu

Cys

Lys

Phe

Val

Trp

Val

Thr

Ala

Ser

Pro

Thr

Gln

val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Ser

Ile

Gln

Glu

Pro

Leu

AVal

Glu

Thr

Glu

Asn

Arg
80

Ser
95

Gly
110

Ile
125

Ser
140

Leu
155

Asp
170

Gln
185

Leu
200

Val
215

Arg
230

Phe

Ser

Asn

Lys

Asp

Asn

Asn

Asp

Ser

Thr

Gly

Ser

Leu

Thr

Arg

Glu

Asn

Ala

Ser

Lys

His

Glu

-94-

Gly

Gln

Leu

Thr

Gln

Phe

Leu

Lys

Ala

Gln

Cys
233

Ser

Pro

Pro

Val

Leu

Tyr

Gln

Asp

Asp

Gly

Gly
85

Glu
100

Pro
115

Ala
130

Lys
145

Pro
160

Ser
175

Ser
190

Tyr
205

Leu
220

Ser

Asp

Thr

Ala

Ser

Arg

Gly

Thr

Glu

Ser

Gly

Phe

Phe

Pro

Glu

Asn

Tyr

Lys

Ser

Thr

Ala

Gly

Ser

Thr

Ala

Ser

Ser

His

Pro

Asp

Thr

Gln

Val

Ala

Lys

Gln

Leu

Lys

Val

Tyr
90

Tyr
105

Gly
120

Phe
135

Ser
150

Val
165

Glu
180

Ser
195

Val
210

Thr
225
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RAW SE(%IIJ)ENCE LISTING
PATENT APPLICATION US/08/146,206A

AU 1806

DATE: 06/14/94
TIME: 17:05:48

INPUT SET: S8112.raw

This Raw Listing contains the General
Information Section and up to the first 5 pages.

SEQUENCE LISTING
(1) General Information: T

(i

(i) APPLICANT: Carter, Paul J.
Presta, Leonard G.

(ii) TITLE OF INVENTION: Method for Making Humanized Antibodies
iii) NUMBER OF SEQUENCES: 25

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Genentech, Inc.
(B) STREET: 460 Point San Bruno Blvd
(C) CITY: South San Francisco
(D) STATE: California
{(E) COUNTRY: USA
(F) ZIP: 94080

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: 5.25 inch, 360 Kb floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: patin (Genentech)

(vi) CURRENT APPLICATION DATA:

(A) APPLICATION NUMBER: 08/146206
(B) FILING DATE: 17-NOV-1993
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:

(A) APPLICATION NUMBER: 07/715272
(B) FILING DATE: 14-JUN-1991

(viii) ATTORNEY/AGENT INFORMATION:

(A) NAME: Hasak, Janet E.
(B) REGISTRATION NUMBER: 28,616
(C) REFERENCE/DOCKET NUMBER: 709P1

(ix) TELECOMMUNICATION INFORMATION:

(2)

(A) TELEPHONE: 415/225-1896
(B) TELEFAX: 415/952-9881
(C} TELEX: 910/371-7168

INFORMATION FOR SEQ ID NO:1:

H
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

RAW SEQUENCE LISTING
PATENT APPLICATION

o

(i) SEQUENCE CHARACTERISTICS:

amino acid

(A) LENGTH:
(B) TYPE:
(D) TOPOLOGY:

linear

(xi) SEQUENCE DESCRIPTION:

Asp Ile Gln Met Thr

1

Gly Asp

Thr Ala

Leu Leu

Arg Phe

Ser Ser

His Tyr

Ile Lys

Arg

val

Ile

Ser

Leu

Thr

Arg

Val

Ala

Tyr

Gly

Gln

Thr

Thr
109

5

Thr
20

Trp
35

Ser
50

Ser
65

Pro
80

Pro
95

Gln

Ile

Tyr

Ala

Arg

Glu

Pro

Ser
Thr
Gln
Ser
Ser
Asp

Thr

SEQ

Pro
Cys
Gln
Phe
Gly

Phe

Phe

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION:

Glu vVal Gln Leu Val

1

Gly Ser

Asp Thr

Glu Trp

Ala Asp

Leu

Tyr

vVal

Ser

Arg

Ile

5

Leu
20
His
35

Ala Arg

val

50

Lys

Glu

Serxr

Trp

Ile

Gly

Ser

Cys

Val

Tyr

Arg

SEQ

Gly

Ala

Arg

Pro

Phe

109 amino acids

ID NO:1:

Ser

Arg

Lys

Leu

Thr

Ala

Gly

120 amino acids

ID NO:2:

Gly

Ala

Gln

Thr

Thr

®

US/08/146,206A

Ser
10

Ala
25

Pro
40

Glu
S5

Asp
70

Thr
85

Gln
100

Gly
10

Ser
25

Ala
40

Asn
55

Ile

Leu

Ser

Gly

Ser

Phe

Tyr

Gly

Leu

Gly

Pro

Gly

Ser

Ser

Gln

Lys

Gly

Thr

Tyr

Thr

Val

Phe

Gly

Tyr

Ala

Ala

Asp

Ala

Val

Leu

Cys

Lys

Gln

Asn

Lys

Thr

Asp

DATE: 06/14/94
TIME: 17:06:00

INPUT SET: S8112.raw

Ser

Val

Pro

Pro

Thr

Gln

val

Pro

Ile

Gly

Arg

Thr

Val
15

Asn
30

Lys
45

Ser
60

Ile
75

Gln
90

Glu
105

Gly
15

Lys
30

Leu
45

Tyr
60

Ser
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100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

o

®

DATE: 06/14/94
TIME: 17:06:13

INPUT SET: S8112.raw

75

Leu Arg Ala Glu Asp

90

Gly Asp Gly Phe Tyr

Ser

Val

Pro

Pro

Thr

Gln

val

RAW SEQUENCE LISTING
PATENT APPLICATION US/08/146,206A
65 70
Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser
80 85
Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly
95 100
Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser
110 115
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala
1 5 10
Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp
20 25
Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala
35 40
Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val
50 55
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu
65 70
Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys
80 85
Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln Gly Thr Lys
95 100
Ile Lys Arg Thr
108
(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

105

Ser
120

Val
15

Ser
30

Lys
45

Ser
60

Ile
75

Gln
90

Glu
105
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153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

Glu

Gly

Asp

Glu

Ala

Lys

Thr

Ala

val

Ser

Tyr

Trp

Asp

Asn

Ala

Met

Gln

Leu

Ala

Val

Ser

Thr

val

Asp

RAW SEQUENCE LISTING
PATENT APPLICATION

Leu

Arg

Met

Ala

Val

Ala

TyY

Val

®

val
Leu
20

Ser
35

Val
50

Lys
65

Tyr
80

Tyr
95

Trp
110

Glu

Ser

Trp

Ile

Gly

Leu

Cys

Gly

Ser

Cys

vVal

Ser

Arg

Gln

Ser

Gln

Gly

Ala

Arg

Glu

Phe

Met

Arg

Gly

(2) INFORMATION FOR SEQ ID NO:5:

(1)

(A) LENGTH:

(B) TYPE:

amino acid
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION:

Asp

1

Gly

Thr

Leu

Arg

Ser

Ile

Asp

Ala

Leu

Phe

Ser

Val

Arg

Vval

Ile

Thr

val

Met

val

Ala

Tyr

Gly

Gln

Thr
5

Ser
20

Trp
35

Ser
50

Asn
65

Ala
80

Gln

Ile

Tyr

Ala

Arg

Glu

Ser

Thr

Gln

Ser

Ser

Asp

SEQUENCE CHARACTERISTICS:
109 amino acids

SEQ

His

Cys

Gln

Phe

Gly

Leu

Gly

Ala

Gln

Asn

Thr

Asn

Trp

Thr

ID NO:5:

Lys

Lys

Lys

Arg

Thr

Ala

US/08/146,206A

Gly
10

Ser
25

Ala
40

Gly
55

Ile
70

Ser
85

Gly
100

Leu
115

Phe
10

Ala
25

Pro
40

Tyr
55

Asp
70

val
85

Leu

Gly

Pro

Gly

Ser

Leu

Gly

val

Met

Ser

Gly

Thr

Phe

Tyr

val

Phe

Gly

TyY

Ala

Arg

Asp

Thr

Ser

Gln

His

Gly

Thr

Tyr

Gln

Thr

Lys

Thr

Asp

Ala

Gly

Val

Thr

Asp

Ser

val

Phe

Cys

DATE: 06/14/94
TIME: 17:06:26

INPUT SET: S8112.raw

Pro Gly
15

Phe Ser
30

Gly Leu
45

Arg Tyr
60

Thr Ser
75

Glu Asp
90

Phe Tyr
105

Ser Ser
120

Ser Vval
15

Val Asn
30

Pro Lys
45

Pro Asp
60

Thr Ile
75

Gln Gln
90
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PAGE: 5

206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258

95 100
Ile Lys Arg Ala
109
{2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
Glu Val Gln Leu Gln Gln Ser Gly Pro Glu
1 5 10
Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser
20 25
Asp Thr Tyr Ile His Trp Val Lys Gln Arg
35 40
Glu Trp Ile Gly Arg Ile Tyr Pro Thr Asn
50 55
Asp Pro Lys Phe Gln Asp Lys Ala Thr Ile
65 70
Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg
80 85
Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly
95 ' 100
Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser
110 115

(2)

(1)

(x

RAW SEQUENCE LISTING
PATENT APPLICATION

®

INFORMATION FOR SEQ ID NO:7:

(p)
(B)
(¢
(D)

i) SEQUENCE DESCRIPTION: SEQ ID NO:7:

LENGTH:

) STRANDEDNESS :

SEQUENCE CHARACTERISTICS:
27 bases
TYPE: nucleic acid

single

TOPOLOGY: linear

TCCGATATCC AGCTGACCCA GTCTCCA 27

US/08/146,206A

Leu

Gly

Pro

Gly

Thr

Leu

Gly

Val

val

Phe

Glu

Tyr

Ala

Thr

Asp

Thr

Lys

Asn

Gln

Thr

Asp

Ser

Gly

Val

DATE: 06/14/94
TIME: 17:06:39

INPUT SET: S8112.raw
His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu

Pro

Ile

Gly

Arg

Thr

Glu

Phe

Ser

105

Gly
15

Lys
30

Leu
45

Tyr
60

Ser
75

Asp
90

Tyr
105

Ser
120
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PAGE: 1 SEQUENCE VERIFICATION REPORT DATE: 06/14/94
PATENT APPLICATION US/08/146,206A TIME: 17:06:53

INPUT SET: $S8112.raw

Line Error Original Text

27 Wrong application Serial Number (A) APPLICATION NUMBER: 08/146206
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PATENT DOCKET 709P1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of Group Art Unit: 1804

PAUL J. CARTER et al. Examiner: Unassigned

)
)
)
)
Serial No. 08/146,206 )
)
Filed: 17 November 1993 )
)
For: METHOD FOR MAKING HUMANIZED)
ANTIBODIES L )
RTT VIRV Y. )
KRR N )
a1 1 1994 )
Y B )
‘\'\"-i'f‘f’;\'_\a“\,.‘/!!u'/ L QG@ )
) N o — - -

o

[N L -~
annGhe Y

REQUEST FOR A CORRECTED FILING RECEIPT

JUL 06 1994
Honorable Commissioner of Patents
and Trademarks APPiipnbaten, o o
Washington, D.C. 20231 LICARIGDY i, o

Sir:

Attached is a copy of the Official Filing Receipt received from the PTO in the above application
for which issuance of a corrected filing receipt is respectfully requested. Please make the correction
as follows: Under "CONTINUING DATA..." please add --WHICH IS A CIP OF 07/715,272 06/14/91--;
and please correct the title to read --METHOD FOR MAKING HUMANIZED ANTIBODIES--.

The correction is not due to any error by applicant and no fee is believed to be due. However,
in the event that the Patent Office determines that fees are due in connection with the filing of this
document, we hereby authorize the Commissioner to charge such fees to our Deposit Account No. 07-
0630.

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

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

Respectfully submitted,
, INC.
? [

Wendy M. Lee

of Enroflment and Discipline.

é@#’ggﬂ

460 Pt. San Bruno Blvd.

So. San Francisco, CA 94080-4990
Phone: (415) 225-1994 :
Fax: {415) 952-9881

oy
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

ASSISTANT SCCRETARY AND COMMISSIONCR

OF PATENTS AND TRADEMARKS

Washington, D.C. 20231

LIMITED RECOGNITION UNDER 37 CFR § 10.9(b)

Wendy M. Lee is hereby given limited recognition under 37 CFR § 10.8(b) as an
employee of Genentech, Inc. to prepare and prosecute patent applications and to
represent patent applicants wherein Genentech, Inc. is the assignee of record of the
‘entire interest. This limited recognition shall expire on the date appearing below, or when
whichever of the following events first occurs prior to December 9, 1984: (i) Wendy M.
Lee ceases 1o iawiuliy resige in the United States, (i) Wendy M. Lee's employment with
Genentech, Inc. ceases or is terminated, or (iii) Wendy M. Lee ceases to remain or reside
in the United States on an H-1 visa.

This document constitutes proof of such recognitidn. The original of this documeant is on
file in the Office ot Enroliment and Discipline of the U.S. Patent and Trademark Office.

Expires: December 9, 1994 %MMA’Z

Cameron Weitigftbach, Director
Office of Enroliment and Discipline
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PTO-103X
{Rev, 7-93)

UNITED STATES DEPARTMENT OF COMMERCE dn i
Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER

OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

IS

FILING RECEIPT

APPLICATION NUMBER' FILING DATE lGRP ART UN!T‘ FIL FEE REC'D lATTORNEY DOCKET NO.‘ DRWGS‘ TOT CLI IND CL

08/146,206 11/17/93 1804  $1,592.00 709P1 9 18 9
JANET E. HASAK RECEIVED
GENENTECH, INC.

460 POINT SAN BRUNO BOULEVARD MAY 1 31994

SOUTH SAN FRANCISCO, CA 94080-4990
GENENTECH, INC. LEGAL DEPT.

Receipt is acknowledged of this patent application. It will be considered in its order and you will be notified as to the rasuits of

. the examination, Be sure to provide the U.S. APPLICATION NUMBER, FILING DATE, NAME OF APPLICANT, and TITLE OF INVENTION

when inquirlng about this application. Fees transmitted by check or draft are subject to coflection. Please verify the accuracy of the
data presented on this receipt. If an arror is noted on this Filing Receipt, please write to the Application Processing Divislon’s Customer
Correction Branch within 10 days of receipt. Please provide a copy of the Filing Receipt with the ch noted th

Applicant(s) PAUL J. CARTER, SAN FRANCISCO, CA; LEONARD G. PRESTA,
SAN FRANCISCO, CA.

CONTINUING DATA AS CLAIMED BY APPLICANT-
THIS APPLN IS A 371 OF /Us92/05126 06/15/92

FOREIGN/PCT APPLICATIONS-PCT S PCT/US92/05126 06/15/92
TITLE
IMMUNOGLOBULIN VARIANTS

PRELIMINARY CLASS: 435
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WORLD INTELLECTUAL PROPERTY OR(QATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 : (11) International Publication Number: WO 92/22653
C12N 15/13, C12P 21/08 Al
C07K 13/00, C12N 5/10 (43) International Publication Date: 23 December 1992 (23.12.92)
GO6F 15/00 .

(21) International Application Number: PCT/US92/05126 { (72) lnventors; and

(22) International Filing Date: 15 June 1992 (15.06.92)

(30) Priority data:

715,272 14 June 1991 (14.06.91) us

(60) Parent Application or Grant
(63) Related by Continuation
US 715,272 (CIP)

Filed on 14 June 1991 (14.06.91)

(71) Applicant (for all designated States except US): GENEN-
TECH, INC. [US/US]; 460 Point San Bruno Boulevard,
South San Francisco, CA 94080 (US).

(75) Inventors/Applicants (for US only) : CARTER, Paul, J.
[GB/US]); 2074 18th Avenue, San Francisco, CA 94116
(US). PRESTA, Leonard, G. [US/US]; 1900 Gough
Street, #206, San Francisco, CA 94109 (US).

(74) Agents: ADLER, Carolyn, R. et al.; Genentech, Inc., 460
. Point San Bruno Boulevard, South San Francisco, CA
94080 (US).

(81) Designated States: AT (European patent), AU, BE (Euro-
pean patent), CA, CH (European patent), DE (Euro-
pean patent), DK (European patent), ES (European pa-
tent), FR (European patent), GB (European patent), GR
(European patent), IT (European patent), JP, LU (Euro-
pean patent), MC (European patent), NL (European pa-
tent), SE (European patent), US.

Published
With international search report.
Before the expiration of the time limii for amending the
claims and to be republished in the event of the receipt of
amendments. :

(54) Title: METHOD FOR MAKING HUMANIZED ANTIBODIES

(57) Abstract

3 e s e A

Aaneal vV, or hoVy oligomers to pAK| template

-\ “‘—J—*S‘

Variant immunoglobulins, particularly humanized
antibody polypeptides are provided, along with methods
for their preparation and use. Consensus immunoglobulin
sequences and structural models are also provided.

1. Ligate

2. lsolate assembied cligomers

3. Anneal to pAK] template (Xho! =, Sad+)
4. Extend and ligme

1. Transform E. coli

2. Isolste phagemid pool
3. Enrich for boV{ and buVy(Xho /%, Sad~)

4. Sequence verify

G v
(% Cal

pAK2

Xho!
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| % l lugp 206 '. f\’; UNITED STAT‘ES DEPARTMENT OF COMMERCE

: | Patent and Trademark Office

Y, ey j Address: COMMISSIONER OF PATENTS AND TRADEMARKS
s P | Washington, D.C. 20231

{ SERIALNUMBER |  FILING DATE ] FIRST NAMED APPLICANT  ~ "~~~ |  ATTORNEY DOCKETTNO. |

[ EXAMINER |

[ ART UNIT [ PAPERNUMBER |

53

DATE MAILED: 5/15 / 7
EXAMINER INTERVIEW SUMMARY RECORD S LT

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

8] TLNQ‘:A @\) r \Q L QTGB 3) Qeﬂ\gs-) k-C e
@ u \a. F@Ge (4 ( Q TO\ (@)
Date of interview 83 A\LI qa\

Type: O Telephonic  §_Personal (copy is givento O applicant Mappllcant’s representative).
Exhibit shown or demonstration conducted: OO Yes O No. if yes, brief description: Monre

Agreement (] was reached with respect to some or all of the claims in question. [X_was not reached.

Claims discussed: ‘A:{_\_&A{Qx'nf

identification of prior art discussed: k &b“ WA NS

Description of the general nature of what was agreed to if an agreement was reached, or any other comments: X n

080 0 wpper limil b0 offl, Soirm 113 + 128,

(A tuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims aliowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)

1. ltis not necessary for applicant to provide a separate record of the substance of the interview.

Unless the paragraph beiow has been ¢hecked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS NOT
WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this form). If a response to the last Office
action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview.

O 2. Since the examiner’s interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the
response requirements of the last Office action. Applicant is not relieved from providjng a separate record of the substance of the interview unless
box 1 above is also checked.

Examindr’s Signature

OFHGINAL_ FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER

PTOL-413 (REV. 2 -93)
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address : COMMISSIONER UEFOZIB\TENTS AND TRADEMARKS

Washingtan, D.C

[ SERIALNUMBER | FILNG DATE | FIRST NAMED INVENTOR . iATTOR!&E&BﬁEK—E?AJ__o“
05/146,206 11/17/93  CARTER P 703F1

CTTUEXAMINER

ArAMaTE— - e

18M2/ 0826 ‘ )

JANET E. HASAK J RS S
GENENTEGH, INC. [T ARTUNIT | PAPERNUMBER !
460 POINT SAN BRIUND BOULEVARD -
SOUTH SAN FRANCISCO, CA  94030-4390 180&

OATE MAILED: ;oo oy

Thes is a communicacon from the cxamiier ' C12rge of your applicaton.
COMMISSIONER OF PATENTS AND TRADEMARKS

. This application has bean examined a Responsive to communicationfledon . a mhacllo&lsmadeﬂnal.
Ammmmmwmmbmmm___@i_mmx days trom the date of this letter.
Failure to respond within the period for response will cause the i d. 35U.S.C. 133

Partl THE FOLLOWING ATTACMMENT(S) ARE PART OF THIS ACTION:

1. O wotice of R Cited by PTO-892. 2. [0 Notice re Patent Drawing, PTO-848.
3 [0 Notice of Art Cited by Applicant, PTO-1449. & [0 Notice of informal Patent Appiication, Form PTO-152.
8 [ intormation on How to Effect Drawing Changes, PTO-1474. s« O

Part8 SUMMARY OF ACTION

1 wctaims 1/"/5 i are g in the
Of the abowe, claims are withdrawn from consideration.
2 O ctams . have been cancetied
3. [0 ciaims are d
4 O cuims are .
5. O ciams are objected to.
& X caims /18 are to or election req

7. O This appiication has been fad with informal drawings under 37 C.F.R. 1.85 which are acceptabile for examination purposes.

& [ Formal

g% are required in to this Office action.

« O The comrected or substitute drawings have been tved on .Under:ﬁC.F.R. 1.84 these drawings
are [ acceptatie. [ not acceptatie (see expianation or Notice re Patant Drawing, PTO-848).

10. [0 The propased additionai or substituts shest(s) of drawings, filad on has (have) been [] approved by the
examiner. [J disapproved by the examiner (see explanation).

1. [ mepr n, fled on hasbeen (] approved. (] disappraved (see expianation).

12 [ Acknowsedgment is made of the ctaim for priority under U.S.C. 119. The certified copy has [] been received [] not been received
O teen fied in parent serial no. ; filed an

n E] Since this application appears to be in conditicn for aflowance except for formal matters, prosecution as to the merits Is closed in
with the under Ex parte Quayte, 1935 C.0. 11; 453 0.G. 213.

1. [ other

EXAMINER'S ACTION
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Serial No. 08/146,206 ’ 2
Art Unit 1806

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

I. Claims 1-12"and fﬁ,}drawn to a method of making a
humanized dntibody, classified in Class 435, subclasses
9.6, 69.7, 70.21, 91, 172.2, 240.1, 240.27, 252.3,
320.1 and Class 536, subclass 23.53

II. Claim 134 drawn to a polypeptide, classified in Class
530, subclass 325.

ITI. Claim 14{ drawn to a polypeptide, classified in Class
530, subclass 325.

IV. Claim 164 drawn to a computer, classified in Class 364,
subclass ‘413.

V. Claim 17I drawn to a computer representation,
classified in Class 36, subclass 223.3, 223.4, 224.1,
224.91, 225.9 and 226.1

VI. Claim 18, drawn to a method of storing a computer
representation, classified in Class 369, subclass 13+

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

17. The inventions of Groups I-III are not related. The method
of making a humanized antibody of Group I is distinct from the
polypeptides of either Groups II or III. The polypeptides are
not ‘humanized antibodies. Thus the method of Group I is not
expected to produce the polypeptides of Groups II or III. The
Groups therefore have different issues regarding patentability
and enablement and represent patentably distinct subject matter.

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

19. The products of Groups II-V are distinct and unrelated. The
peptides of Groups II and III differ chemically and physically
from a computer and computer representation. Additionally, the
peptides have different sequences and thus differed structures
and pharmacokinetic properties. The Groups therefore have
different issues regarding patentability and enablement and
represent patentably distinct subject matter.

20. The method of Group I is distinct from the products of
Groups [IV and V]. The method of Group I can in no manner
produce a computer or computer representation as claimed in
Groups IV and V. The Groups therefore have different issues
regarding patentability and enablement and represent patentably
distinct subject matter.
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Serial No. 08/146,206

Art Unit 1806

w

21. The products of Groups II and III can not be produced by the

method of Group VI. They therefore have different issues

regarding patentability and enablement and represent patentably

distinct subject matter.

22. The computer of Group IV is distinct from both a method of

storing a computer representation of Group VI and a computer

representation Group V. The program required for (1} storing or

{(2) providing a representation (i.e. word processing text) are

distinct components from the architecture of a computer system.

Thus the Groups are separate and patentably distinct from each
other. They have different issues regarding patentability and
enablement.

23. The computer representation of Group V is distinct from a

method of storing a computer representation. The logic required
for these two applications are distinct and unrelated. The Groups
have different issues regarding patentability and enablement and

represent patentably distinct subject matter.

24. Because these inventions are distinct for the reasons given

above and have acquired a separate status in the art shown by

their different classification, in addition to their recognized
divergent subject matter, they represent an undue burden on the

examiner and restriction for examination purposes as indicated
proper.

is

25. Applicant is advised that the response to this requirement

to be complete must include an election of the invention to be
examined even though the requirement be traversed.

26. Applicant is reminded that upon the cancellation of claims
to a non-elected invention, the inventorship must be amended in

compliance with 37 C.F.R. § 1.48(b) if one or more of the
currently named inventors is no longer an inventor of at least
one claim remaining in the application. Any amendment of

inventorship must be accompanied by a diligently-filed petition

under 37 C.F.R. § 1.48(b) and by the fee required under 37 C.F
§ 1.17(h).

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

-R.

to

28. Papers related to this application may be submitted to Group
180 by facsimile transmission. Papers should be faxzed to Group
180 via the PTO Fax Center located in Crystal Mall 1. The faxing

of such papers must conform with the notice published 1in the
Official Gazette, 1096 0OG 30 (November 15, 1989). The CM1l Faxz
Center telephone number is (703) 308-4227.
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Serial No. 08/146,206 4

Art Unit 1806

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

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

10 relating to the status of this application should be directed to
the Group 180 receptionist whose telephone number is (703) 308-
019%96.

August 25, 1994
15
Donald E. Adams, Ph.D.
Patent Examiner
Group 1800
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48 PATENT DOCKET 709P1

IN THE UNITED STATES PATENT AND TRADEMARK\QFFICE

n re Application of

" paul J. Carter et al.

Group Art Unit: 1806
Examiner: D. Adams

Serial No. 08/146,206

Filed: 17 November 1993

)

)

)

)

)

)

)

)

For: METHOD FOR MAKING HUMANIZED )
ANTIBODIES )
)

)

)

)

)

)

)

RECEIVED
SEP 3 U 1994
GROUP 1800

TRANSMITTAL LETTER

Honorable Commissioner of Patents
and Trademarks
Washington, D.C. 20231

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

The fee has been calculated as shown below.

Total 20 Minus 23 = 0 x 22 = $0
Indep. 7 Minus 10 = 0 x 74 = $0
___ First Presentation of Multiple Dependent Claim + 230 = $0
TOTAL $0

__X_No additional fee is required.

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

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

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

Respectfully submitted,

G TECH, INC.
Date: September 22, 1994 By:

Wendy M. Lee
460 Pt. San Bruno Bivd.
So. San Francisco, CA 94080-4990
Phone: {415} 225-1994
Fax: (415) 952-9881
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§ \-f % { UNITED STATES DEPARTMENT OF COMMERCE
- ¥4 :| Patent and Trademark Office
Y CTJ & | ASSISTANT SCORETARY AND COMMISSIONGR
ey or ¥ OF PATENTS ANO TRADEMARKS
Washington, D.C. 20231

LIMITED RECOGNITION UNDER 37 CFR § 10.9(b)

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

This document constitutes proof of such recegnition. The original of this document is on
file in the Ofiice of Enroliment and Discipline of the U.S. Patent and Trademark Office.

Expires: December 9, 1994 | é"ﬂtd‘ Mbﬂ"éé

Cameron Weittéfbach, Director
Office of Enroliment and Discipline

.
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PATEXT DOCKET 709P1

IN THEUNITED STATES PATENT AND TRADEMARK OFFIOR} ECE! VED

S
In re Application of ) Group Art Unit: 1&'06EP 30 1994
) R ’
Paul J. Carter et al. ) Examiner: D. Adams OUP 180q
)
Serial No. 08/146,206 )
)
Filed: 17 November 1993 )
)
For: METHOD FOR MAKING HUMANIZED )
ANTIBODIES )
)
)
)
)
)
)
)

RESPONSE TO RESTRICTION REQUIREMENT

Honorable Commissioner of Patents
and Trademarks
Washington, D.C. 20231
Sir:
This is responsive to the restriction requirement mailed 8/26/94. The period for response has
been set for 30 days making this response due on or before 9/25/94. This response is timely filed.

" Please amend the application as follows:

IN THE CLAIMS:
-
Please cancel claims 16-18 witheut prejudice.
REMARKS

The Examiner required restriction to one of the following inventions under 35 USC §121:
{. Claims 1-12 and 15, drawn to a method of making a humanized antibody.
Il. Claim 13 drawn to a polypeptide.»
IIl. Claim 14 drawn to a polypeptide.
IV. Claim 16 drawn to a computer.
V. Claim 17 drawn to a computer representation.

VI. Claim 18 drawn to a method of storing a computer representation.
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The Examiner urges that the inventions of Groups I-lfl are not related insofar as the polypeptides
of either Groups Il or 1l are "not humanized antibodies” and are therefore distinct from the method of
making a humanized antibody recited in claim 1. The Examiner has also taken the position that the
method of Group | is not expected to produce the polypeptides of Groups |l or lil.

Applicants hereby elect Group |, with traverse. The restriction requirement is submitted to be
improper as regards the separate treatment of Groups [, I, and lll. The claims in the remaining Groups
IV, V, and VI have been canceled from this application, without prejudice to file a continuing application
directed thereto.

It is submitted that the inventions of Groups |, Il, and Ili as hereinabove defined are not distinct.
These inventions are all respectively related as method of making a humanized antibody (Group 1) and
the humanized antibody made using the method of claim 1. Applicants submit that the assumption
made that the polypeptides of claims 13 and 14 are not humanized antibodies is clearly in error. In
particular, claims 13 and 14 encompass the light chain and heavy chain variable domain, respectively,
of humanized MAb4D5 made using the method of claim 1 (see page 7, lines 13-21 and Example 1
which describes humanization of muMAb4D5). Surely, the Examiner will agree that the claim
encompassing the light chain variable domain of the humanized MAb4D5 (claim 13) and the claim to
the heavy chain variable domain of this humanized antibody (claim 14) should be examined together,
since both a heavy chain and a light chain are required to form the antibody variable domain. Hence,
the separate treatment of Groups Il and Ill is clearly erroneous. Furthermore, since the humanized
antibody variable domains of claims 13 and 14 are made using the humanization technique of claim 1,
these claims should be examined together.

With respect to the search required to determine the patentability of the inventions defined by
the claims of Groups |, I, and {li, applicants represent that it is impossible to conduct an exhaustive
search for a method of making a humanized antibody without searching for humanized antibodies made
using the method. Similarly, the search for the claimed humanized antibody is bound to reveal
information concerning the technique for humanizing it. In the same token, a search of the amino acid
sequence encoding the humanized heavy chain variable domain of the antibody would lead to the
discovery of information concerning the humanized light chain variable domain. Accordingly,
performing the entire search covering the method and products made by the method is less burdensome
on the Examiner than the separate search, which necessarily involves duplication of searching efforts.

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

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

file in the Office of Enroliment and Discipline.

- Respectfully submitted,
GE TECH, INC.

oue: S8t 20 1A o (WW\loa

Wendy M. Lee

460 Pt. San Bruno Bivd.

So. San Francisco, CA 94080-4990
Phone: (415) 225-1994

Fax: {415) 952-9881
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Gly

Ser

Glu

Ala

Lys

Thr

Ser

Ser

(2)

(i)

(x1)

Ser

Tyr

Trp

Asp

Asn

Ala

Gly

Ser
122

(R)
(B)

Leu

Ala

val

Ser

Thr

Val

Leu

Arg

Met

Ser

val

Leu

Tyr

Tyr

LENGTH:

Leu
20

Ser
35

val
50

Lys
€5

Tyr
80

Tyr
95

Asp
110

(D) TOPOLOGY:

Ser

Trp

Ile

Gly

Leu

Cys

Tyr

Cys

Val

Ser

Arg

Gln

Ala

Trp

Linear

Gln Val Gln Leu Gln Gln

1

Ala

Glu

Glu

Asn

Thr

Ser

Phe

Thr

Ser

Tyr

Trp

Gln

Ser

Gly

Asp

Val

vVal

Thr

Ile

Arg

Thr

Ile

val

Ser

Lys

Met

Gly

Phe

Ala

Tyr

Arg

Ser

5

Ile
20
His
35

Gly
50

Met
65

Tyr
80

Tyr
g5

Tyr
110

Ala
125

Ser

Trp

Phe

Asp

Met

Cys

Phe

Ser

SEQUENCE DESCRIPTION:

Ser

Cys

Met

Asn

Lys

Glu

Ala

Asp

Thr

Ala

Arg

Gly

Phe

Met

Arg

Gly

INFORMATION FOR SEQ ID NO:22:

SEQUENCE CHARACTERISTICS:
454 amino acids
TYPE: Amino Acid

SEQ

Gly

Lys

Lys

Pro

Ala

Leu

Arg

Val

Lys

Ala

Gln

Asp

Thr

Ash

Gly

Gln

Ser
25

Ala
40

Gly
55

Ile
70

Ser
85

Arg
100

Gly
115

Gly

Pro

Gly

Ser

Leu

Val

Thr

ID NO:22:

Pro
Th?
Gln
Lys
Thr
Arg
Trp
Trp

Gly

Glu
10

Ser
25

Ser
40

Asn
55

Leu
70

Ser
85

Arg
100

Gly
115

Pro
130

Leu
Gly
His
Gly
Ala
Leu
Gly
Ala

Ser

Phe

Gly

Ser

Arg

Arg

Gly

Leu

Val

Tyr

Gly

Gly

val

Thr

Leu

Gly

Val

Thr

Lys

Thr

Asp

Ala

Tyr

vVal

Lys

Thr

Lys

Ser

Asp

Ser

Asn

Thr

Phe

Phe

Gly

Tyr

Asn

Glu

Ser

Thr

Pro

Phe

Ser

Ser

Lys

Glu

Tyr

Thr

Pro

Ser
30

Leu
45

Tyr
60

Ser
75

Asp
90

Leu
105

Val
120

Gly
15

Thr
30

Leu
45
His
60

Ser
75

Asp
90

Gly
105

val
120

Leu
135
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Ala

Ccys

Asn

Leu

Pro

His

Ser

Leu

Asp

val

Val

Glu

Leu

Ser

Ala

Ser

Val

Asn

Asp

Lys

Pro

Leu

Ser

Gln

Ser

Lys

Cys

Leu

Thr

Asp

Asp

Gln

His

Asn

Lys

Arg

Lys

Gly

Ser

Ser

Ser

Val

Gly

Ser

Ser

Pro

Asp

Gly

Leu

Val

Gly

Tyr

Gln

Lys

Gly

Glu

Gly

Gln

Asp

Arg

Ser

Lys

Ala

Ser

Ser

Ser

Lys

Gly

Met

Ser

Val

Asn

Asp

Ala

Gln

Glu

Phe

Pro

Gly

Trp

Lys
140

Asp
155

Leu
170

Gly
185

Leu
200

Asn
215

Thr
230

Pro
245

Ile
260
His
275

Glu
290

Ser
305

Trp
320

Leu
335

Pro
350

Met
365

Tyr
380

Glu
395

Ser
410

Gln
425

Ser

Tyr

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

Thr

Phe

Ser

Tyr

Thr

Lys

Thr

Val

Arg

Asp

His

Tyr

Asn

Ala

Glu

Lys

Ser

Asn

Phe

Gly

Ser

Pro

Gly

Ser

Gln

Val

Cys

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Asn

Asp

Tyr

Leu

Asn

Gly

Glu

Val

Leu

Thr

Asp

Pro

Leu

Pro

Glu

Ala

Val

Lys

Ile

Gln

Gln

Ile

Lys

Tyr

Val

Gly
145

Pro
160
His
175

Ser
130

Tyr
205

Lys
220

Pro
235

Phe
250

Glu
265

val
280

Lys
295

Val
310

Glu
325

Glu
340

Val
355

Val
370

Ala
38§

Thr
400

Ser
415

Phe
430

Thr

Vval

Thr

Ser

Ile

Lys

Cys

Pro

Val

Lys

Thr

Serx

Tyr

Lys

Tyr

Ser

val

Thr

Lys

Ser

Ala

Thr

Phe

Vval

Cys

Val

Pro

Pro

Thr

Phe

Lys

Val

Lys

Thr

Thr

Leu

Glu

Pro

Leu

Cys

Ala

val

Pro

Val

Asn

Glu

Ala

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Ser

Ala

Thr

Val

Pro

Pro

Pro

Val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

Val

Val

Val

Gly
150

Trp
165

Val
180

Val
195

Asn
210

Lys
225

Glu
240

Lys
255

val
270

Tyr
285

Glu
300

vVal
315

Val
330

Lys
345

Pro
360

Leu
375

Ser
390

Leu
405

Asp
4290

Met
435
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Ser Pro Gly Lys

(2) INFORMATION FOR SEQ ID NO:23:

454

440

(1) SEQUENCE CHARACTERISTICS:

(A)
(B)
(D)

LENGTH:

Linear

(xi) SEQUENCE DESCRIPTION:

Met Gly Trp Ser Cys Ile Ile

1

Gly Val

Val Gln

Tyr Thr

Gly Lys

Gly Thr

Val Asp

Arg Ala

Leu Asn

Gly Thr

Val Phe

Ala Ala

Thr Vval

Phe Pro

val val

His

Pro

Phe

Gly

Ser

Lys

Glu

Tyr

Leu

Pro

Leu

Ser

Ala

Thr

Ser

Gly

Thr

Leu

His

Ser

Asp

Gly

Val

Leu

Gly

Trp

val

val

5

Glu
20

Gly
35

Glu
50

Glu
65

Asn
80

Thr
95

Thr
110

Phe
125

Thr
140

Ala
155

Cys
170

Asn
185

Leu
200

Thr
215

Val

Ser

Tyr

Trp

Gln

Ser

Ala

Asp

val

Pro

Leu

Ser

Gln

sSer

Gln

Leu

Thr

Val

Arg

Thr

Val

val

Ser

Cys

vVal

Gly

Ser

Ser

SEQ

Leu

Leu

Arg

Met

Ala

Phe

Ala

Tyr

Arg

Ser

Ser

Lys

Ala

Ser

Asn

469 amino acids
TYPE: Amino Acid
TOPOLOGY :

445

ID NO:23:

Phe

Val

Leu

His

Gly

Met

Tyr

Tyr

Tyr

Ala

Arg

Asp

Leu

Gly

Phe

Leu
10

Glu
25

Ser
40

Trp
55

Ile

70-

Asp
85

Met
100

Cys
115

Phe
130

Ser
145

Ser
160

Tyr
175

Thr
190

Leu
205

Gly
220

val

Ser

Cys

Met

Asn

Arg

Gln

Ala

Asp

Thr

Thr

Phe

Ser

Tyr

Thr

Ala

Gly

Ala

Arg

Pro

Phe

Met

Arg

Val

Lys

Ser

Pro

Gly

Ser

Gln

Thr

Gly

Thr

Gln

Lys

Thr

Asn

Trp

Trp

Gly

Glu

Glu

Val

Leu

Thr

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu

Ala

Gly

Ser

Ala

Asn

Ile

Ser

Arg

Gly

Pro

Ser

Pro

His

Ser

Tyr

450

Thr
15

Leu
30

Gly
45

Pro
60

Gly
75

Ser
90

Leu
105

Gly
120

Gln
135

Ser
150

Thr
165

Val
180

Thr
195

Ser
210

Thr
225
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Cys

val

Pro

Asp

val

Val

Glu

Val

Ser

Thr

Ser

val

Asn

Asp

Lys

His

Ser

(2)

Asn Val

Glu Arg

Val Ala

Thr Leu

Asp Val

Asp Gly

Gln Phe

His Gln

Asn Lys

Lys Gly

Arg Glu

Lys Gly

Gly Gln

Ser Asp

Ser Arg

Glu Ala

Pro Gly

INFORMATION FOR SEQ ID NO:24:

Asp

Lys

Gly

Met

Ser

Met

Asn

Asp

Gly

Gln

Glu

Phe

Pro

Gly

Trp

Leu

Lys
469

His
230

Cys
245

Pro
260

Ile
275
His
290

Glu
305

Ser
320

Trp
335

Leu
350

Pro
365

Met
380

TYyr
395

Glu
410

Ser
425

Gln
440
His
455

Lys

Cys

Ser

Ser

Glu

val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

Asn

Pro

vVal

Val

Arg

Asp

His

Phe

Asn

Ala

Glu

Lys

Ser

Asn

Phe

Gly

His

Ser

Glu

Phe

Thr

Pro

Asn

Arg

Gly

Pro

Pro

Asn

Asp

Tyr

Leu

Asn

Tyr

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 214 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY:

Linear

(xi) SEQUENCE DESCRIPTION:

Asn

Cys

Leu

Pro

Glu

Ala

Val

Lys

Ile

Gln

Gln

Ile

Lys

Tyr

Val

Thr

Thr
235

Pro
250

Phe
265

Glu
280

val
295

Lys
310

val
325

Glu
340

Glu
355

val
370

val
385

Ala
400

Thr
415

Ser
430

Phe
445

Gln
460

Lys

Pro

Pro

val

Gln

Thr

Ser

Tyr

Lys

Tyr

Ser

Val

Thr

Lys

Ser

Lys

SEQ ID NO:24:

val

Cys

Pro

Thr

Phe

Lys

Val

Lys

Thr

Thr

Leu

Glu

Pro

Leu

Cys

Ser

Asp

Pro

Lys

Cys

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Lys

Ala

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

Met

Val

val

Ser

Thr
240

Pro
255

Lys
270

val
285

Tyr
300

Glu
315

vVal
330

val
345

Lys
360

Pro
375

Leu
390

Ser
405

Leu
420

Asp
435

Met
450

Leu
465

BIOEPIS EX. 1002
Page 690



Asp Val Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu
Gly Asp Arg Val Thr Ile Asn Cys Arg Ala Ser Gln Asp Ile Asn
20 25 30

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

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

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

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

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

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

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

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

Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu
155 160 165

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr
170 175 180

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

val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn
200 . 205 210

Arg Gly Glu Cys
214

(2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 233 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr
1 5 10 15

Gly Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu
20 .25 30
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Ser Ala

Gln Asp

Lys Ala

Gly Val

Thr Leu

Tyr Cys

Thr Lys

Ile Phe

Val val

Gln Trp

Ser Val

Ser Thr

Tyr Ala

Lys Ser

(2) INFORMATION FOR SEQ ID NO:26:

Ser

Ile

Pro

Pro

Thr

Gln

Val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Val

Asn

Lys

Ser

Ile

Gln

Glu

Pro

Leu

Val

Glu

Thr

Glu

Asn

Gly
35

Asn
50

Leu
65

Arg
80

Ser
95

Gly
110

Ile
125

Ser
140

Leu
155

Asp
170

Gln
185

Leu
200

val
215

Arg
230

Asp
Tyr
Leu
Phe
Ser
Asn
Lys
Asp
Asn
Asn
Asp
Ser
Thr

Gly

Azs
Leu
Ile
Ser
Leu
Thr
Arg
Glu
Asn
Ala
Ser
Lys
His

Glu

Val
Asn
Tyr
Gly
Gln
Leu
Thr
Gln
Phe
Leﬁ
Lys
Ala
Gln

Cys
233

(i) SEQUENCE CHARACTERISTICS:

{A)
{B)

LENGTH:

(D) TOPOLOGY: Linear

Thr

Trp

Tyr

Ser

Pro

Pro

Val

Leu

Tyr

Gln

Asp

Asp

Gly

122 amino acids
TYPE: Amino Acid

Ile
40

Tyr
55

Thr
70

Gly
85

Glu
100

Pro
115

Ala
130

Lys
145

Pro
160

Ser
175

Ser
180

Tyr
205

Leu
220

Thr

Gln

Ser

Ser

Asp

Thr

Ala

Ser

Arg

Gly

Thr

Glu

Ser

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:

Glu vVal Gln Leu Val

1

5

Gly Ser Leu Arg Leu

20

Gly Tyr Thr Met Asn

35

Cys

Gln

Thr

Gly

Phe

Phe

Pro

Gly

Glu

Asn

Tyr

Lys

Ser

Arg

Lys

Leu

Thr

Ala

Gly

Ser

Thr

Ala

Ser

Ser

His

Pro

Ala Ser
45

Pro Gly
60

His Ser
75

Asp Tyr
80

Thr Tyr
105

Gln Gly
120

Val Phe
135

Ala Ser
150

Lys Val
165

Gln Glu
180

Leu Ser
195

Lys Val
210

Val Thr
225

Glu Ser Gly Gly Gly Leu Val Gln Pro Gly

10

15

Ser Cys Ala Ala Ser Gly Tyr Ser Phe Thr

25

30

Trp Val Arg Gln Ala Pro Gly Lys Gly Leu

40

45
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Glu

Ala

Lys

Thr

Asp

Ser

Trp

Asp

Asn

Ala

Trp

Ser
122

Val

Ser

Thr

Val

Tyr

Ala

val

Ala

Tyr

Phe

Leu
50

Lys
65

Tyr
80

Tyr
95

Asp
110

Ile Asn
Gly Arg
Leu Gln
Cys Ala

Val Trp

Pro Tyr
Phe Thr
Met Asp
Arg Ser

Gly Gln

Lys
55

Ile
70

Ser
85

Gly
100

Gly
115

Gly

Ser

Leu

Tyr

Thr

val

Val

Arg

Tyr

Leu

Thr

Asp

Ala

Gly

Val

Thr

Lys

Glu

Asp

Thr

Tyr
60

Ser
75

Asp
90

Ser
105

vVal
120
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Washington, D.C. 20231

UNITED STATES DEI’AI:'T"MEI\IT OF COMMERCE
k ice

COMMISSIONER DF PATENTS AND TRADEMARKS

[ SEAIAL NUMBER | FIUNG DATE |

FIRST NAMED INVENTOR

| ATTORNEY DOCKET NO. |

08/146. 206 11717732 CARTER

1aM2/1209
JANET E. HASAK
GENENTECH, INC.
4&0 POINT SAN BRUND BOLLEVARD
SOLITH SAN FRANCISCD, CA 94030-4330

Th 6 a orpenearen ant 18 examiedr in ciharge of your apphcation.
COMMISSIONE R OF PATENTS AND TRADEMARKS

—

| ——

— 2R
“EXAMINER

ALAMS, I

!

——

L

ARTUNIT | PAPER NUMBER

12

1306
DATE MAILED:

) £é"{""l l"&’(
filed on ?/z{/q(/

ﬁThIs ficallon has been ined ﬂ." ive to

A shortened Y period for resp to this action is et to expire 3

Feilure to respond within the period for response will cause the i 10

Partl THE FOLLOWING ATTACHMENT(8) ARE PART OF THIS ACTION:

1 Q Notice of Cited by , PTO-882. 2 ‘g
3 Notice of Art Cited by Appiicant, PTO-1448. 4
8. ¥ intormation on How to Effect Drawing Changes, PTO-1474. e O

Partl SUMMARY OF ACTION

O Tnis action is made final.

days from the dats of this letter.

35U.8.C. 133

Notice re Patent Drewing, PTO-948.
Notics of Informal Patent Appiication, Form PTO-152.

1.ﬁCIal;l\s =15 are pending in the applicath
Of the above, claims B A1 are withdrawn from consideration.

2 & ciaims__ 16~ 10 ’ have been cancelied.

3 O cams are

4 ﬁmalma i1z 1 I‘(; arer

s [ claims are objected to.

s O clams are sub to or requirement.

7. ﬁ This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

s O Formai gs are required In response to this Office action.

9. O The corrected or substitute drawings have been received on . Under 37 C.F.R. 1.84 these drawings

are [J ,‘Dnol {see

1. O e proposed additionai or substitute sheet{s) of drawings, filed on
.0 a d by the Iner (see tion)

1. O the proposed drawing corraction, filed on

has been (] app

or Notice re Patent Drawing, PTO-848).

has (have) been [ approved by the

O

oved (see

w2 0 Acknowiedgment Is made of the claim for priority under U.S.C. 119. The certified copy has O veen received [] not been received

O been fitad in parent seria no.

; fited on

18. [J since this application eppears 10 be in condition for allowance except for formal matters, prosecution as to the merits Is closed in
with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

1. [] oter

EXAMINER'S ACTION
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Serial No. 08/146,206 2
Art Unit 1806

15. Applicant's election with traverse of Group I, claims 1-12
and 15 in Paper No. 11 is acknowledged. The traversal is on the
ground (s) that:

{l) the inventions are all respectively related as method of
making a humanized antibody. Contrary to applicant's belief the
polypeptides of claim 13 (admittedly drawn to the light chain of
humanized MAb4D5) and claim 14 (admittedly drawn to the heavy
chain of humanized Mab4D5) are not methods.

(2) the assumption made that the polypeptides of claims 13 and 14
are not humanized antibodies is clearly in error. Applicant is
invited to reconsider this position since the antibodies of Group
I are composed of a heavy and light chains. A polypeptide of
just the light chain (claims 13) or just the heavy chain (claim
14) is not an antibody as prepared by Group I. The Groups
therefore have different issues regarding patentability and
enablement and represent patentably distinct subject matter.

(3) applicants represent that it is impossible to conduct an
exhaustive search for a method of making a humanized antibody
without searching for humanized antibodies made using the method.
To demonstrate the problem with this argument applicant is
invited to consider the classification of the Groups found in the
restriction requirement. Note that the Groups are classified
into distinct classifications. Thus, an exhaustive search would
clearly not require searching for polypeptides. Additionally,
the light chain (claim 13) and heavy chain (claim 14) are
distinct from the antibodies of Group I. Again, a search of
Group I would not require the search of a polypeptide.

As a whole applicant's arguments were not found persuasive.
The requirement is still deemed proper and is therefore made
FINAL.

16. Claims 16-18 have been cancelled.

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

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

19. The oath or declaration is defective. A new oath or
declaration in compliance with 37 C.F.R. § 1.67(a) identifying
this application by its Serial Number and filing date is
required. See M.P.E.P. §§ 602.01 and 602.02.

20. The oath or declaration is defective because:

It does not state that the person making the oath or
declaration in a continuation-in-part application filed under the
conditions specified in 35 U.S.C. § 120 which discloses and
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claims subject matter in addition to that disclosed in the prior
copending application, acknowledges the duty to disclose material
information as defined in 37 C.F.R. § 1.56(a) which occurred
between the filing date of the prior application and the national
or PCT international filing date of the continuation-in-part
application.

21. This application has been filed with informal drawings which
are acceptable for examination purposes only. Formal drawings
will be required when the application is allowed.

22. Applicant is required to submit a proposed drawing

correction in response to this Office action. However,

correction of the noted defect can be deferred until the
application is allowed by the examiner.

23. The following is a quotation of the first paragraph of 35

U.s.c. § 112:
The specification shall contain a written description of the
invention, and of the manner and process of making and using
it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains,
or with which it is most nearly connected, to make and use
the same and shall set forth the best mode contemplated by
the inventor of carrying out his invention.

24. The specification is objected to under 35 U.S.C. § 112,
first paragraph, as failing to provide an adequate written
description of the invention and for failing to adequately teach
how to make and/or use the invention, i.e. for failing to provide
an enabling disclosure.

A) Applicants have not disclosed to one of any skill
in the art how to use the claimed antibody or antibody produced
by the claimed methods. The scope of the claims reads on any
antibody. It is unclear from the specification if the methods or
antibodies claimed will all have a diagnostic or therapeutic
utility. Applicant has exemplified only one such antibody
specifically MAb4DS, as having diagnostic utility for the
detection of pl85"* ., It is unclear if any other antibody will
have a diagnostic or therapeutic utility. Determining which
other antibodies are useful would be an unpredictable event and
would require undue experimentation for a person of any skill in
the art to get from what the specification has disclosed to the
claimed invention.

25. Claims 1-12 and 15 are rejected under 35 U.S.C. § 112, first
paragraph, for the reasons set forth in the objection to the
specification.
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26. Claims 1, 2, 4-12 and 15 are rejected under 35 U.S.C. § 103
as being unpatentable over Winter [EP 0239400), Riechmann et al.
(Nature 332:323-327 (1988)] and Queen et al. [Proc. Natl. Acad.
Sci. 86:10029-10033 (1989)]. Briefly the claims are drawn to a
method for producing humanized antibodies and humanized
antibodies. Winter, teaches the production of altered, chimeric, -
antibodies by replacing the complementarily determining regions
(CDRs), see abstract. Winter, teaches the requirements for CDR
fusions, see page 6 to page 8, line 29. Particularly, page 8,
lines 11-18, where Winter, teaches that "merely by replacing one
or more CDRs with complementary CDRs may not always result in a
functional altered antibody..... it will be well within the
competence of the man skilled in the art, either by carrying out
routine experimentation or by trail and error testing to obtain a
functional altered antibody. Note at page 8, last full paragraph
that Winter states that framework region replacement and sequence
changing may be necessary to obtain a functional humanized
antibody. On page 9, lines 13-16, Winter suggests that the
antibodies would be of importance for use in human therapy.
Winter, teaches a method of producing the antibody, see page 10,
paragraph 3 to page 15, paragraph 2. Consistent with Winter,
Riechmann et al. teach a method of reshaping human antibodies for
therapy by CDR grafting, see whole document and Queen et al.
teach the humanization of antibodies by CDR grafting, see entire
document. Riechmann et al. teach altering the sequence of the
antibody to restore packing or to increase binding affinity, see
page 326, first column, first full paragraph. Queen et al. teach
the use of computer modeling to assist in the production of
humanized antibodies, specifically to predict which amino acids
to change thereby effecting molecular interactions, note that of
the amino acids predicted to change include those identified by
applicant in claims 7 and 10. A person of ordinary skill in the
art would have realized that dependent upon the framework region
selected and the sequence of the CDR regions amino acid changes
would need to be made and they would depend upon the precise
amino acid interactions of the polypeptide. The combination of
Winter, Riechmann et al. and Queen et al. teach a comprehensive
method for producing humanized antibodies which include the steps
outlined in applicant's claims. Therefore, it would have been
prima facia obvious to a person of ordinary skill in the art at
the time the invention was made to take the combined teachings of
Winter, Riechmann et al. and Queen et al. to produce a method of
making a humanized antibody and to have a humanized antibody for
either diagnostic or therapeutic use.

27. Claims 1, 2, 4-12 and 15 are rejected under 35 U.S.C. § 103
as being unpatentable over Winter [EP 0239400], Riechmann et al.
[Nature 332:323-327 (1988)] and Queen et al. [Proc. Natl. Acad.
Sci. 86:10029-10033 (1989)] in view of In re Durden 226 U.S.P.Q.
359 (Fed. Cir. 1985). Briefly the claims are drawn to a method
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for producing humanized antibodies and humanized antibodies. As
discussed above the combination of Winter, Riechmann et al. and
Queen et al. teach humanized antibodies and methods for their
production. Applicant's claimed invention does not appear to
differ from what has previously known in the art.

28. Claim 3 is rejected under 35 U.S.C. § 103 as being
unpatentable over Winter [EP 0239400], Riechmann et al. [Nature
332:323-327 (1988)] and Queen et al. [Proc. Natl. Acad. Sci.
86:10029-10033 (1989)] as applied to claims 1, 2, 4-12 and 15 and
further in view of Roitt [Immunology, published 1985, by Gower
Medical Publishing Ltd. ({(London, England) page 5.5]. Briefly the
claim is drawn to a method for producing humanized antibodies
having the additional steps of searching the import variable
domain sequence for glycosylation sites, determining if any such
glycosylation site is reasonable expected to affect the antigen
binding or affinity of the antibody and if so substituting the
glycosylation site into the consensus sequence. As discussed
above the combination of Winter, Riechmann et al. and Queen et
al. teach humanized antibodies and methods of producing humanized
antibodies. The combination of Winter, Riechmann et al. and
Queen et al. do not teach the importance of carbohydrate
residues. However, Roitt teaches that antibodies contain
carbohydrate residues in the variable region. A person of
ordinary skill in the art would realize that carbohydrate
residues can produce steric modifications in the folding
characteristics of polypeptides. Therefore it would have been
prima facia obvious to a person of ordinary skill in the art at
the time the invention was made to include a step in the method
taught by the combination of Winter, Riechmann et al. and Queen
et al. which determines if the presence of carbohydrate residues
occur in the variable region that can affect antigen binding and
then include in the antibody sequence the appropriate
glycosylation signal, by adding the appropriate consensus
sequence. A person of ordinary skill in the art would have been
motivated to add the additional step of identifying glycosylation
that may affect antigen binding to ensure that the antibody
produced will have the appropriate binding affinity. A person of
ordinary skill in the art would have been motivated to produce
such an method to produce antibodies having diagnostic or
therapeutic utility.

29. Applicant is invited to include continuing data at the first
page of the specifiation which identifies all related
applications and noting their current status.

30. No claim allowed.

31. Papers related to this application may be submitted to Group
180 by facsimile transmission. Papers should be faxed to Group
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180 via the PTO Fax Center located in Crystal Mall 1. The faxing
of such papers must conform with the notice published in the
Official Gazette, 1096 OG 30 (November 15, 1989). The CM1 Fax
Center telephone number is (703) 308-4227.

32. Any inquiry concerning this communication or earlier
communications from the examiner should be directed to Donald E.
Adams whose telephone number is (703) 308-0570. The examiner can
normally be reached Monday through Thursday from 7:30 am to 6:00
pm. A message may be left on the examiners voice mail service.
If attempts to reach the examiner by telephone are unsuccessful,
the examiner's supervisor, Mr. David Lacey can be reached on
(703) 308-3535. The fax phone number for Group 180 is (703) 305-
3014 or (703) 308-4227. Any inquiry of a general nature or
relating to the status of this application should be directed to
the Group 180 receptionist whose telephone number is (703) 308-
0196.

December 5, 1994

L As

onald E. Adams, Ph.D.
Patent Examiner
Group 1800
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6 Recombinant antibodies and methods for their production.

@ An eltered antibody Is produced by replacing the com-
plementarity determining regions (CDRs} of a variable region
of an Immunoglobulin (ig) with the CDRs from an Ig of
different specificity, using recombinant DNA techniques. The
gene coding sequences for producing the eltered entibody
may be produced by site-directed mutagenesis using long
aligonucleatides.

KoV, gene cloned (n 113mp8

D1.3 CDR1 atigonueleotide

S CT6,TCT,CAC,CCAGTT,TAC,ACC, ,ATAiBC C,GCT,GAA,GET,6CT

FR2 0LICoRY FRY

D1.3 COR2 cligonucleolide
$’ CAT,TBT,CAC,TCT,GGA,TTT,GAG,AGC,TGA ATT ATA GTC.TGT,
T

FR3 0.3 COR2 :
GTT,TCC.ATC,ACC,CCA,AAT CAT,TCC,AAT,CCALTC
R

D1.3 COR2 FR2

D1.3 CORS oligonucieciide .
" §' BCC,TTG,ACC,CCA,GTAGTC,AAG,CCT, ATAATC,TCT,CTC,TCT,
- ]

FRA D1.3COR3

TBE,ACA,ATA
FR3

ACTORUM AG
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RECOMBINANT DNA PRODUCT AND METHGDS

The present invention relates to altered.antibodies
in which at least parts of the complementarity
determining regions (CDRs) in the light or heavy
chain variable domains of the antibody have  been
replaced by analogous parts of CDRs from an antibody
of different specificity. The present invention
also relates to methods for the production of such
altered antibodies.

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

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

The variable domains of each pair of light and heavy
chains form the antigen binding site. The domains
on the light and heavy chains have the same general
structure and each domain comprises four framework

BIOEPIS EX. 1002
Page 702



0239400
-2 -

regions, whose sequences are relatively conserved,
connected by three hypervariable or complémentarity
~determining regions (CDRs) (see Kabat, E.A., Wu,
T.T., Bilofsky, H., Reid-Miller, M. and Perry, H.,
in "Sequences of Proteins of Immunological
Interest™, US Dept. Health and Human Services 1983).
The four framework regions largely adopt a @-sheet
conformation and the CDRs form loops connecting, and
in some cases forming part of, the (3 -sheet
structure. The CDRs are held in close proximity by
the framework regions and, with the CDRs from the
other domain, contributé to the formation of the
antigen binding site.

For a more detailed account of the structure of
variable domains, reference may be made to: Poljak,
R.J., Amzel, L.M., Avey, H.P., Chen, B.L.,
Phizackerly, R.P. and Saul, F., PNAS USA, 70,
3305-3310, 1973; Segal, D.M., Padlan, E.A., Cohen,
G.H., Rudikoff, S., Potter, M. and Davies, D.R.,
PNAS USA, 71, 4298-4302, 1974; and Marquart, M.,
Deisenhofer, J., Huber, R. and Palm, W., J. Mol.
Biol., 141, 369-391, 1980.

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

EP-A-0 088 994 (Schering Corporation) proposes the
construction of recombinant DNA vectors comprising a
ds DNA sequence which codes for a variable domain of
a light or a heavy chain of an Ig specific for a
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pfedetermined ligand. The ds DNA sequence is
provided with initiation and termination codons at
its 5'- and 3'-~ termini respectively, but lacks any
nucleotides coding for amino acids superfluous to
the variable domain. The ds DNA sequence ié'usedrto
transform bacterial cells, The application'doés hé:
contemplate variations in the sequence of the
variable domain. '

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

EP-A-0 125 023 (Genentech Ihc.) proposes the use of
recombinant DNA techniques in bacterial cells to
produce Ig's which are analogous to those normally
found in vertebrate systems and to take advantage‘bf
the gene modification techniques proposed thereiﬁ to
construct chimeric Igs or other modified forms of ig.

The term 'chimeric antibody' is used to describe a
protein comprising at least the antigen binding
portion of an imﬁunoglobulin molecule (Ig) attached
by peptide linkage to at least part of another
protein. .

It is believed that the proposals set out in the
above Genentech application did not lead to the
expression of any significant quantities of Ig
polypeptide chains, nor to the production of Ig
activity, nor to the secretion and éssembly of the
chains into the desired chimeric Igs.
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The production of monoclonal antibodies was first
disclosed by Kohler and Milstein (Kohler, G. and
Milstein, C., Nature, 256, 495-497, 1975). Such
monoclonal antibodies have found widespread use not
only as diagnostic reagents (see, for example,
'Immunology for the 80s, Eds. Voller, A., Bartlett,
A., and Bidwell, D., MTP Press, Lancaster, 1981) but
also in therapy (see, for example, Ritz, J. and
Schlossman, S.F., Blood, 59, 1-11, 1982}).

The recent emergence of techniques allowing the
stable introduction of Ig gene DNA into myeloma
cells (see, for example, 0i, V.T., Morrison, S.L.,
Herzenberg, L.A. and Berg, P., PNAS USA, 80,
825-829, 1983; Neuberger, M.S., EMBO J., 2,
1373-1378, 1983; and Ochi, T., Hawley, R.G., Hawley,
T., Schulman, M.J., Traunecker, A., Kohler, G. and
Hozumi, N., PNAS USA, 80, 6351-6355, 1983), has
opened up the possibility of using in vitro
mutagenesis and DNA transfection to construct
recombihant Igs possessing novel properties.

However, it is known that the function of an Ig
molecule is dependent on its three dimensional
structure, which in turn is dependent on its primary
amino acid sequence. Thus, changing the amino acid
sequence of an Ig may adversely affect its

activity. Moreover, a change in the DNA seguence
coding for the Ig may affect the ability of the cell
containing the DNA sequence to ekpress, secrete or
assemble the Ig.

It is therefore not at all clear that it will be
possible to produce functional altered antibodies by
recombinant DNA techniques.
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However, colleagues of the present Invéntor have
devised a process whereby chimeric antibodies in
which both parts of the protein are functional can
be secreted. The process, which is disclosed in
International Patent Application No. PCT/GB85/00392
(Neuberger et al. and Celltech Limited), comprises:

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

protéin;

b) if necessary, preparing a replicable
expression vector including a suitable
promoter operably linked to a DNA
sequence which encodes at least the
variable domain of a complementary light
or heavy chain respectively of an Ig
molecule;

c) transforming an immortalisedAmammalian
cell line with the or both prepared
vectors; and

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

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

ii) at least the active portion or all of an

enzyme;
iil) a protein having a known binding
specificity;

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

v) a protein toxin, such as ricin.

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

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

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

Moreover, not all of the amino-acid residues in the
loop regions are solvent accessible and in one
case, amino-acid residues in the framework regions
are involved in antigen binding.(Amit, A.G.,
Mariuzza, R.A., Phillips, S.E.,V. and Poljak, R.J.,
Science, 233, 747-753, 1986). :

It is also known that the variable regions of the
two parts of an antigen binding site are held in the
correct orientation by inter-chain non-covalent
interactions. These may involve amino-acid residues
within the CDRs.

Thus, in order to transfer the antigen binding
capacity of one variable domain to another, it may
not be necessary to replace all of the CDRs with the
complete CDRs from the donor variable region. It
may be necéssary only to transfer those residues -
which are accessible from the antigen binding site,
and this may involve transferring framework region
residues as well as CDR residues.

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

Within a domain, the packing together and
orientation of the two disulphide bonded ﬁ-sheets
(and therefore the ends of the CDR loops) are
relatively conserved. However, small shifts in
packing and orientation of these ﬁ-sheets do occur

BIOEPIS EX. 1002
Page 708



0239400
-8- .

(Lesk, A.M. and Chothia, C., J. Mol. Biol., 160,
325-342, 1982). However, the packing together and
orientation of heavy and light chain variable

. domains is relatiﬁely conserved (Chothia, C.,
Novotny, J., Bruccecleri, R. and Karplus, M., J. Mol.
Biol., 186, 651-653, 1985). These points will need
to be borne in mind when constructing a new antigen
biding site so as to ensure that packing and
orientation are not altered to the deteriment of
antigen binding capacity.

It is thus clear that merely by replacing one or
more CDRs with complementary CDRs may not always
result in a functional altered antibody. However,
given the explanations set out above, it will be
well within the competence of the man skilled in the
art, either by carrying out routine experimentation
or by trial and error testing to obtain a functional
altered antibody.

Preferably, the variable domains in both the heavy
and light chains have been altered by at least
partial CDR replacement and, if necessary, by
partial framework region replacement and sequence
changing. Although the CDRs may be derived from an
antibody of the same class or even subclass as the
antibody from which the framework regions are '
derived, it is envisaged that the CDRs will be:
derived from an antibody of different class and
preferably from an antibody from a different
species. . ‘

Thus, it is envisaged, for instance, that the CDRs
from a mouse antibody could be grafted onto the
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framework regions of a human antibody. This
arrangement will be of particular use in the
therapeutic use of monoclonal antibodies.

At present, when a mouse monoclonal antibody or even
a chimeric antibody comprising a complete mouse
variable domain is injected into a human, the human
body's immune system recognises the mouse variable
domain as foreign and produces an immune response
thereto. Thus, on subsequent injections of the
mouse antibody or chimeric antibody into the human,
- its effectiveness is considerably reduced by the
action of the body's immune system against the
foreign antibody. 1In the altered antlibody of the
present invention, only the CDRs of the antibody
will be foreign to the body, and this should
minimise side effects if used for human therapy.
Although, for example, human and mouse framework
regions have characteristic sequences, there seem
to be no characteristic features which distinguiéh
human from mouse CDRs. Thus, an antibody comprised
of mouse CDRs in a human framework may well be no
more foreign to the body than a genuine human
antibody.

Even with the altered antibodies of the present
invention, theré is likely to be an anti-idiotypic -
response by the recipient of the altered antibody.
This response is directed to the antibody binding
region of the altered antibody, It is believed that
at least some anti-idiotype antibodies are directed
.at sites bridging the CDRs and the framework regions.
It would therefore be possible to provide a panel of
antibodies having the same partial or complete CDR
replacements but on a series of different framework
regions. Thus, once a first altered antibody became
therapeutically ineffective, due to an anti-idiofype
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response, a second altered antibody from the series
could be used, and so on, to overcome the effect of
the anti-idiotype response. Thus, the useful life
of the antigen-binding capacity of the altered
antibodies could be extended.

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

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

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

b) if necessary, preparing a second

" replicable expression vector including a suitable
promoter operably linked to a DNA sequence which
encodes at least the variable domain of a i
complementary Ig light or heavy chain respectively;
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c) transforming a cell line with the first or
both prepared vectors; and

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

The present invention also includes vectors used to
transform the cell line, vectors used in producing
the transforming vectors, cell lines transformed
with the transforming vectors, cell line; tranformed
with preparative vectors, and methods for their
production.

Preferably, the cell line which is transformed to
produce the altered antibody is an immortalised
mammalian cell line, which is advantageously of
lymphoid origin, such as-a myeloma, hybridqma,

trioma or quadroma cell line. The cell line may
also comprise a normal lymphoid cell, such as a
B-cell, which has been immortalised by ' ,
transformation with a virus, such as the Epstein-Barr
virus. Most preferably, the immortalised cell line
is a myeloma cell line or a derivative thereof.

Although the cell line used to produce the altered
antibody is preferably a mammalian cell line; any
other suitable cell line, such as a bacterial cell:
line or a yeast cell line, may alﬁernatively be
used. 1In particular, it is.envisaged that E. Coli
derived bacterial strains could be used.

It is known that some immortalised lymphoid cell
lines, such as myeloma cell lines, in their normal
.state secrete isolated Ig light or heavy chains. If
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such a cell line is transformed with the vector
prepared in step a) of the process of the invention,
it will not be necessary to carry out step b) of the
process, provided that the normally secreted chain
is complementary to the variable domain of the Ig
chain encoded by the vector prepared in step a).

However, where the immortalised cell line does not
secrete or does not secrete a complementary chain,
it will be necessary to carry out step b). This’
step may be carried out by further manipulating the
vector produced in step a) so that this vector
encodes not only the variable domain of an altered
antibody light or heavy chain, but also the
complementary variable domain.

Alternatively, step b) is carried out by
preparing a second vector which is used to transform
the immortalised cell line. This alternative leads
to easier construct preparation, but may be less
preferred than the first alternative in that it may
not lead to as efficient production of antibody.

The techniques by which such vectors can be produced
and used to transform the immortalised cell lines
are well known in the art, and do not form any part
of the invention.

In the case where the immortalised cell line
secretes a complementary light or heavy chain, the
transformed cell line may be produced for example by
transforming a suitable bacterial cell with the
vector and then fusing the bacterial cell with the
immortalised cell line by spheroplast fusion.
Alternatively, the DNA may be directly introduced
into the immortalised cell line by electroporation.
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The DNA sequence encoding the altered variable
domain may. be prepared by oligonucleotide

synthesis. This requires that at least the
framework region sequence of the acceptor antibody
and at least the CDRs sequences of the donor
antibody are known or can be readily determined.
Although determining these sequences, the synthesis
of the DNA from oligonucleotides and the preparatién
of suitable vectors is to some extent 1aborious,»it'
involves the use of known techniques which can
readily be carried out by a person skilled in the.
art in light of the teaching given here.

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

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

Alternatively, the DNA sequence encoding the altered
variable domain may be prepared by primer directed
oligonucleotide site~directed mutagenesis. This
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‘technique' in bsseggg involves hybridising an
oligonucleotide cddinéufor a desired mutation with a
single strand of DNA containing the region to be
mutated and using the single strand as a template
for extension of the oligonulcleotide to produce a
strand containing the mutation. This technique, in
various forms, is described by : Zoller, M.J. and
Smith, M., Nuc. Acids Res., 10, 6487-6500, 1982;
Norris, K., Norris F., Christiansen, L. and Fiil,
N., Nuc. Acids Res., 11, 5103-5112, 1983; Zzoller,
M.J. and Smith, M., DNA, 3, 479-488 (1984); Kramer,
W., Schughart, K. and Fritz, W.-J., Nuc. Acids Res.,
- 10, 6475-6485, 1982.

For various reasons, this technique in its simplest
form doees not always produce a high frequency of
mutation. An improved technique for introducing
both single and multiple mutations in an M13 based
vector, has been described by Carter et al. (Carter,
P., Bedouelle H. and Winter, G., Nuc. Acids Res.,
13, 4431-4443, 1985)

Using a long oligonucleotide, it has proved possible
to introduce many changes simultaneously (as in
Carter et al., loc. cit.) and thus single
oligonucleotides, each encoding a CDR, can be used
to introduce the three CDRs from a second antibody
into the framework regions of a first antibody. Not
ohly is this technique less laborious than total
gene synthesis, but it represents a particularly
convenient way of expressing a variable domain of
‘required specificity, as it can be simpler than
tailoring an entire Vg domain for insertion into an
expression plasmid.
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The oligonucleotides used for site-directed
mutagenesis may be prepared by oligonucleotide
synthesis or may be isolated from DNA coding for -the
variable domain of the second antibody by use of
suitable restriction enzymes. Such long
oligonucleotides will generally be at least 30 bases
long and may be up to or over 80 bases in length.

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

The method of the present invention is envisaged as
being of particular use in "humanising™ non-~human
monoclonal antibodies. Thus, for instance, a mouse
monoclonal antibody agaihsf a particular human
cancer cell may be produced by techniques well known
in the art. The CDRs from the mouse monoclonal
antibody may then be partially or totally graftéd
into the framework regions of a human monoclonal
antibody, which is then produééd in guantity by a
suitable cell line. The product is thus a
specifically targetted, essentially human antibbdy
which will recognise the cancer cells, but wiil not
itself be recognised to any significant degree, by a
human's immune system, until the anti-idiotype
response eventually becomes apparent. Thus, the
method and product of the present invention will be
of particular use in the clinical environment.

The present invention is now described, by way of
example only, with reference to the accompanying
drawings, in which:
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Figure 1 is a;séhematic diagram showing the
structure of an IgG molecule;

Figure 2 shows the amino acid seguence of the Vg
domain of NEWM in comparison with the Vg domain of
the BI-8 antibody;

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

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

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

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

Figure 7 shows the sequence of the variable domain
of antibody D1.3 and the gene coding therefor; and

Figure B shows a protocol for the cloning of the
D1.3 variable domain gene.

EXAMPLE 1

This example shows the production of an altered
antibody in which the variable domain of the heavy
chains comprises the fraﬁewark regions of a human
heavy chain and the CDRs from a mouse heavy chain.
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The framework regions were derived from the "human
myeloma heavy chain NEWM, the crystallographic
structure of which is known (see Poljak et al., loc.
cit. and Reth, M., Hammerling, G.J. and Rajewsky,

. K.y EMBO J., 1, 629-634, 1982.)

The CDRs were derived from the mouse monoclonal
antibody B1l-8 (see Reth et al., loc. cit.), which
binds the hapten NP-cap (4~hydroxy-3-nitrophenyl
acetyl-caproic acid: KNP—CAP=1~2_yM)-

A gene encoding a variable domain HuVyp, comprising
the B1-8 CDRs and the NEWM framework regions, was
constructed by gene syntheslis as follows.

The amino acid sequence of the Vg domain of NEWM is
shown in Figure 2, wherein it is compared to theé
amino acid sequence of the Vg domain of the B1-8
antibody. The sequence is divided into framework
regions and CDRs according to Kabat et al. {(loc.
cit.). Conserved residues are marked with a line.

The amino acid and nucleotide sequence of the HuVyp
gene, in which the CDRs from the B1l-8 antibody"
alternate with the framework regions of the NEWM
-antibody, is shown in Figure 3. The HuVyp gene was
derived by replacing sections of the MoVyp gene in
the vector pSV-Vyp (see Neuberger, M.S., Williams,
G.T., Mitchell, E.B., Jouhal, S., Flanagan, J.G. and
Rabbitts, T.H., Nature, 314, 268-270, 1985) by a -
synthetic fragment encoding the HuVyp domain. Thus
the 5' and 3' non-coding sequences, the leader
sequence, the L-V intron, five N-terminal and four
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.C-terminal amino acids are from the MoVyp gene and
the rest of the coding sequence is from the
synthetic HuVyp fragment.

The oligonucleotides from which the HuVyp fragment
was assembled are aligned below the corresponding
portion of the HuVyp gene. For convenience in
cloning, the ends of oligonucleotides 25 and 26b
form a Hind II site followed by a Hind III site, and
the sequences of the 25/26b oligonucleotides
therefore differ from the HuVyp gene.

The HuVyp synthetic fragment was built as a
PstI-Hind III fragment. The nucleotide seguence was
dérived from the protein sequence using the computer
programme ANALYSEQ (Staden, R., Nuc. Acids. Res.,
12, 521-538, 1984) with optimal codon usage taken
from the sequences of mouse constant domain genes.
The oligonucleotides (1 to 26b, 28 in total) vary in
size from 14 to 59 residues and were made on a
Biosearch SAM or an Applied Biosystems machine, and
purified on 8M-urea polyacrylamide gels (see Sanger,
F. and Coulson, A., FEBS Lett., 87, 107-110, 1978).

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

' 11,3,5,7]1 (Block A), [2,4,6,8] (block A'),
[9,11,13a,13b] (Block B), [10a, 10b,12/14] (block
B'), [15, 17] (block ¢), [16,18] (block C'), [19,
21, 23, 25] (block D) and [20, 22/24, 26a, 26b)
(block D').
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In a typical assembly, for example of block A, 50
pmole of oligonucleotides 1,3,5 and 7 were
phosphorylated at the 5' end with T4 polynucleotide
kinase and mixed together with 5 pmole of the
terminal oligonucleotide [1] which had been
phosphorylated with 5 pci [3—32P] ATP (Amersham 3000
Ci/mmole). These oligonucleotides were annealed by
heating to 80°C and cooling over 30 minutes to room
temperature, with unkinased oligonucleotides. 2, 4
and 6 as splints, in 150 Pi of 50 mM Tris.Cl, pH .
7.5, 10 mM MgCly. For the ligation, ATP (1 mM)} and
DTT (10mM) were added with 50 U T4 DNA ligase-
(Anglian Biotechnology Ltd.) and incubated for 30
minutes at room temperature. EDTA was added to 10
mM, the sample was extracted with phenol,
precipitated from ethanol, dissolved in Zo_pl water
and boiled for 1 minute with an equal volume of
formamide dyes. The sample was loaded onto and run
on a 0.3 mm 8M~-urea 10% polyacrylamide gel. A band
of the expected size was detected by autoradiography
and eluted by soaking.

Two full length single strands were assembled from
blocks A to D and A' to D' using splint
oligonucleotides. Thus blocks A to D were annealed
and ligated in 30 Pl as set out in the previous
paragraph using 100 pmole of oligonucleotides 10a,
16 and 20 as splints. Blocks A' to D' were ligated
using oligonucleotides 7, 13b and 17 as splints.

After phenol/ether extraction, block A-D was
annealed with block A'-D', small amounts were cloned
in the vector M13mpl8 (Yanish-Perron, C., Vieira, J.
and Messing, J., Gene, 33, 103-119, 1985) cut with
PstI and Hind III, and the gene sequenced by the
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dideoxy technique (Sanger, F., Nicklen, s. and
Coulson, A, R., PNAS USA, 74, 5463-5467, 1979).

The MoVyp gene was transferred as a Hind III - BamHI
fragment from the vector pSV-Vyp (Neuberger et al.,
loc. cit.) to the vector M13mp8 (Messing, J. and 7
Vieira, J., Gene, 19, 269-276, 1982). To facilitate
the replacement of MoVyp coding sequences by the
synthetic HuVyp fragment, three Hind II sites were
removed from the 5' non-coding sequence by site
directed mutagenesis, and a new Hind II site was
subsequently introduced near the end of the fourth
framework region (FR4 in Figure 2). By cutting the
vector with PstI and Hind II, most of the Vyp
fragment can be inserted as a PstI-Hind II '
fragment. The sequence at the Hind II site was
corrected to NEWM FR4 by site directed mutagenesis.

VThe Hind III - Bam HI fragment, now carrying the
HuVyp gene, was excised from M13 and cloned back
into pSV-Vyp to replace the MoVyp gene and produce a
vector pSV-HuVyp. Finally, the genes for the heavy
chain constant domains of human Ig E (Flanagan, J.G.
and Rabbitts, T.H., EMBO J., 1, 655-660, 1982) were
»introduced as a Bam HI fragment to give the vector
pSV-HuVyp. HE. This was transfected into the

myeloma line J558 L by spheroplast fusion.

The sequence of the HuVyp gene in pSV-HuVyp. HE was
checked by recloning the Hind III-Bam HI fragment
back into M13mp8 (Messing et al., loc. cit.). J558L
myeloma cells secrete lambda 1 light chains ‘which
have been shown to assoclate with heavy chains
containing the MoVyp -variable domain to create a
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binding site for NP-cap or the related hapten
NIP-Cap (3-iodo-4-hydroxy-5-nitrophenylacetyl-
caproic acid) (Reth, M., Hammerling, G.J. and
Rajewsky, K., Eur, J, Immunol., 8, 393-400, 1978). .

As the plasmid pSV-HuVyp.HE contains the gpt marker.,
stably transfected myeloma cells could be selected
-in a medium containing mycopheneclic acid. }
Transfectants secreted an antibody (HuVyp-IgE) with
heavy chains comprising a HuVyp variable domain
(i.e. a "humanised™ mouse variable region) and
human'x constant domains, and lambda 1 light chains
from the J558L myeloma cells.

The culture supernatants of several gptt clones were
assayed by radioimmunoassay and found to contain
NIP-cap binding antibody. The antibody secreted by
one such clone was purified from culture supernatant
by affinity chromatography on NIP-cap Sepharose
(Sepharose is a registered trade mark). A
polyacrylamide ~ SDS gel indicated that the protein
was indistinguishable from the chimeric antibody
MoVyp-IgE (Neuberger et-al., loc. cit.).

The HuVyp-IgE antibody competes effectively with the
‘MoVyp-IgE for binding to both anti-human-IgE and to
NIP-cap coupled to bovine serum albumin.

Various concentrations of HuVyp-IgE and MoVyp-IgE
were used to compete the binding of radiolabelled
MoVyp-IgE to polyvinyl microtitre plates coated with
(a) Sheep anti-human-IgE antiserum (Seward . ) v
Laboratories); (b) NIP-cap-bovine serum albumin; (c)
Ac38 anti-idiotypic antibody; (d) Ac 146
anti-idiotypic antibody; and (e) rabbit anti-MoVyp
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antiserum. : Binding was also carried out in the
presehce of MoVyp-IgM antibody (Neuberger, M.S.,
Williams, G.T. and Fox, R.O., Nature, 312, 604-608,
1984) or of JW5/1/2 which is an IgM antibody
differing from the MoVyp-IgM antibody at 13 residues
mainly located in the Vg CDR2 region.

The results of the binding assays are shown in
Figure 4, wherein black circles represent HuVyp,
white circles MoVyp, black squares MoVyp-IgM and
white squares JW5/1/2. Binding is given relative to
the binding in the absence of the inhibitor. -

The affinities of HuVyp-IgE for NP-cap and NIP-cap
were then measured directly using the fluorescence
quench technique and compared to those for
MOVNP-IgE, using excitation at 295 nm and observing
emission at 340 nm (Eisen,-H.N., Methods Med. Res.,
10, 115-121,1964).

Antibody solutions were diluted to 100 nM in
phosphate buffered saline, filtered (0.45 pm pore
cellulose acetate) and titrated with NP-cap in the
range 0.2 to ZOIpM. As a control, mouse DI-3
antibody (Mariuzza, R.A., Jankovic, D.L., Bulot, G.,
Amit, A.G., Saludjian, P., Le Guern, A., Mazie, J.C. .
and Poljak, R.J., J. Mol. Biol., 170, 1055-1058,
1983), which does not bind hapten, was titrated in
parallel,

Decrease in the ratio of the fluorescence of
HuVyp~-IgE or HuVyp-IgE to the fluorescence of the
D1-3 antibody was taken to be proportional to NP-cap
occupancy of the antigen binding sites. The maximum
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qguench was about 40% for both antibodies, and hapten
dissociation constants were determined erm ,
least-squares fits of triplicate data sets to a
hyperbola.

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

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

Table 1

KNP-cap KNIP-cap
MoVyp-IgE ' 1.2 pM 0.02 jiL.8
HuVyp-IgE 1.9 pM } 0.07 _,'m _

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

Thus, it has been shown that it is possible to
produce an antibody specific for an artificialAsméll
hapten, comprising a variable domain having humén*
framework regions and mouse CDRs, without any
significant loss of antigen binding capacity.
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As shown in Figure 4(d), the HuVyp-IgE antibody has
-lost the MoVyp idiotypic determinant recognised by
the antibody Acl46. Furthermore, HuVyp-IgE also
binds the Ac38 antibody less well (Figure 4(c)), and
it is therefore not surprising that HuVyp-IgE has
lost many of the determinants recognised by the
polyclonal rabbit anti-idiotypic antiserum (Figure
4(e)).

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

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

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

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

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

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

EXAMPLE 2

The three dimensional structure of a complex of
lysozyme and the antilysozyme antibody D1.3 (Amit et
al., loc. cit.) was solved by X-ray

crystallography. There is a large surface of
interaction between the antibody and antigen. The
antibody has two heavy chains of the mouse IgGl
class (H) and two Kappa light chains (K), and is
denoted below as HpKj.
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The DNA sequence of the heavy chain variable
region was determined by making cDNA from the mRNA
of the D1.3 hybridoma cells, and cloning into
plasmid and M13 vectors. The sequence is shown in
Figure 7, in which the boxed residues comprise tﬁe
three CDRs and the asterisks mark residues which
contact lysozyme.

Three synthetic oligonucleotides were then designed
to introduce the D1.3 VHCDRs in place of the VyCDRs
of the HuVyp gene. The Huyp gene has been cloned
into M13mp8 as a BamHI-Hind III

fragment, as described above. Each oligonucleotide
has 12 nucleotides at the 5' end and 12 nucleotides
at the 3' end which are complementary to the
appropriate HuVyp framework regions. The central
portion of each oligonucleotide encodes either CDR1,
CDR2, or CDR3 of the pl.3 antibody, as shown in
Figure 5, to which reference is now made. It can be
seen from this Figure that these ocligonuclecotides
are 39, 72 and 48 nucleotides long respectively.

10 pmole of D1.3 CDR1 primer was phosphorylated at
the 5' end and annealed to lpg of the M13-HuVyp
template and extended with the Klenow fragment of
DNA polymerase in the presence of T4 DNA ligase.
After an oligonucleotide extension at 15°C, the
sample was used to transfect E. Coli strain BHM71/18
mutL and plaques gridded and grown up as infected
colonies.

After transfer to nitrocellulose filters, the
colonies were probed at room temperature with 10
pmole of D1.3 CDR1 primer labelled at the 5' end
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with 304Pci32—p—ATP. After a 3" wash at 60°C,
autoradiography revealed about 20% of the colonies
had hybridised well to the probe. All these
techniques are fully described in "0Oligonucleotide
site-directed mutagenesis in M13" an experimental
manual by P. Carter, H. Bedouelle, M.M.Y. Waye and
G. Winter 1985 and published by Anglian '
Biotechnology Limited, Hawkins Road, Colchester,
Essex C02 8JX. Several clones were sequenced, and
the replacement of HuVyp CDR1 by D.13 CDR1 was
confirmed. This M13 template was used in a second
round of mutagenesis with Dl1.3 CDR2 primer; finally
template with both CDRs 1&2 replaced was used in a
‘third round of mutagenesis with D.13 CDR3 primer.
In this case, three rounds of mutagenesis were
used.

The variable domain containing the D1.3 CDRs was
then attached to sequences encoding the heavy chain
constant regions of human IgG2 so as to produce a
vector encoding a heavy chain Hu¥*, -The vector was
transfected into J558L cells as above. The antibody
Hu*;L, is secreted.

For comparative purposes, the variable region gene
for the Dl1.3 antibody was inserted into a suitable
vector and attached to a gene encoding the constant
regions of mouse IgGl to produce a gene encoding a
heavy chain H* with the same sequence'as H. The
protocol for achieving this 1s shown in Figure 8.

As shown in Figure 8, the gene encoding the D1.3
heavy chain V and Cyxl domains and part of the hinge
region are cloned into the M13mp9 vector.

BIOEPIS EX. 1002
Page 728



0239400

~28-

The vector (vector A) is then cut with NcoI, blunted
with Klenow polymerase and cut with PstI. The
PStI-Ncol fragment is purified and cloned into
PstI-HindII cut MVyp vector to replace most of the
MVyp coding sequences. The MVyp vector comprises
the mouse variable domain gene with its promoter, 5°'
leader, and 5' and 3' introns cloned into M1l3mp9.
This product is shown as vector B in Figure 8.

Using site directed mutagenesis on the single
stranded template of vector B with two primers, the
sequence encoding the N-terminal portion of the Cgl
domain and the PstI site near the N-terminus of the
V domain are removed. Thus the V domain of D1.3 now
replaces that of Vyp to produce vector C of Figure 8.

Vector C is then cut with HindIII and BamHI and the
fragment formed thereby is inserted into
HindIII/BamHI cut M13mp9. The product is cut with
Hind IIT and SacI and the fragment is inserted into
PSV-Vyp cut with Hind III/SacI so as to replace the
Vyp variable domain with the D1.3 variable domain.
Mouse IgGl constant domains are cloned into the
vector as a Sacl fragment to produce vector D of
Figure 8.

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

Separated K or L light chains can be produced by
treating an appropriate antibody (for instance D1.3
antibody to produce K light chains) with
2-mercaptoethanol in guanidine hydrochloride,
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blocking the free interchain sulphydryls with.
iodoacetamide and separating the dissociated heavy
and light chains by HPLC in guanidine hydrochloride,

" Different heavy and light chains can be reassociated
to produce functional antibodies by mixing the
separated heavy and light chains, and dialysing into
a non-denaturing buffer to promote re-association
and refolding. Properly reassociated and folded

antibody molecules can be purified on proteln
A-sepharose columns. Using appropriate comblnations
of the above procedures, the following antlbodies
were prepared.

HoKo (D1 3 antibody)

H¥*yLo {D1.3 heavy chain, lambda light chain)

H*95K9 (recombinant equivalent of D1.3)

Hu*Lo ("humanised” D1.3 heavy chain, lambda
light chain) .

Hu*3K3 ("humanised™ D1.3)

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

Table 2

Antibody Dissociation constant
for lysozyme (nM)

D1.3 (H2Kj) 14.4
D1.3 (H2Kj3) 4 " ©15.9, 11.4
(reassociated)

ST
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recombinant D1.3 (H*2K3) 9.2
(reassociated)

" "humanised" D1.3 (HuzKj) 3.5, 3.7
(reassociated)

The affinity of the antibodies for lysozyme was
determined by fluorescent quenching, with excitation
at 290nm and emission observed at 340nm Antibody
solutions were diluted to 15-3ng/mg in phosphate
buffered saline, filtered (0.45 um-cellulose
acetate) and titrated with hen eggwhite lysozyme.
There is a quenching of fluorescence on adding - the
lysozyme to the antibody ( »100% quench) and data
were fitted by least squares to an equation
describing tight binding inhibition (I.H. Segal in
Enzyme Kinetics, p73-74, Wiley, New York 1975).
Although at first sight the data suggest that the
binding of the "humanised" antibody to lysozyme is’
tighter than in the original Dl.3 antibody, this
remains to be confirmed. It is clear however that
the humanised antibody binds. lysozyme with a
comparable affinity to D1.3

Further work (with another antibedy-CAMPATH1) has
shown that CDRs 1,2 and 3 can be exchanged
simultaneously, by priming as above with all three
primers. 10% hybridisation positives were detected.
by screening with the CDR1 primer; 30% of these
comprised the triple mutant in which all the CDRs .
were replaced.
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It has therefore been shown that CDR replacement can
be usqﬁ not only for artificial antigens (haptens)
but also for natural antigens, thereby showing that
the present invention will be of therapeutic use,

It will of course be understood that the present
~invention has been described above purely by way of
example, and modifications of detail can be made
within the scope of the invention as defined 1in the
appended claims. '
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CLAIMS

1. An altered antibody in which at least parts of
the éomplementatity determining regions (CDRs) in
the light or heavy chain variable domains have been
replaced by analogous parts of CDRs from an antibody
of different specificity.

2. The altered antibody of claim 1, in which the
entire CDRs have been replaced.

3. The altered antibody of claim 1 or claim 2, in
which the variable domains in both the heavy and
light chains have been altered by CDR replacement.

4, The altered antibody of any one of claims 1 to
3 in which the CDRs from a mouse antibody are
grafted onto the framework regions of a human
antibody.

5. The altered antibody of any one of claims 1
to 4, which has the structure of a natural antibody
or a fragment thereof.

6. A method for producing an‘altered antibody
comprising: '

a) preparing a first replicable expression
vector including a suitable promoter operably linked
to a DNA sequence which encodes at least a variable
domain of an Ig heavy or light chain, the variable
domain comprising framework regions from a first '
antibody and CDRs comprising at least parts of the
CDRs from a second antibody of different specificity;
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b) if necessary, preparing a second
replicable expression vector including a suitable
promoter operably linked to a DNA sequence .which
. encodes at least<£he variable domain of a
~complementary Ig light or heavy chain respectively;

c) transforming a cell line with the first
‘'or both prepared vectors; and

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

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

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

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

10. The method of any one of claims 6 to 8, in
which the DNA sequence encoding the altered variable
domain is prepared by primer directed
oligonucleotide site-directed mutagenesis using a
long oligonucleotide. '
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CHIMERIC IMMUNOGLOBULINS SPECIFIC FOR p55 TAC PROTEIN
OF THE IL-2 RECEPTOR

Field of the Invention

’ The present invention relates generally to the
combination of recombinant DNA and monoclonal antibody

'technologles for developing novel therapeutlc agents and,

more particularly, to the production of non-immunogenic
antibodies and their uses.

Backgrougd of the Inventiogo'

‘In mammals,_the 1mmune response 1s mediated by two
types of cells that 1nteract spec1f1cally with forelgnh

material, “iie., antigens. One of these cell types, B-cells;
are respon51ble for the productlon of antibodies. The second
cell class, T-cells,'include a wide variety of cellular
subsets controlling the>in'vivo function'of both B-cells and
a wide varlety of other hematop01et1c 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), orlglnally named T-cell growth factor. IL-2's prime
function appears to be the ‘stimulation and maintenance of T-
cells. Indeed, some 1mmunologlsts belleve that IL-2 may be
at the center of the entlre 1mmune response (see, Farrar, J.,
et al., Immunol. Rev. 63:129-166 (1982), which is

L LT

" To exert 1ts blologlcal effects,‘IL—z 1nteracts

~Zwith'a spec1f1c hlgh-afflnlty membrane receptor (Greene, W.,
et al.; Progress in Hematologx X1V, E. —Brown,lEd., Grune and
- statton, New York (1986),”at pgs. 283 ff) .'The human IL-2
’receptor is’ a complex multlchaln glycoproteln, with one

chaln, ‘known as the Tac peptlde, belng about SSkD in size

“(see, Leonard, W., et al.,'J Biol. Chem. 260 1872 (1985),

which is 1ncorporated hereln by reference) -A gene encoding
this protein has been 1solated, and predlcts a 272 aminc acid
peptide, including a 21 amino acid signal peptide (see,
Leonard, W., et al., Nature 311: 626 (1984)). The 219 NHz—
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terminal amino acids of the p55 Tac protein apparently
comprise an extracellular domain (see, Leonard, W., et al.,
Science, 230:633-639 (1985), which is incorporated herein by
reference) A ‘

5 Much of the eluc1datlon of the Jhuman IL-2
receptor's structure and function is due to the development
of spec1f1cally reactlve monoclonal antlbodles. In. ..
particular, one mouse monoclonal’ antlbody, known as anti-Tac
(Uchiyama, et al., J. Immunol. 126: 1393 (1981)) has shown

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

cells of the monocyte—macrophage famlly, Kupffer cells of the

711ver, Langerhans' cells of ‘the skln and of - course,

actiuated T-cells. Importantly, restlng T—cells, B-cells or

c1rculat1ng machrophages typlcally do not dlsplay the IL-2
’15;f‘ receptor (Herrmann, et al., J. Exp. Med. 162:1111 (1985))

.The anti-Tac monoclonal antlbody has also been used-

to define lymphocyte functlons that requlre IL-2 1nteractlon,
and has been shown to inhibit various T-cell functlons,
including the generatlon of cytotoxic and suppressor T

20 lymphocytes in cell culture. Also, based on studies with .
anti-Tac and other antlbodles, a varlety of dlsorders are now
associated with 1mproper IL—2 receptor expreSSLOn by T-cells,
in- partlcular adult T-cell leukemla. - .

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

25 ‘be an ideal target for novel therapeutlc approaches to T—cell
mediated diseases. ~ It has been proposed that IL-2 receptor
spec1f1c antlbodles, such as ‘the antl—Tac monoclonal

7~~ant1body, “can be used elther alone or, as ‘an 1mmunoconjugate

'=(éf'l, ‘with Ricin A ulsotopes and the llke) to effectlvely

30 - “Femove cells bearlng the IL-2 receptor,

._These agents can,
D-iE for’ example, theoretlcally ellmlnate IL-2 receptor—expre551ng
-leukemic cells,'certaln B—cells, or actlvated T-cells.
»»1nvolved in a dlsease state, yet allow the retentlon of
!+  'mature normal T-cells and the1r precursors to ensure ‘the
35-47~*capab111ty of mountlng a’ normal T-cell 1mmune response as
' ‘needed. ~ In general """ ‘most other T—cell spec1f1c agents can
destroy essentially all peripheral T—cells, which limits the

agents' therapeutic efficacy. Overall, the use of

I
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appropriate monoclonal antibodies specific for the IL-2
receptor may have therapeutic utility in autoimmune diseases,
organ transplantation and any unwanted response by activated
T-cells.. Indeed, clinical trials have been initiated using,

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

~al., Cancer Res. 45:625 (1985) and Waldman, T., Science
232:727-732 (1986), both of which are incorporated herein by
reference) . S ‘ AU ' o

' Unfortunately, the use of the anti-Tac and other
non-human monoclonal antibodies have certain drawbacks,

. particularly in-repeated therapeutic regimens as explained

- below. Mouse mdﬁodlonal antibodies, for example, do not fix

_human complement well, and lack other important -
immunoglobulinAfunctional characteristics when used in
humans. ' . '

A Perhaps moré importantly, anti-Tac. and other non-
human monoclonal. antibodies contain substahtialfstretches of
amino acid sequences that will be immunogenic'when injected
into a human patient. Numerous studies have shown that,
~after injection of a foreign antibody, the ‘immune response
elicited by a patient against an antibody can be quite

..strong, essentially eliminating the antibody's therapeutic
utility after an initial treatment. Moreover, as.increasing

. numbers of different mouse. or other antigenic (to humans)

monoclonal antibodies can be expected to be developed to _
treat Various.diseases, after .the first and second treatments
- with . any different non-human antibodies, subsequent

treatments even for unrelated therapies can be ‘ineffective or

.. -..even dangerous in themselves. =~ .Y . . N

y:= - _ _While the production of so-called “chimeric.

antibodies" (e.g., mouse variable regions joined to human
., constant regions) has proven somewhat successful, a "

:. significant immunogenicity problem remains.-*In general, the

production of human immunoglobulins reactive with the human

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

extremely difficult using typical human moﬁoclbhéliéhtibody
_production techniques. Similarly, utilizing recombinant DNA
technology to produce so-called "humanized" antibodies (see,
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e.dq., EPO Publication No. 0239400), provides uncertain
results, in part due to unpredictable binding affinities.

' Thus, there is a need for improved forms of human-
llke 1mmunoglobu11ns, such as those specific for the human
IL-2 receptor, that are substantially non-immunogenic 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. '

. _The present invention provides novel compositions

.:PSEfg1':f°r 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 capabie of binding to
the p55 Tac protein on human IL-2 receptors. . The i
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 afflnlty

levels stronger than about 10% ML,

.. .. The immunoglobulins, 1ncluding binding fragments
and other derivatives thereof, of the present invention may

_,xbe_prédupegwreadily 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 coding for the desired immunoglobulin

complementarity determining regions can be produced
synthetlcally or by combining approprlate cDNA and genomic

. DNA segments.

.The human-like immunoglobulins may be utilized
alone in substantially pure form, or complexed with a
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cytotoxic agent, such as a radionuclide, a ribosomal

inhibiting protein or a cytotoxic agent active at cell

surfaces. All of these compounds will be particularly useful
+in treating T-cell mediated disorders. The human-like
~immunoglobulins or their complexes can be prepared in a

.. pharmaceutically accepted dosage form, which will vary

depending on the mode of administration.

The present invention also provides novel methods
for deslgnlng human-like immunoglobulin chains having one or
more complementarity determining regions (CDR's) from 'a donor
immunoglobulin and a framework region from a human

’immunoglobulin,'the preferred methods comprising- first

comparing the framework or variable region amino acid

sequence of the donor immunoglobulin to corresponding

sequences in a collection of human immunoglobulin chains, and
selecting as the human immunoglobulin one of- the more
homologous sequences from the collection. The human

. . immunoglobulin, or acceptor immunoglobulin, sequence is

prically selected from a collection of at least 10 to 20
immunoglobulin chain sequences, and usually will have the
highest homology to the donor immunoglobulin sequence of any

. sequence in the collection. The human immunoglobulin

framework sequence will typically have about 65 to 70%

" homology or more to. the donor immunoglobulin framework

sequences. -The donor immunoglobulin may be either aghéévy.
chain or light chain (or both), and the human collection will

':;qntain the same kind of chain.” A humanized light and heavy
..chain can be used to-form a complete humanized immunoglobulin
_br antibody, having two light/heavy chain pairs, with or

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

In another embodiment of the present invention,
either in conjunction with the above comparison step or
separately, additional amino acids in an acceptor
immunoglobulin chain may be replaced with amino acids form
the CDR-donor immunoglobulin chain. More specifically,
further optional substitutions of a human framework amino

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 framework region
of .an acceptor immunoglobulin is rare for that-poSition and
the corresponding amino acid in the denof'immuhoglobulin is
commoh for that position in .human immunoglobulin sequences;

T 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-dlmen51onal 1mmunoglobu11n model
- and. capable of 1nteract1ng with the antlgen or with the CDR's
of the humanlzed immunoglobulin.

The humanized lmmunoglobulln chain will typlcally

~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
desighed by using any one or all three of the.position
criteria. '

When combined into an intact antlbody, the
humanlzed light and heavy chains of the present 1nventlon

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° MY or higher, and may be within about 4 fold of the
donor immunoglobulin's original affinity to the antigen.
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BRIEF DESCRIPTION OF THE FIGURES

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

an *.

- Figure 2. Comparlson of sequences of anti-Tac
llght chain (upper lines) and Eu light chain (lower llnes)
The single-letter code for amino acids is used. The first~
amino acid on each line is numbered at the left. Identical
amino acids in the two sequences are connected by lines. The
3 CDRs are underlined. Other amino acid positions for which
the anti-Tac amino acid rather than the Eu amino acid was
used in the humanized anti-Tac heavy chain are denoted by
an *, '

Figure 3. Nucleotide sequence of the gene for the
humanlzed anti-Tac heavy chain variable region gene. The
translated amino acid sequence for the part of the gene
encoding protein is shown underneath the ‘nucleotide sequence.

.The nucleotides TCTAGA at ‘the beginning-and end of the gene

are Xba I sites. The mature heavy chain sequence begins with
amino acid #20 Q. SRS S

' Figure 4. Nucleotide sequence-of the gene for the
humanlzed -anti-Tac light chain variable reglon gene. The
translated amino acid sequence for the part of the gene

_.encoding protein is shown"underneath-thernucleotide'sequeﬁee.
- 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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Figure 6. (A) Sequences of the four
oligonucleotides used to synthesize the humanized anti-Tac
light chain gene, printed 5' to 3'. (B) Relative positions
of the oligonucleotides. The arrows point in the 3!

5 direction for each oligonucleotide. The position of a Hind
III site in the overlap of JFD2 and JFD3 is shown..

Figure 7. Schematic diagram of the plasmid
PHUGTAC1 used to express the humanized anti-Tac heavy chain.

' Relevant restriction sites are shown, and coding regions of
10 the heavy chain are displayed as boxes. The direction of
transcription from the immunoglobulin (Ig) promoter is shown
by an arrow.  E_ = heavy chain enhancer, -Hyg = hygromycin
resistance gene. ) . ' v
o Figure 8. Schematic diagram of the plasmid pHuULTAC
15 used to express the humanized anti-Tac light chain. Relevant
» resfriction sites are shown, and doding regions of the light

chain are displayed as boxes. The direction of transcription
from the Ig promoter is shown by an arrow.

Figure 9. Fluorocytometry of HUT-102 and Jurkat

20 ‘cells stained with anti-Tac antibody or humanized anti-Tac
antibody followed respectively by fluorescein-conjugated goat
~ anti-mouse Ig antibody or goat anti-human Ig antibody, as
. labeled. In each panel, -the dotted curve shows the results
.. when the first antibody was omitted, and the solid curve the
25 '~ results when first and second . (conjugated) antibodies were
'1nc1uded as described. '
-~ . - Figure 10. (A) Fluorocytometry of HUT-102 cells
) stained with 0-40 ng of anti-Tac .as indicated, then with
:mblotlnylated anti-Tac, and then with phycoerythrin-conjugated
m3q;5_.'ay;q;nxi. -(B) Fluorocytometry of HUT-102 cells stained with
'Abthe indicated antlbody, then with biotinylated anti-Tac, and
then w1th phycoerythrin-conjugated avidin. - )
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DETAILED DESCRIPTION OF THE INVENTION
In accordance with one embodiment of the present
invention, human-like immunoglocbulins specifically reactive
with desired epitopes, such as those on the IL-2 receptor on

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

have binding affinities of at least about 10%® M}, and
preferably 10° M to 10!° M™? or stronger, are capable of,
e.g., blocking the binding of IL-2 to human IL-2 receptors.
The human-like immunoglobulins will have a human-like
framework and can have complementarity determining regions
(CDR's) from an immunoglobulin, typically a mouse

immunoglobulin, specifically reactive with an epitope on pS5

L“;Tac protein. The immunocglobulins of the present invention,
_ which. can be produced economically in large quantities, find
~use, for example, 'in the treatment of T-cell mediated

disorders in human patients by a variety of techniques.

~ The basic antibody structural unit is known to
comprise a tetramer. Each tetramer is composed of two iden-
tical pairs of polypeptide chains, each pair having one
"light" .(about 25kD) and one "heavy" chain (about S50-70kD).

_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 respon51ble ‘for effector
functlon.. ‘ )

Light chains are classified as either képﬁa or

.nilambda. . Heavy chains are classified (and sﬁbclassified) as
- gamma, mu, alpha, ;delta, or epsilon, and define the'
., antibody's isotype as :IgG, IgM, ‘IgA, -IgD and IgE,

30 - . 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
-‘2ﬂp1,reglon of about .12 more amino acids. (See, generally,
.. Fundamental 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
form the antibody binding 51te. The chains all exhibit the
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same general structure of relatively conserved framework
regions joined by three hypervariable regions, also called
CDR's (see, "Sequences of Proteins of Immunological
Interest," Kabat, E., et al., U.S. Department of Health and
Human Services, (1983); and Cholthia and Lesk, J.' Mol. Biol.,
196:901-917 (1987), which are ‘incorporated herein by
w;eference). The CDR's from the two chains of each pair are
aligned by the framework regions, enabling bindihg to a
.specific epitope.. o e ' R
e ‘ . As used herein, ‘the term "1mmunoglobu11n" refers to
Aa proteln consisting of one or more polypeptides
'isubstantlally encoded by -immunoglobulin genes. The
recognlzed 1mmunoglobu11n genes. include the kappa, lambda,
Aalpha, gamma, delta, epsilon and mu constant region genes, as
.well as the myriad immunoglobulin variable region genes. Thé
?;@munoglobulins may exist in a variety of forms besides
ahtiquies; including, for example, Fv, Fab, and F(ab)z, as
well as in single chains (e.g., Huston, et al., Proc. Nat.
Acad. Sci. U.S.A., 85:5879-5883 (1988) and Bird, et al.,
Science, 242:423-426 (1988), which are incorporated herein by

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

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

“iﬂggggg 323:15-16 (1986), .which are incorporated herein by

..reference). = s S '-;:': I P

" Chimeric antibodies are antlbodles whose*llght and
hgavy chain genes have been constructed, -typically by genetic
.eﬁginegfiné, from immunoglobulin gene segments belénging to
difgeféﬁtQspecies.;,For.example,ithe‘variable'(V)”ségmehts of
the‘génes from a mouse monoclonal antibody haY‘bé‘ﬁdined to

_ :human constant (C)»segments,'such'as’ﬁ and 1;$43A’t§picale

therapeutlc chimeric antibody is thus.a hybrid proteln

N1 S

con51st1ng of the V or antlgen-blndlng domain from a mouse
antlbody and the -C. or effector domain from a human antlbody

(e.g., A. T C.C. Accession No. CRL 9688 secretes’an ant1 Tac
¢h;meric aht;hody),Aalthough’other~mamma11an species may be
used. Lo

As used herein, the term "framework region" refers

to those portions of immunoglobulin light and heavy chain
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~affinity in prior means of producing humanized antibodies

_(using as examples mouse antibodies as'the'sohfce of CDR'S)
are: v
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variable regions that are relatively conserved (i.e., other
than the CDR's) among different immunogleobulins in a single
species, as defined by Kabat, et al., op. cit. 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, typically 75 to 85 or more
residues, identical to those in a human immuhoglobulin.

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, i.e., at least about 85-90%, preferably
~about. 95% identical. Hence, all parts of a human-like

immunoglobulin, except possibly the CDR's, are substantially -
homologous to corresponding parts of one or more native human
immunoglobulin sequences. For example, a human-like
immunoglobulin would not encompass a chimeric mouse variable .
region/human constant region antibody. . »

In accordance with another general aépect of the
present invention, also included are criteria by'which a
limited number of amino acids in the frameworkX of a human-
like or humanized immunoglobulin chain are chosen to be the
same as the amino acids at those positions in the donor Ig
rather thaﬁ,in the acceptor Ig, in order to increase the
affinity of an antibody comprising the humanized -
immunoglobulin chain. 7

This aspect of the present invention is based in

: (1) When 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
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effective contacts with the antigen as the CDR's did in
donor antibody;

(2) Also, amino acids in the original mouse
antibody that are close to, but not part of, the CDR's (
still‘part‘of the framework), may ﬁake?cqntacts_with_the

" antigen that contribute to affinity. These amino acids

lost when the antibody is humanized, because all framewo
amino acids are made human. ' ‘

‘To avoid these problems, and to produce humani

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
,cqmbinatign,'to achieve the desired affinity or other

characteristics.

the

i.e.,

are
rk

zed

Criterion I: As. acceptor, use a framework from a particular

human immunoglobulin that is unusually homologous to the
donor immunoglobulin to be humanized, or use a consensus
framework from many human antibodies. For example,

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

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

regions in a data bank (for example, the National Biomed

ical

Research Foundation Protein Identification Resource) shows

that the extent of homology to different human regions varies

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

. choosing. as the acceptor immunoglobulin one of the human

heavy (respectively 1light) chain variable regions that is

- .most. homologous' to the heavy (respectively'light)'éhain
.- variable region of the donor immunoglobulin, fewer amino

acids will be changed in going from the donor immunoglobulin

to the humanized immunoglobulin. Hence, and again without

._that distorts their conformation. Moreover,  the precise

oyefall shape of a humanized antibody comprising the
humanized immunoglobulin chain may more closely resemble

- intending to be bound. by: theory, it is believed that' there is
a smaller chance of changing. an amino acid near the CDR's

the
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shape of the donor antibody, also reducing the chance of
distorting the CDR's.

Typically, one of the 3-5 most homologous heavy
chain variable region sequences in a representative
collection of at least about 10 to 20 distinct human heavy

chains will be chosen as acceptor to provide the heavy chain
framework, and similarly for the light chain. Preferably,

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

- The selected acceptor immunoglobulin chain will most

preferably have at least about 65% homology in the framework

region to the donor immunoglobulin.

Regardless of how the acceptor immunoglobulin is
chosen, higher affinity may be achieved by selecting a small
number of amino acids in the framework of the humanized
immunoglobﬁlin 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 (i.e., "“rare", which as

" used herein indicates an amino acid occurring at that

position in no more than about 10% of human heavy -
(respectively light) chain V region sequences in a
representative data bank), and if the donor amino ‘acid at

that position is typical for human sequences (i.e., "common",

-which as used herein indicates an amino acid occurring in at
- least about 25% of sequences in a‘represehtativé"data bank),
-~then the donor amino acid rather than the acceptor may be

selected. This criterion helps ensure that an atypical amino
acid in the human framework does not disrupt the antibody

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

an amino acid from the donor antibody that happens to be

typical for human antibodies, the humanized antibody may be
made less immunogenic.
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Criterion IIXI: In the positions immediately adjacent to the
3 CDR's in the humanized immunoglobulin chain, the donor

.amino acid rather than acceptor amino acid may be selected.

These amino acids are particularly likely to interact with

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

acceptor, distort the donor CDR's and reduce affinity.
Mofeever, the adjacentvamino acids may interact directly with
the antigen (Amit et al., Science, 233, 747-753 (1986), which
is 1ncorporated herein by reference) and selectlng these

antigen contacts ‘that provide afflnlty in the orlglnal

::antlbody._ B

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

original donor antibody, shows that certain amino;acids
outside of the CDR's are close to the CDR's and haveyaféopd
probability of interacting with amino acids in' the CDR's by

hydrogen bonding, Van der Waals forces, hydrophobic

interactions, etc. At those amino acid positions, the donor
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
dnits;p: some site in the CDR's and must.contain atoms that
could interact with the CDR atoms according to.established

1chemica1‘fo:ces, such as those listed above. Computer
~ programs to create models of proteins such as antibodies are

generally available and well known to those skilled in the

" art . (see, Loew et al., Int. J. Ouant. Chem., Quant. Biol.
ymg.,‘ls 55-66 (1988); Bruccoleri et al.,: Nature, 33s,

564—568 (1988) ; Chothla et al., Science, 233: 755-758 (1986),
all of whlch are incorporated herein by reference). - These do

not form part of the invention. Indeed, because all -

1 antlbodles have similar structures, the known antibody

structures, which are available from the Brookhaven Protein
Data Bank, can be used if necessary as rough models of other
antlbodles. Commercially available computer programs can be
used to dlsplay these models on a computer monitor, to
calculate the distance between atoms, and to estimate the
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likelihood of different amino acids interacting (see, Ferrin
et al., J. Mol. Graphics, 6:13-27 (1988)).

Humanized or human-like antibodies generally have
at least three potential advantages over mouse or in some
cases chimeric antibodies for use in human therapy:

1) Because the effector portion is human, it may
interact better with the other parts of the human immune
system (e.g., destroy the target cells more efficiently by

complement- dependent cytotoxicity (CDC) or
antibody-dependent cellular cytotoxicity (ADCC)).

2) The human immune system'shohld 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 paftially 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.
Immunol., 138:4534-4538 (1987)). . Injected humanized
antibodies will presumably have a half-life more similar to
naturally occurring human antibodies, allowing smaller and
less frequent doses to be given.

v The present invention is specifically directed to
improved humanized immmunoglobulins (e.g., capable of'binding
the human IL-2 receptor) with réspect to those described in
EPA publication no. 0239400. That apﬁlidation, the

- disclosure of which is excluded from coverage herein,

describes, for certain immunoglobulins, substitdﬁing CDR's
regions in the light or heavy ‘chain variable domains of an

- acceptor antibody with analogous parts of CDR's (typically
" . solvent accessible) from an antibody of different

specificity. -Also, that application discusses, for certain
immunoglobulins, the possibility of only transferring
residues that are (solvent) accessible from the antigen
binding site, which residues apparently may include certain
framework regions (specifically, residues known to be
involved in antigen binding as described in Amit et al.,
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Science 233: 747-753 (1986) or perhaps residues essential for
inter-chain interactions - but for the selection of which
insufficient guidance is provided in that application).
Thus, for,example, a preferred embodiment of the present
invention entails substituting entire CDR's and framework
amino acids immediately adjacent one (or preferably each) of
the CDR's. In general, any framework residue that also makes
contact with the CDR's to,:e.g.; maintain their conformation
(and ﬁéually their antigen binding specificity) are
specifically included within preferred embodiments of the B
present invention as described in detail, supra.

.. In one aspect, the present invention is directed to
recohbinant DNA segments encoding the.heavy and/or lightv
chain CDR's (typically with other amino acid residues as

. described above) from an immunoglobulin capable of binding to

a desired epitope, such as on the human IL-2 receptor (e.g.,
~the antirTad monoclonal antibody). The DNA segments encoding
these regions will typically be joined to DNA segments
encoding appropriate human-like framework regions. For
example, the preferred DNA sequences, which on expression
code for the polypeptide chains comprising the anti-Tac heavy
and .1ight chain hypervariable regions (with human-1like
framework regions), are shown in Figures 3 and 4,

_.respectively.. Due to codon degeneracy and non-critical

amino-acid substitutions, other DNA sequences can be readily

...substituted for those sequences, as detailed below.

'

.. The DNA segments will typicallyifurther\include an
expression control DNA sequence operably linked to the human-
like anéibody coding sequences, .including naturally- -
;qsspgiatedAQ:@heterologous:promoter regions. *' Preferably, the
expressipn;pontrol‘sequencesfwill‘be‘eukaryotic”prombter
éystems_inévectors 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 sequences, and, as desired, the
collection and purification of the light chains, heavy
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chains, light/heavy chain dimers or intact antibodies,
binding fragments or other immunoglobulin forms may follow.

Human constant region DNA sequences can be isolated
in accordance with well known procedures from a variety of
human cells, but preferably immortalized B-cells (see, Kabat
cop. cit. and WP87/02671). For example, the human kappa
immunoglébulin 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 qﬁ gene is
described in Ellison et al., Nucl. Acid. Res. 10:4071 (1982),
both of which are incorporated herein by reference. The
CDR's for producing the -immunoglobulins of the present

invention will be similarly derived from monoclonal

antibodies capable of binding to the desired antigen (e.g.,
the human IL-2 receptor) and produced in any convenient
mammalian source, including, mice, rats, rabbits, or other

-veterbrate capable of producing antibodies by well known

methods. Suitable source cells for the DNA segquences and
host cells for immunoglobulin expression and secretion can be
obtained from a number of sources, such as the American Type
Culture Collection ("Catalogue of Cell Lines and Hybridomas,"
Fifth edition (1985) Rockville, Maryland, U.S.A., which is
incorporated herein by reference). ‘

In addition to the human-like immunoglobulins
specifically deséribed'herein, other‘"substantially
homologous" modified immunoglobulins can be readily designed
and manufactured utilizing various recombinant DNA techniques
well known to those skilled in the art. For example, for the

IL-2 receptor immunoglobulins the framework regions can vary

from the sequences in Figures 3 and 4 at the primary
structure 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-
like immunoglobulins of the present invention. In general,
modifications of the genes may be readily accomplished by a
variety of well-known techniques, such as site-directed
mutagenesis (see, Gillman and Smith, Gene 8:81-97 (1979) and
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Roberts, S. et al, Nature 328:731-734 (1987), both of which
are incorporated herein by reference).
Alternatively, polypeptide fragments comprising only a
portion of the primary antibody structure may be produced,
5 whlch fragments possess one or more 1mmunoglobu11n act1v1t1es
| ‘ (e. ., complement fixation act1v1ty) - Also because like many
. genes, the immunoglobulin-related genes contain separate
Vfunctional regions, each having‘one or more distinct
blologlcal activities, the genes may be fused to functional
10 reglons from other genes (e.d., enzymes, see, cemmonly
. a551gned U.S.S.N. 132,387, flled Dec.. 15, 1987,-which is-
‘f 1ncorporated herein by reference) to produce fusion protelns
-(e.d., 1mmunotox1ns) hav1ng novel properties.
i . ’ The nucleic acid sequences. of the present 1nvent10n
15 ' capable of ultlmately expressing the. desired’ human—llke
antlbodles can be formed from a variety of different
polynucleotldes (genomic or cDNA, RNA, synthet;c
oligonucleotides, etc.) and components (e.g., V, J, D, and C
- regions), as well as by a variety of different techniques.
20 Jeining appropriate genomic sequences is presently the most
- common method of _production, but cDNA sequences may also be
) utlllzed (see, European Patent. Publication No. 0239400 and
) Relchmann, L., et al., Nature 332:323-327 (1988), both of
thlch are incorporated herein by reference).
25 ' ﬁ”- As stated prev1ously, the DNA sequences w111 be
expressed 1n hosts after the sequences have been operably
':;Q_lrnked to (1.e., positioned to ensure the functioning of) an

L expression control sequence. These'ekpression»Vectors are
‘ . typlcally replicable in the host:organisms either: as eplsomes
30 or as an integral, part of the host chromosomal -DNA.® '

cOmmonly, expression vectors will :contain selection ‘markers,
e.d., tetracycline or neomyc1n, to ‘permit detection.of those
. cells transformed with the desired DNA sequences (see, g

U S Patent 4,704,362, which is incorporated hereln by

35 _,treference) . el K oLl - e s

L g. coli is one prokaryotic host useful particularly
for cloning the DNA seguences of the present invention.
Other microbial hosts suitable for use include bacilli, such
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as Bacillus subtilus, and other enterobacteriaceae, such as
Salmonella, Serratia, and various Pseudomonas species. In
these prokaryotic hosts, one can also make expression
vectors, which will typically contain expression control

~ sequences compatible with the host cell (e.g., an origin of
replication). In a#dition, 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 system, or a promoter system from phage lambda. The
promoters will typically control expression, optionally witﬁ
' an operator sequence, -and have ribosome binding site '
sequences and.the like, for initiating and completing
transcription and translation. ) ’ '

C Other microbes, such as yeast, ‘may also be used for
.expression. Saccharomyces is a preferred host, with suitable
vectors having expression control seqﬁences, such as
promoters, including 3-phosphoglycerate kinase or other
glycolytic enzymes, and an origin of replication, termination
sequences and the like as desired. ) '

In addition to microorganisms, mammalian tissue
cell culture may also.be used to express and produée the
polypeptides of the present invention (see,” Winnacker, "From
Genes to Clones," VCH.Publishers, N.¥Y., N.Y. (1987), which is
~incorporated herein by reference). - .Eukaryotic cells are

_.actually preferred, because a number of suitable host cell
.-lines capable of secreting intact immunoglobulins have been

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

.2 .COS cell:lines, Hela cells, myeloma cell lines, etc, but
‘.preferably transformed .B-cells or hybridbmésli'Exéfession

vectors for these cells can include expression control

.-Sequences, ‘'such as an origin of replication, -a promoter, an
. -.-enhancer - (Queen, C.; et al., Immunol. ‘Rev. '89:49-68-(1986),

. - which is incorporated herein by reference), ‘and necessary

‘processing information sites, such as ribosome binding sites,

. .-RNA splice sites, polyadenylation sites, and transcriptional
. - terminator sequences. . Preferred expfession.control sequences

are promoters derived from SV40 with enhancer (see, Mulligan
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and Berg, Science 209:1422-1427 (1980), an immunglobulin
gene, Adenovirus, Bovine Papilloma Virus, and the like.
The vectors containing the DNA segments of interest
(e.g., the heavy and light chain encoding sequences and
5 _&expreséion control sequences) can be transferred into the
host cell by well-known methods, which vary depending on the
~ type of cellular host. For example, calcium chloride
transfection is commonly utilized for prokaryotic cells,
whereas calcium phosphate treatment orvelectropofation may be
10 . used for other cellular hosts. (See, generally, Maniatis, et
-al., Molecular Cloning: A Laboratory Manual, Cold Spring
. Harbor Press, (1982), which is incorporated herein by '
reference.) ' v : .
. -Once expressed, the whole antibodies, their dimers,
15 ... individual light and heavy chains, or other  immunoglobulin
forms of the present invention can be purified according to
_standard procedures of the art, including ammonium sulfate
precipitation, affinity columns, column chromatography, gel
electrophoresis and the like (see, generally, Scopes, R.,
20 - Protein Purification, Springer-verlag, N.Y. (1982)).
Substantially pure immunoglobulins of at least about 90 to
95% homogeneity are preferred, and 98 to 99% or more
homogeneity most preferred, for pharmaceutical uses. Once
.. purified, partially or to homogeneity as desired, the
25 _pélypeptides may then be -used therapeutically~(including
'.“extracorporeally) or in developing and performing assay
- .procedures, :immunofluorescent stainings, and the like. (See,
f{; ‘generally, Immunological Methods, Vols. I ‘and -II,  Lefkovits
ﬂ‘-;f;gnd_Pernis,-eds., Academic Press,. New York, ‘N.Y. (1979 and
30 oL 1981)). . e L oL im o ci L civaoimloamo .

e TR TheQIL—Z receptor specific antibodies exemplified
(n_ in the present invention will typically find use individually
. .in treating a T-cell mediated disease state.i: Generally,
. . where the cell linked to a disease has been identified as IL-
35 | 2 receptor bearing, then the human-like antibodies capable of
‘  ;b1ocking the binding of IL-2 to the human IL-2 receptor are
suitable (see, U.S.S.N. 085,707, entitled ."Treating Human

Malignancies and Disorders," which is incorporated herein by
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reference). For example, typical disease states suitable for
treatment include graft versus host disease and transplant
rejection in patients undergoing an organ transplant, such as
heart, lungs, kidneys, liver, etc. Other diseases include
autoimmune diseases, éuch as Type I diabetes, multiple
sclerosis, rheumatoid arthritis, systemic lupus
erythematosus, and myasthenia gravis.

- The human-like antibodies of the present invention
may also be used in combination with other antibodies,
particularly human monoclonal antibodies reactive with other
markers on cells responsible for the disease. For example,
suitable T-cell markers can include those grouped into the
so-called "Clusters of Differentiation," as named'by the
First International Leukocyte Differentiation Workshép,
Leukocyvte Typing, Bernard, et al., Eds., Springer—Verlag/
N.Y. (1984), which is incorporated herein by reference.

The antibodies can also be used as separately
administered compositions given in conjunction with
chemotherapeutic or immunosuppressive agents. Typically, the
agents will include cyclosporin A or a purine analog (e.d.,
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 vivo.: One component is a cytotoxic
~agent which is usually fatal to a cell when attached or
. absorbed. The second component, known as the "deliVery

vehicle," provides a means for delivering the toxic agent to
a particular cell type, such as cells comprising a carcinoma.

-The_two components are commonly chemically bonded together by

any of a variety of well-known chemical procedures. For
example, when the cytotoxic agent 'is a protein and the second
component is an intact immunoglobulin, the linkage may be by
way of heterobifunctional cross-linkers, e.q., SPDP,
carbodiimide, glutaraldehyde, or the like. Production of
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various immunotoxins is well-known with the art, and can be
found, for example in "Monoclonal Antibody-Toxin Conjugates:
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 agents are suitable for use

in immunotoxins. Cytotoxic agents can include

‘radionuclides, such as Iodine-131, Yttrium-90, Rhenium-188,

and BIsmuth-le; a number of chemotherapeutic drugs, such as
vindesine, methotrexate, adriamycin, and cisplatinm; and
cytotoxic proteins such as ribosomal inhibiting proteins like
pokeweed. antiviral protein, Pseudoﬁonas exotoxin A, ricin;
diphtheria toxin, ricin A chain, etc., or an agent active at
the cell‘surface, such as the phospholipase enzymes (e.d.,
phospholibase c). (See, generally, commonly assigned

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

Toxins," Olsnes and Phil, Pharmac. Ther., 25:355-381 (1982),
and "Monoclonal Antibodies for Cancer Detection and Therapy,"
eds. Baldwin and Byers, pp. 159-179, 224-266, Academic Press

(1985), all of which are incorporated herein by reference.)
' ) The delivery component of the immunotoxin will
include the human-like immunoglobulins of the present

~invention. Intact immunoglobulins or their binding

fragments, suéh as Fab, are preferably used. Typically, the
antibodies in the immunotoxins will be of the human IgM or
IgG isotype, but other mammalian constant regions may be

i ~ The human~like antibodies and pharmaceutical
compositions thereof of this invention are particularly
useful for parenteral administratioh; i.e., subcutaneously,
intramuscularly or intravenously. The compositions for
parenteral administration will commonly comprise a solution
of the antibody or a cocktail thereof dissolved in an accept-
able carrier, preferably an aqueous carrier. A variety of
aqueous carriers can be used, e.q., water, buffered water,
0.4% saline, 0.3% glycine and the like. These solutions are
sterile and generally free of particulate matter. These
compositions may be sterilized by conventional, well known
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sterilization techniques. The compositions may contain
pharmaceutically acceptable auxiliary substances as required
to approximate physiological conditions such as pH adjusting
and buffering agents, toxicity adjusting agents and the like,
for example sodium acetate, sodium chloride, potassium

chloride, calcium chloride, sodium lactate, etc. The

concentration of antlbody in these formulations can vary

widely, i.e., from less than about 0.5%, usually at or at
least about 1% to as much as 15 or 20% by weight and will be
selected primarily based on fluid' volumes, viscosities, etc.,
in accordance with the partlcular mode of admlnlstratlon

selected. T ’ ST T s ,

- Thus, ‘a typical pharmaceutical composition for
intramuscular injection could be made up to contain 1 ml
sterile buffered water, and 50 mg of antibody. A typical
composition for intravenous infusion could be made up to

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

antibody. Actual methods for preparing parenterally
administrable compositions will be known or apparent to those
skilled in the art and are described in more detail in, for
example, Remington's Pharmaceutical Science, 15th ed., Mack
Publishing Company, Easton, Pennsylvania (1980), which is

. incorporated herein by reference.

The antibodies of this invention can be lyophlllzed
for storage and reconstituted in a suitable carrier prlor to.
use. This technique has been shown to be effective with
conventional immune globulins and art-known lyophilization
and reconstitution techniques can be employed. It will be
appreciated by those skilled .in the art that lyophilization
and reconstitution can lead to varying degrees of antibody
activity loss. (e.g., with conventional immune globulins, IgM

antibodies) and that use levels may have to be adjusted to
compensate.

. The compositions containing the present human-like
antibodies or a cocktail thereof can be administered for
prophylactic and/or therapeutic treatments. In therapeutic
application, compositions are administered to a patient
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already suffering from a disease, in an amount sufficient to
cure or at least partially arrest the disease and its
complications. An amount adequate to accomplish this is
defined as a "therapeutically effective dose."- Amounts
5 .. effective for this use will depend upon the severity of the
~infection and the general state of the patient's own immune
system, but generally range from about 1 to about 200 mg of
antlbody per dose, with dosages of from 5 to 25 mg per -
patlent belng more commonly used.. It must be kept in mind
10' ~ .that the materials of this invention may generally be
employed in serious disease states, that is life-threatening
or potentially life-threaténing situations. In such cases,
in view of the minimization of extraneous substances and the
lower probability of "foreign substance" rejections which are
15 achieved by the present human-like antibodies of this in-
vention, it is possible and may be felt desirable by the
treating physician to administer substantial excesses of
these antibodies.
In prophylactic applications, compositions
20 contalnlng the present antibodies or a cocktail thereof are
administered to a patient not already in a disease state to
. enhance the patient's resistance. Such an amount -is defined
to be.a "prophylactically effective dose." In this use, the
-.. precise amounts again depend upon the patient's state of
25m>‘>“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
e ‘patient. A preferred prophylactic use is for the preventlon
_::..of kidney transplant-rejection. = 7. ‘ i
J':';:;‘,rzy; . Single or multiple administrations of the
30 .. ... compositions can- be carried out with dose levels and pattern
,prg;ngrselected,by;the treating  physician.- In any event, the
.;pharﬁaceutical formulations should provide a quantity of the
antlbody(les) of this invention sufficient to effectlvely
treat the patient. B
35 i Human-like antibodies of the present invention can
further flnd 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 ahtibody, 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
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 supplied for use with the subject
antibodies in the protection against or detection of a
cellular activity or for the presence of a selected antigen.
Thus, the subject antibody composition of the present
invention may be provided, usually in a lyophilized form in a
container, either alone or in conjunction with additional

-antibodies specific for the desired cell type. The

antibodies, which may be conjugated to a label or toxin, or
unconjugated, are included in the kits with buffers,- such as

- Tris, phosphate, carbonate, etc., stébilizers, biocides,

-inert proteins, . e.dq., serum albumln, or the like, and a set

of instructions for use. Generally, these materials will be
present in less than about 5% wt. based on the amount of
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 1nclude

an inert extender or exc1p1ent to dilute the active
ingredients, where the excipient may be present in from about
1.to.99% wt. of the total composition. Where a second

.antibody capable of binding to the éhimericAantibody is

employed in an assay, this will usually be present in a
separate vial. The second antibody is typically conjugated
to a label and formulated in an analogous manner with the
antibody formulations described above.
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The following examples are offered by way of
illustration, not by limitation.

) B o EXPERIMENTAL : :
Design of genes for human-like light and heavv chains
The sequence of the human antibody Eu (Sequences of .

. Proteins of Immunological Interest, Kabat, E., et al., U.S..

Dept. of Health and Human Services, 1983) was used to provide
the framewark of the humanlzed antibody, because the amino

_homologous to the heavy chain of this antibody than to any

V:other heavy chain sequence in the. Natlonal Blomedlcal

Foundation Protein Identification Resource.
_ To select the sequence of the humanized heavy
chain, the anti-Tac heavy chain sequence (see, commonly

_assigned U.S.S.N.'s 186,862 and 223,037, which are

incorporated herein by reference) was aligned with the

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

position, the Eu amino acid was selected for the humanized
sequence, unless that position fell in any one of the
following categories, in whichleaSe the anti-Tac amino acid
was selected. . _ . . . “
o - (1)  The position fell within a complementarity
_.determining region (CDR), as defined by Kabat,
) “et al., _Q c1t (amino acids.31-35, 50-66,
. 99-106) ;-

(2) The Eu emlno_acid,was unusual for human heavy

-~ chains at that position, whereas the anti-Tac
P .amino acid was typical for human heavy chains
r e . ...;at _that position (amino acids 27, 93, 95, 98,

e -+ .107=109, 111); o rEo LoiTT onind

(3) The position was immediately adjacent  to a CDR

.-in the amino acid sequence of the’ anti-Tac
-heavy chain (amino acids 30 and 67).

';:,, . (4) .3-dimensional modeling of the anti-Tac

- antibody suggested that the amino acid was
physically close to the antigen binding region
(amino acids 48 and 68).
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Some amino acids fell in more than one of these categories
but are only listed in one.

To select the sequence of the humanized light
chain, the anti-Tac light chain sequence was aligned with the

sequence of the Eu light chain (Figure 2).

The Eu amino

acid was selected at each position, unless the position again
fell into one of the categories (1) - (4), (with light chain
replacing heavy chain in the category definitions):

(1)

(2)

(3)

(4)

-anti-Tac were already the same at all these

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 - - -

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

The actual nucleotide sequence of the heavy

(Figure 3) and light chain (Figure 4) genes were selected as

follows:

(1)

(2)

(4)

the nucleotide sequences code for the amino
-acid sequences chosen as described above.

5! 6f these coding seqﬁences, the nucleotide
sequences code for a leader (signél) sequence,
namely the leader of the light chain of the
antibody MOPC 63 and the leader of the heavy
chain of the antibody PCH 108A (Kabat et al.,
op. cit.).  These 1eédéftsequehces were chosen
as typicaliof 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 segquences are
included because they contain splice donor
signals. . = .. 8T . -
At each end of the sequence is an Xba I site
to allow cutting at the Xba I sites and

cloning into the Xba I site of a vector.
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Construction of humanized_ light and hea chain genes

To synthesize the heavy chain, four
oligonucleotides HESIZ, HES13, HES14, HES15 (Figure 5A) were
synthesized using an Applied Biosystems 380B DNA synthesizer.
Two of the oligonucleotides are part of each strand of the
heavy chain, and each oligonucléotide overlaps the next one
by about 20Anuc1eotides‘to allow annealing (Figure 5B).
Together, the oligonucleotides cover the entire humanized
heavg chain (Figure 3) with a few extra nucleotides at each
end to allow cutting at the Xba I sites. The
oligonucleotides were purified from polyacrylanide gels..

v Each oligonucleotide was phosphorylated using ATP
and'T4 polynucleotide kinase by standard procedures (see,
Maniatis, op. cit.). 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
magnesium 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

25

._.(Figure 5B), the following components were added in a final

volume of 100ul: -
S 10 ul - -. ... annealed oligonucleotides
0.16 mM each deoxyribonucleotidg.

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 ga4/62 protein (polymerase
IERNUERRU T S - accessory protein)
25 ug/ml

. ) " 45 protein (polymerase accessory
P T .- : .. 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 pUCl1l9 by standard methods. Four
plasmid isolates were purified and sequenced using the

,dideoxy. method. One of these had the correct sequence

(Figure 3).

To synthesize the light chain, four
oligonucleotides JFD1l, JFD2, JFD3, JFD4 (Figure 6A) were
synthesized. Two of the oligonucleotides are part of each
strandvof the light chain, and each oligonucleotide overlaps

. the next one by about 20 nucleotides to allow annealing

(Figure 6B)-. Tbgether, the oligonucleotides cover the entire
humanized light chain (Figure 4) with a few extra nucleotides

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

oligonucleotides were purified from polyacrylamide gels.
The light chain gene was synthesized from these
olignucleotides in two parts. 0.5 ug each of JFD1 and JFD2

. were combined in 20 ul sequenase buffer (40 mM Tris-HCl, pH
~7.5,.20 mM magnesium chloride, 50 mM sodium chloride), heated

at 70 deg for 3 min and allowed to cool slowly to 23 deg in
order for the oligonucleotides to anneal.. JFD3 and JFD4 were

- treated 'in the same way. Each reaction was made 10 mM in DTT
.and 0.5 mM in each deoxyribonuclectide and 6.5 u of seguenase

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

.~-incubated for 1. hr ‘at 37 deg to synthesize the opposite

i

- - 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
-in- each-of the synthesized DNAs;‘FiQﬁre‘6B)f”The reactions
.were run on polyacrylamide gels, and the Xba I - Hind III
_fragments were purified and cloned into puCcl8 by standard

- methods. Several plasmid isolates for each fragment were

sequenced by the dideoxy method, and correct ones chosen.
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Construction of plasmids to express humanized light and heavy
chains

The heavy chain Xba I fragment was isolated from
the pUC19 plasmid in which it had been  inserted and then
insertéd into the Xba I site of the vector pvVyl (see,
commohly assigned U.S.S.N. 223,037) in the correct

.orientation by standard methods, to produce the plasmid

pHuGTACl (Flgure 7). This plasmid will express high levels
of a complete ‘heavy chain when transfected into an
appropriate host cell.

~ The two llght chaln Xba I - Hind III fragments were
1solated from the pUC18 plasmids in which they had been
;nserted. -.The vector plasmid pVkl (see, commonly assigned

»U;S{S.N, 223,037) was cut with Xba I, dephosphorylated and

ligated with the two fragments by standard methods. The
desired reaction product has the circular form: vector - Xba -
I - fragment 1 - Hind III - fragment 2 - Xba I - vector.
Several plasmid isoclates were analyzed by restriction mapping
and sequencing, and one with this form chosen. This- plasmid,
PHULTAC (Figure 8), therefore contains the complete humanized
light.chain (Figure 4) and will éxpress high levels of the

'llght chaln when transfected into an approprlate host cell.

s

The plasmlds PHUGTAC1 and pHuLTAC were transfected

1nto 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
_pethods,éﬁTodyerify that these cells secreted antibody that
"xbinds to the. IL-2 receptor, supernatant. from the cells was
fh;npupgpqd:withvHUTflozhcells that are known.to-express the -
» IL-2 receptor. After washing,. the cells were incubated with

fluorescein-conjugated goat anti-human antibody, washed, and
analeed,fop 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 mouse anti-Tac antibody was also used to stain these
cells (Figure 9B,C), giving similar results.

For further experiments, cells producing the
humanized antibody were injected into mice, and the resultant
asciteéicollected. 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

_ Laboratorles, .Inc., Richmond, CA) according to standard

technlques. To determine the affinity of the humanized
antibody relative to the original anti-Tac antibody, a

‘competitive binding experiment'waS’performéd.‘ About 5 x 10°
-HUT-102 cells were incubated with known quantities (10 - 40
_ ng) of the anti-Tac antibody and the humanized anti-Tac

antibody for 10 min at 4 deg. Then 100 ng of biotinylated
anti-Tac was added to the cells and incubated. for 30 min at 4
deg.” This quantity of anti-Tac had previously been
determined to be sufficient to saturate the binding sites on
the cells, but not to be in large excess. Then -the cells

. were 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

,"biqtinylated anti-Tac already bound. to the cells. - The cells
.were washed again as above, fixed in PBS containing 1%
‘ paraformaldehyde,land ahalyzed for fluorescence on a FACSCAN
_cytofluorometer.‘.@:,~ 2 th - )

v e 5

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

_‘;antl—Tac antlbody as. competitor in the first step decreased
. the amount of biotinylated anti-Tac that®could bind to the
. cells in the second step; and therefore the amount of

phycoerythrln-conjugated avidin that bound in the last step,
thus decreasing fluorescence (Figure 10A). Equivalent
amounts (20 ng) of anti-Tac, and humanized anti-Tac. used as
competitor decreased the fluorescence to approximately the
same degree (Figure 10B). This shows that these antibodies
have approximately the same affinity (within 3 to 4 fold),
because if one had much greater affinity, it would have more
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effectively competed with the biotinylated anti-Tac, thus
decreasing fluorescence more.

Biological properties of the humanized antibod

For optimal use in treatment of human disease, the
humanized antibody should be able to destroy T-cells in the
body that express the IL-2 receptor. One mechanism by which
antibodies may destroy target cells is antibody-dependent
cell-mediated cytotoxicity, abbreviated ADCC (Fundamental
Immunclogqy, Paul, W., Ed., Raven Press, New York (1984), at
Pg. 681), in which the antibody forms a bridge between the
target cell and an effector cell such as a macrophage that
can lyse the target. To determine whether the humanized
antibody and the original mouse anti-Tac antibody can mediate
ADCC, a chromium release assay was performed by standarad

methods. Specifically, human leukemia HUT-102 cells, which

express the IL-2 receptor, were incubated with *!Ccr to allow

. them to absorb this radionuclide. The HUT-102 cells were

then incubated with an excess of either anti-Tac or humanized
anti-Tac antibody. The HUT-102 cells were next incubated for
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. Release of 51Cr,vwhich indicated
lysis of the target HUT-102 cells, was measuréd and the v
background subtracted (Table 1). The results show that at
either ratio of effector cells, anti-Tac did not 1lyse a
significant number of the targef cells (less than 5%), while

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 5lcr release after .ADCC

. Effector: Target ratio
h 30:1 ' 100:1
10 -
Antibody
Anti-Tac ‘ 4% : < 1%
Humanized 24% 23%
anti-Tac .

15

From the foregoing, it will be appreciated that the -
human-like immunogiobulins of the present invention offer
numerous advantages of other antibodies. For example, in
comparison to anti-Tac mouse monoclonal antibodies, the

20 present human-like IL-2 receptor immunoglobulins can be more
economically produced and contain substantially less foreign
amino acid sequences. This reduced likelihood of
antigenicity after injection into a human patient represents
a significant therapeutic improvement for immunoglobulins

25 de51gned in accordance with the above criteria. '

o . Although the present invention has beén described
in some detail by way of illustration and example for
purposes of clarlty and understandlng, it will be apparent

» that certaln changes and modlflcatlons may be practlced

30 within the scope of the appended claims.
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WE CLAIM:

1. A composition comprising a substantially pure
human-like immunoglobulin specifically reactive with p55 Tac
protein. ’

2. A composition according to Claim 1, wherein
the immunoglobulin comprlses two palrs of llght/heavy chain
'dlmers; wherein each chain comprlses a variable region and a
constant region. )

3. A comp051t10n comprlslng a substantially pure
'human—llke 1mmunoglobu11n capable. of 1nh1b1t1ng binding of -
human interleukin-2 (IL-2) to a human IL-2 receptor.

4. A comp051t10n accordlng to Clalm 1, whereln
the 1mmunoglobu11n exhibits a binding afflnlty to a human IL-

-1 or stronger.'

“2 receptor of about 10®° M
5. ‘A composition accordlng to clalm 1 whereln
* the: 1mmunoglobu11n comprises complementarlty determlnlng
regions from one 1mmunoglobu11n and framework reglons from at
*1fleast one dlfferent 1mmunoglobu11n. )
‘6. " A recombinant 1mmunoglobulln comp051tlon
“comprising “a human-like framework and one or more foreign
“complementarity determlnlng reglons not naturally assoc1ated

C@stwith the framework;’ whereln said 1mmunoglobu11n 1s capable of

w~b1nd1ng to a “human interleukln—z receptor.

C o T it rememrerin TLThed SIS Lda LA

'....:» P T I s

7. A composition according to Claim 6, wherein
the immunoglobulin is an IgG, immunoglobulin isotype.

8. A composition according to Claim 6, wherein
the mature light and heavy variable region protein sequences
are substantially homologous to the mature protein sequences
in Figures 3 and 4.
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9. A human-like immunoglobulin having two pairs
of light chain/heavy chain dimers and capable of specifically
reacting with an epitope on a human interleukin-2 receptor
with an .affinity of at least about 10® M™*, said light and

. heavy chains comprising complementarity determining regions

(CDR's) and human-like framework regions,‘wherein the CDR's
"are from different immunoglobulin molecules than the’
framework regions. )

10. An immunoglobulin accordlng to Claim 9, which
is. capable of blocklng the blndlng of 1nter1euk1n—2 (IL-2) to
human IL-2 receptors. i

11. A humanized immunoglobulin capable of binding
to human interleukin-2 receptdrs, said immuhoglobulin
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 sequence as shown in
Figure 4. .- .. . . o &7 N

- 13. © A humanized'immunoglobuiiﬁ:Eécdrding to Claim

-11, wherein an additional.amino acid from the anti-Tac
.. antibody is immediately-adjacent a CDR. .-i=< == =

E o e B
e e B N . . . : : r:

.uv.s- 3.-14. A method of treating T-cell mediatéd’disordérs
in a human patient, said method comprising administering to

_sald patient a therapeutically. effectlve dose of an
- immunoglobulin accordlng ‘to Claim 1.

15. - An 1mmunoglobu11n according to Claim l which
was produced in a myeloma or hybridoma cell.
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A polynucleotide molecule comprising a first

sequence coding for human-like immunoglobulin framework

regions and a second sequence coding for one or more mouse

immunoglobulin complementarity determining regions, wherein

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.

17,
of Claim 1s6.

18. A method of designing a humanized

A cell line transfected with a polynucleotide -

immunoglobulin (Ig) chain having one or more complementarity

region from a human Ig,

said method comprising:

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

comparing

the framework or variable region amino acid sequence of the

donor Ig light or heavy chain with corresponding sequences in

a collection of human Ig chains; and selecting to provide the

human Ig light or heavy chain framework one of the about

three most homologous sequences from the collection.

19. A method of designing a humanized

immunoglobulin chain having a framework region from a human

acceptor immunoglobulin and complementarity determining

regions (CDR's) from a donor 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

the donor immunoglobulin at a position in the immunoglobulins

where:

(a) the amino acid in the human framework region

of the acceptor immunoglobulin is rare for said position and

the corresponding amino acid in the donor immunoglobulin is

common for said position in human immunoglobulin sequences:;

or

(b)
of the CDR's;

the amino acid is immediately adjacent to one

or
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(c) the amino acid is predicted to have a side
chain atom within about 3A of the CDR's in a three-

dimensional immunoglobulin 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, wherein at
least one of the amino acids substituted from the donor is
immediately adjacent a CDR.

15

22. A humanized immunoglobulin designed according
to Claims 18, 19, or 20.
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20 30 40 50 60
TCTAGATGGGATGGAGGTGGATCTTTCTCTTCCTCCTGTCAGGTACCGGGGGCGTGCACT

M6 WS W I FLFLLSGEG6ETAGVH

10 80 30 100 110 120
CTCAGGTCCAGCTTGTCCAGTCTGGGGCTGAAGTCAAGAAAGCTGGCTCGAGCGTGAAGG
S ¢ v QoL Qe S 6 A EV XK K P G S S V K

130 140 150 160 170 180
TCTCCTGCAAGGCTTGTGGCTACACCTTTAGTAGCTACAGGATGCACTGGG TAAGGCAGG
vV $ ¢ K A S 6 Y T FT S Y R M H W V R Q

130 200 210 220 230 240
GCCCTGGACAGGGTCTGGAATGGATTGGATATATTAATCCGTCGACTGGGTATACTGAAT
A P 6 Q 6 L E W I 6 Y I NPS T G6 YT

E
250 260 270 280 290 300
ACAATCAGAAGT TCAAGGACAAGGCAACAATTACTGCAGACGAATCCACCAATACAGCCT
Y N o K F KD K A T I T ADE S TNTA
310 320 330 340 350 360
AGATGGAACTGAGCAGCCTGAGATCTGAGGACAGCGCAGTGTATTACTGTGCAAGAGGGG
Y E L S S LR S EDTAVY Y C ARG

370 380 390 400 410 420

GGGGGGTCTTTGACTACTGGGGCCAAGGAACCCTGGTCACAGTCTCCTCAGGTGAGTCCT
6 6 Vv D Y W 6 0 6 L vT VS S
430 '
TAAAAGCTCTAGA
F16.—3.

QUIATITIITE QUETT
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10 20 30 40 50 60
TCTAG ATGGéG AGCGATACCCTCCTGCTATGGGTCCTCCTGCTATGG6TCCCAGGATGAA

M ET DT L L L WV L L LWV P 6 S

70 80 30 - 100 110 120 -
%CGGAGATATTCAGATGAGCCAGTCTCCATGTACGCTCTCTG CTAGCGTCGGGGATAGGG -

6 DI 0 M T QS PSS TL S ASV 6 DR
140 '

130 150 160 70 180
TGACGATARGCTECTCTGLOAGCT CAAG TATAAG T TAGA TGCAC TGS TACOAG CAGAAGC

T ¢S A S S S I §Y MH WY Q2 0 X

130 - 200 210 220 230 240
gAGECAéAG %TCgCAQGC[TCTAATTTATACCACATCCAAC CTGG CTTCTGGAG‘}’CCETG

L Yy 77T S N L A S G

250 - %0 270 280 290 300
CTCGCTTCAGT6GCAGTGGATCTGGGACCGAGTTCACCCTCACAATCAGCTCTCTGCAGC.
ARF S 6 S 6 S 6 TTETFTULTIT 1S S 1L 0

310 320 330 340

350 360
CAGATGATTTCGCGAGTTATTACTGCCATGAAAGGAGTACTTACCCACTCACGTTCGETC
P DDF ATY Y CH QRS TYP L T F 6

370 380 390 400
AGGGGACCAAGGTGGAGGTCAAAGGTAAGTAGACTTTTC TAGA
e 6 T. XK V E V K ‘ '

F16.—4.
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BIOEPIS EX. 1002
Page 785



HESI2

HESI3

HES 14

HESIS

CCCAGTCEACEGATTAATATATCCAATCCATTCCAGAG COTETCCAGGGE COTEOCTTAC

CCAGTGCATCCTGTAGCTAGTAAAGGTGTAGGCAGAAGCCTTGCAGGAGAGGTTCAGGET
C6AGGCAGG

TATATTAATGCGTCGAGTGGGTATAGTGAATAGAATCAGAAGTTGAAGGA CAAGGCAA GA
ATTAGTECAGACGAATCCACCAATACAGCCTACATGGAACTGAGCAGCCTGAGATCTGAG

GACA

ATATGGTGTAGAGGTTTTAAGGAGTCACCTGAGGAGAGTGTGACCAGGGTTCGTTO6CCE
gég{%gE%AAAGACCCGCGCCCCTCTTGCA CAGTAATAGACTGCGGTETCCTCAGATCTC

HESIZ - HES I4

HESI3 | HESIS

F16.5.

198.0/06 OMA
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J
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JFDI
JFD2

JFDJ

JFD4

CAAATCTAGATGGAGACCEATACCCTCCTECTATGE6 TCCTCCTECTATE66TCCCAGGA
TCAACCGGAGATATTCAGATGACCCAGTCTCCATCTAGCCTCTCTGCTAGCETCEG6GAT

ATAAATTAGAAGCTTG6GAGCTTTECCTG6CTTCTECTOOTACCAGTGCATETARCTTAT
ACTTGAGCTGGCAGAGCAGGTTATGE6TGACCCTATCCCCGACGCTAGCAGAGAG

GCTCCCAAGGTTCTAATTTATACGACATCGAACGTGGCTTC(T)

6 TGOTGGCTTE
#gGGCAGTGGATCTGGGACGGAGTTCACCCTGAGAATCAG ¢ 6GC

AGATGAT

—

6
T

JFDI JFD3

JFD2 | JFD4
HIND T |

FI6.-6.

8/6

198.0/06 OMA

Lssswassn/..

|

|
|
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EcoRI EcoRI Ig Promoter

pBR322

pBR322
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. VIEWS. 37 CFR 1.84(h)
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Fig(s)—
—— VYiew and enlarged view not labeled separately.
Fig(s).

Long-view relationship beiween different parts not clear and
unambiguous. 37 CFR 1.84(hK2)Xii)
Figls)

Sectiorial views. 37 CFR 1.84(h)(3)

Hatching not indicated for sectional portions of an object.
Figs)

- Hatching of regularly spaced ohlique paraltei lines not spaced
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way. Fig(s).

Alternate position. 37 CFR 1.B4(h)d4)

4
14. AUMBERING QF SHEETS OF DRAWINSS, 1.84(1)
- L/—>~Number appears in wp margin. Fig(s,

Modified forms. 37 CFR 1.84(h)(5)
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Figs)__
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Fig(s).
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Solid black shading areas not g d. Figls)
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1.84(p)
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the view. 37 CFR 1.84(p)(1) Fig(s).

___ Englisb alphabet not used. 37 CFR 1.84(pX2)

Fig(s).

- bers, letters, and h do not ol least
.32 cm. (1/8 inch) in height 37 CFR(p)(3)
Fig(s).

13. LEAD LINES. 37 CFR 1.84(q)
—— Lead lines cross each other. Fig(s)
—— Lead lincs missing. Fig(s)
. Lead lines not as short as possible. Fig(s),

. Number not larger than reference charact
Fig(s).

.. Sheets not numbered consccutively, and in Arabic numerals,
beginning with number 1, Sheet(s)

15. NUMBER OF VIEWS. 37CFR [.84(u)
Views not pumbered consecutively, and in Arabic numerals,
beginning with number 1. Fig(s)
. View BoL ded by the ab iation Fig.
Fig(s).
—_ Single view omméns a ‘{; number and the abbreviation Fig.

. Numbers noi larger thanYeference characiers.
Fig(s). -

16. CORRECTIONS. 37 1.84(w)
. Corrections not durable and p Fig(s).

17. DESIGN DRAWING. 37 CFR 1.152
___ Surface shading shown not appropriate, Fig(s).
. Solid black shading nos used for color contrast.

A scparale view required for a moved position. Fig(s).
L3710 S —
® N % / /
ATTACHMENT Tu PAPER NO. I A REVIEWER . DATE,

et &

BIOEPIS EX. 1002
Page 793



In re Application of ) Group Art Unit: 180,6,,:
) SR A
Carter and Presta ) Examiner: ADAMS‘%?D. -
: ) o~
Serial Nd%, 08/146,206 ) ‘
)
Filed: 17 November 1993 )
)
For: METHOD OF MAKING HUMANIZED )
ANTIBODIES )
- )
)
)
)
)
)
)

|' ~ . ‘

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

INFORMATION DISCLOSURE STATEMENT

Honorable Commissioner of Patents
and Trademarks
Washington, D.C. 20231

Sir:

Applicants submit herewith patents, publications or other information {attached hereto and listed

on the attached Form PT0-1449) of which they are aware, which they believe may be material to the

examination of this application and in respect of which there may be a duty to disclose in accordance
with 37 CFR §1.56.

This Information Disclosure Statement:

{a) 1 -
(b) 1]

{c} 1]

{d) Ix]

accompanies the new patent application submitted herewith. 37 CFR §1.97(a).

is filed within three months after the filing date of the application or within three
months after the date of entry of the national stage of a PCT application as set forth
in 37 CFR§1.491.

as far as is known to the undersigned, is filed before the mailing date of a first Office
action on the merits.

is filed after the first Office Action and more than three months after the application’s
filing date or PCT national stage date of entry filing but, as far as is known to the
undersigned, prior to the mailing date of either a final rejection or a notice of allowance,
whichever occurs first, and is accompanied by either the fee {($210) set forth in 37 CFR
§1.17{p) or a certification as specified in 37 CFR §1.97{(e), as checked below. Should
any fee be due, the U.S. Patent and Trademark Office is hereby authorized to charge
Deposit Account No. 07-0630 in the amount of $210.00 to cover the cost of this
Information Disclosure Statement. Any deficiency or overpayment should be charged
or credited to this deposit account. A duplicate of this sheet is enclosed.
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(e) [1 is filed after the mailing date of either a final rejection or a notice of allowance,
whichever occurred first, and is accompanied by the fee ($130) set forth in 37 CFR
§1.17(i)(1) and a certification as specified in 37 CFR §1.97(e), as checked below. This
document is to be considered as a petition requesting consideration of the information
disclosure statement.

[If either of boxes (d) or (e) is checked above, the following "certification” under 37 CFR

§1.97(e) may need to be completed.] The undersigned certifies that:

1] Each item of information contained in the information disclosure statement was cited
in a communication mailed from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of this information disclosure
statement.

[ No item of information contained in this information disclosure statement was cited in
. a communication mailed from a foreign patent office in a counterpart foreign application
or, to the knowledge of the undersigned after making reasonable inquiry, was known
to any individual designated in 37 CFR 81.56(c) mare than three months prior to the
filing of this information disclosure statement.

A list of the patent(s) or publication(s) is set forth on the attached Form PTO-1449 (Modified).
A copy of the items on PTO-1449 is supplied herewith:

[x] each [] none [] only those listed below:

Those patent(s) or publication(s) which are marked with an asterisk (*) in the attached PT0O-1449 form
are not supplied because they were previously cited by or submitted to the Office in a prior application
Serial No. , filed and relied upon in this application for an earlier filing date under 35 USC §120.

A concise explanation of relevance of the items listed on PTO-1449 is:

[x] not given

N given for each listed item

)] given for only non-Engilish language listed item(s) [Required]

)| in the form of an English language copy of a Search Report from a foreign patent office,
issued in a counterpart application, which refers to the relevant portions of the
references.

The Examiner is reminded that a "concise explanation of the relevance” of the submitted prior
art "may be nothing more than identification of the particular figure or paragraph of the patent or

publication which has some relation to the claimed invention,” MPEP 8§609.
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While the information and references disclosed in this Information Disclosure Statement may
be "material” pursuant to 37 CFR §1.586, it is not intended to constitute an admission that any patent,
publication or other information referred to therein is "prior art” for this invention unless specifically
designated as such.

in accordance with 37 CFR §1.97(b), the filing of this Information Disclosure Statement shall
not be construed to mean that a search has been made or that no other material information as defined
in 37 CFR §1.56(a) exists. It is submitted that the Information Disclosure Statement is in compliance
with 37 CFR §1.98 and MPEP §609 and the Examiner is respectfully requested to consider the listed

references.

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

file in the Office of Enroliment and Discipline.

Re$
GEN

Mly submitted,
CH, INC.

Date: April 13, 1995 By:

‘Wendy M. Lee

460 Pt. San Bruno Blvd.

So. San Francisco, CA 94080-4990
Phone: (415) 225-1994

Fax: {415) 952-9881
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REQUEST FOR A CORRECTED FILING RECEIPT

Honorable Commissioner of Patents
and Trademarks

Washington, D.C. 20231

Sir:

Attached is a copy of the Official Filing Receipt received from the PTO in the above application
for which issuance of a corrected filing receipt is respectfully requested. Please make the correction
as follows: Under "CONTINUING DATA AS CLAIMED BY APPLICANT-", please delete "07/715,222
06/14/91 PAT D 335,559" and insert --07/715,272 06/14/91 ABD--.

The correction is not due to any error by applicant and no fee is believed to be due. However,
in the event that the Patent Office determines that fees are due in connection with the filing of this
document, we hereby authorize the Commissioner to charge such fees to our Deposit Account No. 07-
0630.

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

Respectfully submitted,

GE7ENT , INC.
Date: April 10, 1995 By: J)

Wendy'M. Lee

460 Pt. San Bruno Bivd.

So. San Francisco, CA 94080-4990
Phone: {415) 225-1994

Fax: {415) 952-9881
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UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE OFFICE OF ENROLLMENT AND DISCIPLINE

LIMITED RECOGNITION UNDER 37 CFR § 10.9(b)

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

This document constitutes proof of such recognition. The original of this document is on
file in the Office of Enroliment and Discipline of the U.S. Patent and Trademark Office.

EXPIRES: DECEMBER 9, 1995

Cameron Weifiéﬁbach, Director
Office of Enrollment and Discipline
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Variant immunoglobulins, particularly humanized
antibody polypeptides are provided, along with methods
for their preparation anc' use. Consensus immunoglobulin
sequences and structural models are also provided.
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-RECOMBINANT DNA PRODUCT AND -METHODS

Th2 present invention relates to altered antibodies
in which at leas*t parts of the complementarity
determining regions (CDRs) in the light or heavy
chain variable domains of the antibody have been
replaced by analogous parts of CDRs from an antibody
of different specificity. The present invention
also relates to methods for the production of such
altered antibodies.

Natural antibodies, or immunoglobulins, comprise two
heavy chains linked together by disulphide bonds and
two light chains, one light chain being linked to
each of che heavy chains by disulphide bonds. The
general structure of an antibody of class I1gG (i.e.
an immunoglobulin (Ig) of class gamma (G)) is shown
schematically in Figure 1 of the accompanying
drawings.

,} - Each heavy chain has at one end a variable domain
' followed by a number of constant domains. Each
zeva -~ - -11ght chain has a variable domain at one end and a
‘ constant domain at its other end, the variable
'Q ?f domain being aligned with the variable domain of the
e heavy chain and the constant domain being aligned
with the first constant domain of the heavy chain.,
The constant domains in the light and heavy chains
e« are not involved directly in binding the antibody to
’\“y;, the antigen. »

The variable domains of each pair of light and:heavy
chains form the antigen binding site. The domains
on the light and heavy chains have the same general
structure and each domain comprises four framework

o
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regions, Wwhose sequences .are relatively conserved,
connected by three hypervariable or complementarity
determining regions (CDRs) (see Kabat, E.A., Wu,
.T., Bilofsky, B., Reid-Miller, M. and Perry, H.,
in "Sequences of Proteins of Immunological
Interest”, US Dept. Health and Human Services 1983).
The four framework regions largely adopt a ﬁ—sheet
conformation and the CDRs form loops connecting, and
in some cases forming part of, the  -sheet
structure. The CDRs are held in close proximity by
the framework regions and, with the CDRs from the
other domain, contribute to the formation of the
antigen binding site.

For a more detailed account of the structure of
variable domains, reference may be made to: Poljak,
R.J., Amzel, L.M., Avey, H.P., Chen, B.L.,
Phizackerly, R.P, and Saul, F., PNAS USA, 70,
3305-3310, 1973; Segal, D.M., Padlan, E.A., Cohen,
G.H., rudikoff, S., Potter, M. and Davies, D.R.,
PNAS USA, 71, 4298-4302, 1974; and Marquart, M.,
Deisenhofer, J., Huber, R. and Palm, W., J. Mol.
Biol., 141, 369-391, 1980.

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

EP-A-0 088 994 (Schering Corporation) proposes the
construction of recombinant DNA vectors comprising a
ds DNA sequence which codes for a variable domain of
a light or a heavy chain of an Ig specific for a
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predetermined ligand. The ds DNA sequence is
provided with initiation and termination codons at
its 5'- and 3'-,termini respectively, but lacks any
nucleotides cod{;g for amino acids superfluous to
the variable domain. The ds DNA sequerce is used to
transform bacterial cells. The application does not

~ contemplate variations in the sequence of the

variable domain.

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

polypept: “e.

EP-A-0 125 023 (Genentech Inc.) proposes the use of
recombinant DNA techniques in bacterial cells to
produce 1g's which are analogous to thcse normally
found in vertebrate systems and to take advantage of
the gene modification techniques proposed therein to
construct chimeric Igs oi other modified forms of 1Ig.

A The term 'chimeric antibody' is used to describe a

protein comprising at least the antigen binding
portion of an immunoglobulin molecule (Ig) attached
by peptide linkage to at least part of another
protein.

It is believed that the proposals set out in the
above Genentech application did not lead to the
expression of any significant quantities of 1Ig
polypeptide chains, nor to the production of 1Ig
activity, nor to the secretion and assembly of the
chains into the desired chimeric Igs.

L0
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The production of monoclonal antibodies was first
disclosed by Kohler and Milstein (Rohler, G. and
Milstein, C.~“Nature, 256, 495-497, 1975). Such
monoclonal antibodies have found widespread use not
only as diagnostic reagents (see, for examplé,
‘Immunology for the 80s, Eds. Voller, A., Bartlett,
A., and Bidwell, D., MTP Press, Lancaster, 1981) but
also in therapy (see, for example, Ritz, J. and
Schlossman, S.F., Blood, 59, 1-11, 1982). ’

The recent emergence of techniques allowing the
stable introduction of Ig gene DNA into myeloma
cells (see, for example, 0i, V.T., Morrison, S.L.,
Herzenberg, L.A. and Berg, P., PNAS USA, 80,
825-829, 1983; Neuberger, M.S., EMBO J., 2,
1373-1378, 1983; and Ochi, T., Hawley, R.G., Hawley,
T., Schulman, M.J., Traunecker, A., Kohler, G. and
Hozumi, N., PNAS USA, 80, 6351-6355, 1983), has
opened up the possibility of using in vitro
mutagenesis and DNA transfection to construct
recombinant Igs possessing novel properties.

However, it is known that the function of an Ig
molecule is dependent on its three dimensional
structure, which in turn is dependent on i*s primary
amino acid sequence., Thus, changing the amino acid
sequence of an Ig may adversely affect its

activity. Moreover, a change in the DNA sequence
coding for the Ig may affect the ability of the cell
containing the DNA sequence to express, secrete or
assemble the 1g.

It is therefore not at all clear that it will be
possible to produce functional altered antibodies by
recombinant DNA techniques.

BIO
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However, colleagues of the present Inventor have
devised a procesééwhezeby chimeric antibodies in
which both parts of the protein are functional can
be secreted. The process, which is disclosed in
International Patent Application No. PCT/GB85/00392
(Neuberger et al. and Celltech Limited), comprises:

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

b) 1if necessary, preparing a replicable
expression vector including a suitable
promoter operably linked to a DNA
sequence which encodes at least the
variable domain of a complementary light
or heavy chain respectively of an lg
molecule;

c) transforming an immortalised mammalian
cell line with the or both prepared
vectors; and

d) culturing said transformed cell line to
produce a chimeric antibody.

BIOEPIS EX.
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The seccend part of the DNA sequence may encode:

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

ii) at least the active portion or all of an

enzyme;
ii1) a protein having a known binding
specificity;

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

v) a protein toxin, such as ricin.

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

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

The determination as to what constitutes a CDR and -
what constitutes a framework region was made on the

basis of the amino-acid sequences of a number of

Igs. However, from the three dimensional structure

of a number of Igs it is apparent that the antigen
binding site of an Ig variable domain comprises

three looped regions supported on sheet-like

structures. The loop regions do not correspond
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exactly to the CDRs, alfhough in general there is
considerable overlap.

Moreover, not all of the amino-acid residues in the
loop regions ;re solvent accessible and in one
case, amino-acid residues in the framework regions
are involved in antigen binding.(Amit, A.G.,
Mariuzza, R.A., Phillips, S.E.V. and Poljak, R.J.,
Science, 233, 747-753, 1986).

It is also known that the variable regions of the
two parts of an antigen binding site are held in the
correct orientation by inter-chain non-covalent
interactions. These may involve amino-acid residues
within the CDRs.

Thus, in order to transfer the antigen binding
capacity of one variable domain to another, it may
not be necessary to replace all of the CDRs with the
complete CDRs from the donor variable region. It
may be necessary only to transfer those residues
which are accessible from the antigen binding site,
and this may involve transferring framework region
residues as well as CDR residues.

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

Within a domain, the packing together and
orientation of the two disulphide bonded B-sheets
(and therefore the ends of the CDR loops) are
relatively conserved. However, small shifts in
packing and orientation of these (3-sheets do occur

R
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(Lesk, A.M. and Chothia, C., J. Mol. Biol., 160,
325-34z, 1982). However, the packing together and
orientation of heavy and light chain variable
domains is relatively conserved (Chothia, C.,
Novotny, J., Bruccoleri, R. and Karplus, M., J. Mol.
Biol., 186, 651-653, 1985). These points will need
to be borne in mind when constructing a new antigen
biding site so as to ensure that packing and
orientation are not altered to the deteriment of
antigen binding capacity.

It is thus clear that merely by replacing one or
more CDRS with complementary CDRs may not always
result in a functional altered antibody. However,
given the explanations set out above, it will be
well w.*hin the competence of the man skilled in the
art, either by carrying out routine experimentation
or by trial and error testing to obtain a functional
altered antibody.

Preferably, the variable domains in both the heavy
and light chains have been altered by at least
partial CDR replacement and, if necessary, by
partial framework region replacement and sequence
changing. Although the CDRs may be derived from an
antibody of the same class or even subclass as the
antibody from which the framework regions are
derived, it is envisaged that the CDRs will be
derived from an antibody of different class and
preferably from an antibody from a different
species.

Thus, it is envisaged, for instance, that the CDRs
from a mouse antibody cogld be grafted onto the

sk

R s e B

= Y ,-"

BIOEPIS EX. 1002
Page 813

nzis.\"“"*’si"" J.,( kw s.«q,_ 0“' “’.,u.‘é. ig‘ _r:“



0233400

-9-
framework regions of a human antibody. This
arrangement will be of particular use in the
therapeutic use of monoclonal antibodies.

At present, when.a mouse monoclonal antibody or even
a chimeric antibgﬁy comprising a complete mouse
variable domain is injected into a human, the human
body's immune system recognises the mouse variable
domain as foreign and produces an immune response
thereto., Thus, on subsequent injections of the
mouse ancibody or chimeric antibody into the human,
its effectiveness i{s considerably reduced by the
action of the body's immune system against the
foreign antibody. In the altered antibodv of the
present invention, only the CDRs of the antibody
will be foreign to the body, and this should
minimise . 'de effects if used for human therapy.
Although, for example, human and mouse framework
regions have characteristic sequences, there seem
to be no characteristic features which distinguish
human from mouse CDRs. Thus, an antibody comprised
of mouse CDRs in a human framework may well be no
more foreign to the body than a genuine human
antibody.

Even with the altered antibodies of the present
invention, there is likely to be an anti-idiotypic
response by the recipient of the altered antibody.
This response is directed to the antibody binding
region of the altered antibody, It is believed that
at least some anti-idiotype antibodies are directed
at sites bridging the CDRS and the framework regions.
It would therefore be possible to provide a panel of
antibodies having the same partial or complete CDR
replacements but on a series of different framework
regions. Thus, once a first altered antibody became
therapeutically ineffective, due to an anti-idiotype
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response, a second altered antibody from the series
could be used, and -so-on, to overcome the effect .of
the anti-idiotype response. Thus, the useful life
of the antigen-binding capacity of the altered
entibodies could be extended.

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

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

a) preparing a first replicable expression
vector including a sujitable promoter operably linked

2k _'“g‘-;_;'" v A
Cirsiigt VRS

”ﬁ; to a DNA sequence which encodes at least a variable
;};51 ‘domain of an Ig heavy or light chain, the variable
?%;3&. domain comprising framework regions from a first

’Aﬁﬁ antibody and CDRs comprising at least parts of the

CDRs from a second antibody of different specificity;

b) 1f necessary, preparing a second
replicable expression vector including a suitable
P prémoter_operably linked to a DNA sequence which
Ziﬁ : encodes at least the vsriable domain of a
' complementary Ig light or heavy chain respectively:

: &2
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¢) transforming a cell line with the first or
both prepared ,vectors; and

-

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

The present invention also includes vectors used to
transform the cell line, vectors used in producing
the transforming vectors, cell lines transformed
with the transforming vectors, cell lines tranformed
with preparative vectors, and methods for their
production.

Prefera™ly, the cell line which is transformed to
produce the altered antibody is an immortalised
mammalian cell line, which is advantageously of
lymphoid origin, such as a myeloma, hybridoma,

trioma or quadroma cell line. The cell line may
also comprise a normal lymphoid cell, such as a
B-cell, which has been immortalised by

transformation with a virus, such as the Epstein-Barr
virus, Most preferably, the immortalised cell line
is a myeloma cell line or a derivative thereof.

Although the cell line used to produce the altered
antibody is preferably a mammalian cell line, any
other suitable cell line, such as a bacterial cell
line or a yeast cell line, may alternatively be
used. 1In particular, it is envisaged that E. Coli
derived bacterial strains could be used.
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It is known that some immortalised lymphoid cell
lines, such as myeloma cell lines, in their normal
state secrete isolated Ig light or heavy chains. 1If

égé,

0
§§,’:f

W
'(is,’q

ov
)

: e/,
‘,.'Q"‘&-.
S

"ﬁ \" %3 W ¢

BIOEPIS EX. 1
Page 816



+* M3, xo
GG

- s 45

g Ve (T

B

Ry

SRR A
hy e b

3 ' A TR SN R e A
n‘l‘,‘,"“_c,'l.?(-'.i'(; Jé-r'bdtl:-"' AR

N 0239400

-12-

such a cell line is trancsformed with the vector
brepared in step a) of the process of the invention,
it will not be necessary to carry out step b) of the
process, provided that the normally secreted chain
is complementary to the variable domain of the Ig
chain encoded by the vector prepared in step a).

However, where the immortalised cell line does not
secrete or does not secrete a complementary chain,
it will be necessary to carry out step b). This
step may be carried out by further manipulating the
vector produced in step a) so that this vector
encodes not only the variable domain of an altered
antibody light or heavy chain, but also the
compleme..tary variable domain. )

Alternatively, step b) is carried out by
preparing a second vector which is used to transform
the immortalised cell line. This alternative leads
to easier construct preparation, but may be less
preferred than the first alternative in that it may
not lead to as efficient production of antibody.

The techniques by which such vectors can be produced
and used to transform the immortalised cell lines
are well known in the art, and do not form any part
of the invention.

In the case where the immortalised cell line
secretes a complementary light or heavy chain, the
transformed cell line may be produced for example by
transforming a suitable bacterjal cell with the
vector and then fusing the bacterial cell with the
immortalised cell line by spheroplast fusion.
Alternatively, the DNA may be directly introduced
into the immortalised cell line by electroporation.

vls
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The DNA seguence encoding the altered variable
domain may be prepared by oligonucleotide

synthesis. This requires that at least the
framework region sequence of the acceptor antibody
and at least the CDRs sequences of the donor
antibody are known or can be readily determined.
Althouch determining these sequences, the synthesis
of the DNA from oligonucleotides and the preparation
of suitable vectors is to some extent laborious, it
involves the use of known techniques which can
readily be carried out by a person skilled in the
art in light of the teaching given here.

If it was desired to repeat this strategy to insert
a different antigen binding site, it would only

require the synthesis of oligonucleotides encoding
the CDRs, as the framework oligonucleotides can be

re-used.

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

Alternatively, the DNA sequence encoding the altered
variable domain may be prepared by primer directed
oligonucleotide site-directed mutagenesis. This

BIOEPIS EX. 100
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technique in essence involves hybridising an
oligonucleotide coding.fOt a desired mutation with a
single stténd of DNA containing the region to be
mutated and usihg the single strand as a template
for extensicn of the oligonulcleotide to produce a
strand containing the mutation. This technigue, in
various forms, is described by : Zoller, M.J. and
Smith, M., Nuc. Acids Res., 10, 6487-6500, 1982;
Norris, XK., Norris P., Christiansen, L. and Fiil,
N., Nuc. Acids Res., 11, 5103-5112, 1983; Zoller,
M.J. and Smith, M., DNA, 3, 479-488 (1984); Kramer,
L5 W., Schughart, K. and Pritz, W.-J., Nuc. Acids Res.,
' 10, 6475-6485, 1982.
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'W; For var.»>us reasons, this technique in its simplest
i form does not always produce a high frequency of
mutation. An improved technique for introducing
both single and multiple mutations in an M13 based
vector, !'as been described by Carter et al. (Carter,
P., Bedouelle H. and Winter, G., Nuc. Acids Res.,
13, 4431-4443, 1985)

Using a long oligonucleotide, it has proved possible
to introduce many changes simultaneously (as in
Carter et al., loc. cit.) and thus single

) 2
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ég oligonucleotides, each encoding a CDR, can be used
s to introduce the three CDRs from a second antibody
;3&? into the framework ragions of a first antibody. Not
i

only is this technigque less laborious than total
gene synthesis, but 1t-:eptesents a particularly
convenient way of expressing a variable domain of
required specificity, as it can be simpler than
tailoring an entire Vg domain for insertion into an
expression plasmid.

pa R :"

BIOEPIS EX. 1002
Page 819



G 0239400

-15-

The oligonucleotides vzed for site-directed
mutagenesis may be prepared by oligonucleotide
svnthesis or may be isslated from DNA coding for the
variable domain of the second antibody by use of
suitable restriction enzymes. Such long
oligonucleotides will generally be at least 30 bases
long and may be up to or over 80 bases in length.

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

The method of the present invention is envisaged as
being of particular use in "humanising™ non-human
monoclei.al antibodies. Thus, for instance, a mouse
monoclonal antibody against a particular human
cancer cell may be produced by techniques well known
in the art. The CDRs from the mouse monoclonal
antibody may then be partially or totally grafted
into the framework regions of a human monoclonal
antibody, which is then produéed in quantity by a
suitable cell line. The product is thus a
specifically targetted, essentially huma: antibody
which will recognise the cancer cells, but will not
‘itself be recognised to any significant degree, by a
human's immune system, until the anti-idiotype
response eventually becomes apparent. Thus, the
method and product of the present invention will be
of particular use in the clinical environment.

The present invention is now described, by way of
example only, with reference to the accompanying
drawings, in which:

BIOEPIS EX. 1002
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fiqure 1 is a schematic diagram showing the
structure of an I1g9G molecule;

Pigure 2 shows ‘the amino acid sequence of the Vy
domain of NEWM in comparison with the Vg domain of
the BI-8 antibody;

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

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

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

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

Pigure 7 shows the sequence of the variable domain
' of antibody D1.3 and the gene coding therefor; and

Pigure 8 shows a protocol for the cloning of the
Dl1.3 variable domain gene.

EXAMPLE 1

~-.

This example shows the production of an altered
antibody in which the variable domain of the heavy
chains comprises the framework regions of a human
heévy chain and the CDRs from a mouse heavy chain.
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‘The framework regions were derived from the human
myeloma heavy chain NEWM, the crystallographic
structure of which is known (see Poljak et al., loc.

cit. and Reth, ﬁ;, Hammerling, G.J. and Rajewsky,
Ko' EMBO J.' _1_' 629-634' 1982.)

The CDRs were derived from the mouse monoclonal
antibody Bl1-8 (see Reth et al., loc. cit.), which
binds the hapten NP-cap (4-hydroxy-3-nitrophenyl
acetyl-caproic aciad: KNP_CApzl.z.PM),

A gene encoding a variable domain HuVyp, comprising
the B1-8 CDRs and the NEWM framework regions, was
constructed by gene synthesis as follows.

2he amino acid sequence of the Vy domain of NEWM is
shown in Pigure 2, wherein it is compared to the
amino acid sequence of the Vy domain of the Bl-8
antibody. The sequence is divided into framework
regions anu CDRs according to Kabat et al. (lcc.
cit.). Conserved residues are marked with a line.

The amino acid and nucleotide sequence of the HuVyp
- gene, in which the CDRs from the B1-8 antibody
~lternate with the framework regions of the NEwWM
antibody, is shown in Figure 3. The HuVyp gere was
derived by replacing sections of the MoVyp gene in
the vector pSV-Vyp (see Neuberger, M.S., Williams,
G.T., Mitchell, E.B., Jouhal, S., Flanagan, J.G. and
Rabbitts, T.H., Nature, 314, 268-270, 1985) by a
synthetic fragment encoding the HuVyp domain. Thus
the 5' and 3' non-coding sequences, the leader
sequence, the L-V intron, five N-terminal and four

ABEDeeE ]
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C-terminal amino acids are from the MoVyp gene and

Ew ¥l
LD

P o
. the .rest of the coding sequence is from the

?§g§ synthetic HuVyp fragment.

A

:yf.} " ]

Y Tiue oligonucléotides from which the HuVyp fragment

was assembled are &ligned below the corresponding
portion of the RuVyp gene. For convenience in
cloning, the ends of oligonucleotides 25 and 26b
form a Hind II site followed by a Hind III site, and
the sequences of the 25/26b oligonucleotides
therefore differ from the BuVyp gene.

The HuVyp synthetic fragment was built as a

. PstI-Hind III fragment. The nucleotide sequence was
derived from the protein sequence using the computer
programme ANALYSEQ (Staden, R., Nuc. Acids. Res.,
12, 521-538, 1984) with optimal codon usage taken
from the sequences of mouse constant domain genes.
The oligonucleotides (1 to 26b, 28 in total) vary in
size from 14 to 59 residues and were made on a
Biosearch SAM or an Applied Biosystems machine, and
purified on 8M-urea polyacrylamide gels (see Sanger,
P. and Coulson, A., PEBS Lett., 87, 107-110, 1978).

S " = The oligonucleotides were assembled in eight single
stranded blocks (A-D) containing oligonucleotides

{,3,5,7) (Block A), (2,4,6,8) (block A'),
{9,11,13a,13b] (Block B), [10a, 10b,12/14) (block
B'), [15, 17) (block C), [16,18) (block C'), [19,
21, 23, 25) (block D) and [20, 22/24, 26a, 26Db)
(block D').
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In a typical assembly, for example of block A, 50
pmo'e of oligonucleotides 1,3,5 and 7 were
phosphorylated at the 5' end with T4 polynucleotide
kinase and mixed together with 5 pmole of the
terminal oligonucleotide [1) which had been
phosphorylated with Slyci [3-3291 ATP (Amersham 3000
Ci/mmole)., These oligonucleotides were annealed by
heating to 80°C and ccoling over 30 minutes to room
temperature, with unkinased oligonucleotides 2, 4
and 6 as splints, in 150 Pl of 50 mM Tris.Cl, pH
7.5, 10 mM MgCl;. FPor the ligation, ATP (1 mM) and
DTT (10mM) were added with 50 U T4 DNA ligase
{({Anglian Biotechnology Ltd.) and incubated for 30
minutes at room tenperature. EDTA was added to 10
mM, the sample was extracted with phenol,
precipitated from ethanol, dissovlved in 20 pl water
and boiled for 1 minute with an equal volume of
formamide dyes. The sample was loaded onto and run
on a 0.3 mm BM-urea 10% polyacrylamide gel. A band
of the expected size was detected by autoradiography
and eluted by soaking,

Two full length single strands were assembled from
“blocks A to D and A' to D' using splint
oligonucleotides. Thus blocks A to D were annealed
and ligated in 30 yl as set out in the previous
paragraph using 100 pmole of oligonucleotides 10a,
16 and 20 as splints. Blocks A' to D' were ligated
using oligonucleotides 7, 13b and 17 as splints.

After phenol/ether extraction, block A-D was
annealed with block A'-D', small amounts were cloned
in the vector M13mpl8 (Yanish-Perron, C., Vieira, J.
and Messing, J., Gene, 33, 103-119, 1985) cut with
Pstl and Rind I1I, and the gene sequenced by the
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dideoxy technique (Sanger, F., Nicklen, S. and
Coulson, A.R., PNAS USA, 74, 5463-5467, 1979).

The MoVyp gene.was transferred as a Hind III - CzmHl
fragment from the vector pSV-Vyp (Neuberger et al.,
loc. cit.) to the vector M1l3mp8 (Messing, J. and
Vieira, J., Gene, 19, 269-276, 1982). To facilitate
the replacement of MoVyp coding sequences by the
synthetic HuVyp fragment, three Hind II sites were
removed from the 5' non-coding sequence by site
directed mutagenesis, and a new Hind II site was
subsequently introduced.neat the end of the fourth
framework region (PR4 in FPigure 2). By cutting the
vector with Pstl and Bind II, most of the Vyp
fragment can be inserted as a PstI-Hind II

fragment. The sequence at the Hind II site was
corrected to NEWM FR4 by site directed mutagenesis.

The Hind III - Bam HI fragment, now carrying the
HuVyp gene, was excised from M13 and cloned back
into pSV-Vyp to replace the MoVyp gene and produce a
vector pSV-BuVyp. Pinally, the genes for the heavy
chain constant domains of human 1g E (Flanagan, J.G.
- and Rabbitts, T.H., EMBO J., 1, 655-660, 1982) were
introduced as a Bam HI fragment to give the vector
pSV-BuVyp. HE. This was transfected into the

myeloma line J558 L by spheroplast fusion.

The sequence of the HuVyp gene in pSV-HuVyp. HE was
checked by recloning the Hind III-Bam HI fragment
back into M13mp8 (Messing et al., loc. cit.). J558L
myeloma cells secrete lambda 1 light chains which
have been sﬁoyn'td associate with heavy chains
containing the MoVyp variable domain to create a

BIOEPIS EX. 1002
Page 825



Y SRR

02339400

-21-

binding site for NP-cap or the related hapten
NIP-Cap (3-iodo-4-hydroxy-S~nitrophenylacetyl-
caproic acid) ﬁneth, M., Hammerling, G.J. and
Rajewsky, K., Eur. J. Immunol., 8, 393-400, 1978).

As the plasmid pSV-HuVyp.HE contains the gpt marker,
stably transfected myeloma cells could be selected
in a medium containing mycophenolic aciad.
Transfectants secreted an antibody (HuvVyp-IgE) with
heavy chains comprisirg a HuVyp variable domain
(i.e. a "humanised"” mouse variable region) and
human'ﬁ constant domains, and lambda 1 light chains
from the JS58L myeloma cells.

The culture supernatants of several gpt' clones were
assayed by radioimmunoassay and found to contain
NIP-cap Binding antibody. The antibody secreted by
one such clone was purified from culture supernatant
by affinity chromatography on NIP-cap Sepharose
(Sepharose is a registered trade mark). A
polyacrylamide - SDS gel indicated that the protein
was indistinguishable from the chimeric antibody
MoVyp-IgE (Neuberger et al., loc. cit.).

The BuVyp-IgE antibody competes effectively with the
MoVyp-IgE for binding to both anti-human-IgF and to
NIP-cap coupled to bovine serum albumin.

Various concentrations of HuVyp-IgE and MoVyp-IgE
were used to compete the binding of radiolabelled
MoVyp-IgE to polyvinyl microtitre plates coated with

'(a) Sheep anti-human~IgE antiserum (Seward

Laboratories); (b) NIP-cap-bovine serum albumin; (c)
Ac38 anti-idiotypic antibody; (d) Ac 146
anti-idiotypic antibody; and (e) rabbit anti-MoVyp

.
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antiserum. 7Binding was also carried out in the
presence of MoVyp-IgM antibody (Neuberger, M.S.,
williams, G.T. and Fox, R.O., Nature, 312, 604-608,
1984) or of JWS7/1/2 which is an IgM antibody
differing from the MoVyp-IgM antibody at 13 residues
mainly located in the Vy CDR2 region.

et

The results of the binding assays are shown in
Figure 4, wherein black circles represent HuVyp,
white circles Movyp, black squares MoVyp-IgM and
white squares JW5/1/2. Binding is given relative to
the binding in the absence of the inhibitor.

The affinities of HuVyp-IgE for NP-cap and NIP-cap

were then measured directly using the fluorescence
quench technique and compared to those for

MOVNP-IgE, using excitation at 295 nm and observing
emission at 340 nm (Eisen, -H.N., Methods Med. Mes.,

10, 115-121,1964). :

Antibody solutions were diluted to 100 nM in

phosphate buffered saline, filtered (0.45 pm pore

cellulose acetate) and titrated with NP-cap in the

‘range 0.2 to 20)pH. As a control, mouse DI-3

antibody (Mariuzza, R.A., Jankovic, D.L., Bulot, G.,

Amit, A.G., Saludjian, P., Le Guern, A., Mazie, J.C.

and Poljak, R.J., J. Mol. Biol., 170, 1055-1058,

1983), which does not bind hapten, was titratecd in .

parallel.

~.

Decrease in the ratio of the fluorescence of
HuVyp~I9gE or HuVyp-IgE to the fluorescence of the
Dl-3 antibody was taken to be proportional to NP-cap
occupancy of the antigen binding sites. The maximum

EXE
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quench was about 40% for both antibodies, and hapten
dissociation constants were determined from
least-squares fits of triplicate data sets to a
hyperbola. N

For NIP-cap, hapten concentration varied from 10 to
300 nM, and about 50% quenching of fluorescence was
observed at saturation. Since the antibody
concentrations were comparable to the value of the
dissociation constants, data were fitted by least
squares to an equation describing tight binding
inhibition (Segal, 1.,H., in "Enzyme KRinetics",
73-74, Wiley, New York, 1975).

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

Table 1
. ’ KNp-cap KNIP-cap
MoVyp-IgE 1.2 pm 0.02 pm
HuVyp-IgE 1.9 pM 0.07 pM

. These results show that the affinities of these

:ntibodi2s are similar and that the change in
affinity is less than would be expected for the loss
of a hydrogen bond or a van der Waals contact point
at the active site of an enzyme.

Thus, it has been shown that it is possible *¢n
produce an antibody specific for an artificial small
hapten, comprising a variable domain having human
framework regions and mouse CDRs, without any
significant loss of antigen binding capacity.

s
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As shown in Figure 4(d), the HuVyp-IgE antibody has
lost the MoVyp idiotypic determinant recognised by
the antibody Acld6. FPurthermore, HuVyp-IgE also
binds the Ac38 antibody less well (Fiqure 4(c)), and
it is therefore not surprising that RuVyp-IgE has
lost many of the determinants recognised by the
polyclonal rabbit anti-idiotypic antiserum (Pigure
4(e)).

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

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

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

The above work has shown that antigen bindfng
characteristics can be transferred from one
framework to another without loss of activity, so

a
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long as ihe original antibody is specific for a
small hapten.

It is known that small haptens generally fit into an
antigen binding cleft. However, this may not be
true for natural antigens, for instance antigens
comprising an epitopic site on a protein or
polysaccharide. Por such antigens, the antibody
may lack a cleft (it may only have a shallow
concavity), and surface amino acid residues may play
a significant role in antigen binding. 1t is
therefore not readily apparent that the work on
artificial antigens shows conclusively that CDR
replacement could be used to transfer natural
antigen ! ‘nding properties.

Therefore work was carried out to see if CDR
replacement could be used for this purpose. This
work also involved using primer-directed,
oligonucleotide site-directed mutagenesis using
threeAsynthetlc oligonucleotides coding for eac¢h of
the mouse CDRs and the flanking parts of framework

“regions to produce a variable domain gene similar to
the HuVyp gene.

EXAMPLE 2

The three dimensional structure of a complex of
lysozyme and the antilysozyme antibody D1.3 (Amit et

, al., loc., cit,) was solved by X-ray

P crystallography. There is a large surface of
interaction between the antibody and antigen. The
antibody has two heavy chains of the mouse 1gGl
class (H) and two Kappa light chains (K), and is
denoted below as H2Kj.
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‘The DNA sequence of the heévy chain variable
region was determined by making cDNA from the mRNA
of the D1.3 beridoma cells, and cloning into
plasmid and M13 vectors. The sequence is shown in
Fiqure 7, in which the boxed residues comprise the
three CDRs and the asterisks mark residues which

contact lysozyme.

Three synthetic oligonucleotides were then designed
to introduce the D1.3 VHCDRs in place of the VyCDRs
of the HuVyp gene. The Huyp geneAhas been cloned
into M13mp8 as a BamHI-Hind III

fragment, as described above. Each oligonucleotide
has 12 nucleotides at the 5' end and 12 nucleotides
at the 3' end which are complementary to the
appropriate HuVyp framework regions. The central
portion of each oligonucleotide encodes either CDR1,
CDR2, or CDR3 of the Dl1.3 antibody, as shown in
Figqure 5, to which reference is now made. It can be
seen from this Figqure that these oligonucleotides
are 39, 72 and 4B8.nucleotides long respectively.

10 pméle of D1.3 CDR1 primer was phosphorylated at

the 5' end and annealed to lpg of the M13-RuVyp
template and extended with the Klenow fragment of
DNA polymerase in the presence of T4 DNA ligase.
After an oligonucleotide extension at 15°C, the
sample was used to transfect E. Coli strain BHM71/18
mutl, and plagues gridded and grown up as infected
colonies.

After transfer to nitrocellulose filters, the
colonies were probed at room temperature with 10
pmole of D}.3 CDRl primer labelled at the 5*' end
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with 30 yFi?z-p-ATP. After a 3" wash at 60°C,
autoradiography revealed -about 20% 'of the colonies
had hybridised well to the probe. All these
techniques are fully described in "Oligonucleotide
site-directed mutggenesis in M13" an experimental
manual by P, Carter, H. Bedouelle, M.MN,. Waye and
G. Winter 1985 and published by Angna:\
Biotechnology Limited, Hawkins Road, Colchester,
Essex CO2 8JX. Several clones were sequenced, and
the replacement of HuVyp COR1 by D.13 CDR1 was
confirmed. This M13 template was used in a second
round of mutagenesis with D1.3 CDR2 primer; finally
template with both CDRs 1&2 replaced was used in a
third round of mutagenesis with D.13 CDR3 primer. ‘
In this case, three rounds of mutagenesis were

used.

The variable domain containing the D1.3 CDRs was
then attached to sequences encoding the heavy chain
constant regions of human IgG2 so as to produce a
vector encoding a heavy chain Hu*, The vector was
transfected into J558L cells as above. The antibody
Hu*,L, is secreted.

G -

ci 8 s 7> LR ToeD o 3 c. X ;
a8 e RESRGALEING A2k M- L ARL. o Tl 5

"For éompatative purposes, the variable region gene
for the Dl1.3 antibody was inserted into a suitable
vector and attached to a gene encoding the constant
regions of mouse 1gGl to produce a gene encoding a
heavy chain H* with the same sequence as H. The
protocol for achieving this is shown in Figure 8.

'j',*' TN g

4y

As shown in Figure 8, the gene encoding the D1.3
heavy chain V and Cyl domains and part of the hinge
region are cloned into the M13mp9 vector.

oy = PR - -
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The vector {vector -A) is then cut with Ncol, blunted
with Klenow polymerase and cut with PstI. The
PStI-Ncol fragment is purified and cloned into
PstI-AHindII cut MVyp vector to replace most of the
MVyp coding sequences. The MVyp vector comprises
the mouse variable domain gene with its promoter, 5°'
leader, and 5*' and 3' introns cloned into M13mp9.
This product is shown as vector B in Pigure 8,

Using site directed mutagenesis on the single
stranded template of vector B with two primers, the
sequence encoding the N-terminal portion of the Cyl
domain and the PstI site near the N-terminus of the
V domain are removed. Thus the V domain of Dl1.3 now
replaces that of Vyp to produce vector C of Figure 8.

Vector C is then cut with HindlII and BamHI and the
frégment formed thereby is inserted into
HindIII/BamHI cut M13mp9. The product is cut with
Hind IIT and Sacl and the fragment is inserted into
PSV-Vyp cut with Hind III/Sacl so as to replace the
Vyp variable domain with the D1.3 variable domain.
Mouse IgGl constant domains are cloned into the
vector as a Sacl fragment to produce vector D of
Figure 8.

Vector D of FPigure 8 is transfected into J558L cells
and the heavy chain H* is secreted in association
with the lambda 1ligkt chain L as an antibody H*j;Ls.

Separated K or L light chains can be produced by
treating an appropriate antibody {(for instance D1.3
antibody to produce XK ligat chains) with
2-mercaptoethanol in guanidine hydrochloride,
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blocking. the .free interchain-sulphydryls with
{odoacetamide and separating the dissociated heavy
and light chains by HPLC in guanidine hydrochloride.
Differert heavy and light chains can be reassociated
to produce functional antibodies by mixing the
separated heavy and light chains, and dialysing into
a non-denaturing buffer to promote re-association
and refolding. Properly reassociated and folded
antibody molecules can be purified on protein
A-sepharose columns. Using appropriate combinatf.ions
of the above procedures, the following antibodies
were prepared.

HaK2 (D1l 3 antibody)

H*>L> (Dl1.3 heavy chain, lambda light chain)
? H*3K> (recombinant equivalent of D1.3)
3 Hu*3Lo ("humanised"™ D1.3 heavy chain, lambda
3 light chain) .
& Hu%,K; ("humanised” D1.3)

ﬁ; The antibodies containing the lambda light chains
3%;*: were not tested for antigen binding capacity. The
‘g%ﬁ . other antibodies were, and the results are shown in
’3‘& able 2.

I
1§&. Table 2
Antibody Dissociation constant
Hfor lysozyme (nM)
D1.3 (H2K2) ‘ 14.4
D1.3 (H2K3) 15.9, 11.4
(reassociated)
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recombinant D1.3 (H*3K3) 9.2
(reassociated)
"humanised" D13 (BuzKj) 3.5, 3.7

(reassociated)

The affinity of the antibodies for lysozyme was
determined by fluorescent quenching, with excitation
at 290nm and emission observed at 340nm Antibody
solutions were diluted to 15-Jng/mg in phosphate
buffered saline, filtered (0.45 um-cellulose
acetate) and titrated with hen eggwhite lysozyme.
There is a quenching of fluorescence or adding the
lysozyme to the antibody ( »100% quench) and data
were fitted by least squares to an equation
describing tight binding inhibition {(I.H. Segal in
Enzyme Kinetics, p73-74, Wiley, New York 1975).
Although at first sight the data suggest that the
binding of the "humanised®™ antibody to lysozyme is
tighter chan in the original Dl1.3 antibody, this
remains to be confirmed. It is clear however that
the humanised antibody binds lysozyme with a
comparable affinity to Dl1.3

7 . '_" A

et
)

Further work (with another antibody-CAMPATH1) has
shown that CDRs 1,2 and 3 can be exchanged
simultaneously, by priming as above with all three
primers., 10% hybridisation positives were detected
by screening with the CDR1 primer; 30% of these
comprised the triple mutant in which all the CDRs
were replaced.,

v
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It has therefore been shown that CDR replacement can
be used not only for artificial antigens (haptens)
but also for natural antigens, theréby showing tiat
the present'invquion will be of therapeutic use.

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

A R 9
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CLAIMS

1. An altered antibody in which at 1east‘parts of
the complemeﬁtarity determining regions (CDRs) in
the light or heavy chain variable domains have been
replaced by analogous parts of CDRs from an antibody
of different specificity.

2. The altered antibody of claim 1, in which the
entire CDRs have been replaced.

3. The altered antibody of claim 1 or claim 2, in
which the varjiable domains in both the heavy and
light chains have been altered by CDR replacement.

4. The altered antibody of any one of claims 1 to
3 in which the CDRs from a mouse antibody are
grafted onto the framework regions of a human
antibody.

S. The altered antibody of any one of claims 1
to 4, which has the structure of a natural antibody
or a fragment thereof.

6. A method for producing an altered antibody
comprising:

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

Po
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b) if necessary, preparing a second
replicable expression vector including a .suitable
promoter operably linked to a DNA sequence which
encodes at least the variable domain of a
complementéry 1g light or heavy chain respectively;

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

d) culturing said transformed cell line to
produce said altered antibodgy.

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

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

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

10. The method of any one of claims 6 to 8, in
which the DNA sequence encoding the altered variable
domain is prepared by primer directed
oligonucleotide site-directed mutagenesis using a
long oligonucleotide,
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Fig. 5

Hindi1| 15 _2 5 3. s BamHI
Hrr B frz_ B FRS FRA

CDRI COR2 COR3

.~

l-luvNP gene cloned in M13mp8

\

D1.3 CDRI oligonucleolide
S CTG,TCT,CAC,CCA,GTT,TAC,ACC,ATA,GCC,GCT,GAA GGT,GCT
]

FR2 D1.3 COR1 FR1

D 1.3 CDR2 oligonucleotide
S’ CAT,TGT,CAC,TCT,GGA,TTT,GAG,AGC, TGA,ATT,ATA,GTC,TGT,
]

FR3 01.3 CDR2 A
GTT,TCC,ATC,ACC,CCA AAT,CAT,TCC,AAT,CCA,CTC
P T

v D13 COR2 FR2

D1.3 COR3 oligonucleotide
$° GCC,TTG,ACC,CCA,GTA,GTC,AAG,CCT,ATA ATC,TCT,CTC,TCT,

- ]
FR4 01.3 COR3
TGC,ACA,ATA
FR3
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1 2 3

YECTOR 'y FR2  FR3  FR4 VYECTOR

(1) Digest vector/FR1-4 st restriction
sites 1,2, & 3.

{2) Ligate CDR sticky end duplexes 1,2 & 3.
COR1 o CODR2

CDR3

+

: ——— - . . X ;
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Field of the invention

The present invention relates to humanisad antibody molecules, to processes for their production using
recombinant DNA technology, and to their therapeutic uses.

The term "humanised antibody molecule® in used to describe a molecule having an antigen binding site
derived from an“immunogiobulin froma non-human-species,‘and remaining tmmunoglobulin-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, CDR2 and CDR3) in sach of the heavy and light chain variable domains.

In the description, reference is made 1o a number of publications by number. The publications are kisted
in numerical order at the end of the description.

Background of the Invention

Natural immunogliobulins have been known for many years, as have the various fragments thereof, such
as the Fab, (Fab'e and Fc fragments, which can be derivad by enzymatic cleavage. Natural im-
munoglobulins comprise a generally Y-shaped molecule having an anligen-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 8 more limited extent, therapy.
However, such uses, especially in therapy, were hindered until recently by the polycional nature of natural
immunoglobulins. A significant step towards the realisation of the potential of immunoglobulins as therapeu-
tic agents was the discovery of procedures for the production of monocional antibodies (MAbs) of defined
specificity (1).

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

Since most available MAbs are of rodent origin, they are naturally antigenic in humans and thus can
give rise to an undesirable immune response termed the HAMA (Human Anti-Mouse Antibody) response.
Therefore, the use of rodent MAbs as therapeutic agents in humans is inherently imited 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 MAD Ineffective ae well as
giving rise to undesirable reactions. For instance, OXT3 a mouse IgG2a/k MAb which recognises an antigen
in the T-cell receptor-CD3 complex has been approved for use in many countriss throughout the world as
an immunosuppressant in the treatment of acute allograft rejection [Chatenoud et al (2) and Jetiers et al (3)-
1. However, in view of the rodent nature of this and other such MAbs, a significant HAMA response which
may include a major anti-idiotype compansnt, may build up on uss. Ciearly, 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 mads to render non-human MAbs less antigenic in humans. Such
techniques can be generically termed "humanisation™ techniques. These techniques typically invoive the
use of recombinant DNA technology to manipulate DNA sequences encoding the polypeptide chains of the
antibody molacule.

Early methods for humanising MADs involved production of chimeric antibodies in which an antigen
binding site comprising the complete variable domains of cne antibody is linked to constant domains
derived from another antibody. Methods for carrying out such chimerisation procedures are described in
EPD120694 (Celitech Limited), EP0125023 (Genentech Inc. and City of Hope), EP-A-0 171498 (Res. Dev.
Corp. Japan), EP-A-0 173 494 (Stanford University), and WO 8801533 (Celltech Limited). This latter
Celltech application (WO B6/01533) discloses & process for preparing an antibody molecule having the
variable domains from 8 mouse MADb and the conslant domains from 8 human immunoglobutin. Such
humanized 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 & prolonged period [Begent et &l (ret. 4)).

in an alternative approach, described in EP-A-0239400 (Winter), the complementarity determining
regions (CDRs) of & mouse MADb have been grafted onto the framework regions of the variable domains of 8
human immunoglobulin by site directed mutagenesis using long oligonuciectides. The present invention
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ralates to humanized antibody molecules prepared according to this altemative approach, I.e. CDR-grafted
humanised antibody molecules. Such CDR-grafted humanized antibodias are much less likely to give rise to
a HAMA responsa than humanised chimeric antibodies in view of the much lower proportion of non-human
amino acid sequence which they contain.

The earliest work on humanizing MAbs by CDR-grafting was carried out on-MADBS recognizing synthstic
antigens, such as the NP or NIP antigens. Howaver, examples in which a mouse MAb recognizing lysozyme
and a rat MAb recognising an antigen on human T-cells were humanised by CDR-grafting have been
described by Vaerhoeyen 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 88/07452 (Medical Ressarch Council).

In Rischmann et al/Medical Ressarch Council it was tound 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 conespondmg rat phenylalanine residue to obtain a COR-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 2 human serine to rat
tyrosine change at posilion 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 CDR1, may be necessary to oblain effective antigen binding activity for COR-grafted
antibodies which recognise more complex antigens. Even so the binding effinity of the best COR-grafted
antibodies obtained was still significantly less than the original MAD.

Very recently Queen et al (9) have described the preparation of 8 humanised antibody thet binds to the
interleukin 2 receptor, by combining the CORs of a murine MAbL (anti-Tac) with human immunogiobulin
framework and constant regions. The human framework regions were chosen to maximise homology with
the anti-Tac MAD sequence. In addition computer modelling was used to kentity framework amino acid
residues which wore 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 immunogiobulin to be humanisad, or to use a consensus
framework from many human antibodies. The second criterion is to use the donor amino acid rather than
the acceptor if the human acceptor residue is unusual and the donor residue is typical for human
sequences al a spacific residue of the framework. The third criterion is to use the donor framawork amino
acid residue rather than the acceptor at positions immediately adjacent to the CDRs. The fourth criterion is
to use the donor amino acld residue at frarnework positions at which the amino acid is predicted to have a
side chain alom within about 3 A of the CDRs in a three-dimensional immunoglobulin model and to be
capable ol interacting with the antigen or with the CORs of the humanised immunoglobulin. i Is proposed
that criteria two, three or four may be applied in addition or alternatively to critarion one, and may be
applied singly or in any combination.

WO 80/07861 describes in detail the preparation of a single CDR-grafted humanised antibody, a
humanised antibody having specificity for the pS5 Tac protein of the IL-2 receptor. The combination of all
four criteria, as above, were employed in designing this humanized antibody, the variable region frame-
works of the human antibody Eu (7) being used as acceptor. In the resultant humanised antibody the donor
CDRs were as defined by Kabat et al (7 and 8) and in addition the mouse donor residues were used in
place of the human acceptor residues, at positions 27, 30, 48, 68, 67, 89, 91, 64, 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 10° M™', about one-third
of that of the murine MAD.

We have further investigated the preparation of CDR-grafied humanised antibody molecules and have
identilied 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 sre
important for obtaining CDR-grafted products with satisfactory binding affinity. This has enabled us to
establish a protocol for obtaining satistactory COR-grafted products which may be applied very widely
irespective 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
identilied by Queen et al (9).
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Summary of the Invention

Accordingly, in a first aspect the invention provides a CDR-grafied 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 pasilions 8, 23 and/or 24, 48 and/or 48, 71 and/or
73, 75 and/or 76 and/or 78 and B8 and/or 81.

In preferred embodiments, the heavy chain framework comprises donor residues at positions 23, 24, 48,
71, 73 and 78 or at pasitions 23, 24 and 48. 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 8, 37, 48 and 84. Also it is particularty preferred that residues at positions of
the heavy chain tramework which are commonly conserved across speciss, i.e. positions 2, 4, 25, 38, 39,
47, 83, 103, 104, 108 and 107, if not conserved between donor and acceplor, additionally comprise donor
residuss. Most preferably the heavy chain framework additionally comprises donor residues &l positions 2,
4, 8, 25, 38, 37, 39, 47, 48, 93, 94, 103, 104, 108 and 107.

In addition the heavy chain framework optionally comprises donor residuses at one, some or all of
posilions:
1and 3,

72 and 76,

69 (it 48 is ditferent between donor and acceptor),
38 and 48 (if 48 is the donor residue),

80 and 20 (if 69 is the donor residue),

67,

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

91,

88, and

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

In the first and other aspects of the present invention reference is made to CDR-grafted antibody
products comprising acceptor framework and donor antigen binding regions. i will be appreciated that the
invention is widely applicable to the CDR-grafting of antibodies in general. Thus, the donor and acceptor
antibodies may be derived from animals of the same speciss and even same antibody class or sub-class.
More usually, however, the donor and acceptor antibodies are derived trom animals of ditferent species.
Typically the donor antibody is a non-human antibody, such as a rodent MAb, and the acceptor antibody Is
a human antibody.

In the first and other aspects of the present invention, the donor antigen binding region typically
comprises at least one CDR from the donor antibody. Usually the donor antigen binding region comprises
at least two and preferably all three CDRs of sach 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-gratted heavy chain variable domain comprise CDRs comesponding to the Kabat CORs at COR2
(residues 50-85) and CDR3 (residues 85-100) and a compaosite 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 accord-
ing to the Kabat numbering [refs. (7) and (B)]. 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 coresponding to a shortening of,
or insertion into, a structural component, whether framework or COR, of the basic variable domain structure.
For example, the heavy chain variable region of the anti-Tac antibody described by Queen et al (9) contains
a single amino acid inser (residue 52a) after residve 52 of CDR2 and a wee amino acid insert (residues
82a, 82b and 82c) after framework residue 82, in the Kabat numbering. The comect Kabat numbering of
residues may be determined for 8 given antibody by alignment at regions of homology of the sequence of
the anlibody with 8 “standard” Kabat numbered sequence.

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

In a preferrad 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. Similarty-positions of the light chain framework
which are commonly conserved across species, i.e. positions 2, 4, 8, 35, 49, 62, 64-69, 88, 89, 101 and
102, it not conserved between donor and acceptor, additionally comprise donor residues. Most preferably
the light chain framework additionally comprises donor residues at positions 2, 4, 6, 35, 36, 38, 44, 47, 48,
62, 64-68, BS, 87, 88, 89, 101 and 102.

In addition the framework of the second or third aspects optionally comprises donor residues at one,
some or all of positions:
1and 3,

63,

80 (if B0 and 54 are able to form at potential saitbridge),
70 (it 70 and 24 are able to form a potential salttridge),
73 and 21 (if 47 is different batween donor and acceptor),
37 and 45 (if 47 is different batween donor and acceptor),
and

any one or more of 10, 12, 40, 80, 103 and 105.

Preterably, the antigen binding regions of the CDR-gratted light chaln variable domain comprise CDRs
corresponding to the Kabat CORs et CDR1 (residue 24-34), CDR2 (residues 50-56) and CDR3 (residues 89-
e7). .

The invention further provides in a fourth aspect 8 CDR-grafted antibody molecule comprising at least
one CDR-gratted heavy chain and at least one CDR-grafted light chain eccording 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 molacule, having full length heavy and light chalns; 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. & 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. Similarty the CDR-grafted heavy and light
chain variable region may be combined with othar antibody domains as appropriate.

Also the heavy or light chains or humanised antibody molecules of the presant invention may have
attached to them an effector or reporter molacule. For instance, it may have a macrocycle, for chelating a
heavy melal 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 immunogiobulin 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 samefsimilar classtype as the donor antibody. Conveniently, the
framework may be chosen to maximise/optimise homology with the donor antibody sequence particularly at
posilions 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 salisfactory binding properties. The CDR-grafted products
usually have binding affinities of at least 10° M™', preferably at least about 108 M, or especially in the
range 10%-10'2 M~'. In principle, the present invention is applicable to any combination of donor and
ecceptor antibodies imespective of the level of homology between their sequences. A protocol for applying
the invention to any particular donor-acoeptor entibody pair is given hereinafier. Examples of human
Irameworks which may be used are KOL, NEWM, RE|, EU, LAY and POM (refs. 4 and 5) and the like; for
instance KOL and NEWM for the heavy chain and REI for the ight 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 etfector 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 IgG1 and IgG3 isotypes, when the humanised
antibody molecule is intended lor therapeutic uses, and antibody effector functions are required. Alter-
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natively, IgG2 and lgG4 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 lym-
phokine activity.
However, the remainder of the antibody molecules need not comprise only protein sequences from
immunogiobulins. For instance, a gene may be constructed in which a DNA sequence encoding part of a
~human -immunogiobulin -chain -ts ‘fused -to 'a DNA -sequence ‘encoding the ‘amino -acid ~sequence of &
functional polypeptide such as an etfector or reporter molecule.
Proferably 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 conlaining the DNA sequences, host cells transformed with
the DNA sequences 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, transfection methods and culture
methods are well known per se and form no part of the invention. Such methods are shown, for instance, in
references 10 and 11.
The DNA segquences 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 genomic cloning, or cONA
cloning from suitable hybridoma cell lines. Paositive clones may be screened using eppropriate probes for
the heavy and light chain genes in question. Also PCR cloning may be used.
DNA coding for acceplor, 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 molacular biology may be used to prepare DNA sequences coding for the
CDR-gratted products. Desired DNA sequences may be synthesised compietely or in part using
oligonucleotide synthesis techniques. Site-directed mutagenesis and polymerase chain reaction (PCR)
techniques may be used as appropriate. For example oligonucleotide directed synthesis as dascribed 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 el al (ref. 5) or Riechmann et al (ref. 6) may be used. Also
enzymatic filling in of gapped oligonucleotides using T« DNA polymerase as, for example, described by
Quesn et al (ref. B) may be usad.
Any suitable host celivector system may be used for axpression of the DNA sequences coding for the
CDR-gratted 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'ez fragments, and especially FV
fragments and single chain antibody fragments e.g. single chain FVs. Eucaryotic 8.g. mammalian host cell
expression systems may be ussed for production of larger CDR-grafted antibody products, including
complete antibody molecules. Suitable mammalian host cells include CHO cells and myeloma or hybridoma
cell lines.
Thus, in a further aspect the present invention provides a process for producing a CDR-grafted antibody
product comprising:
{(a) producing in an expression vector an operon having a DNA sequence which encodes an antibody
heavy chain according to the first aspect of the invention;

and/or
(b) producing in an expression vector an operon having a DNA sequence which encodes a complemen-
fary antibody light chain according to the second or third aspect of the invention;
(€) translacting a host cell with the or each vector; and
(d) culturing the transfected cell line to produce the CDR-grafted antibody product.

The CDR-grafted product may comprise only heavy or light chain derived polypeplide, in which case

only a heavy chain or light chain polypeplide 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 8 heavy chain-derived polypeplide. Preferably, the vectors are
Identical, except in so far as the coding sequences and seloctable markers are concemned, 30 as 10 Bnsure
as far as possible that each polypeptide chain is equally expressed. Alternatively, &8 single vector may be
used, the vector including the sequences encoding both light chain- and heavy chain-derived polypeptides.

The DNA in the coding sequences for the light and heavy chains may comprise 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.

BIOEPIS EX. 1002

Page 852



[ U

P N L Ly S UUUy PP B R R

EP 0 620 276 A1

e

The prasent invention is applicable to antbodies 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, ®.9. tumour imaging.
Examples of cell surface-specific antibodies are anti-T ceil antibodies, such .as anti-CDJ, and CD4 and
adhasion molecules, such as CR3, ICAM and ELAM. The antibodias may have specificity for interleuking
(including lymphokines, growth factors and stimulating factors), hormones and other biclogicaily active
compounds, and receptors for any of these. For example, the antibodies may have specificity for any of the
following: Interferons a, 8, y or 3, IL1, IL2, IL3, or IL4, etc., TNF, GCSF, GMCSF, EPQ, 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 compasition compris-
ing 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 8 method of therapy or diagnosis comprising administering an
effective amount of a COR-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 oblaining COR-grafied 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
protocot and rationale are given without prejudice to the generality of the invention as heteinbefore
described and defined.

Protocol

It is first of all necessary to sequence the DNA coding for the heavy and light chain variable regions of
the donor antibody, to determine their amino acid sequences. it is also necessary to choose appropriate
acceptor heavy and light chain variable regions, of known amino acid sequenca. The CDR-grafted chain is
then designed starting from the basis of the acceplor sequence. It will be appraciated that in some cases
the donor and acceptor amino acid residues may be Identical at a particular position and thus no change ol
acceptor framawork residue is required.

1. As a first step donor residues are substituted for acceptor residuses in the CORs. For this purpose the
CDRs are preferably defined as follows:
Heavy chain - CDR1: residues 26-35
- CDR2: residues 50-65
- CDR3: residues 85-102
Light chain - CDR1: residues 24-34
- CDR2: residues 50-56
- CDR3: residues 89-87
The positions at which donor residues are to be substituted for acceptor in the framework are then
chosen as follows, first of all with respect to the heavy chain and subsequently with respect to the light
chain.
2. Heavy Chain
2.1 Choosse donor residues at all of positions 23, 24, 49, 71, 73 and 78 of the heavy chain or all of
posilions 23, 24 and 49 (71, 73 and 78 are always either all donor or all acceptor).
2.2 Check that the following have the same amino acid in donor and acceptor sequences, and if not
preferably choose the donor: 2, 4, 8, 25, 38, 37, 39, 47, 48, 83, 84, 103, 104, 108 and 107.
2.3 Yo further optimise affinity consider choosing donor residues at one, some or any of:
1,3
ii. 72,78
iii. If 48 is different between donor and acceptor sequences, consider 69
iv. If at 48 the donor residue is chosen, consider 38 and 48
v. if at 69 the donor residue is chosen, consider B0 and then 20
vi. 67
vil. if at 67 the donor residue is chosen, consider 82 and then 18
viil. 91
ix. 88
x. 9, 11, 41, 87, 108, 110, 112

3. Light Chain
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3.1 Choosa donor at 46, 48, 58 and T1
3.2 Check that the following have the same amino acid in donor and acceptor sequences, f not
prefarably choose donor:
2, 4, 6, 35, 38, 44, 47, 48, 62, 64-69 inclusive, 85, 87, 98, 89, 101 and 102
.3.3 To further optimise atfinity consider choosing donor residues at one, some or any of:
11,3
ii. 63
iii. 60, if 60 and 54 are able to form potential saltbridge
iv. 70, if 70 and 24 are able to form polential saitbridge
v. 73, and 21 if 47 is different between donor and acceplor
vi. 37, and 45 if 47 is diflerent between donor and acceptor
vii. 10, 12, 40, 80, 103, 105

Rationale

In order to transfer the binding site of an antibody into & different acceplor tramework, 8 number of

factors need to be considered.

1. The extent of the CDRs

The CORs (Complementary Determining Regions) were defined by Wu and Kabal (rels. 4 and 5) on the
basis of an analysis of the variability of ditferent 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
10 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 cor-
responded in the main to loop regions which extended from the g barrel framework of the light and
heavy variable domains. For H1 there was a discrepancy in that the lcop 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 H1 the CDR
regions encompassed the loop regiong and extended into the S strand frameworks. In Ht residue 26
tends to be a serine and 27 a phenylalanine or tyrcsine, residue 28 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 ioop
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 COR-H1. In order to produce efficient antigen binding, residue 27 also needed to be recruited from
the donor (rat) antibody.

2. Non-CDR residues which contribute to antigen binding

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.

2.1 Surface residues near CDR (all numbering as in Kabat et al {ref. 7)].
2.1.1. Heavy Chain - Koy residues are 23, 71 and 73. Other residues which may contribute lo a
lesser extent are 1, 3 and 78. Finally 25 is usually conserved but the murine residue should be
used if there is a difference. .
2.1.2 Light Chain - Many residues close to the CDRs, e.g. 63, 85, 67 and 69 are conserved. If
conserved none of the surface residues in the light chain are kkely to have a major effect
However, il the murine residue at these positions is unusual, then it would be of benefit to analyse
the likely contribution more closely. Other residues which may also contribute to binding are 1 and
3, and also 80 and 70 it the residues at these positions and al 54 and 24 respectively are
potentially able to form a salt bridge i.e. 80 + 54; 70 + 24.
22 Packing residues near the CDRs.

2.2.1. Heavy Chain - Key residues are 24, 49 and 78. Other key residues wouid be 38 if not a
tryptophan, 984 if not an arginine, 104 and 108 if not glycines and 107 if not a threonine. Residues
which may make a turther 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
sither both mouse or both human. Finally, residues which contribute to packing in this region but
from a longer range are 18, 20, B0, 82 and 86. 82 packs sgainst 67 and In tum 18 packs against
82. 80 packs against 69 and in tum 20 packs ageinst 80. 86 foorms an H bond network with 38 and
46. Many of the mouse-human differences appear minor e.g. Lew-lls, but could have an minor
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impact on correct packing which could translate into altered positioning of the CDRs.
22.2. Light Chain - Key residues are 48, 58 and 71. Other key residues would bs 6§ if not
plutamine, 35 if not tryptophan, 62 if not phenylalanine or tryosine, 64, 66, 68, 89 and 101 i not
plycines 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 18 may make-long-distance packing -contributions of a
minor nature.
2.3. Residues at the variable domain interface betwean heavy and light chains - In both the light and
hsavy chains most of the non-CDR interface residues are conserved. H a conserved residue is
replaced by a residue of different character, e.9. size or charge, il should be considered for retention
as the murine residue.
2.3.1. 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 38 if not a glutamine,
45 it not a leucine, 47 it not a tryptophan, 91 if not a phenylalanine or tyrosine, 83 if not an alanine
and 103 if not a tryptophan. Residue 89 is also at the interface but is not in a position where the
side chain could be of great impact. ’
2.3.2. Light Chain - Residues which need to be considered are 38, it not a tyrosine, 38 if not a
glutamine, 44 if not & proline, 48, 49 if not & tyrosine, residue BS, residue B7 if not a tyrosine and
98 i not a phenylalanine.
2.4. Variable-Constant region interface - The elbow angle between variable and constant regions may
be atfected by alterations in packing of key residues in the variable region against the constant region
which may affect the position of V| and Vy with respect to one another. Therefore it is worth noting
the residues likely to be in contact with the constant region. in the heavy chain the surface residues
potentially in contact with the variable region are conserved between mouse and human antibodies
therefore the variable region contact residues may influence the V-C interaction. In the light chain the
amino acids found at a number of the constant region contact points vary, and the V & C regions are
not in such close proximity as the heavy chain. Therefore the influences of the light chain V-C
interface may be minor.
'2.4.1. Heavy Chain - Contact residues are 7, 11, 41, 87, 108, 110, 112
2.4.2. Light Chain - In the light chain potentially contacting residues are 10, 12, 40, 80, 83, 103 and
105.
The above analysis coupled with our considerable practical experimental experience in the CDR-

grafting of a number of different antibodies have lead us to the protocol given above.
The present invention is now described, by way of example only, with reference to the accompanying

Figures 1 - 13.

Brief Description of the Figures

Figure 1 shows DNA and amino acid sequences of the OKT3 light chain;

Figure 2 shows DNA and amino acid sequences of the OKT3 heavy chain;

Figure 3 shows the alignment of the OKT3 light variable region amino acid sequence with that of the
light variable region of the human antibody RE;

Figure 4 shows the alignment of the OKT3 heavy variable region amino acid sequence with that of
the heavy variable region of the human antibody KOL;

Figure § shows the heavy variable region amino acid sequences of OKT3, KOL and various
corresponding CDR grafts;

Figure 8 shows the light variable region amino acid sequences of OKT3, REl and various cor-
responding CDR gralfts;

Figure 7 shows a graph of binding assay results for various grafied OKT3 antibodies’

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

Figure 9 shows a similar graph of blocking assay results;

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

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

Figure 12 shows & graph of competiton 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 resuits comparing a fully grafted OKT3

antibody with the murine reference standard.
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

EXAMPLE 1

CDR-GRAFTING OF OKT3

MATERIAL AND METHODS

1. INCOMING CELLS .
Hybridoma cells producing antibody OKT3 were provided by Ortho (seediot 4882.1) and were grown up
in anlibiotic free Dulbecco's Modified Eagles Medium (DMEM) supplomented 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 IgG2akappa
antibody. The supernatant was negative for murine lambda light chain and IgG1, lgG2b, igG3, IgA and
IgM heavy chain. 20mL of supernatant was assayed to confirm that the antibody present was OKT3.
2. MOLECULAR BIOLOGY PROCEDURES
Basic molacular biology procedures were as described in Maniatis et al (ref. 8) with, in some cases,
minor modifications. DNA sequencing was performed as described in Sanger et al (ref. 11) and the
Amersham International Plc sequencing handbook. Sile directed mutagenesis was as described in
Kramer ol al (ref. 12) and the Anglian Biotechnology Ltd. handbook. COS cell expression and metabolic
labelling studies were as described in Whittle et &l (ref. 13)
3. RESEARCH ASSAYS
3.1. ASSEMBLY ASSAYS Assembly assays were performed on supematants 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 foliowing format:
96 well microtitre plates were coated with F(ab")2 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')2
goal anti-mouse lgG F(ab")2 (HRPO conjugated) was then added. Substrate was added to reveal
the reaction. UPC10, a mouse IgG2a myeloma, was used as a standard.
3.1.2. COS AND CHO CELLS TRANSFECTED WITH CHIMERIC OR CDR-GRAFTED OKT3
GENES
The assembly assay for chimeric or COR-grafted antibody in COS cell supernatants was an ELISA
with the following format:
86 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 mousa anti-human kappa chain was added for 1 hour at rcom tempera-
ture.
The piates 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) (rel. 13) was used as a
standard. The use of a monoclonal anti-kappa chain in this assay allows grafted antibodies to be
read from the chimeric standard.
3.2. ASSAY FOR ANTIGEN BINDING ACTIVITY
Material from COS csll supemnatants was assayed lor 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 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')2 goat anti-human 1gG Fc (HRPO conjugated) or F-
(ab’)2 goat anti-mouse IgG Fc (HRPO conjugated) was added as appropriate for humanised or mouse
sampies. Substrate was added to reveal the reaction.
The negative control for the celi-based assay was chimeric B72.3. The positive control was mouse
Orthomune OKT3 or chimeric OKT3, when avallable. 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 periphera! blood acute iymphocytic leukemia) cell fine. it was also tested for
its ability to block the binding of murine OKT3 to these cells. Binding was measured by the foliowing

1"
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procedure: HPB-ALL celis were harvasted from tissue culture. Cells were incubated at 4°C for 1 hour
with various dilutions of test antibody, positive control antibody, or negative control antibody. The cells
ware washed once and incubated at 4°C for 1 hour with an FITC-labelled goat anti-human lgG (Fe-
specific, mouse absorbed). The celis were washed twice and analysed by cytofivorography. Chimeric
OKTJ was used as a positive control for direct binding. Cells incubated with mock- transfectsd COS
‘celi'supernatant, foliowed by the F1TC-labelied ‘goat anti-human-igG; provided -the -negative control. To
test the ability of CDR-grafted OKT3 to block murine OKT3 binding, the HPB-ALL celis were
incubated at 4°C for 1 hour with various dilutions of test antibody or control antibody. A fixed
saturating amount of FITC OKT3 was added. The samples were incubated for 1 hour at 4°C, washed
twice and analysed by cytofluorography. FITCHabelled OKT3 was used as a positive control 1o
determine maximum binding. Unlabelled murine OKT3 sarved as a reference standard for blocking.
Negative controls were unstained cells with or without mock-transfected cell supematant. The ability of
the COR-gratted 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 COR-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 effinities of CDR-grafted anti-CD3 monoclonal antibodies were determined by
competition binding (ref. ) using the HPB-ALL human T cell line & source of CDJ antigen, and
fiuorescein-conjugated murine OKT3 (FI-OKT3) of known binding saffinity as a tracer antibody. The
binding affinity of FI-OKTJ tracer antibody was determined by a direct binding assay in which
increasing amounts of FI-OKT3 were incubated with HPB-ALL (5x10°) in PBS with 5% foetal caif
serum for 60 min. at 4°C. Cells were washed, and the tiuorescence intensity was determined on a
FACScan fiow cytometer calibrated with quantitative microbead standards (Flow Cytometry Standards,
Research Triangle Park, NC). Fluorescence intensity per antibody molecule (FP ratio) was deter-
mined by using microbeads which have a predetermined number of mouse IgG antibody binding sltes
(Simply Cellular beads, Flow Cytometry Standards). F/P equals the fluorescence intensity of beads
saturated with FI-OKT3 divided by the number of binding sites per bead. The amount of bound and
free FI-OKTJ was caiculated from the mean fluorescance intensity per cell, and the ratio of boundftree
was plotted against the number of moles of antibody bound. A linear fit was used to determine the
affinity of binding (absolute value of the slope).
For competitive binding, increasing amounts of competitor antibody were added to a sub-saturating
dose of Fi-OKT3 and incubated with 5x10° HPB-ALL in 200 Mi of PBS with 5% foetal calf serum, for
60 min at 4°C. The fluorescence intensities of the cells were measured on a FACScan flow cytometer
calibrated with quantitative microbead standards. The concentrations of bound and free FFOKT3 were
calculated. The affinities of competing anti-bodies were calculated from the equation XHOKT3) =
(1/Kx) - (1/Ka), where Ka is the affinity of murine OKT3, Kx is the affinity of compstitor X, [ ] is the
concentration of competitor antibody at which boundfree binding is R2, and R is the maximal
bound#ree binding.

4. cDNA LIBRARY CONSTRUCTION
4.1. mRNA PREPARATION AND cDNA SYNTHESIS .
OKT3 producing cells were grown as described above and 1.2 x 107 cells harvested and mRNA
extracted using the guanidinium/LiCl extraction procedure. CONA was prepared by priming from Oligo-
dT to generate full length cDNA. The cDNA was methylated and EcoR1 linkers added for cloning.
4.2. LIBRARY CONSTRUCTION
The cDNA library was ligated to pSPE5S vector DNA which had been EcoR1 cut snd the 5' phosphate
groups removed by calf intestinal phosphatase {EcoR1/CIP). The ligation was used to transiorm high
transformation efficiency Escherichia coli (E.coli) HB101. A cDNA library was prepared. 3800 colonies
were screenad 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 oligonuclectide screening

using the oligonucleotides: 5' TCCAGATGTTAACTGCTCAC for the light chain, which is complementary

1o B sequence in the mouse kappa constant region, and 5' CAGGGGCCAGTGGATGGATAGAC for the

heavy chain which is complementary to & sequence in the mouse IgG2a constant CH1 domain region. 12
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light chain and 8 heavy chain clones were ldentified and taken for second round screening. Positive
clones from the sacond round of screening were grown up and DNA preparsd. 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.
6..DNA .SEQUENCING :
Clones representing four size classes for both heavy and light chains were obtained in M13. DNA
sequence for the 5’ uniranslated regions, gignal sequences, variable regions and 3' untranslated regions
of tull length cDNAs [Figures 1(a) and 2(a)] were obtained and the cormresponding amino acid sequences
predicted [(Figures 1(b) and 2(b)). in Figure 1(a) the untransiated DNA regions are shown in uppercase,
and in both Figures 1 and 2 the signal sequences are undarlined.
7. CONSTRUCTION OF cDNA EXPRESS!ION VECTORS
Caelitech expression vectors are based on the plasmid pEEBhCMV (ref. 14). A polylinker for the insertion
of genes to be expressed has besn introduced after the major immediate early promoter/enhancer of the
human Cytomegalovirus (hCMV). Marker genes for selection of the plasmid in transfected eukaryotic
cells can be inserted as BamH1 casssttes in the unique BamH1 site of pEE8 hCMYV; for instance, the
neo marker to provide pEE6 hCMV neo. 1t is usual practice to insert the neo and gpt markers peior to
insertion of the gene of interest, whereas the GS marker is inserted last because of the presence of
internal ECOR1 sites in the cassetie.
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 EcoR1 fragments
and cloned into either pEE6-hCMV-neo for the heavy chain and into EES-hCMV-gpt for the light chain to
yield vectors pJA136 and pJA135 respectively.
8. EXPRESSION OF cDNAS IN COS CELLS
Plasmids pJA135 and pJA136 were co-transfected into COS celis and supematant from the transient
expression experiment was shown to contain assembled antibody which bound to T-cell enriched
lymphocytes. Metabolic labslling experiments using *S methionine showed expression and assembly of
heavy and light chains.
9. CONSTRUCTION OF CHIMERIC GENES
Construction of chimeric genes followed a previously described strategy [Whittle et a8l (ref. 13)]. A
restriction site near the ' 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.
9.1. LIGHT CHAIN GENE CONSTRUCTION
The mouse light chain ¢cDNA sequence contains an Aval site 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. EcoR1-Aval
fragment. An oligonucleotide adapter was dasigned to replace the remainder of the 3" region of the
variable region from the Aval site and to include the 5' residues of the human constant region up to
and including a unique Nar1 site which had been previously engineered into the constant region.
A Hind111 site was introduced 1o act as a marker for insertion of the linker.
The linker was ligated to the V, fragment and the 413 bp EcoR1-Nar1 adapted tragment was purified
from the ligation mixture.
The constant region was isclated as an Nar1-BamH1 fragment from an M13 clone NW381 and was
ligated with the variable region DNA into an EcoR1/BamH1/C1P pSPE5 treated vector in a three way
reaction to yield plasmid JA143. Clones were isolated after transformation into E.coli and the linker
and junction sequences were confirmed by the presence of the Hind111 site and by DNA sequencing.
9.2 LIGHT CHAIN GENE CONSTRUCTION - VERSION 2
The construction ol 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:

sesesessleu=-Glu-Ile-Asn-Arqg/ =/Thr=-val=-Ala -Ala
VARIABLE CONSTANT

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

13
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constant region, was replaced with the equivalent amino acld from the mouse constant region, Alanine
(Ala).
An internal Hind111 site was not included In this adapter, to differentiate the two chimeric ight chain
genes.
The variable region fragment was isolated as a 376 bp EcoR1-Aval fragment. The oligonucieotide linker

~was-ligated to Nart cut pNW361-and then the adapted :396bp-constant region-was-isolated after- recutting

the modifised pNW361 with EcoR1. The variable region fragment and the modified constant region
tfragment were ligated directly into EcoR1/C1P treated pEEGhCMVneo to yield pJA137. Initially all clones
examined had the insert in the incomrect orientation. Therefore, the insert was re-isolated and recloned 1o
tum the insert round and yield plasmid pJA141. Several clones with the insert in the correct orientation
were obtained and the adapter sequence of one was confirmed by DNA sequencing
8.3. HEAVY CHAIN GENE CONSTRUCTION
8.3.1. 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 Ban1 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 428bp. EcoR1/C1P/Bant
fragment. An oligonuciectide adapter was designated to replace the remainder of the 3’ region of the
variable region from the Ban1 site up to and including a unique Hindlll site which had been previously
enginesred into the first two amino acids of the constant region.
The linker was ligated to the Vi fragment and the EcoR1-Hind111 adapted fragment was purified from
the ligation mixture. The variable region was ligated to the constant region by cutting pJA91 wilh
EcoR1 and Hind111 removing the intron fragment and replacing it with the V. to yield pJA142. Clones
were isolated after transformation into E.coli JM101 and the linker and junction sequences were
confirmed by DNA sequencing. {N.B. The Hind111 site is lost on cloning).
10. CONSTRUCTION OF CHIMERIC EXPRESSION VECTORS
10.1. neo AND gpt VECTORS
The chimeric light chain (version 1) was removed from pJA143 as an EcoR1 tragment and cloned into
EcoR1/C1P treated pEEBhCMVneo expression vector to yield pJA145. Clones with the ingert in the
correct orientation were identified by restriction mapping.
The chimeric light chain (version 2) was constructed as described above.
The chimeric heavy chain gene was isolated from pJA142 as a 2.5Kbp EcoR1/BamH1 fragment and
cloned into the EcoR1/Bcl1/C1P treated vector fragment of a derivative of pEEGhCMVgpt to yield
plasmid pJA144,
10.2. GS SEPARATE VECTORS
GS versions of pJA141 and pJA144 wers constructed by replacing the neo and gpt cassettes by a
BamH1/Sa11/C1P treatment of the plasmids, isolation of the vector fragment and ligation to a GS-
containing fragment from the plasmid pRO48 to yiekd the light chain vector pJA178 and the heavy
chain vector pJA180.
10.3. GS SINGLE VECTOR CONSTRUCTION
Single vector constructions containing the cL (chimeric light), cH (chimeric heavy) and GS genes on
one plasmid in the order cL-cH-GS, or cH-cL-GS and with transcription of the genes being head to tail
0.9. cb>cH>GS were constructed. These plasmids were made by treating pJA178 or pJA180 with
BamH1/C1P and ligating in a Bgi11/Hind111 hCMV promoter cassette along with either the
Hind111/BamH1 fragment from pJA141 into pJA180 to give the cH-CL-GS plasmid pJA182 or the
Hind111/BamH1 fragment from pJA144 into pJA179 to give the cL-cH-GS plasmid pJA181.
11. EXPRESSION OF CHIMERIC GENES
11.1. EXPRESSION iN COS CELLS
The chimeric antibody plasmid pJA145 (cL) and pJA144 (cH) were co-transfectsd into COS calls 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 ¥S methionine
showed expression and assembly of heavy and light chains. However the light chain mobility seen on
reduced gels suggested that the potential glycosylation site was being glycosylated. Expression in
COS csiis in the presence of tunicamycin showed a reduction in size of the light chain to that shown
for control chimeric antibodies and the OKT3 mouss light chain. Therefore JA141 was constructed
and expressed. In this case the light chain did not show an aberrant mobility or & size shift in the
presence or absence of tunicamycin. This second version of the chimeric light chain, when expressed
in association with chimeric heavy {cH) chain, produced antibody which showsd good binding to HUT
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78 calls. In both cases antigen binding was equivalent to that of the mousse antibody.
112 EXPRESSION IN CHINESE HAMSTER OVARY (CHO) CELLS Stable celi lines have been
prepared from plasmids PJA141/pJA144 and from pJA1T8/pJA180, pJA1B1 and pJA182 by transfec-
tion into CHO cells.
12. COR-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.
12.1. VARIABLE REGION ANALYSIS
From an examination of a small database of structures of antibodies and antigen-antibody complexes
it is clear that only a smalt number of antibody residues make direct contact with antigen. Other
residues may contribute to antigen binding by positioning the contact residues in favourable configu-
rations and also by inducing a stable packing of the individual variable domains and stable interaction
of the light and heavy chain variable domains.
The residues chosen for transfer can be identified in a number of ways:
(a) By examination of antibody X-ray crystal structures the antigen binding surface can be
predominantly located on a series of loops, three per domain, which extend from the B-barrel
framework.
(b) By analysis of antibody variable domain sequences regions of hypervariability [termed the
Complementarity Determining Regions (CORs) by Wu and Kabat (rel. 5)] can be identified. in the
most but not all cases these CORs correspond to, but extend a short way beyond, the loop regions
noted above.
{c) Residues not identified by (a) and (b) may contribute to antigen binding directly or indirectly by
affecting antigen binding site topology, or by inducing & 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 & known structure and lkooking at
key residues for their contribution, or by sequence alignment analysls and noting "idiosyncratic”
residues followed by examination of their structural location and likely effects.
12.1.1. LIGHT CHAIN
Figure 3 shows an alignment of sequences for the human framework region RE1 and the OKT3
light variable region. The structural loops (LOOP) and CDRs (KABAT) believed to correspond to the
antigen binding region are marked. Also marked are a number of other residues which may also
contribute to antigen binding as described in 13.1{c). Above the sequence in Figure 3 the residue
type indicates the spatial location of each residue side chain, derived by examination of resolved
structures from X-ray crystaliography 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
S - Surface E - Exposad
I - Interface * - Interface
- Packing/Part Exposed
? - Non-CDR Residues which may require to be left as Mouse sequence. Residues underiined in
Figure 3 ars amino acids. RE1 was chosen as the human framework because the kght chain is a
kappa chain and the kappa variable regions show higher homology with the mouse sequences than
a lambda light variable region, 6.g. KOL {see below). RE1 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 ol individual residues could be made.
12.1.2. HEAVY CHAIN
Similarly Figure 4 shows an alignment of sequences for the human tramework 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 8 number of other residues which may also contribute
to antigen binding as described in 12.1(c). The residue type key and other indicators used in
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 8 bettar resolution than, for example, NEWM
and also the sequence alignment of OKT3 heavy variable region showed a slightly bettar homology
to KOL than to NEWM.
122. DESIGN OF VARIABLE GENES
The veriable 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
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sequences were designed to be attached to the constant region in the same way as for the chimeric
genes dascribed above. Some constructs contained the "Kozak consensus sequence® [Kozak (ref.
16)] directly linked to the §° of the signal sequence in the gene. This sequence motif Is believed to
have a beneficial role in translation initiation in eukaryotes.
12.3. GENE CONSTRUCTION .
To build the variable regions, various strategies are available. The sequence may be assembled by
using ofigonuclectidas in a manner similar to Jones et al (ref. 17) or by simultaneously replacing all of
the CDRs or. loop regions by oligonucieotide directed site specific mutagenesis in a manner similar to
Verhoeyen et al (ref. 2). Both strategies were used and a list of constructions is sel out in Tables 1
and 2 and Figures 4 and 5. it was noted in several cases that the mutagenesis approach led to
deletions and rearrangements in the gene being remodelled, while the success of the assembly
approach was very sensitive to the quality of the oligonucleotides.

13. CONSTRUCTION OF EXPRESSION VECTORS

Genes were isolated from M13 or SP85 based inlermediate vectors and cloned into pEEBhCMVneo for

- the light chains and pEEBhCMVgpt for the heavy chains in @ manner similar lo that for the chimeric
genes as described above.
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TABLE 1 COR-CRAFTED CENE CONSTRDCTS
CODE MOUSE SEQUENCE HETHOD OF KOZAK
CONTENT CONSTRUCTION SEQUENCE
- e
L1CHT CHAIN ALL KUMAN FRAMEWORK RE1

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

121A 26-32, 50-56, 91-96 inclusive
+l, 3, 46, &7

1218 26-32, 50-56, 91-96 inclusive
* 4b, &7

221 26-24, 50-56, 91-96 inclusive

2214 24-34, 50-56, $1-96 inclusive
*l, 3, &6, 47

2218 24-34, 50-56, 91-96 inclusive
-1, 3

Partial gens assemdbly n.d. +

Partisl gene assendly n.d. «

Parcial gens assecbly « +
Partial gene assenbly < -

Parcial gene assenbly < -

221C 26-34, 50-56, S1-96 inclusive Parcial gene assesbly o -
REAVY CHAIN ALL HUMAN FRAMEWORK KOL
121 26-32, 50-%6, 95-100B inclusive Gene assomdly n.d. +
131 26-32, 50-58, 95-100B inclusive Gene assenbly n.d. ¢
141 26-32, 50-65, 95-100B inclusive .hrthl gene essembly o n.
3 26-35, 50-56, 95-100B inclusive Parcial gens assesbly o n.
3 26-35, 50-58, 95-100B inclusive Parctial gene assembly <
Gene essenbly *
el 26-35, 50-65, 95-100B inclusive soH -
Partial gene assasbly -
IAV Y 26+35, 50-65, 95-100B inclusive Cene asssably nd. +
+6, 23, 24, 48, &%, 71, 73, 76,
78, 88, 91 (+6) = human)
341B 26-35, 50-65, 95-100B inclusive Gene assenbly nd. +

¢ LB, 49, 71, 73, 76, 78, BB, S1
(463 + hunan)

REY
n.d. not done
ShM Sice directed mutsgenesis

Cene asseably Variable region assenbled entirely from oligonucleotides
Partial gens Variable region assenbled by coabination of restriction
assecbly fragoents either fros octher genes originally creacted by SDM
and gens assecbly or by oligonucleotide esseably of part of
the variable region and reconstruction with restriction
fragnents from other genes criginally created by SDN and gane
assembly

14. 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 foid
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improvement in net expression. Over an extended series of experiments exprassion levels were raised
from approximately 200ng/ml to approximately 500 ng/mi 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 (gl121) did not lead to active antibody in association with mH
or cH. A construct designed to include mouse sequence based on Kabat CDRs (gl221) 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 OKTJ equivalents based on the arguments outlined in
Section 12.1 antigen binding was demonstrated when both of the new constructs, which were termed
121A and 221A were co-expressad 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 48 and 47, shows good binding activity in
association with cH.
14.2 PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED HEAVY (gH) CHAINS WITH MOUSE
LIGHT (mL) OR CHIMERIC LIGHT (cL) CHAINS
Exprassion of the gH genes proved to be more difficutt to achieve than for gL. First, inclusion of the
Kozak sequence appeared fo have no marked effect on expression of gH genas. Expression appears
to be slightly improved but not to the same degree as seen for the gratted 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 gH341 gene with cL or mL has been variable and has tended fo
produce lower amounts of antibody than the cH/cL or mH/mL combinations. The alterations to gH341
to produce gH341A and gH3418 lead to improved levels of expression.
This may be due either fo a8 general increase in the fraction of mouse sequence in the variable region,
or to the alteration at position 63 where the residue is retumed to the human amino acid Valine (Val)
from Phenylalanine (Phe) to avoid possible intemal packing probiems with the rest of the human
framework. This arrangement also occurs In gH331 and gH321.
When gH321 or gH331 were expressed In association with cL, antibody was produced but antibody
binding activity was not datected.
When the more conservative gH341 gene was used antigen binding could be detected in association
with cL or mL, but the activity was only marginally above the background level. When further mouse
residues were substituted based on the arguments in 12.1, antigen binding could be clearly
demonstrated for the anlibody produced when kgH341A and kgH341B were expressed in association
with cL.
14.3 PRODUCTION OF FULLY CDR-GRAFTED ANTIBODY
The kgl221A gene was co-expressed with kgHJI41, kgH341A or kgHI41B. For the combination
kgH221A/kgH341 very little material was produced in a normal COS cell expression.
For the combinations kglL221AkgH341A or kgH221AkgH341B amounts of antibody similar to gUcH
was produced.
In several experiments no antigen binding activity could be detected with kgH221A/gH341 or
kgH221AKkgH341 combinations, although expression levels were very low.
Antigen binding was detected when kgl221AKkgH341A or kgH221AKgH341B combinalions were
expressed. In the case of the antibody produced from the kgl221AKgH341A 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 frameworic
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 those hypervariable sequences defined by Kabat et
8l (refs. 4 and 5) as Complementarity Determining Regions (CDRs) are equivalent for CDR2. For
CDR1 the hypervariable region extends from residues 24-34 Inciusive 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, st amino acid 24, where the mouse sequence is & serine and the human
framework RE1 has glutamine. For COR3J the loop extends from residues 81-86 inclusive while the
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Kabat hypervariability extends from residues 88-87 inclusive. For OKT3 amino acids 88, 80 and 87
are the same between OKT3 and RE1 (Fig. 3). When constructs based on the loop choice for
CDR1 (gL121) and the Kabat choice (gl221) were made and co-expressed with mH or ¢H no
evidence for antigen binding activity could be found for gL121, but trace activity could be dstected
tor the gl221, supgesting 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.
15.1.2. FRAMEWORK RESIDUES
The remaining framework residues were then further axamined, 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, 48 and 47 were identified and their
possible contribution was examined by substituting the mouse amino acid for the human amino
acid al each position. Therefore gl221A (glL221 + D1Q, Q3V, L48R, L47W, see Figure 3 and
Table 1) was made, cloned in EEBhCMVneo and co-expressed with ¢cH (pJA144). The resultant
antibody was well expressed and showed good binding activity. When the related genes glL.221B
(gl221 + D1Q, Q3V) and gL221C (gl221 + L4BR, 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, L4BR, L47W) gene was
made and co-expressed with cH, antibody was produced which also bound to antigen.

15.2. HEAVY CHAIN
15.2.1. EXTENT OF THE CDRs
For the heavy chain the loop and hypervariabiiity analyses agree only in CDR3. For CDR1 the loop
fegion extends from residues 26-32 inclusive whareas the Kabat CDR extends from residues 31-35
inclusive. For CDR2 the loop region is from 50-58 inclusive whiie the hypervariable region covers
amino acids 50-65 inclusive. Therefore humanised heavy chains were constructed using the
tramework from antibody KOL and with various combinations of thesa CDR choices, including &
shorter choice for COR2 of 50-56 inclusive as there was some uncertainty as to the definition of the
end point for the COR2 ioop around residuss 56 to 58. The genas were co-expressed with mL or
cL initially. in the case of the gH genas with loop choices for CDR1 e.g. gH121, gH131, gH141 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 being
degraded internally. In some experiments trace amounts of antibody could be detected in ¥§
labelling studies.
As no net antibody was produced, analysis of these constructs was not pursued further.
When, however, a combination of the kop 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 saquence 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 increass in net antibody production. However,
only in the case of gH341/mL or kgH341/cL could marginal antigen binding activity be dem-
onstrated. When the kgH341 gene was co-expressed with kgl221A, the net yield of antibody was
too low to give a signal above the background leve! in the antigen binding assay.
15.2.2. FRAMEWORK RESIDUES
As in the case of the light chain the heavy chain frameworks were re-examined. Possibly because
of the lower initial homology between the mouse and human heavy variable domains compared to
the light chains, more amino acid positions proved to be of inleresl. Two genes kgH341A and
kgH341B were constructed, with 11 or 8 human residues respectively substituted by mouse
residues compared to gH341, and with the CDR2 residue 83 retumed to the human amino acid
potentially to improve domain packing. Both showed antigen binding when combined with cL or
kgL221A, the kgH341A gene with all 11 changes appearing to be the superior choice.

15.3 INTERIM CONCLUSIONS

it has been demonstrated, therefore, for OKT3 that to transfer antigen binding ability to the humanised

entibody, 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
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light chain, possibly due to the highar initial homology between the mouse and human kappa variable
regions.
Of tha 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. -t -has been shown here. that residuses 1 and 3 in the fight chain are not absolutely
required to be the mouse sequence; and tor the heavy chain the gH341B heavy chain in combination
with the 221A light chain generated only weak binding activity. Therefore the presence of the B, 23
and 24 changes are important to maintain a binding affinity similar to that of the murine antibody. it
was important, therefore, 1o further study the individual contribution of othe other 8 mouss residues of
the kgH341A gene compared to kgH341.
16. FURTHER CDR-GRAFTING EXPERIMENTS
Additional CDR-grafted heavy chain genes were prepared substantially as described above. With
raference to Table 2 the further heavy chain genes were based upon the gh341 (plasmid pJA178) and
pH341A (plasmid pJA185) with either mouse OKT3 or human KOL residues at 8, 23, 24, 48, 48, 83, 71,

" 73, 78, 78, 88 and 91, as indicated. The COR-gralied light chain genes used in thesa 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 2 2 W8 49 €3 71 13 16 18 88 91

OKTIvh Q K A 1 €6 F T K _ S A _a Y

gH34l t $ S V A F R N K L & FJan
gH3elA Q KA I C VvV T K S A A __YJass
gH341E QK A 1 G VvV T KR __S$ A G GJarse
gHsl+ o K A 1 c VvV I _ X N A G F JA207
gH3L1 QKA 1 € VvV R N N A G TFJA209
gH34L1D Q K__ A 1 6 VvV T _ K N L G FJAae7
gH3ew 0 KA 1 ¢ VvV R N N 1L G FJA®Y
gH341C Q K_A VvV A F- R N N L & FJB
gHasl» Q S A 1 c v I XK__§ A A Y JA203
ghlaLl® E s A 1 6 VvV T K S A A Y JA20S
gH341B E s s 1 C VvV T X S A__A__YJu®
gH341 Q s A 1 c v I __X s A G F JA204
gh3cls E [ 1 c v T X s A ¢ F JA206
gH3sle 0 S A 1 €C VvV I X F§ A © F JA208
roL E s s vV ooa R N X L ¢ F

OKT) LICHT CHAIN CDR CRAFTS

2. gl22]1 and derivatives

RES N 103 w6 W
OKTIv1 Q VvV _R_W

cL221 D Q L Loba
gL221A Q VR VDAl
gL221B Q vV L 1 DA221B
cL221¢ D Q R__W DA221C
REL D Q@ L 1

MURINE RESIDUES ARE UNDERLINED

The CDR-grafted heavy and light chain genes wera co-expressed in COS celis either with one anothar
in various combinations but also with the comresponding murine and chimeric heavy and light chein genes
substantially as described above. The resultant antibody products were then assayed in binding and
blocking assays with HPB-ALL celis as described above.
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The results of the assays for various grafted heavy chains co-expressed with the gL221C kight chain are
given in Figures 7 and 8 (for the JA184, JA185, JA187 and JA188 constructs - see Table 2), in Figure 8 (for
the JA183, JA184, JA185 and JA187 constructs) in Figure 10 (for the chimeric, JA185, JA188, JA204,
JA205, JA207, JA208 and JA208 constructs) and in Figure 11 (for the JA183, JA1B4, JA185, JA188, 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 (JA18S), were
assayed for relative binding affinity in a8 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 grafied product. These resulis indicale
that the basic grafted product has neglibible binding ability as compared with the OKT3 mwrine reference
standard; whereas the "fully grafted™ product has a binding ability very similar to that of the OKT3 murine
reference standard.

The binding and blocking assay results indicate the following:

The JA198 and JA207 constructs appear to have the best binding characteristics end similar binding
abilities, both substantially the same as the chimeric and fully grafted gH341A products. This indicates that
positions 88 and 91 and position 76 are not highly critical for maintaining the OKT3 binding ability; whereas
at least some of positions B, 23, 24, 48, 49, 71, 73 and 78 are more important.

This is borne out by the linding 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 sither completely or partially human in the
JA199 and JA209 constructs respectively.

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

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

Similar Experiments were carriod 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 TNFa(61E71, 101.4,
hTNF1, hTNF2 and hTNF3).

EXAMPLE 2

CDR-GRAFTING OF A MURINE ANTI-CD4 T CELL RECEPTOR ANTIBODY, OKT4A

Anti OKT4A CDR-grafted heavy and light chain genes were prepared, expressed and tested substan-
tially as describad above in Example 1 for COR-gratted OKT3. The CDR grafting of OKT4A is described in
detail in Ortho patent apptlication PCT/GB 80......... of even date herewith entitied "Humanised Antibodies”.
The disclosure of this Ortho patent application PCT/GB 90 ......... is incorporated herein by reference. A
number of CDR-gralted OKT4 antibodies have been prepared. Presently the CDR-gratted OKT4A of choice
is the combination of the grafted light chain LCDR2 and the graled heavy chain HCDR10.

THE LIGHT CHAIN

The human acceptor framework used for the grafted light chains was RE1. The preferred LCDR2 light
chain has human 1o mouse changes at positions 33, 34, 38, 48 and 88 in addition to the structural loop
CDRs. Of these changed positions, positions 33, 34 and 89 fail within the preferred extended CDRs of the
present invention (positions 33 and 34 in COR1 and position 83 in CDR3).

The human to murine changes at positions 38 and 49 corresponds to positions at which the amino acid
residues are preferably donor murine amino acid residues in 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 turther reveals that the murine and human residues ere identical at ail
of positions 46, 48 and 71 and at all of positions 2, 4, 6, 35, 36, 44, 47, 62, 64-69, 85, 67, 88, 99 and 101
and 102. However the amino acid residue at position 58 in LCDR2 is the human RE1 framework residue not
the mouse OKT4 residue as would be preferred in accordance with the present invention.
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THE HEAVY CHAIN

The human acceptor framework used for the grafted heavy chains was KOL.
The preferred CDR graft HCDR10 heavy chain has human o mouse changes at positions 24, 35, 57, 58,
60, 88 and 81 in addition to the structural loop CDRs.
Of these positions, positions 35 (CDR1) and positions 57, 58 and 60 (CDR2) fail within the preferred
extended CDRs of the present invention. Also the human to mouse change at position 24 corvesponds 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 81 commespond to positions at which the amino
acid residues are optionally donor murine residues.
Morsover, 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, B, 25, 38, 37, 39, 47, 48, 83, 84, 103, 104, 108 and 107.
Thus the OKT4A CDR-grafted heavy chain HCDR10 corresponds to a particularly preferred smbodiment
according to the present invention.

EXAMPLE 3

CDR-GRAFTING OF AN ANTI-MUCIN SPECIFIC MURINE ANTIBOOY, B72.3

The cloning of the genes coding for the anti-mucin specific murine monocional 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
tramework of the human light chain RE1. The regions transferred were:

CDR Residues
Number
1 24-34
2 50-56
3 80-86

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

B72.3 cHB72.3 cL

and B72.3 cH/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 RE! light chain amino acid sequences reveals that the residues
are identical at positions 46, 58 and 71 but are different al position 48. Thus changing the human residue to
the donor mouse residue at position 48 may further improve the binding charactenistics of the COR-grafted
Light chain, (B72.3 gL) in accordance with the present invention.

(b) B72.3 heavy chain
i. Choice of framework
At the outset il 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 reasonad that, while knowledge of structure was important, transfer of
the CDRs from mousa to human frameworks might be facilitated it the overall homology between the
donor and receptor frameworks was maximised. Comparison of the B72.3 heavy chain sequance with
those in Kabat (ref. 4) for human hsavy 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.
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CDR Residues
Number
1 27-36
2 50-63
3 83-102

Also it was noticed that the FR4 region of EU was unlike that of any other human (or mousse) antibody.
Consaquently, 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 systams.)

ii. Results with grafted heavy chain genes

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

This observation provided a clue as to how the activity of the grafted antibody could be improved
without acid trealment. i was postulated that acid exposure brought about the protonation of an acidic
residue (pKa of aspartic acid = 3.86 and of giutamine acid = 4.25) which in turn caused a change in
structure of the CDR loops, or aliowed 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, oniy two positions had been changed in such a way that acidic
residues had been introduced. Thase positions are at residues 73 and 81, where Kto E and Qto 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 CORs 1 and 3 of the heavy chain and, in this position it was
possible to envisage that a K to E change in this region could have a detrimental effect on antigen
binding.

iii. Framework changes in B72.3 gH gene

On the basis of the above analysis, E73 was mutated 1o a lysine (K). i was found that this change had
a dramatic effect on the ability of the grafted Ab to bind to mucin. Further the ability of the grafted
B72.3 produced by the mutated gH/gL. combination to bind to mucin was similar to that of the B72.3
chimeric anlibody.

iv. 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.

All assays used measured the ebility 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 872.3.

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 comesponds to a preferred embodiment of the
present invention.

EXAMPLE 4

CDR-GRAFTING OF A MURINE ANTI-ICAM-1 MONOCLONAL ANTIBODY

A murine antibody, R6-5-D6 (EP 0314863) having specificity for interceliular Adhesion Molecule 1
(ICAM-1) was CDR-grafied substantially as described above in previous exampies. This work is described in
greater delail in co-pending application, British Patent Application No. 8008548.8, 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 currenily 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
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mouse-human chimeric -antibody.
LIGHT CHAIN

..gL221A has murine CDRs at positions 24-34 (CDR1), 50-58 (CDR2) and 89-87 (CDR3). in addition
saveral framework residues are also the murine amino acid. These residues were chosen alter consideration
of the possible contribution of these residues to domain packing and stability of the conformation of the
antigen binding region. The residuss which have been retained as mouse are at positions 2, 3, 48 (7), 60,
84, BS and 87. Comparison of the murine anti-ICAM 1 and human EU light chain amino acid sequences
reveals that the murine and human residues are identical at positions 48, 58 and 71.

HEAVY CHAIN

gH341D has murine CDRs at positions 28-35 (CDR1), 50-58 (COR2) and94-100B (CDR3). kn addition

" murine residues were used in gH341D at positions 24, 48, 89, 71, 73, 80, 88 and 81. Comparison of the

murine anti-iCAM 1 and human EU heavy chain amino acid sequences are identical at positions 23, 49 and
78.

EXAMPLE 5

COR-Grafting of murine anti-TNFQ antibodies

A number of murine anti-TNFa monocional antibodies were CDR-grafted substantially as described
above in previous examples. These antibodies include the murine monoclonal antibodies designated 61
E71, hTNF1, hTNF3 and 101.4 A brief summary of the CDR-gratting 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 B8 as residues to potentially
retain as murine. The human frameworks chosen for CDR-grafting ol this antibody, and the hTNF3 and
101.4 antibodies were RE1 for the light chain and KOL for the heavy chain.

Three genes were built, the first of which contained 23, 24, 48, 49, 71 and 73 [gH341(6)} as murine
residues. The second gene also had 75 and 88 as murine residues [gH341(8)] while the third gene
additionally had 68, 68, 75 and 88 as murine residues [gH341(10)]. Each was co-expressed with gl.221, the
minimum grafted light chain (CDRs only). The glL221/gH341(6) and gl221/gH341(8) antibodies both bound
as well to TNF as murine 61E71. The glL221/gH341(10) antibody did not express and this combination was
not taken further.

Subsequently the gl221/gH341(6) antibody was assessed in an L928 cell competition assay in which the
antibody competes against the TNF receptor on L829 cells for binding to TNF in solution. In this assay the
@L221/gH341(6) antibody was approximalely 10% as active as murine 61E71.

hTNF1

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

Heavy Chain

In the CDR-grafted heavy chain (ghTNF1) mouse CDRs were used &t positions 26-35 (CDR1), 50-65
(CDR2) and 95-102 (CDR3). Mouse residues were also used in the frameworks &t positions 48, 67, €8, 71,
73, 76, 89, 91, 84 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.
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Light Chain

In the CDR-grafted light chain (gLhTNF1) mouse CDRs wra used at positions 24-34 (CDR1), 50-56
(COR2) and 88-97 (CDRJ). In addition mouse residuss were used in the frameworks at positions 3, 42, 48,
49, B3, 106 and 108. Comparison of the hTNF1 mouse and EU human light_chain residues reveals that
these are identical at positions 46, 58 and 71.

The grafied hTNF1 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 8 TNF binding
assay. The grafted heavy chain product appeared to have binding ability for TNF slightly better than the
fully chimeric product.

Similarly, a grafied heavy chain/grafted light chain product was co-expressed and compared with the
tully chimeric product and tound to have closely similar binding properties to the latter product.

hTNF3

hTNF3 recognises an epitope on human TNF-a. The sequence of hTNF3 shows only 21 ditferences
compared to B1E71 in the light and heavy chain variable regions, 10 in the light chain (2 in the CORs at
posilions 50, 96 and 8 in the framework 8t 1, 19, 40, 45, 48, 78, 103 and 108) 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 ot
activity in the direct binding assay. However 61E71 is an order of magnitude less able to compete with the
TNF receptor on L929 cello tor TNF-a compared to hTNF3. Based on the 61E71 CDR grafting data glL221
and gH341(+23, 24, 48, 49 71 and 73 as mouse) genes have been buiit for hTNF3 and tested and the
resultant grafied antibody binds well to TNF-a, but competes very poofly in the L929 assay. It is possible
that in this case also the framework residues identified tor OKT3 programme mey improve the competitive
binding ability of this antibody.

1014

101.4 is a further murine monocional antibody able to recognise human TNF-a. The heavy chain of this
antibody shows good homology to KOL and so the CDR-gratting has been based on RE1 for the light chain
and KOL for the heavy chain. Saveral gratted heavy chain genes have been constructed with conservative
chaices for the CDR's {(gH341) 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 glL.221. 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 L8928 assay. However, with gl221 the resultant
antibodies are at least an order of magnitude less abla to compete for TNF against the TNF receptor on
L928 cells.

Mouse residues at other positions in the heavy chain, for example, at 23 and 24 together or st 78 have
been demonstrated to provide no improvement to the competitive ability of the grafted antibody in the L9289
assay.

‘)\! number of other antibodies including antibodies having specificity for interleukins e.g. IL1 and cancer
markers such as carcinoembryonic antigen (CEA) e.g. the monocional antibody ASB7 (ref. 21), have been
successfully CDR-grafted according to the present invention.

k will be appreciated that the foregoing examples are given by way of illustration only and are not intended
to fimit the scope of the claimed invention. Changes and modificaions may be made to the methods
described whilst still falling within the spirit and scope of the invention.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

s (1) APPLICANT:
(A) NAME: CELLTECH LIMITED
(B) STREET: 216 BATH ROAD
(C) CITY: SLOUGH
(D) STATE: BERKSHIRE
(E) COUNTRY: UNITED KINCDCOM
10 (F) POSTAL CODE (2IP): SL1 4EN
: (G) TELEPHONE: 0753 534655
(H) TELEFAX: 0753 536632
(I) TELEX: 848473

(11) TITLE OF INVENTION: HUMANISED ANTIBODIES
15 - (1ii) NUMBER OF SEQUENCES: 31
(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS .
20 (D) SOFTWARE: PatentIn Release #1.0, Version £1.25
(EPO)
(2) INFORMATION FOR SEQ ID NO: 1:
{1} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(i1) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

TCCAGATGTT AACTGCTCAC
20

(2) INFORMATION FOR SEQ ID NO: 2@
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
“ (D) TOPOLOGY: linear

(ii)} MOLECULE TYPE: cDNA

45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

CAGGGGCCAG TGGATGGATA GAC

(2) INFORMATION FOR SEQ ID NO: 3:

50 (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
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(C) STRANDEDNESS: single
. (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(v) FRAGMENT TYPE: .internal
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Leu Glu Ile Asn Arg Thr Val Ala Ala
1 5

{2) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTHK: 943 base pairs
(B) TYPE: nucleic acia
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

GAATTCCCAA AGACAAAATG GATTTTCAAG TGCAGATTTT CAGCTTCCTG CTAATCAGTG
60

CCTCAGTCAT AATATCCAGA GGACAAATTG TTCTCACCCA GTCTCCAGCA ATCATGTCTG
120

'CATCTCCAGG GGAGAAGGTC ACCATGACCT GCAGTGCCAG CTCAAGTGTA AGTTACATGA

180

ACTGGTACCA GCAGAAGTCA GGCACCTCCC CCAAAAGATG GATTTATGAC ACATCCAAAC
240

TGGCTTCTGG AGTCCCTGCT CACTTCAGGG GCAGTGGGTC TGGGACCTCT TACTCTCTCA
oo

CAATCAGCGG CATGGAGGCT GAAGATGCTG CCACTTATTA CTGCCAGCAG TGGAGTAGTA
360

ACCCATTCAC GTTCGGCTCG GGGACAAAGT TGGAAATAAA CCGGGCTGAT ACTGCACCAA
420

CTGTATCCAT CTTCCCACCA TCCAGTGAGC AGTTAACATC TGGAGGTGCC TCAGTCGTGT
480

GCTTCTTGAA CAACTTCTAC CCCAAAGACA TCAATGTCAA GTGGAAGATT GATGGCAGTG
540

AACGACAAAA TGGCGTCCTG AACAGTTGGA CTGATCAGGA CAGCAAAGAC AGCACCTACA
60Q

GCATGAGCAG CACCCTCACG TTGACCAAGG ACGAGCTATGA ACGACATAAC AGCTATACCT
660

GTGAGGCCAC TCACAAGACA TCAACTTCAC CCATTGTCAA GAGCTTCAAC AGGAATGAGT
720

GTTAGAGACA AAGGTCCTGA GACGCCACCA CCAGCTCCCA GCTCCATCCT ATCTTCCCTT
780
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CTAAGGTCTT GGAGGCTTCC CCACAAGCGC TTACCACTGT TGCGGTGCTC TAAACCTCCT
CCCACCTCCT TCTCCTCCTC CTCCCTTTCC TTGGCTTITTA TCATGCTAAT ATTTCTAGAA
AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAAAAAAAAA AAA

(2) INFORMATION “FPOR 'SEQ ID NO: S:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 233 amino acids
(B)y TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

Met Asp Phe Val Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser Val Ile
1 5 10 15

Ile Ser Arg Gly Gln Ile Val Leu Thr Gln Ser Pro Ala Ile Met Ser
20 25 Jo

Ala Ser Pro Gly Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser
35 40 45

Val Ser Tyr Met Asn Trp Tyr Glan Gln Lys Ser Gly Thr Ser Pro Lys
S0 55 60

Arg Trp Ile Tyr Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ala His
65 70 5 a0

Phe Arg Gly Ser Gly Ser Gly Thr Ser Tyr Sar Leu Thr Ile Ser Cly
85 90 95

Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Trp Ser Ser
100 105 110

Asn Pro Phe Thr Phe Gly Ser Gly Thr Lys Leu Glu Ile Asn Arg Ala
118 120 125

Asp Thr Ala Pro Thr val Ser Ile Phe Pro Pro Ser Ser Glu Gln Leu
130 135 140

Thr Ser Gly Gly Ala Ser Val Val Cys Phe Leu Asn Asn Phe Tyr Pro
145 150 155 160

Lys Asp Ile Asn val Lys Trp Lys Ile Asp Gly Ser Glu Arg Gln Asn
165 170 175

Gly Val Leu Asn Ser Trp Thr Asp Gln Asp Ser Lys Asp Ser Thr Tyr
180 185 190

Ser Met Ser Ser Thr Leu Thr Leu Thr Lys Asp Glu Tyr Glu Arg His
195 200 205

Asn Ser Tyr Thr Cys Glu Ala Thr His Lys Thr Ser Thr Ser Pro Ils
210 215 220

val Lys Sar Phe Asn Arg Asn Glu Cys
225 230

(2) INFORMATION FOR SEQ ID NO: 6:

840
900

%43
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(i) SEQUENCE CHARACTERISTICS:
. {A) LENGTH: 1570 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(11) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

10
GAATTCCCCT

TCTACTCCTG
GGCTGAACTG
15 - CTTTACTAGG
TGGATACATT
CACATTGACT
20 TGAGGACTCT
CTGGGGCCAA
TCCACTGGEC
CAAGGGTTAT
TGTGCACACC
TGTAACCTCG
CAGCACCAAG
ATGCARATGC
GATCAAGGAT
GAGCGAGGAT
% AGCTCAGACA
CCCCATCCAG
AGACCTCCCA
ACAGGTATAT
CTGCATGGTC
AACAGAGCTA
GTACAGCTAAG
AGTGGTCCAC
TAAATGAGCT
TGCTTCCCTT

50 AAAGGAATTC

CTCCACAGAC ACTGAAAACT CTGACTCAAC

TTGTCAGTAA
GCAAGACCTG
TACACGATGC
AATCCTAGCC
ACAGACAAAT
GCAGTCTATT
GGCACCACTC
CCTGTGTGTG
TTCCCTGAGC
TTCCCAGCTG
AGCACCTGGC
GTGGACAAGA
CCAGCACCTA
GTACTCATGA
GACCCAGATG
CAAACCCATA
CACCAGGACT
GCGCCCATCG
GTCTTGCCTC
ACAGACTTCA
AACTACAAGA
CTGAGAGTGG
GAGGGTCTGC
CAGCACCCAC

GTATAAATAA

CTGCAGGTGT
GGGCCTCAGT
ACTGGGTAAA
GTGGTTATAC
CCTCCAGCAC
ACTGTGCAAG
TCACAGTCTC
GAGATACAAC
CAGTGACCTT
TCCTGCAGTC
CCAGCCAGTC
AAATTGAGCC
ACCTCTTGGG
TCTCCCTGAG
TCCAGATCAG
GAGAGGATTA
GGATGAGTCC
AGAGAACCAT
CACCAGAAGA
TGCCTGAAGA
ACACTGAACC
AAARGAAGAA
ACAATCACCA
AAMACTCTCA

AGCACCCAGC

CCACTCCCAG
GAAGATGTCC
ACAGAGGCCT
TAATTACAAT
AGCCTACATG
ATATTATGAT
CTCAGCCAAA
TGGCTCCTCG
GACCTGGAAC
TGACCTCTAC
CATCACCTGE
CAGAGGGCCC
TGGACCATCC
CCCCATAGTC
CTGCTTTGTG
CAACAGTACT
CAAGGAGTTC
CTCAARACCC
AGAGATGACT
CATTTACGTG
AGTCCTGGAC
CTGGGTGGAA
CACGACTAAG
GGTCCAAAGA

AATGCCTGGG

(2) INFORMATION FOR SEQ ID NO: 7:

31

ATGGAAAGGC
GTCCAGCTGC
TGCAAGGCTT
GGACAGGGTC
CAGAAGTTCA
CAACTGAGCA
GATCATTACT
ACAACAGCCC
GTGACTCTAG
TCTGGATCCC
ACCCTCAGCA
AATGTGGCCC
ACAATCAAGC
GTCTTCATCT
ACATGTGTGG
AACAACCTGG
CTCCGGGTGG
AAATGCAAGG
AAAGGGTCAG
AAGAAACAGG
GAGTGGACCA
TCTGATGGTT
AGAAATAGCT
AGCTTCTCCC
GACACCCACA

ACCATGTAAA

ACTGGATCTT
AGCAGTCTGG
CTGGCTACAC
TGGAATGGAT
AGGACAAGGC
GCCTGACATC
GCCTTGACTA
CATCGGTCTA
GATGCCTGGT
TGTCCAGTGG
GCTCAGTGAC
ACCCGGCAAG
CCTGTCCTCC
TCCCTCCAAA
TGGTGGATGT
AAGTACACAC
TCAGTGCCCT
TCAACAACAA
TAAGAGCTCC
TCACTCTGAC
ACAACGGGAA
CTTACTTCAT
ACTCCTGTTC
GGACTCCGGG
CTCATCTCCA
AAAAAAAAAA

€0
120
180
240
300
260
420
480
540
500
660
720
780
840
900
960
1020
10€0
1140
1200
1260
1330
1380
1440
1500
1560
1570
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(1) SEQUENCE CHARACTERISTICS:

(i)

(x1)
Met
val
Pro
Thr
Glu
65
Gln
Thr
Tyr
Gly
Ser

145

Val

Pro
225
Thr
Gly

Met

Glu

(A)
(B)
()
(o)

LENGTH:

TYPE:

amino aciad
STRANDEDNESS: single
TOPOLOGY:

linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION: SEQ ID NO:

468 amrino acids

7:

Glu Arg His Trp Ile Phe Leu Leu Leu Lsu Ser Vval
S

His
Gly
Arg
50

Trp
Lys
Ala
TYI
Gln
130
val
Thr
Thr
val
Ser
210
Ala
Ile

Gly

Ile

Ser

Ala
a5

Tyr
Ile
Phe
Tyr
cys
115
Gly
Tyr
Leu
Trp
Leu
19S5
Ser
Ser
Lys
Pro
Ser

275

ASp

Gln
20

Ser
Thr
Gly
Lys
Met
100
Ala
Thr
Pro
Gly
Asn
180
Gln
Thr
Ser
Pro
Ser
260

Leu

Pro

val
val
Met
TYyr
Asp
85

Gln
Arg
Thr
Leu
Cys
165
Ser
Ser
Trp
Thr
Cys
245
val

Ser

Asp

Gln

Lys

Ile
70

Lys
Leu
YL
Leu
Ala
150
Leu
Cly
Asp
Pro
Lys
230
Pro
Phe

Pro

val

Leu
Met
Trp
55

Asn
Ala
Ser
Tyr
Thr
135
Pro
Val
Ser
Leu
Ser
215
Val
Pro
Ile

Ile

Gln

Gln
Ser
40

val
Pro
Thr
Ser
Asp
120
Val
val
Lys

Leu

TYC
200
Gln
Asp
Cys
Phe
val

280

Ile

Gln
25

Cys
Lys
Ser
Leu
Leu
105
Asp
Ser
Cys
Gly
Ser
185
Thr
Ser
Lys
Lys
Pro
265

Thr

Ser

10

Ser
Lys
Gln
Arg
Thr
S0

Thr
His
Ser
Gly
Tyr
170
Ser
Leu
Ile
Lys
Cys

250

Pro

Cys

Trp

Gly
Ala
Arg
Gly
75

Thr
Ser
TYT
Ala
AsSp
15%
Phe
Gly
Ser
Thr
Ile
2315
Pro
Lys
val

Phe

Ala
Ser
Pro
60

TYr
Asp
Glu
cys
Lys
140
Thr
Pro
val

Ser

Cys
220
Glu
Ala
Ile

val

val

Glu
GCly
45

Gly
Thr
Lys
Asp
Leu
125
Thr
Thr
Glu
His
Ser
205
Asn
Pro
Pro
Lys
Val

205

Asnh

Thr
Leu
30

Tyr
Gln
Asn
Ser
Ser
110
Asp
Thr
Gly
Pro
Thr
190
val
val
Arg
Asn
Asp
270

Asp

Asn

Ala
15

Ala
Thr
Gly
TYr
Ser

95

Ala

Tyr

Ala
Ser
val

175
Phe

Ala
Gly
Leu
255
val

val

val

Gly

Arg

Phe
Leu
Asn
80

Ser
val
Trp
Pro
Ser
160
Thr
Preo
Val
His
Pro
240
Leu
Leu

Ser

Glu
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290

Val His
Jos

“Leu "Arg
Gly Lys
Ile Glu

Val Tyr
370

Thr Leu
385

Glu Trp
Pro val
Val Glu
Val His

450

Thr Pro
465

{2) INFORMATION FOR SEQ ID NO:

Thr

‘Val

Glu
Arg
355
val
Thr
Thr
Leu
Lys
435

Glu

Gly

Ala

Val

Phe

340

Thr
Leu
Cys
Asn
Asp
420
Lys

Gly

Lys

EP 0 620 276 A1

Gln

‘Ser .

325

Lys
Ile
Pro
Met
Asn
405
Ser.

Asn

Leu

295

Thr Gln
310

Thr ¥is

Ala "Leu Pro Tle

Cys Lys
Ser Lys
Pro Pro

375

Val Thr
390

Gly Lys
Asp Gly

Trp Val

His Asn
455

Val Asn
345

Pro Lys
360

Glu Glu

Asp Phe

Thr Glu

Ser Tyr
425

Glu Arg
440

His His

(i) SEQUENCE CHARACTERISTICS:
107 amino acids

(A) LENGTH:
amino acid

(B) TYPE:
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1

inear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:

Glu Lys Val Thr Met Thr Cys

20

Asn Trp Tyr Gln Gln
s

Asp Thr Ser Lys Leu

50

Gly Ser
65

Gly Thr Ser

Asp Ala Ala Thr Tyr

8BS

Lys Ser

Ala Ser
55

Tyr Ser
70

Tyr Cys

Gln Ile Val Leu Thr Gln Ser Pro Ala
5

Ser Ala
25

Gly Thr
40
Gly val

Leu Thr

Gln Gln

Arg

Gld
315

Gln His

330

Asn
Gly
Clu
Met
Leu
410
Phe

Asn

Thr

Ile
10

Ser
Ser
Pro

Ile

Trp
90

Lys

Ser

Met

Pro

395

Asn

Met

Ser

Thr

Met

Ser

Pro

Ala

Ser

75

Ser

Joc

ARpI%yr Asn Ser

Gln Asp Trp Met

Asp
val
Thr

jso
Glu

TYr

TYr

Lys
460

Ser
Ser
Lys
His
60

Gly

Ssr

Leu
Arg
365
Lys
Asp
Lys
Ser
Ser

445

Ser

Ala
val
Arg
45

Phe

Met

Asn

Pro
350
Ala
Lys
Ile
Asn
Lys
430

cys

Phe

Ser
Ser
3o

Trp

Arg

Glu

335

Ala
Pro
Gln
TYr
Thr
415
Leu
Ser

Ser

Pro
15

Tyr

Ile

Gly

Ala

Phe
95

Thr
320
8er
Pro
Gln
val
val
400
Glu
Arg

val

Arg

Gly
Met
Tyr
Ser
Glu

80

Thr
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Fhe Gly Ser Gly Thr Lys Leu Glu Ile Asn Arg
100 105

{2) INFORMATION FOR SEQ ID NO: 9:
(i) 'SEQUENCE CHARACTERISTICS:
(A) LENGTH: 108 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: singls
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu

1 5 10

Asp Arg Val Thr Ile Thr Cys Gln Ala Ser Gln
20 25

Leu Asn Trp Tyr Gln Gln Thr Pro Gly Lys Ala
35 40

Tyr Glu Ala Ser Asn Leu Gln Ala Gly Vval Pro
50 55

Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr Ile
6S 70 75

Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Tyr
8S 90

Thr Phe Gly Gln Cly Thr Lys Leu Gln Ile Thr
100 105

{2) INFORMATION FOR SEQ ID NO: 10:
(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 119 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPCLOGY: linear

(ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

Gln Val Gln Leu Gln G1ln Ser Gly Ala Clu Leu
1 5 10

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr
20 25

Thr Met His Trp val Lys Gln Arg Pro Gly Gln
35 40

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn
50 55

Lys Asp Lys Ala Thr Leu Thr Thr Asp Lys Ser
65 70 75

Ser
Asp
Pro
Ser
60

Ser

Gln

Arg

Ala
Thr
Gly
Thr

60

Ser

Ala
Ile
Lys
45

Arg

Ser

Ser

Arg
Phe
Leu
45

Asn

Ser

Ser

Ile

30

Leu

Phe

Leu

Leu

Pro
Thr
30

Glu

Gln

Thr

val
15

Lys
Leu
Ser

Gln

Pro
95

Gly
15

Arg

Lys

Ala

Gly

Ile
Gly
Pro

80
TYr

Ala

Tyr

Ile

Phe

Tyr
80
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Met Cln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala vVal Tyr Tyr Cys
. 8s 90 v5

Ala Arg Tyr Tyr Asp Asp His Tyr <ys Léu Azp Tyr Trp Gly Cln Gly
100 105 ) 110

Thr Thr Leu Thr val Ser Ser
115

{(2) INFORMATION FOR SEQ ID NO: 11:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 126 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

Gln val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Phe Ile Phe Ser Sar Tyr
20 25 30

Ala Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
as 40 45

Ala Ile Ile Trp Asp Asp Gly Ser Asp Gln His Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe
65 70 75 80

Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys
85 90 9%

Ala Arg Asp Gly Gly His Gly Phe Cys Ser Ser Ala Ser Cys Phe Gly
100 105 110

Pro Asp Tyr Trp Gly Gln Gly Thr Pro Val Thr val Ser Ser
115 120 125

(2) INFORMATION FOR SEQ ID NO: 12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 119 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Ala Arg Pro Gly Ala
1 5 10 15

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr
20 25 30

BIOEPIS EX. 1002
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Thr Met His Trp Val Lys Gln Arg Pro
3s 40

Gly Tyr Ile Asn Pro Ser Arg Gly ryr
50 55

Lys Asp Lys Ala Thr Leu Thr Thr Asp

3] 70

Met Gln Leu Ser Ser Leu Thr Ser Glu
85

Ala Arg Tyr Tyr Asp Asp His Tyr Cys
100 105

Thr Thr Leu Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ 1D NO: 13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 119 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:

Gln Val Gln Leu Val Glu Ser Gly Gly
1 S

Ser Leu Arg Leu Ser Cys Ser Ser Ser
20 25

Thr Met His Trp Val Arg Gln Ala Pro
35 40

Ala Tyr Ile Asn Pro Ser Arg Gly Tyr
50 55

Lys Asp Arg Phe Thr Ile Ser Arg Asp
65 70

Leu Gln Net Asp Ser Leu Arg Pro Glu
85

Ala Arg Tyr Tyr Asp Asp His Tyr Cys
100 105

Thr Thr Leu Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 119 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

Gly Gln

Thyr- Asn

Lys Ser
75

Asp Ser
90

Leu Asp

13:

Gly val
10

Gly Tyr
Gly Lys
Thr Asn
Asn Ser
75

Asp Thr
90

Leu Asp

Gly

60

Ser

Ala

Tyr

val
Thr
Gly
TYr
60

Lys

Gly

Tyr

Leu
43

"Asn

Ser

val

Trp

Gln
Phe
Leu
45

Ash
Asn

val

Trp

Glu

Gln’

Thr

Tyr

Gly
110

Pro
Thr
30

Glu
Gln
Thr

TYT

Gly
110

Lys
Ala
Tyr
95

Gln

Gly

Ile

Phe

Tyr
80
Cys

Gly

Arg

15

Arg
Trp
Lys
Leu
Phe

85

Gln

Tyr
val
Phe
Phe
80

Cys

Gly
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15

(xi}
Gln

- Ser
Thr
Gly
Lys
6S
Leu

Ala

Thr

(2) INFORMATION FOR SEQ ID NO:

(i)

(i1)

(xi)
Gln
Ser
Thr
Gly
Lys
65
Leu

Ala

Thr

EP 0 620 276 A1

SEQUENCE DESCRIPTION: SEQ ID NO: 14:

vVal Gln Leu Val Gln Ser Gly

1eu -Arg leu

20

Met His Trp
s

Tyr Ile Asn
50

Asp Arg Phe
Gln Met Asp

Arg Tyr Tyr
100

Thr Leu Thr
115

5

Ser Cye
Val Arg
Pro Ser
Thr Ile

70

Ser Leu
BS

AsSp Asp

Val Ser

Lys -

Gln
Arg
55

Ser
Arg

His

Ser

Ala
Ala
40

Cly
Thr

Pro

TYT

15:

SEQUENCE CHARACTERISTICS:

119 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
¥: linear

(A) LENGTH:

(D} TOPCLOG

MOLECULE TYPE: protein

51y Gly val Val
¢ -

Ser Gly Tyr Thr

25

Pro Gly Lys Gly

Tyr Thr Asn Tyr

60
Asp Lys Ser Lys
75

Glu Asp Thr Ala

90

Cys Leu Asp Tyr
105

SEQUENCE DESCRIPTION: SEQ ID NO: 15:

Val Gln leu
Leu Arg leu
20

Met His Trp
35

Tyr Ile Asn
50

Asp Arg Phe

Gln Met Asp

Arg Tyr Tyr
100

Thr Leu Thr
115

Val Gln Ser Gly

S

Ser Cys
Val Arg
Pro Ser
Thr Ile

70

Ser Leu
85

Asp Asp

Val Ser

Lys
Gln
Arg
55

Ser

Arg

Ala
Ala
40

Gly

Thr

Pro

His Tyr

Ser

(2) INFORMATION FOR SEQ ID NO: 16:

(i) SEQUENCE CHARACTERISTICS:

37

Gly Gly Val val
10

Ser Gly Tyr Thr
25

Pro Gly Lys Gly
Tyr Thr Asn Tyr

60
Asp Lys Ser Lys
75

Glu Asp Thr Gly
90

Cys Leu Asp TyT
108

Gln

Phe
Leu
45

Asn
Ser

val

Trp

Gln
Phe
Leu
45

Asn
Ser

val

Trp

PLolGly Arg

Thr
30

Glu
Gln
Thr
TYyr

Gly
110

Pro

30

Glu

Gln

Thr

Gly
110

15
Arg

irp
Lys
Ala
Tyr

95

Gln

Gly
15

Arg

Lys
Ala
Phe

9%

Gln

Tyr
Ile
Val
Phe
80

cys

Gly

Arg

Tyr

Ile

val

Phe

BO

Cys

Gly

BIOEPIS EX. 1002
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55

(i)

(x1i)
Gln

1
Ser
Thr
Gly
Lys
65
Leu

Ala

Thr

(2) INFORMATION FOR SEQ ID NO:

(A)
(B)
(<)
(D)

LENGTH:
amino acid

TYPE:
STRANDEDNESS: single
TOPOLOGY :

EP 0 620 276 A1

119 amino acids

linear

'MOLECULE TYPE: protein

SEQUENCE DESCRIPTION: SEQ ID NO: 16:

Val Gln Leu

Leu

Met

TYyr
50

Asp
Gln

Arg

Thr

Arg
His
a5

Ile
Arg
Met

Tyr

Leu
115

Leu
20

Trp
Asn
Phe
Asp
Tyr
100

Thr

val
5
Ser
Val
Pro
Thr
Ser
85

Asp

val

Gln Ser Gly Gly Gly val
0

Cys
Arg
Ser
Ile
70

Leu

Asp

Ser

Lys
Gln
Arg
S5

Ser
Arg
His

Ser

1

Ala Ser Gly Tyr
25

Ala Pro Gly Lys
40

Gly Tyr Thr Asn
Thr Asp Lys Ser
75

Pro Glu Asp Thr
-1

Tyr Cys Leu Asp
105

17:

(1) SEQUENCE CHARACTERISTICS:
119 amino acids

(1i)

(xi)
Gln
1
Ser
Thr
Gly
Lys

65

Leu

(»)
(B)
(<)
(D)

LENGTH:
amino acid

TYPE:
STRANDEDNESS: single
TOPOLOGY :

linear

MOLECULE TYPE: protein

SEQUENCE OESCRIPTION: SEQ ID NO: 17:

Val Gln Leu

Leu
Het
TYr
50

Asp

Gln

Arg
His
35

Ile

Arg

Het

Leu
20

Trp
Asn

Phe

Asp

val

Ser

val

Pro

Thr

Ser
85

Gln Ser Cly Gly Gly Val
10

Cys
Arg
Ser
Ile

70

Leu

Lys
Gln
Arg
$5

Ser

Arg

Ala Ser Gly Tyr
25
Ala Pro Gly Lys
40
Gly Tyr Thr Asn
Arg Asp Asn Ser
75

Pro Glu Asp Thr
90

val
Thr
Gly
Tyr
60

Lys

Gly

Tyr

vVal
Thr
Gly
TYyr
60

Lys

Gly

Gln

Phe

Leu

45

Asn

Asn

val

Trp

Gln
Phe
Leu
45

Asn

Asn

val

Pro
Thr
30

Glu
Gln
Thr

TYr

Gly
110

Pro
Thr
30

Glu
Gln

Thr

TYE

Gly
15

krg

Lys
Ala
Fhe

95
Gln

Gly
15

Arg
be 4]
Lys

Ala

Phe
9s

Arg
TYr
Ile
val
Phe
80

cys

Gly

Arg
Tyr
Ile
vVal
Phe

80
cys
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Ala Arg Tyr Tyr Asp Asp His Tyr
. 100

Thr Thr Leu Thr Val Ser Ser

(2) INFORMATION FOR SEQ ID NO:

Ja15

18:

(1) SEQUENCE CHARACTERISTICS:

(11

(xi)
Gln
Ser
Thr
Gly
Lys
65
Leu

Ala

Thr

(2) INFORMATION FOR SEQ ID NO:

(A)
(B)
(<)
(D)

LENGTH:

TYPE: amino acid
STRANDEDNESS: single
TOPOLOGY :

MOLECULE TYPE:

SEQUENCE DESCRIPTION: SEQ ID NO: 18:

linear

protein

10

119 amino acids

Val Gln Leu Val Gln Ser Gly Gly Gly val
S 10

Leu

Met

Tyr

50

Asp

Gln

Arg

Thr

Arg
His
35

Ile
Arg
Met

Tyr

Leu
115

Leu
20

Trp
Asn
Phe
Asp

Tyr
100

Thr

Ser
val
Pro
Thr
Ser
85

Asp

val

Cys Lys
Arqg Gln
Ser Arg

55
Ile Ser
70
Leu Arg

Asp His

Ser Ser

Ala
Ala
40

Gly
Thr

Pro

Tyr

19:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:
(C) STRANDEDNESS: single
(D) TOPOLOGY:

amin

o acid

linear

{ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

Ser Gly
25

Pro Gly
Tyr Thr
Asp Lys
Glu Asp

90

Cys Leu
108

119 amino acids

Tyr
Lys
Asn
Ser
75

Thr

Asp

val
Thr
Gly
Tyr
60

Lys

Gly

Gln Val Gln Leu Val Gln Ser Gly Gly Gly val Val

1

L]

10

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr
20 25

Thr Met His Trp val Arg Gln Ala Pro Gly Lys Cly

3%

40

Gln
Phe
Leu
45

Asn
Asn
Val

Trp

Gin

Phe

Pro Gly
15

Thr Arg

30

Glu Trp

Gln Lys

Thr Leu

Tyr Phe
95

Gly Gln
110

Pro Gly
15

Thr Arg
30

Cys Leu Asp Tyr Trp Gly Gln Gly
5 1o

Arg
Tyr
Ile
Val
Phe
8o

Cys

Gly

Arg

ky 23

Leu Glu Trp Ile

45
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55

Gly Tyr
- 50

Lys
65

Leu
Ala

Thr

Asp Arg

Phe Thr

EP 0 620 276 A1

Ile Asn Prc Ser

Ile
70

Gln Met Asp Ser Leu

Arg Tyr

Thr Leu
115

8s

Arg Gly Tyr Thr Asn Tyr Asn Gln Lys

55

Ser

Arg

Tyr Asp Asp His

100

Thr val

Ser

Ser

Arg Asp Asn ‘gor
75

Pro Glu Asp Thr
90

Tyr Cys Lau Asp
108

(2) INFORMATION FOR SEQ ID NO: 20:

(1)

(ii)

(xi)
Gln
1
Ser
Thr
Ala
Lys
65
Leu

Ala

Thr

(2) INFORMATION FOR SEQ ID NO:

SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE: amino aciad
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION:

Val Gln
Leu Arg
Met His

35

Tyr Ile
50

Asp Arg
Gln Met

Arg Tyr

Thr Leu
1185

Leu Val
5

Leu Ser
20

Trp Val
Asn Pro
Phe Thr

Asp Ser
85

Tyr Asp
100

Thr val

119 amino acids

SEQ ID NO: 20:

Gln Ser Gly Gly Gly val
10

Cys
Arg
Ser
Ile
70

Leu

Asp

Ser

Lys

Gln

Arg

55

Ser

Arg

His

Ser

Ala Ser Gly Tyr
25
Ala Pro Gly Lys
40
Gly Tyr Thr Asn
Arg Asp Asn Ser
75

Pro Glu Asp Thr
90

Tyr Cys Leu Asp
105

21:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:
(B) TYPE:

118 amino acids
amino acid

(C) STRANDEDNESS: single
(D) TOPOLOGY:

linear

(1i) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

60

Lys Asn Thr

Gly Vval Tyr

TYr Trp Gly

val
Thr
Gly
Tyr
60

Lys

Gly

Tyr

CGln
Phe
Leu
45

Asn
Asn

Val

Trp

110

Pro
Thr
J0

Glu
Gln
Thr
YT

Gly
110

‘Len

Phe
95

Gln

Gly
15

Arg
Trp
Lys
Leu
Phe

95

Gln

Val
Phe
8o

Cys

Gly

Arg

Val

Phe

Phe
80

Cys

Gly
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5

v
<

Gln Val
b S

Ser Leu
“Thr Net
Gly Tyr

50

Asp Arg
(3]

Gln Met

Arg Tyr

Thr Leu

Gln

Arg

‘His

35
Ile

Phe
Asp
Tyr

Thr
115

Leu

Leu
20

Trp
Asn
Thr
Ser
Asp

100

val

EP 0 620 276 A1

val

Ser

val

Pro

Ile

Leu

as

Asp

Ser

Gln Ser Gly Gly Gly Val
10
Cys Ser Ala Ser Giy Tyr
25

Arg Gln Ala Pro Gly Lys
40

Ser Arg Gly Tyr Thr Asn
55

Ser Thr Asp Lys Ser lys
70 75

Arg Pro Glu Asp Thr Ala
%0

His Tyr Cys Leu Asp Tyr
108

Ser

{(2) INFORMATION FOR SEQ ID NO: 22:

(i) SEQUENCE CHARACTERISTICS:
118 amino acids
TYPE: amino acid
STRANDEDNESS: single
TOPOLOGY :

(A)
(B)
(c)
(D)

LENGTH:

linear

(ii) MOLECULE TYPE: protein

(xl) SEQUENCE DESCRIPTION: SEQ 1D NO: 22:

Gln val
1

Ser Leu

Thr Met

Gly Tyr
50

Asp Arg
68

Gln Met

Arg Tyr

Thr Leu

Gln Leu Val Glu Ser Gly Gly Gly Val
5 10

Arg
His
s

Ile
Phe
Asp
TYr

Thr
115

Leu
20

Trp
Asn
Thr
Ser
Asp
100

val

Ser
val
Pro
Ile
Leu
85

Asp

Ser

Cys Ser Ala Ser Gly Tyr
25

Arg Gln Ala Pro Gly Lys
40

Ser Arg Gly Tyr Thr Asn
55

Ser Thr Asp Lys Ser Lys
70 75
Arg Pro Glu Asp Thr Ala
%0
His Tyr Cys Leu Asp Tyr
105

Ser

(2) INFORMATION FOR SEQ ID NO: 23:

(i) SEQUENCE CHARACTERISTICS:
118 amino acids
(B) TYPE: amino acid

(A) LENGTH:

41

Gy -

val Gln

Thr Phe
45

Tyr Asn

€0

Ser Thr

val Tyr

Trp Gly

val Gln
Thr Phe

Gly Leu
45

Tyr Asn
60

Ser Thr

val Tyr

Trp Gly

Pro

-

Thr

30

Leu Glu

Lys

Ala

Tyr

Gln
110

Pro
Thr
30

Glu

Lys

Ala

Gln
110

Gly Arg
s

Arg Tyr
Trp Ile
Val Lys

Phe Leu
- -1+

Cys Ala
95

Gly Thr

Gly Arg
15

Arg Tyr
Trp Ile
val Lys

Phe Leu
80

Cys Ala
9S

Gly Thr
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(ii)

(xi)

Gln

Ser

Thr

Gly

Asp

€5

Gln

Arg

Thr

(2) INFORMATION FOR SEQ 1D NO:

EP 0 620 276 A1

(C) STRANDEDNESS: single
(D) TOPOLOGY:

linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION:

SEQ ID NO: 23:

Val Gln Leu Val Glu Ser Gly Gly Gly Val
-8

Leu

Met

TYT
S0

Arg
Met

Tyr

Leu

Arg
His
35

Ile
Phe
Asp

Tyr

Thr
115

Leu
20

Trp
Asn
Thr
Ser
Asp

100
val

Ser

Val

Pro

Ile

Leu

85

Asp

Ser

Cys
Arg
Ser
Ser
70

Arg
His

Ser

Ser
Gln
Arg
55

Thr

Pro

Tyr

Ser
Ala
40

Gly
Asp

Glu

cys

24:

(1) SEQUENCE CHARACTERISTICS:

(11)

(xi)
Gln
Ser
Thr
Gly
Asp
65

Gln

Arg

(A} LENGTH:

118 amino acids

(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D} TOPOLOGY:

linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION:

Val Gln Leu Val
5

Leu
Met
Tyr
S0

Arg

Met

TYr

Arg
His
25

Ile
Phe

AsSp

Tyr

Leu
20

Trp
Asn
Thr

ser

Asp
100

Ser

val

Pro

Ile

Leu

85

Asp

Gln
Cys
Arg
Ser
Ser
70

Arg

Kis

Ser
Ser
Gln
Arg
55

Thr

Pro

TYr

10

ser Gly Tyr
25

Pro Gly lys
Tyr Thr Asn
Lys Sar Lys

75
Asp Thr Ala

90

Leu Asp Tyr
105

SEQ ID NO: 24:

Gly Gly Gly Val
10

Ala
Ala
40

Gly
Asp

Glu

Cys

42

Ser Gly Tyr

25

Pro Gly Lys

Tyr Thr Asn

Lys Ser Lys
75

Asp Thr Gly
90

Leu Asp Tyr
105

val
Thr
Gly
YL
60

Sar

val

Trp

val

Thr

Gly

€0

Ser

val

Trp

Gln Pro Gly Arg

Phe
Leu
45

AsSn
Thr

Tyr

Gly

Gln
Phe
Leu

45

Asn

Gly

Thr
30

Glu
Lys
Ala
TYyr

Gln
110

Pro
Thr
30

Glu
Lys
Ala

Phe

Gln
110

15
Arg

Trp
val
Phe
cys

Gly

Gly
15

Arg

val
Phe

cys
95

Tyr
Ile
Lys
Leau
80

Ala

Thr

Arg

Ile
Lys
Lau

Ala
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Thr Leu Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 25:

+{1) .SEQUENCE .CHARACTERISTICS:
(A) LENGTH: 118 amino acids
(B) TYPE: amino aciad
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1) HOLECULh TYPE: protein

(xi)} SEQUENCE DESCRIPTION: SEQ ID NO: 25:
Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val
S 10
Ser Leu Arg leu Ser Cys Ser Ala Ser Gly Tyr Thr
20 25

Thr Met His Trp Val Arg Gln Ala Pro Gly Lys Gly
as 40

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr
50 55 60

Asp Arg Phe Thr Ile Ser Thr Asp Lys Ser Lys Ser
65 70 75

Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val
85 90

Axrg Tyr TYr Asp Asp His Tyr Cys Leu Asp Tyr Trp
100 105

Thr Leu Thr Val Ser Ser
115

(2) INFORMATION FOR SEQ ID NO: 26:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 118 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

Gln Val Gln Leu Val Gln Ser Gly Gly Gly Val Val
1 S 10

Ser Leu Arg Leu S5er Cys Ser Ala Ser Gly Tyr Thr
20 25

Thr Met His Trp Val Arg Gln Ala Pro Gly Lys Gly
3is 40

Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr
S50 55 60

Gln
Phe
Leu
45

Asn
Thr
TYr

Gly

Gln
Phe
Leu

45

Asn

Pro
Thr
30

Glu
Lys
Ala

Phe

Gln
110

Pro
Thr
3o

Glu

Lys

Gly
15

Arg
Trp
val
Phe

Cys
95

Gly

Gly
18

Arg

Val

Axg

Ile
Lys
Leu
80

Ala

Thr

Arg

Ile

Lys
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ASp Arg Phe Thr Ile Ser Thr Asp Lys
&5 0

Gln Met Asp Ser

Arg “Tyr “TyT "ASp

100

Thr Leu Thr Val

115

Leu Arg Pro Glu Asp
85

Asp “His Tyr Cys Leu

Ser

Ser

{2) INFORMATION FOR SEQ ID NO: 27:

(1) SEQUENCE CHARACTERISTICS:

(M) LENGTH:

126 amino acids

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

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:

Ser Leu
Ala Met
Ala Ile

50
Lys Gly
65
Leu Gln

Ala Arg

Pro Asp

{2) INFORMATION FOR SEQ ID NO:

Arg

Tyr

35

Ile

Arg

Met

Asp

Tyr
115

Leu
20

Trp
Trp
Phe
Asp
Gly

100

Trp

Ser
val
Asp
Thr
Ser
85

Gly

Gly

Ccys

Arg

Asp

Ile

70

Leu

His

Gln

Ser
Gln
Gly
55

Ser
Arg

Gly

Gly

Ser

Ala

40

Ser

Arg

Pro

Phe

Thr
120

28:

(i) SEQUENCE CHARACTERISTICS:

(A)
{B)
(C)
(D)

LENGTH:

TYPE:
STRANDEDNESS: single
TOPOLOGY:

107 amino acids
amino acid

(i) MOLECULE TYPE:

linear

protein

105

Gln val Gln Leu Val Glu Ser Gly Gly
5

Ser
25

Pro
Asp
Asp

Glu

Ccys
105

Pro

Ser Lys Asn Thr Ala Phe Leu

1%

«

Thr Gly Val Tyr Phe

90

27:
Gly
10
Gly
Gly
Gln
ASn
Asp
90

Ser

val

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:

val
Phe
Lys
His
Ser
15

Thr

Ser

Thr

val
1le
Gly
Tyr
60

Lys
Gly

Ala

val

Gln
Phe
Leu
45

Ala
Asn
val

Ser

Ser
125

Pro
Ser
30

Glu

Asp

Tyr

Cys
110

ser

Cys
95

‘Asp Tyr Trp Gly Gln.Gly
110

Gly
15

Ser
Trp
Ser
Leu
Phe

95

Phe

80

Ala

Thr

Arg

val
val
Phe
80

Cys

Gly

Gln Ile Val Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser Pro Gly

5

10

15
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Gly
Asn
Asp
Gly
65

Asp

Phe

(2) INFORMATION FOR SEQ ID NO:

Lys Val

Trp Tyr
38

Thr Ser

50

Ser Gly

Ala Ala

Gly Ser

EP 0 620 276 A1

Thr Met
20

Gln Gln

Lys Leu

Thr Ser

Thr Tyr
85

Gly Thr
100

Thr
Lys
Ala
Tyr
70

TYr

Lys

Cys Ser Ala Ser Ser
25 -

Ser
Ser
55

Ser
Cys

Leu

Gly
40

Gly
Leu
Gln

Glu

29:

(i) SEQUENCE CHARACTERISTICS:

(i1)

(xi)
AsSp
1
Asp
Asn
Asp
Gly
65

Asp

Phe

(2) INFORMATION FOR SEQ ID NO:

(A) LENGTH:

{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY:

linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION:

Thr Ser P2
Val Pro Ala

Thr Ile Ser
75

Gln Trp Ser
90

Ile Asn Arg
108

107 awminc acids

SEQ ID NO: 29:

Ile Gln Met Thr Gln Ser Pro Ser Ser Leu

Arg Val

Trp Tyr
35

Thr Ser
S0
Ser Gly

Ile Ala

Gly Gln

5

Thr Ile
20

Gln Gln
Lys Leu

Thr Asp

Thr Tyr
85

Thr
Thr
Ala
Tyr
7

TYyr

cys
Pro
Ser
55

Thr

Cys

Ser
Gly
40

Gly

Phe

Gln

Gly Thr Lys Leu Gln

100

J0:

{i) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY:

linear

(ii) MOLECULE TYPE: protein

107 amino acids

10

Ala Ser Sser
25

Lys Ala Pro
Val Pro Ser
Thr Ile Ser

75

Gln Trp Ser
S0

Ile Thr Arg
105

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: JO:

45

Ser
Lys
His
60

cly

Ser

Ser
Ser
Lys
Arg
60

Ser

Sar

val
Aeg
45

Phe
Met

Asn

Ala

‘Val

Leu
45

Phe
Leu

Asn

Ser
39

Trp
Arg

Glu

Pro

Ser
Ser
30

Leu
Ser

Gln

Pro

Ile
Gly
Ala

Phe
95

val
15

Tyr
Ile
Gly

Pro

Phe
95

Met
Tyr
Ser
Glu

80
Thr

Gly
Met
TYr
Ser
Glu

80

Thr
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10

Gln
1 -

Ile
Asp Arg

Asn Trp

Asp Thr
50

Gly Ser

6S

Agp Ile

Phe Gly

(2) INFORMATION FOR SEQ ID NO:

val
val
Tyx
a5

Ser
Gly
Ala

Gln

Met

Thr
20

Gln

Lys.

Thr

Thr

Gly
100

Thr

Ile

Gln

Asp

YT
85

Thr

EP 0 620 276 A1

Gln Ser Pro

Thr Cys Ser

Thr Pro Gly

40

Ala Ser Gly

55

Tyr Thr Phe
70

TYr Cys Gln

Lys Leu Gln

31:

(i) SEQUENCE CHARACTERISTICS:

(A)
(B)
(C)
(D)

(i1)

(xi)

Gln Ile
1

Asp Arg
Asn Trp
Asp Thr

50

Gly Ser

&5

Asp Ile

Phe Gly

(2) INFORMATION FOR SEQ ID NO:

LENGTH:

TYPE: amino acid
STRANDEDNESS: single
TOPOLOGY :

val
val
Tyx
35

Ser
Gly

Ala

Gln

linear

MOLECULE TYPE: protein

Ser Ser Leu
10

Ala Sev Sar
25

Lys Ala Pro
vVal Pro Ser
Thr Ile Ser

75

Gln Trp Ser
50

Ile Thr Arg
105

10?7 amino acids

SEQUENCE DESCRIPTION: SEQ ID NO: 31:

Met Thr Gln Ser Pro Ser Ser Leu
5

Thr
20

Gln
Lys
Thr

Thr

Gly
100

Ile

Gln

Leu

AsSp

Tyr

85
Thr

Thr Ser

cys

Thr Pro Gly

40

Ala Ser Gly

55

Tyr Thr Phe
70

Tyr Cys Gln
Lys Leu Gln

J2:

(1) SEQUENCE CHARACTERISTICS:

{A) LENGTH:

107 amino acids

(B} TYPE: amino acid
(C} STRANDEDNESS: single
(D) TOPOLOGY:

linear

(ii) MOLECULE TYPE: protein

Ala Ser Ser
25

Lys Ala Pro

vVal Pro Ser

Thr Ile Ser
75

Gln Trp Ser
90

Ile Thr Arg
105

Ser
Ser
Lys
Arg
60

Ser

Ser

Ser
Ser
Lys
Arg
60

Ser

Ser

Ala

Val

Arg
45
Phe

Lau

Asn

Ala
val
Arg
45

Phe

Leu

Asn

ser
Ser
0

Trp
Ser

Gln

Pro

Ser
Ser
3o

Trp
Ser

Gln

Pro

val
15

r
Ile
Gly
Pro

Phe
9s

val
15

Ile
Gly
Pro

Phe
9s

Gly
Met
YT
Ser
Glu

80

Thr

Gly
Met
Tyr
Ser
Glu

80

Thr
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Asp
Asn
Asp
Gly
65

Asp

Phe

(2) INFORMATION FCR SEQ ID NO:

(i)

(ii)

(xi)
Asp
1
Asp
Leu
Tyr
Ser
65

Glu

Thr

Claims

EP 0 620 276 Al

SEQUENCE DESCRIPTION: SEQ ID NO: 32:
Ile Gln Met Thr Gln Ser Pro Ser Ser leu

S 1v

Arg Val Thr Ile Thr Cys Ser Ala Ser Ser
20 25

Trp Tyr Gln Gln Thr Pro Gly Lys Ala Pro
35 40

Thr Ser Lys Leu Ala Ser Gly Val Pro Ser
50 55

Ser Gly Thr Asp Tyr Thr Phe Thr Ile Ser
70 78

Ile Ala Thr Tyr Tyr Cys Gln Gln Trp Ser
85 90

Gly Gln Gly Thr Lys Leu Gln Ile Thr Arg
100 105

33:

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 108 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: protein

SEQUENCE DESCRIPTION: SEQ ID NO: 33:

Ile Gln Met Thr Gln Ser Pro Ser Ser Leu
S 10

Arg Val Thr Ile Thr Cys Gln Ala Ser Gln
20 25

Asn Trp Tyr Gln Gln Thr Pro Gly Lys Ala
35 40

Glu Ala Ser Asn Leu Gln Ala Gly Val Pro

50 55

Gly Ser Gly Thr Asp Tyr Thr Phe Thr Ile
70 75

Ile

Asp Ala Thr Tyr Tyr Cys Gln Gln Tyr
90

85

Phe Gly Gln Gly Thr Lys Leu Gln Ile Thr
100 105

Sar-hla .Ser

4 N
1t

Gly

Ser Val Ser Tyr Met

30

Lys Arg Trp
45

Arg Phe Ser
60

Ser Leu Gln

Ser Asn Pro

Ser Ala Ser

Ile
30

Asp Ile
Pro Lys Leu
45

Ser Arg Phe
60

Ser Ser Leu

Gln Ser Leu

Arg

Ile

Gly

Pro

Phe
95

val
15

Lys
Leu
Ser

Gln

Pro
95

Tyr
Ser
G1lu
80

Thr

Gly
Tyr
Ile
Gly
Pro

TYyr

1. A CDR-grafted antibody heavy chain having & varigble region domain comprising acceptor framework
and donor antigen binding regions wherein the framework comprises donor residues at al least one of
positions 6, 23 end/or 24, 48 and/or 49, 71 and/or 73, 75 and/or 76 and/or 78 and 88 and/or 91.

47
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15

2

3

7.

10.

1".

12

13

14.

18

16.

EP 0 620 276 A1l

A CDR-grafted heavy chain according to Claim 1 comprising donor residuss at positions 23, 24, 48, 71,
73 and 78, or at positions 23, 24 and 48.

A CDR-grafted heavy chain according to Claim 2 comprising donor residues at positions 2, 4, 6, 25, 36,

-37, 30,-47,-48,:83, 84, 103, 104, 106.and 107. :

A CDR-gratted heavy chain according to Claim 2 or 3, comprising donor residues at one, some or ali of
positions:

1and 3. ’

89 (if 48 is different between donor and acceptor),

38 and 46 (if 48 is the donor residue),

67,

82 and 18 (if 87 is the donor residue),

91, and

any one or more of 8, 11, 41, 87, 108, 110 and 112.

A CDR-grafted heavy chain according to any of the preceding comprising donor CDRs at positions 28-
35, 50-85 and 95-100.

A CDR-gratted antibody light chain having e variable region domain comprising acceptor framework
and donor antigen binding regions whersin the framework comprises donor residues at at least one of
positions 1 and/or 3 and 46 and/or 47.

A CDR-grated light chain according to Claim & comprising donor residues at positions 46 and 47.

A CDR-gratted antibody light chain having a variable region domain comprising acceptor framework
and donor antigen binding regions wherein the framework comprises donor residues at al 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
7.

A CDR-grafted light chain according to Claim 8 or 8, comprising donor residues at positions 2, 4, 6, 35,
36, 38, 44, 47, 48, 62, 64-69, BS, 87, 88, 89, 101 and 102.

A CDR-gratted light chain according to Claim 8 or 10, comprising donor residues al one, some or all of
positions:

1and 3,

63,

B0 (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 ditferent between donor and acceptor), and

any one or more of 10, 12, 40, &3, 103 and 105.

A CDR-grafted light chain according to any one of Claims 8-11, comprising donor CORs at positions
24-34, 50-56 and 89-97.

A CDR-grafied antibody molecule comprising at least one CDR-grafted heavy chain according to any
one of Ciaims 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 molecule.

A CDR-grafted antibody molecule according to Claim 13 which has specificity for an interleukin,
hormone or other biotogically active compound of & receplor theretor.

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.

48
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20.

21,

23
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e

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

A cloning or exprassion veclor containing a DNA sequence according to Claim 17.
A host cell transformed with 8 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:
(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 8 DNA sequence which encodes a
complementary antibody light chain according to Claim 8 or Claim 8;
(c) transfecting a host cell with the or each vector;

and
{d) culturing the transfected cel! line to produce the COR-grafted antibody product.

A therapeutic or diagnostic composition comprising 8 CDR-grafted antibody heavy chain according 1o
Claim 1, or 8 CDR-grafted light chain according to Claim 6 or Ciaim 8, or 8 COR-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-grafied heavy
chain according to Ciaim 1, or @ COR-grafted light chain according to Ciaim 6 or Claim 8, or a COR-
grafied antibody mclecule according to Claim 13 to e human or animal subject.
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201
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3N
3s1
401
451
501
551
601
651
701
751
801
851
901

51
101
151
201

EP 0 820 276 A1

GAATTCCCAA AGACAMAatg gattttcaag tgcagatttt cagettcctg
staatcagtg cctcagtcat aatatccaga ggacaaattg ttctcaccca
gtctccagca atcatgtctg catctccagy ggagaaggtc accatgacct
gcagtgccag ctcaagtgta agttacatga actggtacca gcagaagtca
ggcacctcece ccaaaagatg gatttatgac acatccaaac tggcttetgg
agtccctget cacttcaggg gecagtgggtc tgggacctet tactectceteca
caatcagcgg catggaggct gaagatgetg ccacttatta ctgccagceag
tggagtagta acccattcac gtteggcectcg gggacaaagt tggaaataaa
ccgggctgat actgcaccaa ctgtatccat cttcccacca tceccagtgage
agttaacatc tggaggtgcec tcagtegtgt gettcttgaa caacttctac
cccaaagaca tcaatgtcaa gtggaagatt gatggcagtg aacgacaaaa
tggcgtcctg aacagttgga ctgatcagga cagcaaagac agcacctaca
gcatgagcag caccctcacg ttgaccaagg acgagtatga acgacataac
agctatacct gtgaggccac tcacaagaca tcaacttcac ccattgtcaa
gagcttcaac aggaatgagt gtTAGAGACA AAGGTCCTGA GACGCCACCA
CCAGCTCCCA GCTCCATCCT. ATCTTCCCTT CTAAGGTCTIT GGAGGCTTCC
CCACAAGCGC tTACCACTGT TGCGGTGCTC tAAACCTCCT CCCACCTCCT
TCTCCTCCTC CTCCCTTTCC TTGGCTTTTA TCATGCTAAT ATTTGCAGAA
AATATTCAAT AAAGTGAGTC TTTGCCTTGA AAMAAAAAAA AAA

Fig.1(a)

MDFOVOIFSF LLISASVIIS RGQIVLTQSP AIMSASPGEK VIMTCSASSS
VSYMNWYQOK SGTSPKRWIY DTSKLASGVP AHFRGSGSGT SYSLTISGME
AEDAATYYCQ QWSSNPFTFG SGTKLEINRA DTAPTVSIFP PSSEQLTSGG
ASVVCFLNNF YPKDINVKWK IDGSERONGV LNSWTDQDSK DSTYSMSSTL
TLTKDEYERH NSYTCEATHK TSTSPIVKSF NRNECH*

Fig.1(b)
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51
101
151
201
251
301
3s1
401
451
501
551
601
651
701
751
801
BS1
901
951

1001

1051

1101

1151

1201

1251

1301

1351

1401

1451

1501

1551

EP 0 820 276 At

GAATTCCCCT -CTCCACAGAC - ACTGARAACT. CTGACTCAAC ATGGAAAGGC

ACTGGATCTT TCTACTCCTG TTGTCAGTAA CTGCAGGTCT CCACTCCCAG
GTCCAGCTGC AGCAGTCTGG GGCTGAACTG GCAAGACCTG GGGCCTCAGT
GAAGATGTCC TGCAAGGCTT CTGGCTACAC CTTTACTAGG TACACGATGC
ACTGGGTAAA ACAGAGGCCT GGACAGGGTC TGGAATGGAT TGGATACATT
AATCCTAGCC GTGGTTATAC TAATTACAAT CAGAAGTTCA AGGACAAGGC
CACATTGACT ACAGACAAAT CCTCCAGCAC AGCCTACATG CAACTGAGCA
GCCTGACATC TGAGGACTCT GCAGTCTATT ACTGTGCAAG ATATTATGAT
GATCATTACT GCCTTGACTA CTGGGGCCAA GGCACCACTC TCACAGTCTC
CTCAGCCAAA ACAACAGCCC CATCGGTCTA TCCACTGGCC CCTGTGTGTG
GAGATACAAC TGGCTCCTCG GTGACTCTAG GATGCCTGGT CAAGGGTTAT
TTCCCTGAGC CAGTGACCTT GACCTGGAAC TCTGGATCCC TGTCCAGTGG
TGTGCACACC TTCCCAGCTG TCCTGCAGTC TGACCTCTAC ACCCTCAGCA
GCTCAGTGAC TGTAACCTCG AGCACCTGGC CCAGCCAGTC CATCACCTGC
AATGTGGCCC ACCCGGCAAG CAGCACCAAG GTGGACAAGA AAMTTGAGCC
CAGAGGGCCC ACAATCAAGC CCTGTCCTCC ATGCAAATGC CCAGCACCTA
ACCTCTTGGG TGGACCATCC GTCTTCATCT TCCCTCCAAA GATCAAGGAT
GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATGTGTGG TGGTGGATGT
GAGCGAGGAT GACCCAGATG TCCAGATCAG CTGGTTTGTG AACAACGTGG
AAGTACACAC AGCTCAGACA CAAACCCATA GAGAGGATTA CAACAGTACT
CTCCGGGTGG TCAGTGCCCT CCCCATCCAG CACCAGGACT GGATGAGTGG
CAAGGAGTTC AAATGCAAGG TCAACAACAA AGACCTCCCA GCGCCCATCG
AGAGAACCAT CTCAAAARCCC AAAGGGTCAG TAAGAGCTCC ACAGGTATAT
GTCTTGCCTC CACCAGAAGA AGAGATGACT AAGAAACAGG TCACTCTGAC
CTGCATGGTC ACAGACTTCA TGCCTGAAGA CATTTACGTG GAGTGGACCA
ACAACGGGAA AACAGAGCTA AACTACAAGA ACACTGAACC AGTCCTGGAC
TCTGATGGTT CTTACTTCAT GTACAGCAAG CTGAGAGTGG AAAAGAAGAA
CTGGGTGGAA AGAAATAGCT ACTCCTGTTC AGTGGTCCAC GAGGGTCTGC
ACAATCACCA CACGACTAAG AGCTTCTCCC GGACTCCGGG TAAMTGAGCT
CAGCACCCAC AAAACTCTCA GGTCCAAAGA GACACCCACA CTCATCTCCA
TGCTTCCCTT GTATAAATAA AGCACCCAGC AATGCCTGGG ACCATGTAAR
AAAAMAAAAA ARAGGAATTC

Fig.2(a)
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REI
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REI

RES TYPE
Okt3vl
REIv]

EP 0 820 278 Al

R

3 HEAVY CﬁAIN PROTEIN SEQUENCE DEDUCED FROM DNA SEQUENCE

MERHWIFLIL LSVTAGVHSQ VCLQQSGAEL ARPGASVKMS CKASGYTFTR
YTMHWVKQRP GQGLEWIGYI NPSRGYTNYN QKFKDKATLT TDKSSSTAYM
QLSSLTSEDS AVYYCARYYD DHYCLDYWGQ GTTLTVSSAK TTAPSVYPLA
PVCGDTTGSS VTLGCLVKGY FPEPVTLTWN SGSLSSGVHT FPAVLQSDLY
TLSSSVTVTS STWPSQSITC NVAHPASSTK VDKKIEPRGP TIKPCPPCKC
PAPNLLGGPS VFIFPPKIKD VIMISLSPIV TCVVVDVSED DPDVQISWFV
NNVEVHTAQT QTHREDYNST LRVVSALPIQ HQDWMSGKEF KCKVNNKDLP
APIERTISKP KGSVRAPQVY VLPPPEEEMT KKQVTLTCMV TDFMPEDIYV
EWTNNGKTEL NYKNTEPVLD SDGSYFMYSK LRVEKKNWVE RNSYSCSVVH
L 2
EGLHNHHTTK SFSRTPGK Flg z(b)

1 23 42
NN N N N N

SBSpSPESssBSbSsSssPSPSPsPSssets*p*Pi-ISsSe
QIVLTQSPAIMSASPCGEXVIMTCSASS .. SVSYMNWYQQKSGT

DIQMTQSPSSLSASVGERVTITCQASQDIIKYLNWYQQRTIPGK
? 2

CDR1
CDR1

tdt ket

{LOOP)
(KABAT)

thtedddant e

56 85
N NN
*IsiPpleesesssSBEsePsPSBSSEsPspsPsseesSPePb
SPKRWIYDTSKLASGVPAEFRGSGSGTSYSLTISGMEAEDAAT
APKLLIYEASNLQAGVPSRFSGSGSGTDYTFTISSLQPEDIAT

EA 4 ? 7

wtewees CDR2 (LOOP/KABAT)
102 108
PiPIPies**iPIIsPPSPSPSS
YYCQQWSSNPFTIFGSCGTKLEINR

YYCQQYQSLPYTFGQGTKLOITR
? ?

dhedae

COR3 (LOOP)
CRD3 (KABAT)

tddetveee
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NN N 23 26 32 35 NS 43
RES TYPE SESPs"SBstsS°“65SsSpSpSPsPSEbSBssBePiPIpiesss
. Okt3ih QVQLQQSGAELARPGASVKYSCKASGYTFTRYTMHWVKQRPGQ
KoL OVQLVESGGGYVQPGRSLRLSCEBSGFIFSSYAMYWVRQAPGK
? ??
wrneae CDR1 (LOOP)

e*e+es CDR1 (KABAT)

52a 60 €5 NN N B82abc 89
RESTYPE Ilelppp ssssssss ps pSSsbSpseSsSseSp pSpsSBssS”~ePd
Okt3vh GLEWIGYINPSRGYTNTNQKFKQKATLTTDKSSSTAYMQL§SLTSEDSAV

KOL GLEWVAIIWDDGSDQEYADSVKGRFTISRDNSKNTLYLQMDSLRPEDTGV
?? 2?7 7 7 ?
thddddndsate CDR2 (LOOP)

stesssencassusnnnns CDR2 (KABAT)

92 N 107 113

RES TYPE PiPIEissssiiisssbibi+EIPIP+*spSBSS

Okt3ivh YYCARYYDDHY.......CLDYWGQGTTLTVSS

KOL YFCARDGGHGFCSSASCFGPDYWGQGTRPVTVSS
tsassenssasdssnes CRDI (KABAT/LOOP)

Fig. 4
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OKT 3 HEAVY CHAIN CDR GRAFTS

1. gh341 and derivatives

okt3vh
gH341
gH341A

gH341E
gH341+
gH341%
gH341D
gH341#
gH341C

gH341+
gH341%
gH341B
gH341*
gH341+
gH341+
KOL

1 26 35 239 4L
QVQILQQSGAELARPGASVKMSCKASGYTFTRY TMHWVKQRPGQ
QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK

QVQLVQSGGGVVQPGRSLRLSCKASGY TFTRY TMHWVRQAPGK

QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTHHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRY TMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRY TMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCKASGYTFTRYTMHWVRQAPGK

QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRY TMHWVRQAPGK
QVQLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK
QVQLVESGGGVVQPGRSLRLSCSSSGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCSASGYTETRYTMHWVRQAPGK
QVQLVESGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK
QVQLVQSGGGVVQPGRSLRLSCSASGYTFTRYTMHWVRQAPGK
QVQLVESGGGVVQPGRSLRLSCSSSGFIFSSYAMYWVRQAPGK

Fig. 5(i)

JA178
JA185

JAlS8
JA207
JA208
JAL197
JA199
JA184

JA203
JA205
JA183
JA204
JA206
JA208
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Oktlvh

gH341
gH341A

GgH341E
gH341+
gH341x
gH341D
gH341»
gH341lC

gHl4l+
gHlé{le
gH341B
gH341+
gH341»
gH341»
KOL

EP 0 820 276 At

44 S0 65 83
GLEWIGYINPSRGYTNYNQKFKDKATLTTDKSSSTAYMQLSSLT
GLEWVAYINPSRGYTNYNOKFKDRFTISRDNSKNTLFLQMDSLR JA178

GLEWIGYINPSRGYINYNOKVKDRFTISTDKSKSTAFLOMDSLR JA185

GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR JA198
GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKNTAFLOQMDSLR JA207
GLEWIGCYINPSRGYTNYNOKVKDRFTISRDNSKNTAFLOMDSLR JA209
GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKNTLFLQMDSLR JA197
GLEWIGYINPSRGYTNYNOKVKDRFTISRDNSKNTLFLQMDSLR JA199
GLEWVAYINPSRGYTNYNOKFKDRFTISRDNSKNTLFLOMDSLR JA184

GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLQMDSLR JA207
GLEWIGYINPSRGYTNYNOKVKDRFTISTDKSKSTAFLQMDSLR JA205
GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLQMDSLR JA18)
GLEWIGYINPSRGYTINYNOKVKDRFTISIDKSKSTAFLOMDSLR JA204
GLEWIGYINPSRGYTNYNOKVKDRFTISIDKSKSTAFLQMDSLR JA206

GLEW]GYINPSRGYTNYNOKVKDRFTISTDKSKNTAFLQMDSLR JA208
GLEWVAIIWDDGSDQHYADSVKGRFTI SRONSKNTLFLOMDSLR

Fig. 5(ii)
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okt3vh
gH341
gH341A

gH341E
gH341e
gH341D
gH341+
gH341
gH341C

gHl41+
gH341*
gH341B
gH341+
GH341+
gH341
KOL
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84 95 102 113
SEDSAVYYCARYYDDHY. . .. ...CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY. . ..., .CLDYWGQGTTLTVSS
PEDTAVYYCARYYDDHY. . ..., CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY . . . . ... CLDYWGQGTTLTVSS
PEDTGVYFCARYXDDHY ., . . .. ., CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY ... ¢, . .CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY .. . ..., CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDEY, ..,,..,CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY ., s .., . .CLDYWGQGTTLTVSS

PEDTAVYYCARYYDDHY. . .. .. CLOYWGQGTTLTVSS
PEDTAVYYCARYYDDHY, . ..., CLDYWGQGTTLTVSS
PEDTAVYYCARYYDDHY. .., ., CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY . . ., , ., CLDYWGQGTTLTVSS
PEDTGVYFCARYYDDHY, . .. .. CLDYWGQGTTLTVSS

PEDTGVYFCARYYDDHY - . ... . .CLDYWGQGTTLTVSS
PEDTGVYFCARDGGHGFCSSASCFGPDYWGQGTPVTVSS

Fig. 5 (iii)

JA178
JA185

JA198
JA207
JA197
JA209
JAl199
JAl84

JA203

‘JA205

JAlEd
JA204
JA206
JA208
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OKT3 LIGHT CHAIN CDR GRAFTING
1. glL221 and derivatives

* 24 4 42
okt3ivl QIVLTQSPAIMSASPGEKVTNTCSASS . SVSYMNWYQQKSGT
gL221 DIQHTQSPSSLSASVGDRVTITCW QQTPGK

gL221A QIVMTQSPSSLSASVGDRVTITCSASS,; SVSYMNWYQQTPGK

gL221B  QIYMTQSPSSLSASVGDRVTITCSASS,SVSYMNWYQQTPGK

glL221C DIQMTQSPSSLSASVGDRVTITCSASS , SVSYMNWYQQTPGK
REIX DIQMTQSPSSLSASVGDRVTITCQASQDIIKYLNWYQQTPGK
43 50 56 85

OktIvl  SPKRWIYDTSKLASGVPANFRGSGSGTSYSLTISGMEAEDAAT
gL221 APKLLIYDTSKLASGVPSRFSGSGSGTOYTFTISSLQPEDIAT
gL221A  APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
gL221B  APKRWIYDISKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
gL221C  APKRWIYDTSKLASGVPSRFSGSGSGTDYTFTISSLQPEDIAT
REI APKLLIYEASNLQAGVPSRFSGSGSGTOYTFTISSLQPEDIAT

86 91 96 108
Okt3vl YYCQQWSSNPFTFGSGTKLEINR
gL221  YYCDOWSSNPFTFGQGTKLQITR
gL221A YYCQOWSSNPFTFGQGTKLQITR
gL221B  YYCQOWSSNPFTFGQGTKLQITR
gL221C YYCQOWSSNPFTFGQGTKLQITR
REI YYCQQYQSLPYTFGQGTKLQITR

CDR'S ARE UNDERLINED

FRAMEWORK RESIDUES IRCLUDED IN THE GENE ARE DOUBLE
UNDERLINED

Fig.6
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FLUORESCENCE INTENSITY

OKT3 - pJA198 EVALUATION
BINDING ASSAY Fig. 7
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FLUORESCENCE INTENSITY

OKT3 - pJA198 EVALUATION
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FLUORESCENCE INTENSITY

2001

EP 0 820 278 Al

BLOCKING ASSAY
(Mean Channel - HPBALL's)

ANTIBODY (ng/tube)

Fig.S

221C X 185 -1
221CX 197
27CX 183,
200X 184
221CX 185-2
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Fig.10 OKT3 - GRAFTED HEAVY CHAINS
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Fig. 1 OKT3 - GRAFTED HEAVY CHAINS
BINDING .ASSAY .
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OKT3 Competition

Fig.12

Murine Ref Std vs. CDR Grafted OKT3
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OKT3 Competition - - Fig.13

Murine Ref Std vs. CDR Grafted OKT3
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RECOMBINANT ANTIBODY AND METHOD'
- ; " ?he present invention relates to a humanised

antibody molecule (HAM) having specificity for an
antigen present on certain malignant cells and to a
Process. for its productlon u51ng recomb1nant DNA
technology R - 3 .

In. the. prasent appllcatlon, the te:m
"recombinant antlbody molecule" (RAM) is'used'tp
describe an antlbody pProduced by any process
1nvolv1ng the use of - ‘recombinant . DNA technology,'

,1nc1ud1ng any analogues of natural 1mmunoglobu11ns or
-their fragments. The term "humanised ant;body'
molecule" (HAM) is used to describe a molecule having
an antigen binding site derived from an
immunoglobulin from a non-human species, the
remaining immunoglobulin-derived parts of the
molecule being derived from a human immunoglobulin.
The antigen binding site may comprise either complete
variable domains fused onto constant domains or only
the complementarity determining regions grafted onto
appropriate framework regions in the variable
domains. The abbreviation "MAb" is used to indicate
a monoclonal antibody.

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.

Natural immunoglobulins have been known for
many years, as have the various fragments thereof,
such as the Fab, (Fab')z and Fc fragments, which
can be derived by enzymatic cleavage. Natural
immunoglobulins comprise a generally Y-shaped

molecule having an antigen-binding site at the end of
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each upper arm. The remainder of the structure, and
,partlcularly the stem of the Y, medlares the effector
functions. assocxated wzth 1mmunoglobu11ns

Natural meunoglobulxns have been used in
assaj, d1agn051s and, . to a more llmxted extent,
therapy. However, such uses, espec1ally in therapy,
have’ been hxndered by the yolyclonal nature of
natural 1mmunoglobu11ns ‘A szgnlflcant step- towards.
the realxsatxon of the potent1a1 of 1mmunoglobu11ns

- as therapeutxc agents was the dzscovery of monoclonal
ant;bodxes of defined spec1£1c1ty (1). However, most
MAbs are produced by 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. 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.

There have therefore been made proposals for
making non-human MAbs less antigenic in humans. Such
techniques can be §enerically termed "humanizing"
MAbs. These technigues generally involve the use of
recombinant DNA technology to manipulate DNA
sequences encoding the polypeptide chalns of the
antibody molecule.

Some early methods for carrying out such a
procedure are described in EP-A-0 171 496 {(Res. Dev.
Corp. Japan), EP-A-0 173 494 (Stanford University),
EP-A-0 194 276 (Celltech Limited) and WO-A-8 702 671
(Int. Gen. Eng. Inc.). The Celltech application
discloses a process for preparing an
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antibody mole;ule:having the variable domains from a
mouse MAb andrthe_constaqt domains from.a human
immunoglobulin. It also shows thé'productibn of an
»antlbody molecule comprzslng the varzable domalns of
'a mouse MADb, the CHl and cL’ domalns of a human’
immunoglobulin, and a non- 1mmunoglobu11n-der1ved
protexn in place of’ the Fc portlon of the human
1mmunoglobu11n. : o
In an alternative’ approach descrlbed in

"EP-A-87302620.7 (Winter), the complementarxty ‘
determlnxng regions (CDRs) of a mouse MAD have been
grafted onto the framework reglons of the variable
domains of a human immunoglobuiin using site directed
mutagenesis using long oligonucleotides

The earliest work on humanizing MAbs has been
carried out based on Mhbs recoénising synthetic
antigens, such as the NP or NIP antigens. However,
examples in which a mouse MAb recognising lysozyme
and a rat MADb recognising an antigen on human T cells
respectively were humanized are shown by Verhoeven et
al. (2) and Reichmann et al. (3)

It has been widely suggested that
immunoglobdlins, and in particular MAbs, could
potentially be very useful in the diagnosis and
treatment of cancer (4,5). There has therefore been
much activity in trying to produce immunoglobulins or
MAbs directed against tumour-specific¢ antigens. Sc
far( over one hundred MAbs directed against a variety
of human carcinomas have been used in various aspects
of tumour diagnosis or treatment (6).

There have been a number of papers published
concerning the production of chimeric monoclonal
antibodies recognising cell surface antigens. For
instance, Sahagan et al. (7) disclose a genetically
engineered murine/human chimeric antibody which
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retains specificity for a human tumour-associated
.antigen. Also lehlmuxa et al. (8) disclose. a
raecombinant murine/hunan chimeric monoclonal antibody
speczf;c for cc-non acute 1ymphocyt1c leukemia '
~ant1gen.» , L ' '
Accardxng to tha present 1nventlon, here is
prov1ded ‘a humanzsed antlbody molecule (HAM) having
'speczfzcxty for the TAG 72 ant1gen and hav1ng an’

' ' antigen blndzng site wherezn at least the. )

: complemantar1ty determlnlng regions (CDRs) of the
variable domain are derived from the mouse monoclonal
antibody B72.3 (B72.3 MAb) and the remaining
immunoglobulin~derived parts of the HAM are derived
from a human immunoglobulin. . )

The variable domains of the HAM may comprise
either the entire variable domgains of the B72.3 MAb
or may comprise the framework regions of a human
variable domain having grafted thereon the CDRs of
the B72.3 MAb.

The B72.3 MAb is a mouse MAb of the type
IgGl-Kappa raised against a membrane-enriched extract
of a human liver metastatis of a breast carcinoma
(9). The B72.3 MAb has been extensively studied in a
number of laboratories. It has been shown to

ol B L

recognise a tumour-associated glycoprotein TAG-72, a
3 mucin-like molecule with a molecular weight of
approximately 10¢ (10}). Immunohistochemical
studies have demonstrated that the B72.3 MADb
recognises approximately 90% of colorectal
carcinomas, 85% of breast carcinomas and 95% of
ovarian carcinomas. However, it shows no significant
cross-reactivity with a wide spectrum of normal human
tissues (11 to 14).

It has surprisingly been found that humanizing
E' the B7..3 MAb does not adversely affect its binding
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activity, and this produces a HAM which is extremely
useful in both therapy and diagnosis of certain
_carcinomas. - o ,

Preferably, ‘the HAM of the present invention

will ba produced by recombinant DNA technology 4

) The HAM of the present 1nvent1on may compr1se
a complete.pqt;quy molecule, having full length
heavy anﬁ,iight=chains; a -fragment thereof such as
the Fab or. (Fab'): - fragment; a light chaln orrheavy
chain dimer; or an? other. molécule with the same -
spec1f1c1ty as the B72.3 antibody.

Alternatively, ‘the HAM ©of the present invention
may have attéched to it an effector Oor reporter
mclecule. For instance, the HAM may have a
macrocycie, 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 a
HAM in which the Fc fragment or CH3vdomain of a
complete antibody molecule has been replaced by an
enzyme or toxin molecule.

The remainder of the HAM may be derived from
any suitable human immunoglobulin. However, it need
not comprise only protein sequences from the human
immunoglobulin. 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 a2
polypeptide effector or reporter molecule.

According to a second aspect of the present
invention, there is provided a process for producing
the HAM of the first aspect of the invention, which
process comprises:

(a) producing in an expression vector an operon
having a DNA segquence which encodes an antibody heavy
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or light chain wherein at least the CDRs of the

wvariable - domaxn -are der;ved “from the- B?Z 3 MAD and

the remaxnxng 1nsunoglobu11n der1ved parts of the
antxbody chaln are der1ved from a human
1nnunoglobu11n, : o .

(b) ptoducinq 1n an expresszon vector. an
operon having a DNA’ sequence whxch ancodes a.

..complementary antlbody light or heavy chain wherein

at least the CDRs of the variable domain are derlved
from the B72.3 MAb and the remalnlng

1mmunoglobu11n derzved parts of the antlbOdY chaln
are derxved from a human 1mmunoglobu11n,

(c) transfecting a host cell with the or each
vector; and '

(d) culturing the transfected cell llne to
produce the HAM.

The cell line may be transfected wlth two
vectors, the first vector containing an operon
encoding a light chain-derived polypeptide and the
second vector containing an operon encoding a heavy
chain-derived polypeptide. Preferably, the vectors
are identical except in so far as the coding
sequences and selectable markers are concerned so as
to ensure as far as possible that each polypeptide
chain is equally expressed.

Alternatively, a single vector may be used, the
vector including the segquences 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. Most preferably, the heavy or
light chain encoding sequence comprises a fusion of
cDNA and genomic DNA.

¥ R
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The host cell used to express the HAM of the
present 1nvent10n 1s preferably a eukaryot1c cell,
most’ preferably a mammallan cell -such- as.a.cao,cell
or a myelo1d cell. It has been found, surprls1ngly,‘
that the use of . cDNA/genomlc DNA fuszons for the
heavy or 11ght cha1n .coding sequences leads to
enhanced productzon of the HAM of the present
invention in’ non-myeloxd mammallan cells “Thus, aﬁ"
1mportant aspect of the invention. is the use- of such
fusions in non- myeloxd mammallan cells in order to
express the HAM.

The present invention also includes clonlng and
expression vectors and transfected cell lines used in
the process of the invention, therapeutic and ‘
diagnostic compositions containing the HAM of the
invention and uses of such compositions in therapy
and diagnosis.

The general methods by which the vectors may be
constructed, transfection methods and culture methods
are well known per se . and form no part of the
invention. Such methods are shown, for instance, in
references 15 and 16.

The present invention is now described, by way
of example only, with reference to the accompanying
drawings, in which:-

Figure 1 shows the DNA sequences encoding the
unprocessed variable regions of the B72.3 MAb
obtained by sequencing the cDNA clones pBH41 and
pBL52. Panel A shows the sequence coding for the VH
region and the predicted amino acid sequence. Panel
B shows the sequence coding for the VL region and the
first 21 residues of the CL region, together with the
predicted aminoc acid sequence. The points of fusion
with the human C regions are indicated with arrows.

M&us&m&y
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i The putative sites of cleavage of the signal peptide
are xndzcated‘by~nwen-trxangles. The numbers refer
to tbe nucleot;dos xn the original cDNA clones,

‘ ?igure ‘2 is g schematic dlagram of the
cunst:act;on by sxte".1rected mutagen651s,

restt;ct;on and ligatlon of the chxmaerzc heavy chaxn
gene; :

Flgure 3 is a_ schematxc dlagram of the
construction by - partlal restrlctxon and lxgatlon of
the .chimaeric lxght chain gene; v

{In Figures 2 and 3, codlng seguences are shown
as boxes, dark for the variable regions and light for
the constant regions. Restriction enzymes are
abbreviated as follows: EcoRI=E; BglII=B; HindIII=H;
MboII=M; Hpal=Hp; and Scal=Sc. ‘Dotted'lines indicate
the continuation of the sequence into vector or
constant region DNA.)

Figure 4 is a schematic dlagram of the hCMV
expression vector and the four alternative cDNA or
gene constructs inserted into the EcoRI site. The
chimaeric heavy chain gene was inserted using a
BamHI-EcoRI oligonucleotide adapter. Coding
sequences are represented by boxes, dark for the
variable regions and light for the constant regions.
The direction of transcription is indicated with an
arrow;

Figure 5 shows an ELISA analysis of COS-cell
transfectant supernatants. The level of
antigen-binding capacity in the supernatant of
COS-cell transfectants was analysed as described
later. Dilution curves were plotted out against the
optical density of the colour change. Different
antibodies were used to recognise mouse or human
epitopes, and consequently the antigen-binding levels
for each curve are not strictly comparable. Each
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curve represents a co-transfection, as follows:

A mouse 'Vhe’av-y chain, mpuse light chain; 4 mouse
heavy chain, chimaeric light chain; [J chimaeric heavy
:chaxn, WMOUBO llght ch31n, - chzmaer;c heavy cha1n,
ctmn-r:l.c lignt cham, : o , : .

Fzgute €7 shows SDS PAGE analysxs in a reducing
gel of 1mmuacprec1pitat1ons from the supernatants of
transfected’ Cos-cells.; The DNA ‘used. for the
transfectxon'was as:follows: ‘Lane. 1, ‘mouse light
chain alone;’ Lane 2, mouse 11ght chaln mouse heavy
chain; Lane 3, mouse light chain, chimaeric heavy
chain; Lane 4, chimaeric light chain alone: Lane 5,
chimaeric light chain, mouse heavy chain: and Lane 6,
chimaeric light chain, chimaeric heavy chain. The
antibodies used for the immunoprecipitations were:
Lanes 1-3, rabbit anti-mouse F(qb{)z ;. Lanes 4-6,
rabbit anti-human F(ab')z ; '

Figure 7 shows SDS-PAGE analysis of
immunoprecipitations from the supernatants of
transfected COS-cells, under non-reducing (lanes
1-3), and reducing (lanes 4-6) conditions. The DNA
used for transfection was as follows: lanes 1 and 4,
chimaeric light chain clone; lanes 2 and 5, chimaerac
light chain, mouse heavy chain; lanes 3 and 6,
chimaeric light chain, chimaeric heavy chain. The
antibeody used for the immunoprecipitation in each
case was rabbit anti—huhan F(ab'):z :

Figure 8 shows SDS-PAGE analysis on a reducing
gel of immunoprecipitations from the supernatants of
transfected COS-cells, grown and labelled in the
absence (lanes 1 and 3), and the presence (lanes 2
and 4) of tunicamycin. The DNA used for the
transfections was as follows: 1lanes 1 and 2,
chimaeric light chain clone; and lanes 3 and 4,
chimaeric light chain and chimaeric heavy chain. The

6 "
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antibody used for immunoprecipitation in each case
was rabbit anti-human F(ab')z ;
Fxgure 9 shows reduczng and non- reducxng
SDS-PAGE gols of chxmerlc B72 3 produced by CHO Cells;
?igure 10 shuus a two d1mensxona1 SDS PAGE gel
) of ch;nm.xzc 872 3 produced by CHO cells; .
Flgure 11 shaws a t1me course study of tumour
labellzng uszng B72. 3 antlbodles, .
Flgure-lzvshows the tlssue/tumour ratlo of the
B72.3 antibodies; and ,
Flgure ‘13 shows the cohstruétioufof plasmid

1
;

et

TR002 .
EXAMPLE 1

e A : ‘
1 1 . _

]
D
<

Polyadenylated RNA was isolated from the B72.3
hybridoma cell line using the guanidinium
isothiocyanate/caesium chloride method (15). Double
stranded cDNA was synthesised (17) and a cDNA library
was constructed in bacteriophage )\gt 10 vector
using EcoRI linkers (18). Two screening probes were
synthesised, complementary to mouse immunoglobulin
heavy and light chain constant regions. The heavy
chain probe was a 19 mer complementary to residues
115-133 in the CHL domain of the mouse {1 sequence
(19). The light chain probe was a 20 mer
complementary to residues 4658-4677 of the genomic
mouse CK sequence (20). The probes were
radio-labelled at the 5' terminus with [ {§ 32P]  ATP
using T4 polynucleotide kinase (Amersham
International) and used to screen the ¢cDNA library.

Clones which contained the complete leader,
variabls and constant regions of both the heavy and
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light chains were isolated. The EcoRI cDNA inserts
were subcloned into M13mp8 vectors for seéuencing
121))-generacing a heavy.chain.clone,'deSigneted
pBH41, and a light chain clone, de51gnated pBLSZ
Nucleotlde sequence analysxs was carrled out
according to the chain termlnatlon procedure (22)

The 980 base pa1r EcoRI 1nsart 1n PBL52 was
fully: sequenced (22) The EcoRI 1nsert ‘in pBH41 was
shown to comprzse approxxmately 1700 base paxrs by
agarose gel electrophoreszs The varlable domaln and

the.5' reglon ‘'of the CHl domain were sequenced as.
was the 3' end of the clone to conflrm the presence }
of the correct mouse El.termlnatlon sequences. The
DNA and predicted amino acid sequences for the -
unprocessed variable regions of pBH41 eﬁd’pBLSZ are
shown in Figure 1. Examination of the derived amino
acid sequence revealed considerable homology with
other characterised immunoglobulin genes, and enabled_
the extent of the leader, Variable and constant
domains to be accurately determined. 1In addition,
MAb B72.3 was confirmed to be an IgGl K antibody, as
previously reported (9).

clone

A genomic clone containing sequences coding for
the human C\64 region was isolated as a HindIII
fragment from the cosmid COS Ig8 (23) and then cloned
via pAT153 into M13tgl30 as an EcoRI-BamHI fragment
to form pJA78. Following DNA sequence analysis, an
18 mer oligonucleotide was'synthesised and site
specific mutagenesis was performed to convert a C
residue to an A residue, thereby generating a novel
HindIII site at the start of the CHl exon, to vield
pJA91.
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site directed mutagenesis was performed (24)
usxng BcoRI- and“ﬁgll cut H13mp18 to generate ‘a
gagped. cuplex with the relevant phage templace .DNA
9\-8 transfua-d 1nto E co11 832154 and | rasultant
»tttnsformants‘u!re propagated on. E. coli H32151
-V(Anglxun Biotechnology Ltd) as descrlbed in’ the
protocols provzded All mutatzons were sequenced
using the chain term1natxon procedure {22). ANl
sequenced fragments were subsequently recloned into
other vectors in order- to exclude the’ poss1b111ty of
secondary mutations whzch may have occurred during
the mutagenesis procedure
- The VH domain from the B72. 3 heavy cha;n cDNA,
cloned in M13mp9 as pBH41, was isolated as an
EcoRI-BglI fragment and introduced into the
EcoRI-HindIII sites of pJA91 in ccnjuhction with a 32
base pair BglI-HindIII adaptor to vield pJA93. The
product was therefore a chimaeric immunoglobulin
heavy chain gene containing a variable region derived
from a mouse cDNA clone fused to a seguence,
comprising the CH1, H, CH2Z2 and CH3 domains separated
by introns, derived from a human genomic clone. The
accuracy of the variable/constant region junction was
confirmed by nucleotide sequence analysis. A
schematic diagram of details of the construction is
given in Figure 2. The '64 constant region was
selected as it possesses a limited repertoire of
effector functions, but does bind to staphylococcal
protein A, a potentially useful reagent for
purification.

The mouse light chain c¢DNA clone, pBLS2,
contains a cutting site for Mboll 18 base pairs
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downstream from the junction of the variable and
constant domains. . Due ‘to "sequence homology between
the mouse and human CK genes, an . identical cutt1ng
site ex;s;s 1nv;he latter gene (25) and use of this
site provides a methoa'of‘quing’the mouse variable
and -human . constant domains. ~'Partial dxgestlon of the
"EcoRI fragment conta1n1ng ‘the mouse 'cDNA ¢lone with
MbolII- generated a. 416 base pa1r EcoRI -MboII fragment
with a sxngle residue overhang. A genomic clone,
comprising an Mi3- der1ved vector contalnxng,the ‘human
C-kappa gene on a PstI-HindIII fragment was digested
with FokI. A 395 base pair fragment'containing the
majority of C-kappa was cloned into pAT153 usin§
EcoRI linkers to form pNWw200. ﬁigestion of a 945
base pair Scal-HindIII fragment from pNW200 with
MbolI generated a 374 base pair MboiI?HindIII
fragment, which could anneal with and be ligated to
the 416 base pair EcoRI-Mboll fragment described
above. The two fragments were ligated into a pSP64
vector linearised with EcoRI and HindIII, and used to
transform competent E. coli HB1l0l. The
variable/constant region junction was sequenced in
order tc confirm the correct fusion. The
construction is outlined schematically in Figure 3.

s3 vec s » 13

£ . {0 Cos 11

The heavy and light chain chimaeric genes, as
well as the mouse heavy and light chain cDNA clones,
were inserted separately into the unigue EcoRI site
of plasmid pEE6 (27). The light chain encoding
plasmid was designated EE6.cL.neo. For the chimaeric
heavy chain, this was accomplished by using an
oligonucleotide adapter to change the 32' BamHI site
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to an EcoRI site to .give an EcoRI fragment for
cloning'rrhe hoavy'chain encoding plasmid was

3 desxgnated EE6 .cH. gpt This plasmld contalns the

¢ strong pronoter/onhancer and transcrzptlonal control

k. . element from the hunan ‘cytomegalovirus (hCMV)

¥ insertead: 1nto a unlque HindIII site .upstream of the
EcoRI sxte.» In add1t1on, an S§V40 or191n of
rap11catxon site is prov;ded ‘by the SV40 early
promoter which drives a.selectable marker gene, .
either a necmycin-resistance gene (neo) for light
chain genes or.a guanine phosphoribbs?l trahsféraseA
gene (gpt) for heavy chain genes, inserted into a
unique BamHI site. The plasmid also contains an
ampicillin~resistance gene allowing selection and
‘propagation in bacterial hosts. The structures of
the expression vector and immunoglobulin gene inserts
are shown schematically in Figure 4.

s i SA A is
Production

The four expression constructs described above
were used singly or in heavy/light chain gene pairs
to transfect COS-1 cells (26). The cells were left
to incubate in DNA-DEAE dextran solution for six
hours, then shocked for two minutes with 10% DMSO in
HEPES-buffered saline. The cells were washed and
incubated in medium containing 10% foetal calf serum
for 72 hours.

Following incubation at 37°C for 72 hours the
cell supernatants and lysates were analysed by ELISA
for heavy and light chain production and binding of
antigen.

The medium (500 ul per 103 cells) was removed
for ELISA analysis. Cell lysates were prepared by
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lysis of 103 cells in 500 pl 1% Triton X-100, 0.5%
deoxycholate, 0.1% SDS 0. 01H sodzum phosphate PH
7.5, 0.1M sod1um chlorxde and 0. 001M EDTA._ Lysates
and ccndltzonad medzum were centrxfuged for 5 mxnutes
in an Eppendorf centr1fuge to remove nuc191 and cell '
debris, and stored at 4°C . before analysis.. -

chrotztre plates were - coated wxch 0.25 pg per.
well of sheep cr ‘goat antxbcdy raactlve ‘against
either human or mouse specific: epztopes on the- heavy
or light chains. Supernatants or lysates from '
transfected COS cells were diluted 1:2 or 1:4
respectively in sample conjugate buffer containing
0.1M Tris-HC1 pH 7.0, 0.1M sodium chloride, 0.02%
Tween 20 and 0.2% casein. 100 pl of each diluted
sample were added to each well and incubated for 1
hour at room temperature with gentle agitation.
Following washing six times with wash buffer
(phosphate buffered saiine containing‘O.Z% Tween 20,
pH 7.2), 100 ul of 1:5000 dilution of standard
horseradish peroxidase - conjugated antibody reactive
against either human or mouse specific epitopes were
added per well. The plates were incubated for 1 hour
at room temperature, and then washed six times with
wash buffer. 100 pl of substrate buffer containing
0.1 mg/ml tetramethylbenzidine (TMB), 0.1M sodium
citrate, pH 6.0 and 0.005% Hz20: were added to
each well to generate a colour change. The reaction
was terminated after 2-3 minutes by adjusting the
solution to pH 1.0 wi