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[57] ABSTRACT

Novel meihods for producing, and compositions of, human-
ized immunoglobulins having one or more complementarity
determining regions (CDR’s) and possible additional amino
acids from a donor immunoglobulin and a framework region
from an accepting human immunoglobuiin are provided.
Each humanized immunoglobulin chain will usually com-
prise, in addition to the CDR’s, amino acids from the donor
immunoglobulin framework that are, c.g., capable of inter-
acting with the CDR’s to effect binding affinity, such as one
or more amino acids which are immediately adjacent to a
CDR in the donor immunoglobulin or those within about 3
A as predicted by molecular modelmg The heavy and light
chains may cach be designed by using any one or all of
various position criteria. When combined into an intact
antibody, the humanized immunoglobulins of the present
invention will be substantially non-immunogenic in humans
and retain substantially the same affinity as the donor
immunoglobulin to the antigen, such as a protein or other
compound containing an epitope.
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1
HUMANIZED IMMUNOGLOBULINS

CROSS-REFERENCE TO RELATED
APPLICATIONS

2

herein by reference). These new proteins arc called
“reshaped” or “humanized” immunoglobulins and the pro-
cess by which the donor immunoglobulin is converted into
a human-like immunoglobulin by combining its CDR’s with

. —— == = 5 a human framework is called “humanization”. Humanized
’D“S Is a continuation-in-part application of commonly antibodies are important because they bind to the same
assigned patent application U.S. Ser. No. 07/590.274, filed antigen as the original antibodies, but are less immunogenic
Sep. 28, 1990 (now abandoned) and of U.S. Ser.' Nq. when injected into humans.
07,3103252{ ﬁlc_d Feb. 13f’ %.1929 énow;balaq’(;g;g),g;vshug; 1; However, a major problem with present humanization
E;:nélguiggg'zﬁfsr;t; 0 d)e.kll :f M a;’Jpli(;atiofls 10 procedures has been a loss of affinity for the antigen (Jones
* ey s J ct al., Nawere, 321, 522-525 (1986)), in some instances as
are specifically incorporated herein by reference. much as 10-fold or more, especially when the antigen is a
protein (Verhoyen et al., Science, 239, 1534-1536 (1988)).
FIELD OF THE INVENTION Loss of any afEnity is, of course, highly undesirable. At the
The present invention relates generatly to the combination 1 least, it rmeans tha_t mote of t.hc hum?lmzed antibody will
of recombinant DNA and monoclonal antibody technologies hgve tobeinjected 1Inl0 the patient, at hlgher cost and g:fealer
for developing novel therapeusic agents and, more particu- r1§k of adverse ef'fects. Even more crlt}cally., an ‘amﬂ?ody
larly, to the production of non-immunogenic antibodies with reduced affinity may haYe poorer biological functions,
having strong affinity for a predetermined antigen. such as complement lysis, ansbody-dependent cellular cyto-
20 1toxicity, or vius neutralization. For example, the loss of
affinity in the partially humanized antibody HuVHCAMP
BACKGROUND OF THE INVENTION may have caused it to lose all ability to mediate complement
Theadvent of monoclonal antibody technology in the mid lysis (see, Riechmann et al., Nature, 332, 323-327 (1988);
1970°s heralded a new age of medicine. For the first time, Table 1).
researchersand clinicians had access to essentially unlimited 25 Thus, there is a need for improved means for producing
quantities of uniform antibodies capable of binding to a humanized antibodies specifically reactive with strong affin-
predetermined antigenic site and having various immuno- ity to a predetermined antigen. These humanized immuno-
logical effector functions. These proteins, known as “mono- globulins shoutd remain substantially non-immunogenic in
clonal antibodies” were thought to hold great promise in, humans, yet be easily and economically produced in a
e.g.,, theremoval of harmful cellsin vivo. Indeed, the clinical 3% manner suitable for therapeutic formulation and other uses.
value of monoclonal antibodies seemed limitless for this use The present invention fulfills these and other needs.
alone.
' Unfortunately, the development of appropriate therapeu- SUMMARY OF THE INVENTION
tic products based on these proteins has been severely .. . ) )
hampered by a numbcr of drawbacksinherent in monoctonat The present nvention prov1dc_s nov?l methods for pre-
antibody production. For example, most monoclonal anti- pating humanized immunoglobulin chains having generally
bodies are mouse derived, and thus do not fix human  One or more complementarity determining regions (CDR’s)
complement well. They also lack other important immuno- froma do_nonmmunoglqbulm and a framework region frgm
globulin functional characteristics when used in humans. @ human immunogiobulin. The preferred methods comprise
Perhaps most importantly, non-human monoclonal anti- first comparing the framework or variable region amino acid
bodies contain substantial stretches of amino acid sequences sequence of the donor immunoglobulin to comresponding
that will bc-immunogenic when injected into a human sequences ina collection of. human 1mmupoglobulln chains,
patient. Numerous studies have shown that after injection of and selecting as the human :mmunoglobu]lp B oL
a foreign antibody, the immune response mounted by a 45 homologous Seqrencey fmm. = collecuorlx dhe humz!n
patient can be quite strong, essentially eliminating the anti- lmmunoglol'fulm, O;racccptor lmunoglobulln, SSQUENCEAS
body’s therapeutic utility after an initial treatment. More- by pically se ec'led Uy cc_illccnon of at least 10 to 2,0
over, as increasing numbers of different mouse or other 1mmun0gloibulm variable region sequenccs,.and usually wx.ll
antigenic (to humans) monoclonal antibodies can be have the highest homology }o the donor }mmunoglobulm
expected to be developed to treat various diseases, afterone g SCAUENCe af any sequence i e co]lec} - The e
or several ireatments with any non-human antibodies, sub- immunoglobulin framework sequence will ty plcqlly have
sequent treaunents, even for unrelated therapies, can be about _65 to 70% homology or more to thc_donor L
ineffeciive or even dangerous in themselves, because of globulin framework sequences. The donor immunoglobulia
cross-reactivity. may be either a heavy chain or light chain, and the human
While the production of so called *“chimeric antibodies” 55 ;(;1}1?1:; ;v;lsvc; né:;?r:h:aimg: k;zéidof;: h?[;g'nA: ucr:::]r;llzeelg
g:'gi‘(’m:)wgzz v?::j::]e sgﬁle?:aiog:;ieg ﬁ?lun;a:i cr(:irf]isct:rr:: humanized immunoglqbulin or antibody, having two light/
reg S P ; £ g heavy chain pairs, with or without partial or full-length
immunogenicity problem remains. Moreover, effoits to human constant regions
immonalize human B-cells or generate human hybridomas . iy . . . N
capable of producing human immunoglobulins against a 60 To torm the humanized van:clblc region, amino acids in the
desired antigen have been generally unsuccessful, particu- hum? fccepier sggu:[pce wll d tion fgplaced by e come-
larly with many imporiant human antigens: Most recently, sponding amino acids from the donor sequence if they ase in
recombinant DNA technology has been utilized to produce ~ 'N¢ Category ) N
immunoglobulins which have human framework regions (1) the amino acid is in a CDR.
combined with complementarity determining regions 65  In another embodiment of the present invention, either in
(CDR’s) from a donor mouse or rat immunoglobulin (see, conjunction with the above comparison step or separately,
e.g., EPO Pulication No. 0239400, which is incorporated additional amino acids in the acceptor immunoglobulin
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chain may be replaced with amino acids frem the CDR-
donor immunoglobulin chain. More specifically, further
optional substitutions of a human framework amino acid of
the acceptor immunoglobulin with the corresponding amino
acid from a donor immunoglobulin will be made at positions
which fall in one or more of the following categories:

(2) the amino acid in the human framework region of the
acceptor immunoglobulin is rare for that position and the
corresponding amino acid in the donor immunoglobulin is
common for that position in human immunoglobulin
sequences; 6r

(3) the amino acid is immediately adjacent to one of the
CDR’s; or

(4) the amino acid is predicted to be withi'n about 3 A of
the CDR’s in a three-dimensional immunoglobulin model
and capable of interacting with ihe antigen or with the
CDR'’s of the donor or humanized immunoglobulin.

Moreover, an amino acid in the acceptor sequence may
optionally be replaced with an amino acid typical for human
sequences at that position if

(S) the amino acid in the acceptor immunoglobulin is rare
for that position and the corresponding amino acid in the
donor immunoglobulin is also rare, relative to other human
sequences.

The humanized immunoglobulin chain will typically
comprise at least about 3 amino acids from the donor
immunoglobulin in addition to the CDR’s, usually at least
one of which is immediately adjacent to a CDR in the donor
immunoglobulin. The heavy and light charns may each be
designed by using any one or all three of the position criteria.

When combined into an intact antibody, the humaniz.ed
light and heavy chains of the present invention will be
substantially non-immunogenic in humans and retain sub-

. 1 ; 3 3
stantially 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 0%
M~ or higher, and may be within about 4 fold, preferably
within about 2 fold of the donor immunoglobulin, Ideally,
the humanized antibodies will exhibit affinity levels at least
about 60 o 90% of the donor immunoglobulin’s original
affinity to the antigen.

Once designed, the immunoglobulins, including binding
fragments and other immunoglobulin forms, of the present
invention may be produced readily by a variety of recom-
binant DNA or other techniques. Preferably, polynucleoti'des
encoding the desired amino acid sequences aie produced
synthetically and by joining appropriatc nucleic acid
sequences, with ultimate expression in transfected cells.
Notably, the methods of the present invention maximize the
likelihood of producing humanized immunoglobulins with
optimum binding characteristics without the need for pro-
ducing intermediate forms that may display stepwise
improvements in binding affinity. The humanized immuno-
globulins will be pasticularly useful in treating human
disorders susceptible to monoclonal antibody therapy, but
find a variety of other uses as well.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A and FIG. 1B. Amino acid sequences (l-letter
code) of the light chain (A) [SEQ ID NOS:1 and 2] and
heavy chain (B) [SEQ ID NOS:3 and 4] vasiable regions of
the mouse anti-Tac antibody (upper lines), compared with
the human Eu antibody {lower lines), not including signal
sequences. The three CDR’s in each chain are underlined.

59 of 139

25

"
w

55

60

65

4

Residues in the Eu antibody framework replaced with mouse
amino acids in the humanized antibody are double under-
lined. The number of the first position on each line is given
on the left.

FIG. 2A and FIG. 2B. Amino acid sequences (1-letter
cade) of the light chain (A) [SEQ ID NOS:46 and 47] and
heavycharn(B) [SEQ ID NOS:48 AND 49] variable regions
of the mouse Fd79 antibody (upper lines), compared with
the humanized antibody (lower lines), not including signal
sequences. The threc CDR'’s in each chain are underlined.
Residues in the humanized antibody framework replaced
with mouse amino acids or typical hurnan amino acids are
double underlined. The number of the first position on each
line is given on the left.

FIG. 3A and FIG. 3B. Amino acid sequences (l-letter
code) of the light chain (A) [SEQ ID NOS:50 and 51] and
heavy chain (B) [SEQ ID NOS:52 and 53] variable regions
of the mouse Fdi38-80 antibody (upper lines), compared
with the humanized antibody (lower lines), not including
signal sequences. The three CDR’s in each chain are under-
lined. Residues in the humanized antibody framework
replaced with mouse amino acids or typical human amino
acids are double underlined. The number of the first position
on each line is given on the left.

FIG. 4A and FIG. 4B. Amino acid sequences (l-letter
code) of the light chain (A) {SEQ ID NOS:54 and SS] and
heavy chain (B) [SEQ ID NOS:56 and 57] variable regions
of the mouse M195 antibody (upper lines), compared with
the humaniz.ed antibody (lower lines), not including signal
sequences. The three CDR’s in cach chain are underlined.
Residues in the humanized antibody framework replaced
with mouse amina acids or typical human amino acids are
double underlined. The number of the first positron on each
line is given on the left.

FIG. 5A and FIG. SB. Amino acid sequences (1-letter
code) of the light chain (A) [SEQ ID NOS:58 and 59] and
heavy chain (B) [SEQ ID NOS:60 and 61] variable regions
of the mouse mik-B1 antibody (upper lines), compared with
the humanized antibody (lower lines), not including signal
sequences. The three CDR’s in each chain are underlined.
Residues in the humanized antibody framework replaced
with mouse amino acids or typical human amino acids are
double underlined. The number of the first position on each
line is given on the left.

FIG. 6A and FIG. 6B. Amino acid sequences (l-letter
code) of the light chain (A) [SEQ {D NOS:62 and 63] and
heavy chain (B) [SEQ ID NOS:64 and 65] variable regions
of the mouse CMVS antibody (upper lines), compared with
the humanized antibody (lower lines), not including signal
sequences. The three CDR’s in each chain are underlined.
Residues in the humanized antibody framework replaced
with mouse amino acids or typical human amino acids are
double underlined The number of the first position on each
line is given on the left.

FIG. 7A through FIG. 7D. Fluorocytomeny of HUT-102
and Jurkat cells stained with anti-Tac antibody or humanized
anti-Tac antibody followed respectively by fluorescein-con-
jugated 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 results when the first and second (conjugated)
antibodies were included as described.

FIG. 8A and FIG. 8B. (A) Fluorocytometry of HUT-102
cells stained with 040 ng of anti-Tac as indicated, then with
biotinylated anti-Tac, and then with phycoerythrin-conju-
gated avidin. (B) Fluorocytometry of HUT-102 cells stained
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with the indicated antibody, then with biotinylated anti-Tac,
and then with phycoerythiin-conjugated avidin.

FIG. 9A and FIG. 9B. Schematic diagram of the plasmids
pVgl (A) and pVk (B). The plasmid pVgl was constructed
from the following fragments: an approximately 4850 base
pair BamHI-EcoRI fragment from the plasmid pSV2hph
containing the amp and hyg genes; a 630-pb fragment
containing the human cytomegalovirus IE1 gene promoter
and enhancer flanked at the S' and 3' by EcoRI and Xbal
linkers respectively; and a 2800 bp Xbal-BamHI fragment
containing the human gamma-] constant region gene with
215 bp of the preceding intron and the poly(A) signal. The
plasmid pVk was similarly consiructed, with a 1530-bp
human kappa constant region gene replacing the gamma-I
gene and the gpt replacing the hyg gene.

FIG. 10A and FIG. 10B. Amino acid sequences of the
heavy (A) [SEQ ID NQOS:5 and 6] and light (B) [SEQ ID
NOS:7 and 8] chain variable regions of the PDL and
CDR-only humanized anti-Tac antibodies. The PDL
sequence is shown on the upper line, the CDR-only
sequence below. Amino acid differences are boxed. Comple-
mentarity Determining Regions (CDR’s) are underlined.

FIG. 11A and FIG. 11B. Double-stranded DNA sequence
of fragments encoding the heavy (A) [SEQ ID NO:9] and
light B) [SEQ ID NO:10] chain variable regions of the
CDR-only humanized anti-Tac antibody including signal
sequences. Oligonucleotides used for gene synthesis are
marked by solid lines: above, for oligonucleotides from
upper strand, and below, for oligonucleolides from lower
strand. Resuiction sites used for cloning are underlined.

FIG. 12. FACS analysis of HUT-102 cells stained with
PDL and CDR-only humanized ant-Tac antibodies and
negative contro! antibody Fd79.

FIG. 13. Competiton by mouse, PDL humanized, and
CDR-only humam'zed anti-Tac antbodies with binding of
radioiodinated mouse anti-Tac antibody to HUT-102 cells.

FIG. 14. Scheme for anchored polymerase chain reaction
(PCR) cloning of the heavy and light chain vasiable domain
cDNAs. RNA was prepared from about 107 hybridoma cells
using the hot phenol extraclion method. Briefly, cells were
resuspended and vortexed in 1 ml of RNA exxaction buffer
(50 mM sedium acetate pH 5.2/1% SDS), extracted with 0.5
ml of phenol pH 5.2 at 65° C. for 15 min, followed by
another 15 min on ice. The aqueous phase was recovered and
precipitated twice with ethanol. cDNA was synthesized from
10 ug of total RNA using reverse transcriptase (BRL,
Bethescda, Md.) and oligo-dT,,_ ;s (Pharmacia, Piscatway,
N.J.) as primers. A poly(dG) tail was attached to the 3' end
of the cDNA using terminal deoxynucleotide transferase
(BRL} (E. Y. Loh et al, Science 243, 217 (1989)), the
variable domain genes (V) were amplified using AmpliTaq
(Perkin Elmer-Cetus) with the primer mc(45 (TAATCTA-
GAATITCCCCCCCCCCCCCCCCC) [SEQ ID NO:11] that
hybridized to the poly(dG) tails and primers that hybridized
to the constant region genes (C). For the light chain, the
primer used was mc045 (TATAGAGCTCAAGCTTG-
GATGGTGGGAAGATGGATACAGTTGGTGC) [SEQ ID
NO:12]. For the heavy chain, the primer used was mc047
(TATAGAGCTCAAGCITCCAGTGGATA-
GAC(CAT)GATGGGG(GC)TGT(TC)GTITTGGC) [SEQ
ID NO:13). The sequence in parenthesis indicates a base
degeneracy. The degeneracy was introduced so that the
primer would be able to hybiidize to most gamma chains.
The amplified fragments were then digested with EcoRI and
HindIil and cloned into pUCIS8 vector for sequencing.

FIG. 15. Comparison of sequences of anti-Tac heavy
chain (upper lines) {SEQ ID NO:14] and Eu heavy chain
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(lower lines) [SEQ ID NO:15]. The l-letter code for amino
acids is used. The first amino acid on each line is numbered
at the lefl. Identical amino acids in the two sequences are
connected by lines. The 3 CDRs are underlined. Other amino
acrd posisions 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 *.

FIG.16. Comparison of sequences of anti-Tac light chain
(upper lines) [SEQ ID NO:16} and Eu light chain (lower
lines) [SEQ ID NO:17]. 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 underiined. 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 *.

FIG. 17. Nucleotide sequence of the gene for the human-
ized anti-Tac heavy chain variable region gene [SEQ ID
NOS: 18 and 19]. The iranslated amino acid sequence for the
pait of the gene encoding protein is shown undemeath the
nucleotde sequence. The nucleotides TCTAGA at the begin-
ning and end of the gene are Xba I sites. The mature heavy
chain sequence begins with amino acid #20 Q.

FIG. 18. Nucleotide sequence of the gene for the human-
ized anti-Tac light chain variable region gene [SEQ ID
NOS:20 and 21]. The translated amino acid sequence for the
part of the gene encoding protein is shown underneath the
nucleotide sequence. The nucieotidesTCTAGA at the begin-
ning and end of the gene are Xbal sites. The mature light
chain sequence begins with amino acid #21 D.

FIG. 19A and FIG. 19B. (A) Sequences of the four
oligonucleotides [SEQ ID NOS:22, 23, 24, and 25] used to
synthesize the humanized anti-Tac heavy chain gene, printed
5 to 3. (B) Relative posikons of the oligonucleotidcs. The
arrows point in the 3 direction for each oligonucleotide.

FIG. 20A and FIG. 20B. (A) Sequences of the four
oligonucleotides [SEQ ID NOS:26, 27, 28, and 29] 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' direction for each oligonucleotde. The
position of a Hind 11 site in the overlap of JFD2 and JFD3
is shown.

FIG. 21. Schematic diagram of the plasmid pHuGTACI
used to express the humanized anti-Tac heavy chain. Rel-
evant restriction sites are shown, and coding regions of the
heavy chain are displayed as boxes. The direction of tran-
scription from the immunoglobulin (Ig) promoter is shown
by an arrow. E,=heavy chain enhancer, Hyg=hygromycin
resistance gene.

FIG. 22. Schematic diagram of ihe plasmid pHuLTAC
used to express the humanized anti-Tac light chain. Relevant
reswiction sites are shown, and coding regions of the light
chain are displayed as boxes. The direction of iranscription
from the Ig promoter is shown by an arTow.

FIG. 23A and FIG. 23B. Sequences of the cDNA and
translated amino acid sequences of the light chain (A) [SEQ
ID NOS:30 and 31] and heavy chain (B) [SEQ ID NOS:32
and 33] variable regions of the antibody mik-B1. The CDR
sequences are underlined. The mature light chain protern
begins with amino acid 23 Q and the mature heavy chain
protein with amino acid 20 Q, preceded by the respectve
signal sequences.

FIG. 24A and FIG. 24B. Schematic diagram of the
plasmids pVgl-dhfr (A) and pVk (B). The plasmid pVgl-
dhfr contains the following parts: an approximately 4200
base pair BamHI-EcoRI fragment containing the amp and
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dhfr genes. a 630-bp fragment containing the human
cytomegalovirus IE]1 gene promoter and enhancer (Boshart
et al, Cell 41, 521 (1985), which is incorporated herein by
reference) flanked at the 5' and 3' ends by EcoRI and Xbal
linkers respectively; and a 2800 bp Xbal-BamHI fragment
containing the human gamma-1 constant region gene with
215 bp of the preceding intron and the poly(A) signal. The
plasmid pVk was similarly constructed, with a 1530-bp
human kappa constant region gene replacing thc gamma-1
gene and the gpt gene replacing the dhfr gene. The plasmids
were constructed from the indicated parts using methods
well-known in the an (see, Maniatis et al., Molecular
Cloning: A Laboratory Manual, 2nd ed., Cold Spring Har-
bor Laboratory, Cold Spring Harbor, N.Y. (1989) and com-
monly assigned PCT Publication No. WO 89/09622, pub-
lished Oct. 19, 1989. For cxample, pVgl-dhfr was
constructed from the plasmid pVgl by replacing the Hind
i11-Bg} 1f fragment containing the hyg gene with a 660 bp
fragment containing the dhfr genc and extending to a Bg) 11
sitc (Simonscn et al., Proc. Nail. Acad. Sci. USA 80, 2495
(1983)).

FIG. 25. Fluorocytomelry of YTJB cells stained with
{ ) Isotype matched control antibody, (- - -) humanized
mik-B1 antibody, (. . .) chimeric mik-B! antibody. Cells were
suspended in FACS buffer (PBS+2% BSA+0.1% azide) at
approximately 5x10%/ml. 100 ul of ccll suspension was
transferred to a polystyrene tube and incubated with 100 ng
of purified antibody on ice for 30 min. The cclls were
washed with FACS buffer and incubated with goat anti-
human Ig antibody on ice for another 30 min. Then the cells
were washed and incubated with FETC labcled rabbit anti-
goat 1g antibody for 30 min. The cells were washed again
and finally resuspended in PBS+1% paraformaldehyde.
Cells were analyzed on a FACSmatc (Becton Dickinson)

FIG. 26A and FIG. 26B. Amino acid sequences of the
light chain (A) [SEQ ID NOS:34 and 35] and thc hcavy
chain (B) [SEQ ID NOS:36 and 37] of the humanized
mik-f1 antibody, (lower lines) and human Lay antibody
(upper lines), not including signal sequenccs. Thc three
CDRs in each chain are underlined. Amino acids in the
framework that have been replaced with mouse amino acids
or consensus human amino acids in the humanized antibody
are double underlined.

FIG. 27A and FIG. 27B. Oligonucleotides used in the
consiruction of the humanized mik-f]1 heavy chain (B)
[SEQ ID NOS: 42, 43, 44, and 45] and light chain (A) [SEQ
ID NOS:38, 39, 40, and 41]. The following pairs of oligo-
nucleotides were mixed, extended with sequenase and cut
with the indicated enzymes before ligation into the pBlue-
scriptIl ks (+) vector: wps54 and vcll with Xba I and Sal I,
vcl2 and wps57 with Xba I and Sal I, vc16 and vcl3 with
Xbaland Kpn 1, vcl4 and vcl5 with Xbal and Kpn 1. Then
the wps54-vell and vcl2-wps57 fragments were cxcised
with Xba I and Sal I ligated together into the Xba I site of
pVgl-dhfr; and the vcl6-vcl3 fragments and vcl4-vcl5
fragments were excised with Xba I and Kpn I and ligated
together into the Xba I site of pVk.

FIG. 28. Competitive binding of labeled mik-f] tracer to
YTIB cells. About 10° YTIB cells were incubated with 3.0
ng of radio-iodinated mouse mik-BI antibody (6 pCi/pg) and
vatying amounts of cither unlabeled mouse mik-B1 antibody
(®) or humanized mik-B! antibody (o) in 200 ul of binding
buffer (PBS+10% fetal calf serum+0.1% NaN,+10 pg/ml
mouse monoclonal 1g). After incubation for 2 hr at 0° C. the
cells were washed twice with binding buffer without mouse
[g and collccted by centrifugation. The radioactivity bound
to cells was measured and cxpressed as the ratio of bound/
frec cpm.
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FIG. 29. Inhibition of 1I.-2 stimulated proliferation of
human PHA blasts by humanized mik- 3 l+humanized anti-
Tac anibodies. No antibody added (), 2 ug cach of
humanized mik-B] and humanized anti-Tac added (H).

FIG. 30A through FIG. 30D. Amino acid sequences of the
heavy chain (A) [SEQ ID NOS:48 and 49] and the light
chain (B) [SEQ ID NOS:46 and 47] of the murine and
humanized Fd79 antibodies. and the heavy chain (C)} [SEQ
{D NOS:52 and 53] and the light chain (D) [SEQ ID NOS:50
and 517 of the murine and humanized Fd138-80 antibodr'es.
The sequences of the murinc antibody as dcduced from the
cDNA (upper lines) are shown aligned with the humanized
antibody sequences (lower lines). The humanized Fd79 and
Fd138-80 framework sequences are derived from Pom anti-
body and Eu antibody, respectively. Residues are numbered
according to the Kabat system (E. A. Kabat ct al., Scquences
of Proteins of Immunological Interest (Naxonal Institutes of
Health, Bethesda, Md.) (1987). The three CDRs in each
chain arc boxcd. Residues in the Pom or Eu framework that
havc been replaced with muiine sequences or conscnsus
human sequences are underlined.

FIG. 31A and FIG. 31B. Fluorocytometry of HSV-I
infected Vero cells stained with Fd79 (A) and Fd138-80 (B)
antibodies, (. .) Isotype matched control antibody, (. . .)
humanized antibody, ( ) chimeric antibody. Vero cells
were infected with HSV-1 (A305 mutant {F sirain)) at 3
pfu/cell overnight. Cells were trypsinized at 0.5 mg/ml for 1
minute, washed extensively with PBS and resuspended in
FACS buffer (PBS+2% BSA+0.1% azide) al approximately
5x10%ml. 100 ul of ccll suspension was transferred to a
polystyrcne tubc and incubated with 100 ng of putified
antibody on ice for 30 min. The cells were washcd with
FACS buffer and incubated with FITC labeled goat anti-
human antibody (Cappel) on ice for another 30 min. The
cells were washed again and finally resuspended in PBS+1%
paraformaldehyde. Cells were analyzed on a FACSmate
(Becton Dickinson).

FIG. 32A and FIG. 32B. Neutralization of HSV-1 by Fd79
(A) and Fd138-80 (B). Serial dilutions of antibodies were
mixed with 100 pfi: of virus and incubated at 37° C. for ] hr.
The viruses were then inoculated onto 6-well plates with
confluent Vero cells and adsorbed at 37° C. for I hr. Cells
were overlayed with 1% agarose in medium and incubated
for 4 days. Plaques were stained with neutral red.

FIG. 33A and FIG. 33B. Immunostaining of infected Vero
cell monolayers to examine prolection of cells from viral
spread in tissue culture by (A} murine or humanized Fd79,
(B) murine or humanized Fd138-80. 24-well plates of con-
fluent Vero cells were inoculated with virus at 0.1 pfu/cell
and allowed to adsorb for 2 hrs. at 37° C. before adding 200
ul of 10 ug/mi antibodies in medium. At the cnd of 4 days,
culture medium was removed and plates were dried by
placing overnight in a 37° C. incubator. To detect viral
antigens, cach well was incubated with 200 ul of anti-gB
antibody at 0.5 ug/ml for 1 hr. at 37° C., washed twice and
incubated with 200 ul of peroxidase eonjugated goat anti-
mouse IgG (Cappel, 1:300 dilution) for 1 hr, at 37° C. The
plates were washed and then developcd with the substrate
3-amino-9-cthyl-carbazole (AEC) (Sigma, St. louis, Mo.)
for 15 minutes at room temperature. Reaction was stopped
by rinsing with water and air dried.

FIG. 34A and FIG. 34B. Sequences of the cDNA and
translated amino acid sequences of the light chain (A) {SEQ
ID NOS:66 and 67] and heavy chain (B) [SEQ TD NOS:68
and 69] variable regions of the antibody M195. The CDR
sequences are underlined. The mature light chain protein
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begins with amino acid 21 D and the mature heavy chain
protcin with amino acid 20 E, preceded by the respective
signal sequences.

FIG. 35. Fluorocytometry of U937 cells stained with (. .)
no ankbody, (. . .) humanized M195 antibody, (- - -) chimeric
M195 antibody. Cells were suspcnded in FACS buffer
(PBS+2% FCS+0.1% azide) at approximately 5x10“ml. 100
ul of cell suspension was transferred to a polystyrene tube
and incubated with 50 ng of purified antibody on ice for 30
min, The cells were washed with FACS buffer and incubated
with FITC labeled goat anli-human g antibody on ice for
another 30 min. The cells were washed again and finally
resuspended in PBS+1% paraformaldehydc. Cells were ana-
lyzed on a FACSmate (Bccton Dickinson).

FIG. 36A and FIG. 36B. Amuno acid sequences of the
light chain (A) {SEQ ID NOS:70 and 71] and the heavy
chain (B) [SEQ ID NOS:72 and 73] of the humanized M195
antibody (lower lines) and human Eu anlibody (upper lines),
not including signal sequences. The threce CDR’s in each
char'n are undcrlined. Residues in the framework that have
been replaced with mousc amino acids in the humanized
antibody arc double underlined.

FIG. 37A and FIG. 37B. Oligonucleotidcs used in the
constuclion or the humanized M195 heavy chain (A; mal-4)
[SEQIDNOS:74, 75, 76, and 77] and light chain (B; ma5-8)
(SEQ ID NOS:78, 79, 80, and 81]. The following pairs of
oligonucleotidcs were mixed, extended with Klenow poly-
merase and cut with the indicated enzymecs before ligation
into pUCI8: mal and ma2 with Xba 1 and Kpn I, ma3 and

20

10

pairs of oligonucleotides were mixcd, extended with Kle-
now polymerase and cut with the indicated enzymes before
ligation into pUCI8: jb16 and jb17 with Xba I and EcoR ],
jbl8 and jbl9 with Xba 1 and EcoR I, jb20 and jb21 with
Xbaland Kpn1,jb22 andjb23 with Xbal and Xpn 1. Then
the jbl6-jb17 and jbl8-jbl9 fragments were cxciscd with
Xba I and Mlu 1 and ligated 1ogelher into the Xba I site of
pVk; and thc jb20-jb21 and jb22-jb23 fragments were
excised with Xba I and Kpn I and ligated together into the
Xba 1 site of pVgl-dhfr.

FIG. 42. Competitive binding of labeled CMVS wacer to
CMV-infecled cells. Increasing amounts of mouse (@) or
humanized (o) CMVS5 antibody was added to CMV-infected
HEL cells with tracer radio-iodinated mouse CMV35, and the
amount of tracer bound (o the cclls was dctermined.

FIG. 43A and FIG. 43B. Sequences of the cDNA and
translatcd amino acid sequenccs of the light chain (A) [SEQ
1D NOS:98 and 99] and hcavy chain (B) [SEQ ID NOS:100
and 101] variable regions of the antibody AF2. The CDR
sequences are underlined. The mature light chain protein
begins with amino acid 30 N and the mature heavy chain
protcin with amino acid 36 Q, preceded by the respactive
signal sequences.

FIG. 44A and FIG. 44B. Amino acid sequences of the
light chain (A) [SEQ ID NOS:102 and 103] and the heavy
chain (B) [SEQ ID NOS: 184 and 105] of the humanized AF2
antibody (lower lincs) and human Eu antibody (upper lines),
not including signal sequences. The three CDR’s in each
chain are underlined. Residucs in the {1amework that have

mad with Xba I and Kpn I, maS and ma6 with Xba I and 3¢ been rc ; : ; :
: : : placed with mouse amino acids or typical human
Hind III, ma7 and ma8 with Xba 1 and Hind I1. Then the ; e ; ;

; ds in the humanized antibod double under-
mal-maZ2 and ma3-ma4 fragments wcie exciscd from pUCI 8 ?ir::(;.o SREGIARE SRR SRR
with Xbaland kpn 1 and ligated 1ogether into the Xbal site - : .
of pVgl-dhfr, and the ma5-ma6 and ma7-ma8 fragments qu ?SA a?c:hﬂf. 453&3“}5;;"?01?:“;5.“3_ 1nh;l6c
were excised with Xba 1 and Hind 10 and ligaicd together 35 SOmsxuction 0 Ne g R Lo
into the Xba I sitc of pVk. vhi3) [SEQ ID NOS:106, 107, 108, and 109] and heavy

FIG. 38. Competiu've binding of labeled M195 tracer 10 chafnitB: rh? o) -[SEQ lD NOS:”O' ", 1 gan? !1321'
. 38. L i
U937 cells. About 4x10° U937 cclls were incubated with 4.5 :;anggo\‘:ilt'l:gKg:l:w %;;:;E?:s?:?dlclﬁ ;igem?;ﬁgi_
ng of radio-iodinated mousc. M195 antibody 5 uci/pig) and 40 cated enzymes before ligation into pUC18: rhl0 and rhll
varying amounts of either unlabeled mouse M195 antibody ™ yiih Xba 1 and Hind 1}, th12 andrh13 with Xba I and Hind
{;& =il (*};‘a‘gigg?ﬂfjjfgﬁ;% (1?;)5 5 ﬁom“;l?g e";",;"ﬂ’;% 111, h20and th2! with Xba 1 and EcoR 1, th22 and rh23 with
X . G Xba 1 and EcoR I. Then the rhlO-rhll and rhl2-rhl3
o o T, {agens wee it withXhalnd i 1 nd g
- : 1 " 45 together into then Xbal site of pVk; and the th20-1h2] an
activity bound ’lo cells was mcasurcd and is expressed as the rh22-rh23 fragments were excised with Xba 1 and Xho I and
ral;:c;cc;f :;:“d‘ f;c;;:cl;méya Scquences of the cDNA and ligated together into the Xba 1 site of pVgl-dhfr.
kS P o i 2 FIG. 46. Fl f HS294T cells incubated with
translated ami'no acid sequences of the light chain (A) [SEQ —IFI\? 1 Dgcescenge'g s P £ g “:;23 § .bw:j
ID NOS: 82 and 83) and heavy chain (B) [SEQ IDNOS84 o 1y bncs "o e reen o O ibody.
and 85] variable regions of the antibody CMVS5. The CDR
sequences arc underlined. The start of thc maturc protern
scquences are indicated by aivows, preceded by the respec- DETAILED DESCRIPTION OF THE
tive signal sequences. INVENTION
_ FIG. 40A and FIG. 40B. Amino acid sequenccs of the 55 In accordance with the present invention, novel means of
light chain (A) [SEQ ID NOS:86 and 87] and the heavy  designing humanized immunoglobulins capablc of specifi-
21:14‘1}5(3) l'[:EdQ {F NO?ISSS)mdng] of “:; };Umatlilétz)gd cally bindéng l% ; predctermir:]d anllig%n wilhdstong affinity
antibody (lower lines) and human wol an 3/ are provided. Thesc improved methods produce immuno-
(upper lines), not including signal seguences. The thiee  globulins that are substantially non-immunogenic in humans
CDR’s in each chain are underlined. Residues in the frame- ¢g but have binding affinities of at least about 108 M, pref-
work replaced with mousc amino acids or typical human erably 10° M-! 10 10'° M~!, or stronger. The humanized
amino acids in the humanized anu'body are double under-  immunoglobulins will have a human framework and have
lincd. one or more complcmentary determining regions (CDR’s),
FIG. 41A and FIG. 41B. Oligonucleotidcs used in the plus a limited number of other amino acids, from a donor
construction of the humanized CMVS5 light chain (A, jbl6- 65 immunoglobulin spccifically reactive with an antigen. The
jb19) [SEQ ID NOS:90, 91, 92, and 93] and heavy chain (B; immunoglobulins can bc produced economically in large
jb20-jb22) [SEQ ID NOS:94, 95, 96, and 97]. The following quantities and find use, for example, in the treatment of
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various human disorders by a variety of techniques.

In order that the invention may be more completely
understood, several definitions are set forth. As used herein,
the term “immunoglobulin” refers to a protein consisting of

12
work region and one or more CDR’s from a non-human
(usually a mouse or rat) immunoglobulin, The non-human
immunoglobulin providing the CDR’s is called the “donor”
and the human immunoglobulin providing the (ramework is

one or more polypeptides substantially encoded by immu- 5 called the “acceptor”. Constant regions need not be present,
noglobulin genes. The recognized immunoglobulin genes but if they are, they must be substantially identical to human
include the kappa, lambda, alpha, gamma (1gG;, 1gG,, 1gGs;, immunoglobulin constant regions, ie., at least about
1gGy,), delta, epsilon and mu constant region genes, as well 85-90%, preferably about 95% or more identical. Hence, all
as the myriad immunpglopulin variable region genes. Full- parts of a humanized immunoglobulin, except possibly the
length immunoglobulin “light chains™ (about 25 Kd or 214 ;5 CDR's, are substantially identical to carresponding parts of
amino acids) are encoded by a variable region gene at the natural human immunoglobulin sequences. A “humanized
NH2-terminus (about 110 amino acids) and a kappa or  ;ny10dy” isan antibody comprising a humanized light chain
lambda consiank feglon BENC at the CQ,O H - terminus. and a humanized heavy chain immunoglobulin. For
Full-length immunoglobulin “heavy chains” (about 50 Kd or 1 h Bell Entibedh WeEId not chobm 3
446 amino acids), are similarly encoded by a variableregion S iy il
3 : 15 typical chirneric antibody as defined above, e.g., because the

gene (about 116 amino acids) and one of the other afore- YP! : : LALTE BYaese .
mentioned constant region genes, e.g., gamma (encoding entire variable region of a ghlmexuc antlboq‘y is nor?-huf‘nan.
about 330 amino acids). One saysthat the donqr ar}llbody has been “humanized”, by

One 3 . 3 3 the process of *humanization®, because the resultant human-

ne form of immunoglobulin constitutes the basic stiuc- X h ’ : .

tural unit of an antibody. This form is a tewramer and consists B! annbgdy 5 expectcd. o R the' SAREZIE e Rt 1
of two identical pairs of immunoglobulin chains, each pair 3 dono'r antibody thal provides the (?D R’s. o )
having one light and one heavy chain. In each pair, the light It is understood that the humanized antibodies designed
and heavy chain variable regions arc together responsible {or by the present method may have additional conservative
binding to an antigen, and the constant regions are respon- amino acid substitutions which have substantially no effect
sible for the amibody effector functions. In addition to on antigen binding or other immunoglobulin functions. By
antibodies, immunoglobulins may exist in a variety of other 25 conservative substitutions is intended combinatrons such as
forms including, for example, Fv, Fab, and (Fab'),, as well gly, ala; val, ile, leu; asp, gtu; asn, gln; ser, thr; lys, arg; and
as bifunctional hybrid anabodies (e.g., Lanzavecchia et al,, phe, tyr.
Eur. J. Immunol. 17, 105 (1987)) and in single chains (e.g., Humanized immunoglobulins, including humanized anti-
Huston et al.,, Proc. Natl. Acad. Sci. U.S.A, 85, 5879~5883 bodies, have been constructed by means of genetic engi-
(1988) and Bird et al., Science, 242, 423-426 (1988), which 39 neering. Most humanized immunoglobulins that have been
are incorporated herein by reference). (See, generally, Hood previously described (Jones et al., op. cit.; Verhoeyenet al.,
et al,, “Immunology”, Benjamin, N.Y., 2nd ed. (1984), and op. cit.; Riechmann et al., op. cit.) have comprised a frame-
Hunkapiller and Hood, Nature, 323, 15-16 (1986), which work that is identical to the framework of a particular human
are incorporated herein by reference). immunoglobulin chain, the acceptor, and three CDR’s from

An immunoglobulin light or heavy chain variable region % a non-human donor immunoglobulin chain. In one case
consists of a *'framework” region in[errupted by three hyper- (Ricchmann ct al., op. Cil.), two additiorial aminoacids in the
variable regions, also called CDR’s. The extent of the framework were changed to be the same as amino acids in
framework region and CDR’s have been precisely defined other human framework regions. The present invention
(see, “Sequences of Proteins of Immunological interest,” E. o includes ciiteria by which a limited number of amino acids
Kabat et al, U.S. Depariment of Heakh and Human Ser- in the framework of a humanized immunoglobulin chain are
vices, (1983); which is incorporated herein by reference). chosen to be the same as the amino acids at those positions
The sequences of the framework regions of different light or in the donor rather than in the acceptor, in order to increase
heavy chains are relatively conserved within a species. As the affinity of g antibody comprising the humanized immu-
used herein, a “human framework region” is a framework , noglobulin chain.
region that is substantially ident'cal (about 85% or more, The present invention is based in parnt on the model that
usually 90-95% or more) 10 the framework region of a two contributing causes of the loss of affinity in prior means
naturally occurring human immunoglobulin. The framework of producing humanized antibodies (using as examples
region of an antibody, that is the combined framework mouse antibodies as the source of CDR’s) arc:
regions of the conswtuent light and heavy chains, serves to so (1) When the mouse CDR’s are combined with the human
position and align the CDR’s. The CDR’s are primarily framework, the amino acids in the framework close to
responsible for binding to an epitope of an antigen. the CDR’s become human instead of mouse. Without

Chimeric antibodies are ansbodies whose light and heavy intending to be bound by theory, we believe that these
chain genes have been constructed, typically by genetic changed amino acids may slightly distort the CDR’s,
engineering, from immunoglobulin variable and constant ss because they create different electrostatic or hydropho-
region genes belonging to different species. For example, the bic forces than in the donor mouse antibody, and the
variable segments of the genes from a mouse monoclonal distorted CDR’s may not make as effective contacts
antibody may be joined to human constant segments, such as with the antigen as the CDR’s did in the donor anti-
gamma ] and gamma 3. A typical therapeusc chimeric body;
antibody is thus a hybrid protein composed of the variable g0  (2) Also, amino acids in the original mouse antibody that
or antigen-binding domain from a mouse antibody and the are close to, but not part of, the CDR’s (i.e., still part
constant or effector domain from a human antibody (e.g., of the framework), may make contacts with the antigen
ATCC. Accession No. CRL 9688 secretes an anti-Tac that contn'bute to affinity. These amino acids are lost
chimeric antibody), although other mammalian species may when the antibody is humanized, because all frame-
be used. 65 work amino acids are made human.

As used herein, the term “humanized” immunoglobulin To avoid these problems, and to produce humanized
refers to an immunoglobulin comprising a human frame- antibodies that have a very strong affinity for a desired
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antigen, lbe prcsent invention uses one or more of the
following principles for designing humanized immunoglo-
bulins. Also, the criteria may be used singly, or when
necessary in combination, to achieve the desired affinity or
other characteristics.

A principle is that as acceptor, a framework is used from
a particular human immunoglobulin that is unusually
homologous to the donorimmunoglobulin 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 Biomedical Research Foundation Protcin ldentifi-
cation Resource) shows that the exient of homology to
different human regions varies greatly, typically from about
40% to about 60-70%. By choosing as the acceptor immu-
noglobulin one of the human heavy (respectively light)
chain variable regions that is most homologous to the heavy
(respectively light) chain variable region of the donor immu-
noglobulin, fewer amino acids wili be changed in going
from the donor immunoglobulin to the humanized immu-
noglobulin. Hence, and again without intending to be bound
by theory, it is believed that there is a smaller chancc of
changing an amino acid near the CDR’s that distorts their
conformation. Moreover, the precise overall shape of a
humanized antibody comprising the humanized immunoglo-
bulin chain may more closely resemble the shape of the
donor antibody, also rcducing the chance of distor¥ng 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 {ramework,
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.

In many cases, it may be considered preferable to use light
and heavy chains from the same human antibody as acceptor
sequences, tobe sure the humanized light and heavy chains
will make favorable contacts with each other. In this case,
the donor light and heavy chains will be compared only
against chains from human antibodies whose complete
sequence is known, e.g., the Eu, Lay, Pom, Wol, Sie, Gal, Ou
and WEA antibodies (Kabat et al., op. cit.; occasionally, the
last few amino acids of a human chain are not known and
must be deduced by homology to other human antibodies).
The human antibody will be chosen in which the light and
heavy chain variable regions sequences, taken together, are
overall most homologous to the donor light and heavy chain
vaiiable region sequences. Sometimes greater weight will be
given to the heavy chain sequence. The chosen humsn
antibody will then provide both light and heavy chain
acceptor sequences. In practice, it is often found that the
human Eu antibody will serve this role.

Regardless of how the acceptor immunoglobulin is cho-
sen, higher affinity may be achieved by seleci'ng a small
number of amino acids in the framework of the humanized
immunoglobulin chain to be the same as the amino acids at
those positions in the donor rather than in the acceptor. A
second principie is that the following categories define what
amino acids may be selected from the donor. Preferably, at
many or all amino acid positions in one of these categories,
the donor amuno acid will in fact be selected.

Category 1: The amino acid positron is in a CDR is
defined by Kabat et al,, op. cit.
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Category 2: If an amino acid in the framework of the
human acceptor immunoglobulin is unusual (i e, “rare”,
which as used herein indicatcs an amino acid occusting at
that position in less than about 20% but usually less 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 more than about 25% but usually
more than about 50% of sequences in a representative data
bank), then the donor amimno 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.

All human light and heavy chain variable region
sequences are respectively grouped into “subgroups” of
sequences that are especially homologous to each other and
have the same amino acids al certain critical positions
(Kabat et al., op. cit.). When deciding whether an amino acid
in a human acceptor seguence is “rare” or *‘common” among
human sequences, it will often be preferable to consider only
those human sequences in the same subgroup as the acceptor
sequence.

Category 3: In the positions immediately adjacent to one
or more of the 3 CDR’s in the primary sequence of the
humanized immunoglobulin chain, the donor amino acid(s)
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, to
distort the donor CDR’s and reduce affinity. Moreover, the
adjacent amino acids may interact directly with the antigen
(Amit et al., Science, 233, 747-753 (1986), which is incor-
porated herern by reference) and selecting these amino acids
from the donor may be desirable to keep all the antigen
contacts that provide affinity in the original antibody.

Category 4: A 3.dimensional model, typically of the
origtnal donor antibody, shows that certain amino acids
outside of the CDR’ s are close to the CDR’s and have a good
probability of interacting with amino acids in the CDR’s by
hydrogen bonding, Van der Waals forces, hydrophobic inter-
actions, etc. At those amino acid positions, the donor immu-
noglobulin amino acid rather than the acceptor immunoglo-
bulin amino acid may be selected. Amino acids according to
this criterion will generally bave a side chain atom within
about 3 angstrom units of some atom in the CDR’s and must
contain an atom that could interact with the CDR atoms
according to established chemical forces, such as those
listed above.

In the case of atoms that may form a hydrogen bond, the
3 angstroms is measured between their nuclei, but for atoms
that do not form a bond, the 3 angstroms is measured
between their Van der Waals surfaces. Hence, in the latter
case, the nuclei must be within about 6 angstroms (3+sum of
the Van der Waals 1adii) for the atoms to be considered
capable of interacting. In many cases the nuclei will be from
4or5to6 A apatt. In detersnining whether an amino acid
can interact with the CDRs, it is preferred not to consider the
last 8 amino acids of heavy chain CDR 2 as part of the
CDRs, because from the viewpoint of siuctore, these 8
amino acids behave more as part of the framework.

Amino acids in the {ramework that are capable of inter-
acting with amino acids in the CDR’s, and which therefore
belong to Category 4, may be distinguished in another way.
The solvent accessible surface area of each framework
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amino acid is calculated in two ways: (I) in the intact
antibody, and (2) in a hypothetical molecule consisting of
the antibody withits CDRs removed. A significant diffcrence
between thesc numbers of about 10 square angsiroms or

16

immunoglobulin may be chosen to be some amino acid
“typical” of human sequences. A prefemred chor'ce is the
amino acid that occurs most often at that position in the
known human sequences belonging to the same subgroup as

more shows that access of the framework amino acid to 5 the acceptor scquence.

solvent is at least partly blocked by the CDRs, and therefore _ Humanized antibodies generally have at least three poten-
thal the amino acid is making contact with the CDRs. tisl advantages over mouse or in some cases chimeric
Solvent accessible surface area of an amino acid may be ~ 2Mtibodies for use in human therapy: )
calculated based on a 3-dimensional model of an antibody, 1) Because the effector portron is human, it may interact
using algorithms known in the a1t (e.g., Connolly, J. Appl. 10 better with the other parts of the human immune system
Cryst. 16,548 (1983) andLee and Richards, J. Mol. Biol. S5, (e.g, desiroy the target cells more efficiently by
379 (1971), both of which are incorporated herein by complement-dependent cytotoxicity (CDC) or anti-
reference). Framework amino acids may also occasionally body -depend.em cellular cytotoxicity (ADCC))'.
interact with the CDR’s indircctly, by affecting the confor- 2) The human immune system should not recognize the
mation of another framework amino acid that in tum con- 15 framework or constant region of the humanized anti-
tacts the CDR’s. body as foreign, and therefore the antibody response

The aminoacids at several positions in the framework are against such an injected antibody should be less than
known Lo be capable of interacting with the CDRs in many against a totally foreign mouse antibody or a partially
antibodies (Chothia and Lesk, J. Mol. Biol. 196, 901 (1987), foreign chimeric antrbody.

Chotbhia et al., Nature 342, 877 (1989), and Tramontano et 20 3) Injected mouse antibodies have been reported to have
al, J. Mol. Biol. 215, 175 (1990), all of which are inco1po- a half-life in the human circulation much shorter than
rated herein by reference), notably at positions 2, 48, 64 and the half-life of normal antibodies (D. Shaw et al., J.
7 of the light chainand 26-30, 71 and 94 of the heavy chain Immunol,, 138, 4534-4538 (1987)). Injected human-
(numbering according to Kabat, op. cit.), and therefore these ized antibodies will presumably have a half-life more
amino acids will generally be in Category 4. Typically, 25 similar to naturally occurring human aniibodies, allow-
humaniz.ed immunoglobulins, of the present invention will ing smaller and less frequent doses to be given.

include donor amino acids (where different) in category 4 in In one aspect, the present invention is directed to design-
addition to these. The amino acids at positions 35 in the light ing humanized immunoglobulins that are produced by
chain and 93 and 103 in the hcavy chain are also likely to expressing recombinant DNA segments encoding the heavy
interact with the CDRs. At all these numbered positions, 30 and light chain CDR’s from a donor immunoglobulin
choice of the donor amino acid rather than the acceptor capable of binding to a desired antigen, such as the human
amino acid (when they differ) to bc in the humanized IL.-2 receptor, attached to DNA segments encoding acceptor
immunoglobulin is preferred. On the other hand, cerntain human framework regions. Exemplary DNA sequences
positions that may be in Category 4 such as the first S amino designed in accordance with the present invention code for
acids of the light chain may sometimes be chosen from the 35 the polypeptide chains comprising heavy and light chain
acceptor immunoglobulin without loss of affimty in the CDR’s with substantially human framework regions shown
humanized immunoglobulin. in FIG. 1A through FIG. 6B. Due to codon degeneracy and

Chothia and Lesk (op. cit.) define the CDRs differently non-critical amino acid substitutions, other DNA sequences
from Kabat et al. (op. cit.). Notably, CDR] is defined as can be readily substituled for those sequences, as detailed
including residues 26~32. Accordingly, Riechmann ct al., 46 below. In general, the criteria of the present invention find
(op. cit.) chose these amino acids from the donor immuno- applicability to designing substantally any humanized
globulins. immunoglobulin.

Computer programs lo create models of proteins such as The DNA segments will typically fiuther include an
antibodies are generally avarlable and well known to those expression control DNA sequence operably linked to the
shilled in the art (sec, Levy et al, Biochemistry, 28, 7168- 45 humanized immunoglobulin coding sequences, including
7175 (1989); Bruccoleri et al., Nature, 335, 564-568 (1988); naturally-associated or hetcrologous promoter regions. Pref-
Chothia et al., Science, 233, 755-758 (1986), all of which erably, the expression control sequences will be eukaryotic
arc incorporated herein by reference). These do not form promoler systems in vectors capable of transforming or
part of the invention. Indeed, because all anfibodies have transfecting eukaryotic host cells, but control sequences for
similar structures, the lnown antibody structures, whichare 56 prokaryotic hosts may also be used. Once the vector has
available from the Brookhaven Protein Data Bank, can be been incorporated into the appropriate host, the host is
used if necessary as rough models of other antibodies. maintained under conditions suitable for high level expres-
Commercially available computer programs can be used to sion of the nucleotide sequences, and, as desired, the col-
display these models on a computer monitor, to calculate the lection and purification of the humanized light chains, heavy
distance between atoms, and to estimate the likelihood of 55 chains, light/heavy chain dimers or intact antibodies, bind-
different amino acids interacting (see, Ferrin et al, J. Mol ing fragments or other immunoglobulin forms may follow
Graphics, 6, 13-27 ( 1988 )). (see, S. Beychok, Cells of fmmunoglobulin Synthesis, Aca-

In additzon to the above categories, which describe when demic Press, N.Y_, (1979), which is incorporated herein by
an amino acid in the humanized immunoglobulin may be reference).
taken from the donor, certain amino acids in the humanized 60  Human constant region DNA sequences can be isolated in
immunoglohulin may be taken from neither the donor nor accordance with well known procedures from a variety of
acceplor, if then fall in; human cells, but preferably immortalized B-cells (see, Kabat

Category S: If the amino acid at a given position in the op. cit. and WP87/02671). The CDR’s for preducing the
donor immunoglobulin is “rare” for human sequences, and immunoglobulins of the present invention will be similarly
the amino acid at that position in the acceplor immunoglo- 65 derived [rom monoclonal antibodies capable of binding to
bulin is also “rare” for human sequences, as defined above, the predetermined antigen, such as the human IL-2 receptor,
then the amino acid at that position in the humanized and produced by well known methods in any convenient
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mammalian source including, mice, rats, rabbits, or other
vertebrates, capable of producing antbodies. Suitable
source cclls for the constant region and framework DNA
sequences, and host cells for immunoglobulin expression
and secretion, can be obtained from a number of sources,
such as the American Type Culture Collection (“Catalogue
of Cell Lines and Hybridomas,” sixth edition (1988) Rock-
ville, Md. U.S.A., which is incorporated herein by refer-
ence).

In addision to the humanized immunoglobulins specifi-
cally described herein, other “substantially homologous”
modified immunoglobulins to the native sequences can be
readily designed and manufactured utilizing various recom-
binant DNA techniques well known to those skilled in the
art. For example, the framework regions can vary specifi-
cally from the sequences in FIG, 1A through FIG. 6B at the
primary structure level by several amino acid substitutions,
terminal and intermediate additions and dcletions, and the
like. Moreover, a vairiety of different human framework
regions may be used singly or in combination as a basis for
the humanized immunoglobulins of the present invention. In
general, modifications of the genes may be readily accom-
plished by a variety of well-known techniques, such as
site-directed mutagenesis (see, Gillman and Smith, Genre, &,
81-97 (1979) and S. Roberts et al., Nauwe, 328, 731-734
(1987), both of which are incozporated herein by reference).

Substantially homologous immunoglobulin sequences are
those which exhibit at least about 85% homology, usually at
least about 90%, and preferably at least about 95% homol-
ogy with a reference immunoglobulin protein.

Altematively, polypeptide fragments comprising only a
portion of the primary antibody stucture may be produced,
which fragments possess one or more immunoglobulin
aclivilies (e.g., complement fixation activity). Thesc
polypeptide fragments may be produced by proteolytic
cleavage of intact antibodies by methods well known in the
art, or by insening stop codons at the desired locations in the
vectors pVk and pVgl (FIGS. 9A and $B) using site-
dirccted mutagenesis, such as after CH1 to produce Fab
fragments or after the hinge region to produce (Fab’),
fragments. Single chain antibodies may be produced by
joining VL and VH with a DNA linker (see, Huston et al., op.
cit., and Bird et al., op. cit.). Also because like many genes,
the immunoglobulin-related genes contain separate func-
tional regions, each having one or more distinct biologycal
activitics, the genes may be fused to funcMonal regions from
other genes (e.g., enzymes, see, commonly assigned U.S.
Pat. No. 5,004,692) to produce fusion proteins (e.g., immu-
notoxins) having novel propertes. The nucleic acid
sequences of the present invention capable of ultimalely
expressing the desired humanized antibodies can be formed
from a variety of different polynucleotides (genomic or
cDNA, RNA, synthetic oligonucleotides, etc.) and compo-
nents (e.g., V, J, D, and C regions), as well as by a variety
of different techniques. Joining appropriate synthetic and
genomic sequences is presently the most common method of
production, but cDNA sequences may also be utilized (see,
European Patent Publication No. 0239400 and L. Reich-
mann et al,, Nature, 332, 323-327 (1988), both of which are
incorporated herein by reference).

As stated previously, the DNA sequences will be
expressed in hosts after the sequences have been operably
linked to (i.e., positioned to ensure the functioning of) an
expression control sequence. These expression vectors are
typically replicable in the host organisms either as episomes
or as an integral part of the host chromosomal DNA.
Commonly, expression vectors will contain selection mark-
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ers, e.g., tetracycline or neomycin, to permit detecson of
those cells transformed with the desired DNA sequences
(see, e,g., US. Pat. No, 4,704,362, which is incorporated
herein by reference).

E. coli is one prokaryosc host useful particularly for
cloning the DNA sequences of the present invention. Other
microbial hosts suitable for use include bacilli, such as
Bacillus subrilus, and other enterobacteriaceae, such as
Salmonella, Seiratia, 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 addition, any number of a variety of well-
known promoters will be present, such as the lactose pro-
moter system, a iryptophan (wp) promoter system, a beta-
lactamase promoter system, or a promoter system from
phage lambda. The promoters will typically control expres-
sion, optionally with an operator sequence, and have ribo-
some binding site sequences and the like, for initialing and
completing transcription and translauon.

Other microbes, such as yeast, may also be used for
expression. Saccharomyces is a preferred host, with suitable
vectors having expression control sequences, such as pro-
moters, including 3-phosphoglycerate kinase or other gly-
colytic enzymes, and an origin of replication, termination
sequences and the like as desized.

In addilion to microorganisms, mammalian tissue cell
culture may also be used to express and produce the
polypeptides of the presentl invention (see, Winnacker,
“From Genes to Ciones,” VCH Publishers, N.Y., N.Y.
(1987), which is incorporated herein by reference). Eukary-
otic cells are actually preferred, because a number of suit-
able host cell lines capable of secieting intact immunoglo-
bulins have been developed in the art, and inciude the CHO
cell lines, various COS cell lines, Hela cells, preferably
myeloma cell lines, etc, and transformed B-cells or hybri-
domas. Expression vectors for these cells can include
expression conirol sequences, such as an origin of replica-
tion, a promoter, an enhancer (Queen et al., /mmunol, Rev.,
89, 49-68 (1986), which is incorporated herein by refer-
ence), and necessary processing information sites, such as
ribosome binding sites, RNA splice sites, polyadenylation
sites, and transcriptional terminator sequences. Preferred
expression control sequences are promoters derived from
immunoglobulin genes, SV40, Adenovirus, cytomegalovi-
1us, Bovine Papilloma Virus, and the like.

The vectors containing the DNA segments of interest
(e.g., the heavy and light chain encoding sequences and
expression control sequences) can be transferred into the
host cell by well-known methods, which vary depending on
the type of cellular host. For example, calcium chloride
transfection is commonly utilized for prokaryotic cells,
whereas calcium phosphate treatment or electroporation
may be used for other cellular hosts. (See, generally, Mania-
tis et al., Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Press, (1982), which is incoiporated herein
by reference.)

Once expressed, the whole antibodies, their dimers, indi-
vidual light and heavy chains, or other immunoglobulin
forms of the present invention, can be purified according to
standard procedures of the an, including ammonium sulfate
precipitation, affinity columns, column chromatography, gel
electrophoresis and the like (see, generally, R. Scopes,
“Proter'n Purification”, Springer-Verlag, N.Y. (1982)). Sub-
stantially pure immunoglobulins of at least about 90 to 95%
homogeneity are preferred, and 98 to 99% or more homo-
geneity most preferred, for pharmaceutical uses. Once puil-
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fied, partially orto homogeneity asdesired, the polypeptides
may then be used therapeutically (including extracorpore-
ally) or in developing and performing assay procedures,
immunofluorescent stainings, and the like. (See, generally,
Immunological Methods, Vols. 1 and 11, Lefkovits and Per-
nis, eds., Academic Press, New York, N.Y. (1979 and 1981)).

The antibodies of the present invention will typically find
use individually in treating substantially any disease sus-
ceptible to monoclonal antibody-based therapy. In particu-
lar, the immunoglobulins can be used for passive immuni-
zation or the temoval of unwanted cells or antigens, such as
by complement mediated lysis, all without substantial
immune reactions (e.g., anaphylactic shock) associated with
many prior antibodies. For example, where the cell linked to
a disease has heen identified as 11.-2 rcceptor beating, then
humanized antibodies that bind to the human IL-2 receptor
are suitable (see, U.S. Ser. No. 085,707, entitled “Treating
Human Malignancies and Disorders,” which is incoiporatcd
herein by reference). For such a humanized immunoglobu-
lin, typical disease states suitable for treatment include graft
versus host discase and wansplant rejection in patients
undergoing an organ transplant, such as heart, lungs, kid-
neys, liver, etc. Other diseases include autoimmune diseases,
such as Type 1 diabetes, multiple sclerosis, rheumatoid
arthntis, systernic lupus erythematosus, and myasihenia
gravis.

The method of producing humanized antibodies of the
present invention can be used to humanize a variety of donor
antibodies, especially monoclonal antibodies reactive with
markers on cells responsible for a disease. For example,
suitable antibodies bind to antigens on T-cells, such as those
grouped into the so-called “Clusters of Differentiation,” as
named by the First International E.eukocytc Differentiation
Workshop, Leukocyte Typing, Bcrnard et al., Eds., Springer-
Verlag, N.Y. (1984), which is incorporated herein by refer-
ence.

The antibodies of the present invention can also be used
as separately administered compositions given in conjunc-
tion with chemotherapeutic or immunosuppressive agents.
Possible agents include cyclosporin A or a purinc analog
(e.g., meihotrexate, G-mercaptopurine, or the like), but
numcrous additional agents (e.g., cyclophosphamide, pred-
nisone, etc.) weli-known to those skilled in the art of
medicine may also be utilized.

A preferred pharmaceuti’cal 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 viiro 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 particu-
lar 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 protern and the
second component is an inkact immunoglobulin, the linkage
may be by way of heterobifunctional cross-linkers, e.g.,
SPDP, carbodiimide, glutaraldehyde, orthe like. Production
of various immunotoxins is well-known with the art,andcan
be found, for example in “Monoclonal Aniibody-Toxin
Conjugates: Aiming the Magic Bullet,” Thoipcet al., Mono-
clonal Antibodies in Clinical Medicine, Academic Press, pp.
168-190 (1982), which is incorporated herein by reference.
The components may aiso be linked genetically (see,
Chaudhary et al,, Nawre 339, 394 (1989), which is herein
incorporated by reference).
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A vaiiety of cytotoxic agents arc suitable for use in
immunotoxins. Cytotoxic agents can include radionuclides,
such as lodine-131 or other isotopes of iodine, Yttrium-90,
Rhenium-188, and Bismuth-212 or other alpha emitters; a
number of chemotherapeutic drugs, such as vindesine, meth-
otrexate, adiiamycin, and cisplatinum; and cytotoxic pro-
teins such as ribosomal inhibiting proteins like pokeweed
anwviral protcin, Pscudomonas exotoxin A, ricin, diphtheria
toxin, 1icin A chain, etc, or an agent active at the cell
surface, such as the phospholipase enzymes (e.g., phospho-
lipase C). (See, generally, “Chimeric Toxins,” Olsnes and
Phil, Pharmac. Ther:, 25, 355-381 (1982), and “Monoclonal
Antibodies for Cancer Detection and Therapy,” eds. Bald-
win 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 humanized immunoglobulins of the present invention.
Intact immunoglobulins or their bindinig fragments, such as
Fab, are preferably used. Typically, the antibodi'es in the
immunotoxins will be of the human IgM or 1gG isotypc, but
other mammalian constant regions may be utilized as
desired,

For diagnostic purposes. the antibodies may either be
labeled or unlabeled. Unlabeled ansbodies can be used in
combination with other labeled antibodies (second antibod-
les) that are reactive with the humanized antibody, such as
antibodies specific for human immunoglobulin constant
regions. Altematively, the antibodies can be directly labeled.
A wide variety of labels may be employed, such as radio-
nuclides, fluors, enzymes, enzyme substrates, enzyme cO-
factors, cnzyme inhibitors, ligands (particularly haptens),
etc. Numerous types of immunoassays are available and are
well known to those skilled in the art.

Anti-II.-2 Receptor Antibodies

To exert its biological effects, IL-2 interacts with a
specific high-aflinity membrane receptor (Greene, W., et al.,
Progress in Hematology Xiv, E. Brown, Ed., Grune and
Statton, New York (1986), at pgs. 283 ff and Waldmann,
Ann. Rev. Biochem. 58, 875 (1989), both of which are
incotporated herein by reference). The human IL-2 receptor
is a complex multichain glycoprotein, with one chain,
known as the Tac peptide, being about 55 kD in size (see,
Leonard, W., ct al,, J. Biol. Chem. 260, 1872 (1985), which
is incorporated herein by refcrence). A gene encoding this
protcin has been isolated, and predicts a 272 amino acid
peptide, including a 21 amino acid signal pepuiide (see,
Leonard, W., et al., Nature 311, 626 (1984)). The 219
NH,,-terminal amino acids of the p55 Tac protein apparently
comprise an extracellular domain (see, L.eonard, W., et al.,
Science, 230, 633-639 (1985), which is incorporated herein
by referencc).

Much of the elucidation of the human IL-2 receptor’s
structure and funcaion is due to the development of specifi-
cally reactive monoclonal antibodies. In pariicular, one
mouse monoclonal antibody, known as anti-Tac {(Uchiyama,
et al., J. Immunol. 126, 1393 (1981)) has been used to show
that IL-2 receptors can be detected on T-cells, but also on
cells of the monocyte-macrophage family, Kupffer cells of
the liver, Langerhans’ cells of the skin and, of course,
activated T-cells. Importantly, resting T-cells, B-cells or
circulating machrophages typically do not display the If.-2
receptor (Hermmann, et al.,, J. Exp. Med. 162, 1111 (1985)).

The anti-Tac monoclonal antibody has also been used to
define lymphocyte functions that require IL-2 interaction,
and has been shown to inhibit various T-cell functions,
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including the generation of cytotoxi'c and suppressor T
lymphocytes in cell culturc. Also, based on studies with
anti-Tac and other antibodies, a variety of disordeis are now
associated with improper IL-2 receptor expression by
T-cells, in particular adult T-cell leukemia.

More recently, the IL-2 receptor has been shown to be an
ideal target fornovel therapeutic approaches to T-cell medi-
ated diseases. It has been proposed that IL-2 reccptor
specific antibodies, such as the anti-Tac monoclonal anti-
body, can be used either alone or as an immunoconjugate
(e.g., with Ricin A, isotopes and the like} to effectively
remove cells bearing the IL-2 receptor. These agents can, for
cxample, theoretically eliminate IL-2 receptor-exprcssing
leukemic cclls, certain B-cells, or activated T-cells involved
in a disease state, yct allow the retention of mature normal
T-cells and their prccursors to ensure the capability of
mounting a normal T-cell immune response as needed. In
general, most other T-cell specific agents can destroy essen-
tially all peripheral T-cells, which limits the agents’ thera-
peutic efficacy. Overall, the use of appropriate monoclonal
antibodics specific for the IL-2 receptor may have therapeu-
tic utility in autoimmune diseases, organ transplantation and
any unwanted response by activated T-cells. Indeed, clinical
trials have been initiatcd using, e.g., anti-Tac antibodies (see,
generally, Walémano, T., et al., Cancer Res. 45, 625 {1985),
Waldmann, T., Science 232, 727-732 (1986) and Kirkman et
al, Transplant Proc. 21, 1766 (1989), all of which arc
incorporated herein by rcference).

Unfortunately, thc use of the anti-Tac and other non-
human monoclonal antibodies have certain drawbacks, pas-
ticularly in repeated therapeutic 1egimens as explained
below. Mouse moaoclonal antibodies, for example, do not
fix human complement well, and lack other important
immunoglobulin functional characteristics when used in
humans.

Perhaps more imponantly, anti-Tac and other non-human
monoclonal antibodi'es contain substantial sirctches of
amino acid sequences that will be immunogenic when
injccted into a human patient. Numerous studies have shown
that, after injcction of a foreign antibody, the immune
response elicited by a patient against an antibody can be
quitc strong, essentially climinating the antibody’s thera-
peutic utility after an initial trcatment. Moreover, as inczcas-
ing numbers of different mouse or other antigenic (to
humans) monoclonal antibodies can be expected to be
developed to treat various diseases, after the first or several
treatments with any different non-human antibodies, subse-
quent treatments cven for unrelated therapies can be inef-
fective or even dangerous in thcmselves, because of cross-
reactivity.

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 gcneral, the produc-
tion of human immunoglobulins reactive with the human
IL-2 receptor, as with many human antigens, has been
extrcmely difficult using typical human monoclonal anti-
body production techniques. Similarly, usilizing recombi-
nant DNA technology to produce so-called *‘reshaped” or
“humanized” antibodies (see, c.g., Riechmann ct al., Nature
332, 323 (1988) and EPO Publication No. 0239400Q), pro-
vides uncertain results, in part due to unpredictable binding
afGnities.

Thus, therc is a need for improved forms of human-likc
immunoglobulins specific for the human IL-2 receptor that
arc substantially non-immunogenic in humans, yct easily
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and economically produced in a manner suitable for thera-
peutic fonmnulation and other uses. The present invention
fulfills these and other needs.

The present invention provides novel compositions use-
ful, for example, in the treatment of T-cell mediated human
disorders, the composilions containing human-like immu-
noglobulins specifically capable of blocking the binding of
human IL-2 to its receptor and/or capable of binding to the
P55 Tac protein on human IL-2 receptors. The immunoglo-
bulins can have two pairs of light chain/hcavy chain com-
plexes, typically at least onc chain comprising mouse
complementarity dctertnining regions functionally joined to
human framework region segments. For examplc, mouse
complementarity detcrmining regions, with or without addi-
tional naturally-associated mouse amino acid residues, can
be used to produce human-like antibodies capablc of binding
to the human IL-2 rcceptor at affinity levels stronger than
about 108 M™%,

The immunoglobulins, including binding fragments and
other derivatives thereof, of the present invention may be
produced readily by a variety of recombinant DNA tech-
niques, with ultimatc expression in transfected cells, pref-
erably immortaliz.ed eukaryotic cells, such as myeloma or
hybridoma cells. Polynucleoudes comprising a first
sequencc coding for human-like immunoglobulin frame-
work regions and a second sequcnce set coding for the
desired immunoglobulin complementarity determining
regions can be produced synthetically or by combining
appropriate cDNA and genomic DNA segments.

The human-like immunoglobulins may be utilized alone
in substantially pure form, or complexcd with a 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
accepled dosagc form, which will vary dcpending on the
mode of administration.

In accordance with the present invention, human-like
immunoglobulins specifically reactive with the IL-2 recep-
tor on human T-cclls arc provided. These immunogiobulins,
which have binding affinities of at least about 108 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 detcrmining
regions (CDR’s) from an immunoglobulin, typically a
mouse immunoglobulin, specifically reactive with an
epitope on pS55 Tac protein. The immunoglobulins of the
present invension, which can be produced ecconomically in
large quantities, find use, for example, in the treatment of
T-.cell mediated disorders in human patients by a variety of
techniques.

In one aspect, the prescnt invention is directed to recom-
binant DNA segments cncoding the heavy and/or light chain
CDR’s from an immunoglobulin capable of binding to a
desired epitopc on the human IL-2 receptor, such as the
anti-Tac monoclonal antibody. The DNA segments encoding
these regions will typically be joined to DNA segments
encoding appropriate human-like framework regions. Pre-
ferred DNA sequences, which on expression code for the
polypepti'de chains comprising the anti-Tac heavy and light
chain hypervariable regions (with human-like framework
regions), arc included in FIGS. 1SA and 16A, respectively.
Due to codon degeneracy and non-critical amino-acid sub-
stitutions, other DNA sequences can be readily substituted
for those sequences, as detailed below.
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The antibodies of the present inventron will typically find
use individually in ireating a T-ccll mediated disease state.
Generally, where the cell linked to a discase has been
identified as IL-2 receptor bearing, then the human-like
antibodies capable of blocking the binding of IL-2 to the
human 1L-2 receptor are suitable.

For example, typical discase states suitable for treatment
include graft versus host disease and transplant rejection in
patients undcrgoing an organ transplant, such as heart, lungs,
kidneys, liver, etc. Other diseases include autoimmune dis-
cases, such as Type I diabetes, multiple sclesosis, rheuma-
toid arthritis, systemic lupus erythematosus, and myasthenia
gravis.

The human-like antibodies of the present invention may
also be used in combination with other antibodies, particu-
larly human monoclonal antibodics reactive with other
markers on cells responsible for ihe disease. For example,
suitable T-cell markers can include those grouped into the
so-called “Clusters of DifTerentiation,” as named by the First
International Leukocyte Differentiation Workshop, Leuko-
cyte Typing, Bernard, et al., Eds., Spiinger-Verlag, N.Y.
(1984), which is incorporatcd hercin by reference.

The human-like antibodies and pharmaceutical composi-
tions thereof of this invention are particularly usefil for
parenteral administration, i.c., subcutaneously, intramuscu-
larly or intravenously. The compositions for parenieral
administration will commonly comprisc a solution of the
antibody or a cocktail thereof dissolved in an acceptable
carrier, preferably an aqueous carrier. A variety of aqueous
carriers can be used, e.g., water, buffered water, 0.4% saline,
0.3% glycine and the like. These solutions are stesile and
generally frec of particulate matter. These compositions may
be sterilized by conventional, well known sterilization tech-
niques. The compositions may contain pharmaccutically
acceptable auxiliary substances as requircd 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, cal-
cium chloride, sodium lactate, human albumin, ctc. The
concentration of antibody in these formulations can vary
widely, i.c., Irom less than about 0.5%, usually at or at least
about 1% to as much as 15 or 20% by weight and will be
sclected primarily based on fiuid volumes, viscosities, etc.,
in accordance with the particular mode of administration
selected.

Thus, a typical pharmacecutical composition for injection
could be made up to contain | ml sterile buffercd water, and
1 to 50 mg of antibody. A typical composition for intrave-
nous infusion could be made up to contain 250 m! of sterile
Ringer’s solution, and 150 mg of antibody. Actual methods
for preparing parenterally administrable compositions will
be known or apparent to thosc skilled in the art and are
described in more detail in, for example, Remington’s Phar-
maceutical Science, 15th ed., Mack Publishing Company,
Easton, Pa. (1980}, which is incorporated herein by refer-
ence.

The antibodi'es of this invention can be frozen or lyo-
philized for storage and reconstituted in a suilable carmier
prior to use. This tcchnique has been shown to be effective
with conventional immune globulins and art-known lyo-
philization and reconstitution techniques can be employed.
It will be appreciated by those slailled in the art that
lyophilization and reconstitution can lead to varying degrces
of antibody aciivity loss (e.g., with conventional immune
globulins, IgM antibodies tend to have greater activily loss
than IgG antibodies) and that usc levels may have to be
adjusted to compensate.
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The compositions containing the present human-like anti-
bodics or a cocktar] thercof can be administered for prophy-
lactic and/or therapeutic treatments. In therapeutic applica-
tion, compositions are adnunistered 10 a patient alrcady
suffering from a disease, in an amount sufficient to cure or
at least partially arrest the discase and its complications. An
amount adequate to accomplish this is dcfined as a “thera-
peutically effective dose.” Amounts effective for this use
will depend upon the severity of the infection and the
general statc of the patient’s own immunc system, but
generally range firom about 1 to about 200 mg of antibody
per dose, with dosages of from 5 to 25 mg being more
commonly used. It must be kept in mind that the materials
of this invention may generally be employed in serious
discasc states, that is life-threatening or potentially lifc-
threatening situations. In such cases, in view of the m'mi-
mization of extraneous substances and the lower probability
of “foreign substance™ rejections which are achieved by the
present human-like antibodies of this invention, it is possible
and may be felt desirable by the treating physician to
administer substantial excesses of these antibodies. )

In prophylactic applications, compositions containing the
present antibodies or a cocktail thercof are administered to
a patient not alrcady in a discasc state to enhance the
patient’s resistance. Such an amount is defined to be a
“prophylaciically effective dose.” In this use, the precise
amounts agarn depend upon the patient’s state of healih and
general level of immunity, but generally range from 0.1 to 25
mg per dose, especially 0.5 to 25 mg per dose. A preferred
prophylactic use is for ihe prevention of kidney transplant
rejection,

Single or multiple adminisirations of the compositi'ons
can be carried out with dose levels and pattern being sclected
by the treating physician. in any cvent, the pharmaceutical
formulations shouid provide a quantity of the antibody(ies)
of this invention sufficient to effectively treat the patient.

Human-like antibodies of the present invention can fur-
ther find a wide variety of utilities in vitro. By way of
cxample, the antibodies can be utilized for T-cell typing, for
isolating specific IL-2 receptor bearing cells or fragments of
the receptor, for vaccine preparation, or the like.

Kits can also be supplied for use with the subject anti-
bodies in the protection against or detection of a cellular
activity or for the presence of a sclected 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 conjunctvon 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 buflers, such as Tris, phosphate,
carbonate, ctc., stabilizers, biocides, inert proteins, e.g.,
serum albumin, or the like, and a sct of instructions for use.
Generally, these materials will be present in less than about
5% wt. based on the amount of active antibody, and usually
present in total amount of at least about 0.001% wt. based
again on the antibody concentration. Frequently, it will be
desirable to include an inert extender or excipicent to dilute
the active ingredients, where the excipient may be presentin
from about 1 to 99% wi. of the total composition. Where a
second antibody capable of binding to the chimeric antibody
is employed in an assay, this will usually be present in a
separate vial. The sccond antibody is typically conjugated to
a label and formulated in an analogous manner with the
antibody formulations described above.

p75 Chain of 1L-2 Receptor

The human IL-2 receptor is a complex multichain glyco-
protein, with one chain, known as the Tac peptide or alpha
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chain, being about 55 kD in size (see, Lconard, W, et al., J.
Biol. Chem. 260, 1872 (1985), which is incorporated herein
by reference). The second chain is known as the p75 or beta
chain (Tsudo et al., Proc. Nat. Acad. Sci. USA, 83, 9694
(1986) and Sharon ct al., Science 234, 859 (1986), both of
which are incorporated herein by reference). The pSS or Tac
charn and the p75 chain each independently bind IL-2 with
low or interncdiate affinity, whi'le the IL-2 receptor complex
of both chains binds IL-2 with high affinity. The p75 chain
of the human IL-2 receptor will of ten be called herern simply
the p75 protein.

The present invention provides novel compositions use-
ful, for example, in the weatment of T-cell mediated human
disorders, the compositions containing human-like immu-
noglobulins specifically capable of inhibiting the binding of
human IL-2 to its receptor and/or capable of binding to the
p75 protein of human [L-2 receptors. The immunogiobulins
can have two pairs of light chain/heavy chain complexes,
typically at least one chax'n comprising mouse complemen-
tarity determining regions functionally joined to human
framework region segments. For example, mouse comple-
mentarity detennining regions, with or without additionai
naturally-associated mouse amino acid residues, can be used
to produce human-like antibodies capable of binding to the
p75 protein at affinity levels stronger than about 107 M~
These humanized immunoglobulins will also be capable of
blocking the binding of the CDR-donating mouse mono-
clonal antibody to p75.

The human-like immunoglobulins may be utilized alone
in substantially pure form, or complexed with a cytotoxic
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Generally, where the cell linked to a disease has beep
identified as IL-2 receptor bearing, then the human-like
antibodies capable of blocking the binding of 1L-2 to the
human IL-2 receptor arc suitable.

For example, typical disease states suitable for reatinent
include graft-versus-host disease and transplant re jection in
patients undergoing an organ transplant, suchasheart, lungs,
Kidneys, liver, etc. Other diseases include autoimmune dis-
eases, such as Type I diabetes, multiple sclerosis, rheuma-
toid arthntis, systemic lupus erythematosus, and myasthenia
gravis.

The human-like anubodi'es of the present invention may
also be used in combination with other antibodies, particu-
larly 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 “Clustcrs of Differentiation,” as named by the First
International Leukocyte Differcntiation Workshop, Leuko-
cyte Typing, Bemard, et al., Eds., Springer-Verlag, N.Y.
(1984), which is incorporated herein by reference. A pre-
ferred use is the simultaneous treatment of a pasient with a
human-like antibody binding to p55 and a human-like
anubody binding to p75 of the IL-2 receptor, i.e., humanized
anti-Tac plus humanized mik-pl.

Human-like antibodi'es of the present invention can fur-
ther find a wide variety of utilities in vitro. By way of
example, the antibodies can be utilized for T-cell typing, for
isolasng specific IL-2 receptor bearing cells or fragments of
the receptor, for vaccine preparation, or the like.

agent, such as a radionuclide, a ribosomal inhibiting protein 30
or a cytotoxsc agent active at cell surfaces. All of these ; .
compoyunds will be particularly useful in trealing T-cell Anti-HSV Antibodies
mediated disorders. The human-like immunoglobulins or Herpes Simplex Vimus types I and I (HSV-1 and HSV-2),
their complexes can be prepared in a pharmareutically 35 27€ Now estimated to be the second most frequent cause of
accepted dosage form, which will vary depending on the sexually transmitted diseases in the world. Although com-
mode of administration. pletely accuraté data are not available, infection esimates
In accordance with the present invention, human-like range from about 20 to 40% of the U.S. population.
immunoglobulins specifically reactive with the p75 chain of A large number of diseases, from asymptomatic to life-
the human 1L-2 receptor are provided. These immunoglo- .. threatening, are associated with HSV infechon. Of particular
bulins, which have binding affinities of at least 107 to 108 ™ clinrcal inlerest, encephalitis from HSV-1 infection and
M~ and preferably 10 M~ to 10'® M~ or stronger, are transmission of HSV-2 from a pregnant mother to her fetus
capable of, e.g., blocking the binding of IL-2to humanIL-2  are ofien fatal. Immunosuppressed patients are also subject
receptors. The human-like immunoglobulins will have a 1o severe complications when infected with the virus.
human-like framework and can have complementarity deter- ;s More than 50 HSV polypeptides have been identified in
mining regions (CDR’s) from an immunoglobulin, typically " ygy infected cells, including at least seven major cell
a mouse 1mmunoglpbuhn, specificaily reactive with an sublack: 2lCoprotcins, (ee, "Whitel R, a0 oA
epitopc on p75 protein, The immunoglobulins of the present Roizman and Sears, Chapt. 65, Virology, Eds. Fields et al.,
inven!ipn, which can be produch economically in large 2nd ed., Raven Press, N.Y,, N.Y. (1990), which are incor-
quantities, find use, for example, in the treatment of T-cell g5 porared herein by reference). The specific biologic fanctions
mediated disorders in human patients by a variety of tech- ™ o pese glycoproteins are not well defined, although gB and
niques. gD have en shown to bc associated with cell fusion
In one aspect, the present invention is directed to recom-  activity (W. Cai et al., J. Virol 62, 2596 (1988) and Fuller
binant DNA segments encoding the heavy and/or light chain and Spear, Proc. Natl. Acad. Sci. USA 84, 5454 (1987)). 2B
CDR’s from an immunoglobulin capable of binding © a ss and gD express both type-specific and type-common ani-
desired epitope on the human FL-2 receptor, such as the  genic determinants. Oakes and Lausch demonstrated that
mik-B1 monoclonal antibody. The DNA segmentsencoding  monoclonal antibodies against gB and gE suppress replica-
these regions will typically be joined to DNA segments  tion of HSV-1 in trigeminal ganglia (Oakes and Lausch, J.
encoding appropriate human-like framework regions. Virol. 51, 656 (1984)). Dix et al. showed that anti-gC and gD
Exemplaty DNA sequences, which on expression code for ¢g antibodies protect mice against acute virus-induced neuro-
the polypeptide chains comprising the mik-Bl heavy and  |ogical disease (Dix ct al.. Infect. Immun. 34, 192 (1981)).
light chain CDRes, arc included in FIG. 23A and FIG. 23B, Whitley and colleagues produced a panel of mutine mono-
Due to codon degeneracy and non-critical amino-acid sub-  clonal antibodies against HSV-1 and showed that several of
stitutions, other DNA sequences can be readily subshituted the antibodies protected mice against encephalitis and death
for those sequences, as detailed below. 65 following ocular inoculation with the virus (see, Kogaet al.,
The antibodics of the present invention will typically find Virology 151, 385 (1986); Metcalf et al., Cur. Eye Res. 6,
use individually in treaing a T-cell mediated disease state. 173 (1987) and Metcalf et al,, Intcrvirology 29, 39 1988), all
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of which are incorporated herein by reference). Clone Fd79
(anti-gB) prevented encephalitis even when immunization
was delayed until 48 hours post-infection. Fd79 and Fd138-
80 (anti-gD) significantly reduced the severity of epithelial
keratitis and lowered the frequency of persistent viral infec-
tion in an outbrcd mouse model.

Thus, there is a need for improved forms of humanized
immunoglobulins specific for HSV antigens that are sub-
stantially non-immunogenic in humans, yet easily and eco-
nomically produced in a manner suitable for therapeutic
formulatien and other uses. The present invention fulfills
these and other needs.

The present invention provides novel compositions use-
ful, for example, in the treatment of HSV mediated human
disorders, the compositions containing humanized immuno-
globulins specifically capable of blocking the binding of
HSV to its receptors and/or capable of binding to the HSV
specific proteins. The immunoglobulins can have two pairs
of light chain/heavy chain complexes, at least one chain
comprising one or more mouse complementarity determin-
ing regions funckonally joined to human framework region
segments. For example, mouse complementarity determin-
ing regions, with or without additional naturally-associated
mouse amino acid residues, can be intreduced into human
framework regions to produce humanized immunoglobulins
capable of binding to the HSV surface proteins at affinity
levcls stronger than about 10° M. These humanized immu-
noglobulins will also be capable of blocking the binding of
the CDR donating mouse monoclonal antibody to HSV.

The humanized immunoglobulins may be utilized alone
in substantially pure form, or together with an antiviral
agent, such as acyclovir or a cytotoxic agent active at viral
surfaces, All of these compounds will be particularly useful
in treating HSV mediated disorders. The humanized immu-
noglobulins or their complexes can be prepared in a phar-
maceutically accepted dosage form, which will vary depend-
ing on the mode of administration.

in accordance with the present invention, humanized
immunoglobulins specifically reactive with HSV related
epitopes either directly on the virus or on infected cells are
provided. These immunoglobulins, which have binding
affinities to HSV specific antigens of at least about 107 M,
and preferably 105 M~" to 16*® M~! or stronger, are capable
of, e.g., protecting cells from HSV transmission. The
humanized immunoglobulins will have a human framework
and will have one or more complementarity determining
regions (CDR's) from an immunoglobulin, typically a
mouse immunoglobulin, specifically reactive with an HSV
protein, such as gB and gD proteins. The immunoglobulins
of the prcsent invention, which can be produced economi-
cally in large quantities, find use, for example, in the
treatment of HSV mediated disorders in human patients by
a variety of techniques.

The HSVs are among the most intensively investigated of
all viruses, and the HSV virion structure has been shown to
contain about 33 proteins, Humanized immunoglobulins
utilizing CDR’s from monoclonal antibodies reactive with
these proteins, particularly the eight sutface glycoproteins
(e.g., gB, gC, gD, gE, gG, gH and gl), represent prefcired
embodiments of the present invention (see, Spear, P. G., The
Herpesviruses, vol. 3, pp. 315-356 (1984) (Roizman, B.,
ed), Plenum Press, N.Y., N.Y. and Spear, P. G., Immu-
nochemistry of Viruses. The Basis fer Serodiagnosis and
Vaccines, pp. 425-446 (1985) (Neurath, A. R, eds.),
Amsterdam: Elsevier, both of which are incorporated hercin
by reference).
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In one aspect, the present invention is dirccted to rccom-
binant DN A segments encoding the heavy and/or light chain
CDR's from an immunoglobulin capable of binding to a
desired epitope of an HSV protein, such as monoclonal
antibodies reactive with HSV gB and gD glycoproteins. The
DNA segments encoding these regions will typically be
joined to DNA segments encoding appropriate humanized
framework regions. Exemplary DNA sequences code for the
polypeptide chains comprising the heavy and light chain
hypervariable regions (with human framework regions)
from monoclonal antibodies Fd79 and Fd138-80, shown in
FIG. 30A through FIG. 30D. Due to codon degeneracy and
non-critical amino-acid substitutions, other DNA scquences
can be readily substituted for those sequences, as detailed
below.

The antibodies of the present invention will typically find
use individually in treattng an HSV mediated disease state.
For example, typical disease states suitable for treatment
include any involving HSV infeckion. Specific diseases
include neonatal herpes, herpes encephalitis, ocular herpes,
genital herpes and disseminated herpes (see, Corey, L.,
Chapter 136, Harrison’s Principles of Internal Medicine,
11th ed., McGraw-Hill Book Company, N.Y., N.Y. (1987),
which is incorporated herein by reference).

Any humanized immunogiobulins of the present inven-
tion may also be used in combination with other antibodies,
particularly humanized antibodies reactive with differcnt
HSV antigens. For example, suitable HSV antigens to which
a cocktail of humanized immunoglobulins may react include
gC, gE, gF, gG and gH (see, Rector, J. et al., Infect. Immun.
38, 168 (1982) andFuller, A. et al,, 1. Virol. 63, 3435 (1989),
both of which are incorporated herein by refercnce).

The antibodies can also be used as separately adminis-
tered compositions given in conjunction with acyclovit or
other antivital agents. Typically, the agents may include
idoxuridine or Iriffuorothymidine, but numerous additional
agents (e.g., vidarabine) well-known to those skilled in the
art for HSV treatment may also be utilized (sec, Corey, L.,
op. cit.).

A preferred phatmaceutical composition of the present
inventi'on comprises the use of the sub ject immunoglobulins
in immunotoxins to kill cells infected by HSV. immunotox-
ins 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 expressing an HSV epitope.

The compositions containing the present humanized anti-
bodres or a cocktail thereof can be administered for prophy-
lactic and/or therapeutic treatments. In therapeutic applica-
tion, compositons are administered to a patient already
suffesing from HSV infection, 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 effective for this
use will depend upon the severity of the infcction and the
general state of the patient’s own immune system, but
generally range from about 1 to about 200 mg of antibody
per dose, with dosages of [rom 5 to 25 mg being more
commonly used. It must be kept in mind that the materials
of this invention may generally be employed in serious
disease states, that is life-threatening or potentially life-
threatening situations. In such cases, in view of the mini-
mization of extraneous substances and the lower probability
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of “foreign substance” rejections which are achieved by the
present humanized immunoglobulins of this invention, it is
possible and may be felt desirable by the treating physician
to administer substantial excesses of these antibodies.

30

treatment, particularly in repeated therapeutic rcgimens as
explained below. Mouse monoclonal antibodies, for
example, donot fix human complement well, andlack other
impontant immunoglobulin functional characteristics when
used in humans.

In prophylactic applications, composit’'ons containing the 5 : o )
present immunoglobulins or a cocktail theicof are adminis- _ Thus, there is a need for improved forms of humanized
tered Lo a patient not already in adisease stateto enhance the immunoglobulins specific for CD33 anligen that are sub-
patient’s resistance. Such an amount is defined to be a stantially non-:immgnc_)gemc in humans, get ‘;3511)' and eco-
“prophylactically effective dose.” In this use, the precise ~ nomically produced in a manner suitable for therapeutic
amounts again depend upon the parient’s state of health and 10 i}(})rmulatéon }:lmd oll:jer uses. The present invention fulfills
general level of immunity, but gencrally range from 0.1 to 25 theseranclal er. e s . -
mg per dose. A preferred prophylactic use is for the preven- The present invention provides novel compositions use-
tion of herpes in immunocompromised patients, such as ful, for example, in the treatment of myeloid leukemia-
organ transplant recipients related human disorders, the composilions containing

Single or multiple adnﬁnistrations of the compositions A hugzggi:zaed immun%%lo_bulins spc;ci:cl?lly cape}xlble intie

to antigen, The immunoglobulins can have two pairs
can be caried out with dose levels and pattem being selected of light chaiilhcavy chain co%nplexes. at least one fhain
by the trcating physician. In any event, the pharmaceutical ~ comprising one or more mouse complementarity determin-
formulations should provide a quantity of the antibody(ics) ing regions (unctionally joined to human framework region
of this invention sufficient to effectively treat the patient. # segments. For example, mouse complementarity determin-

Humanized antibodies of the present invention can further * ing regions, with or without additional naturally-associated
find a wide variety of utilities in vitro, By way of example, mouse amino a_lcu! residues, can be ir.nrod.uced into hurqan
the antibodies can be utilized for detectionof HSV antigens, framework regionsto produce humanized immunoglobulins
for isolating specific HSV infccted cells or fragments of the ~ capable of binding to the CD33 antigen at affinity levels
virus, for vaccine preparation, or the like. 75 stronger than about 10’ M~". These humanized immunogio-

bulins will also be capable of blocking the binding of the
Anti-CD33 Antibodies CDR-donating mouse monoclonal antibody to CD33.
. The immunoglobulins, including binding fragments and

There are about 10,000-15,000 new cases of myeloid P : :

(also called non-lymphocytic or ganulmyﬁc) !eukemia in ::23;3:;:2;5? ?;r:o&z;;hztl_: :ﬁ%;?::;llggxﬁci
ISh:c}i‘lS. plegrsy;:)ar'(liaenge;ll;acilsgc Flg.':;;mt: :n[::'f?n C?:Tg;:(; &0 niques, with ultimate expression in transfected cells, pref-
leuken?llia‘ acuu;. myelrogcnous“;eulzzzia (AML) andr::‘}):lronic erz:ﬂ{i 1mmona1llzcd Bpanote %ells. g elom; F
. 5 3 ; hybridoma cells. Polynucleotdes comprising a first
:z f}i:rgamoulsolleull(;rr:mslfr(\:/ri‘gla‘l).iln)esa[?iéi::czigewll‘[?scl}(::; sequence coding for humanized immunoglobulin framework
h 10p§b% gél k g ial gRC Critical Review in 35 regions and a second sequence set coding for the desired
tOral::lolog;' lHem(alo?;g;OZ 322211 “(198 6)) axl::iiurvii‘:le»:’vi:g immunoglobulin complememarity determ@njng 1egions can
CML and related diseases such as chronic myelomonocytic :B:@Zog:gege:g:ﬁtegﬁgy Seo;mtglscombmmg IPRSOREEIE
leukemia (CMML), chronic monocytic leukemia (CMMOL) . ) L -
and myelodysplastic syndrome (MDS) is even lower. . The humanized immunoglobulins may be utilizcd alone
The p67 protein or CD33 antigen is found on the surface * inpilbstanlaly ]:})lule focyn ror togc:;h e .:ivnh é dchemol}tl)qra.l-
p 3 h peutic agent such as cytosine arabinoside or daunorubicin
of progemlor;,fo /ihndlid%ld cells andlof th}f 1;(;1kerlli|1c cells of active agaynst leukemu'a cells, or complexed with a radionu-
hmost lcasgs  cell (‘ uthol ont )"Impv . Ilfe ; gr ;‘m}' clide such as iodine-131. All of these compounds will be
McMichac, Osford %:i’vef:if;%:ssyg;n 522,629 (1987), et Resta i",r‘gag“g leakyiaaad ’“{e%fil‘? cell-

i A k L o ' 45 mediated disorders. umanized immunoglobulins or
;2'}2’:;fv;nf:g:ga:g‘:h:eé%ggi ;S';Zﬁ?ﬁzfuﬁgmeﬁg their complexes can be prcpart.:d in a pharmgceutically
and MY9 (Andrews et al, Blood 62, 124 (1983)and Grifin ~ 2ccepied dosage form, which will vary depending on the
etal., Lecukemia Rescarch 8, 521 {1984), bothof which arc Fcdeuia mlmslrat.lon. ) N .
incorporated herein by refcrence) In accordance with the present invention, humanized

Anoth ibody that bind 'CD33 is M195 . so immunoglobulins specifically reactive with CD33 related

?0( L?r iml 4 )él ggg"‘];;% and l;’ hei b('T‘ammollo epitopes ale provided. These immunoglobulins, which have
Leukemia 3, 440 (1989) o o Which are insporaied  inding afinies to CD33 of at east about 107 M, and
v ’ - 1 -1
herein by reference). The reactivity of M195 with a wide g;fc;:i):go;?nghl{:uk?m]ig cem. T;L s;xgg;;g;:gz:éeggj
Kf;;lge;y ;/’; :‘:2;::{2 d‘1ls;ugi‘c’n:a;;ﬁs‘f:'s’;::"f‘::(g?iscﬂf{ ss bulins will have a human framework and will have one or
! 3 3 more complementarity determint'ng regions (CDR’s) from
d T t : ; : h .
T . o oot o0 L o mmimoglouin, il s e mmurogon
o g spccifically reactive wit antigen. a preferre
hemalopglelﬁc llssues.fhélrlzLS bound ;0 ;1(:1 ls' D I}I;IOSI cases of embodiment, one or more of the CDR’s will come from the
AMLACH SRE O , T ?stnc 60 MI95 antibody. Imponantly, M195 docs not bind to the

A phase I clinical trial of M195 in AML has been  ypimate hematopoictic stem cells, so M195 used in therapy

isl’?g;cr;ﬁcﬁigtf;:bsirﬁm 'i:c:daik'e ]:gickvl:f?gm%ug?:p(iélg; gﬁfj il m.if'i";i.uy interact Wilhllall;ld dzstmﬁ' “'11956 ccgs_ which

- dine-15 are critical for generating all blood cells. Thus, the immu-
specifically target leukemic ceils in both the blood and bone noglobulins of the present invention, which can be produced
marrow. 65 economically in large quanuties, find use, for example, m

Unfortunately, the use of non-human monoclonal anti- the trcatment of myeloid cell-mediated disorders in human
bodies such as M195 have certain drawbacks in human patients by a variety of techniques.
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In one aspect, the present invention is directed to recom-
binant DNA segments encoding the heavy and/or light chain
CDR’s {rom an immunoglobulin capable of binding to a
desired epitope of CD33 antigen, such as monoclonal anti-
bodies M195, I4B3, L1B2 or MY9. The DNA segments
encoding these regions will typically be joined to DNA
segments encoding appropriale human framework regions.
Exemplary DNA sequences, which on expression code for
the polypeptide chains comprising the heavy and light chain
CDR’s of monoclonal antibody M195 are included in FIG.
34A and FIG. 34B. Duc to codon degeneracy and non-
critical amino-acid substitutions, other DNA sequences can
be readily substituted for those sequences, as detailed below.

The antibodies of the present invention will typically find
use individually in ireating hematologic malignancies. For
example, typical discase states suitable for treatment include
AML, CML, CMML, CMMOL and MDS (see, generally,
Hofibrand & Pettit, Essential Haematology, Blackwell Sci-
entific Publications, Oxford (1980)). The antibodies may
also be used for bone marrow ablation prior to bone marrow
Iransplant.

Any humanized immunogiobulins of the present inven-
tion may also be used in combination with other antibodies,
particularly humamzed antibodies reactive with different
myeloid antigens. For example, suitable antigens to which a
cocktail of humam'zed immunoglobulins may react include
CD13, CDIl4, CDI15, CD16 and CD34 (see, Leukocyte
Typing 1I1, op. cit., pp. 576-732).

The antibodies can also be used as separately adminis-
lered compositions given in conjunction with chemothera-
peutrc agents. Typically, the agents may include cytosine
arabinoside and daunorubicin, but numerous additional
agents (e.g., 6-thioguanine) well-known to those skilled in
the art for leukemia treatment may also be utilized (see,
Hoffbrund & Pettit, op. cit.).

A preferred pharmaceutical composition of the present
invention comprises the use of the subject immunoglobulins
in immunotoxins to kill leukemia cells. Immunotoxins are
characterized by two components and are particularly useful
for killing selected cells in viwo 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 expressing a
CD33 epitope.

Humanized antibodies of the presentinvention can further
find a wide variety of utilities in vitro. By way of example,
the antibodies can be utilized for detecton of CD33 anu-
gens, for isolating specific myeloid cells, or the like.

Tt will be understood that although examples pertain to the
M195 ant'body, producing humanized antibodies with high
binding affinity for the CD33 anti'gen is also contemplated
using CDR’s ftom L4B3, L1B2, MY?9 or other monoclonal
antibodies that bind to an epilope of CD33.

Anti-CMV Antibodies

Cytomegalovirus is a major pathogen of immunocompro-
mised individuals, especially bone marow transplant recipi-
ents, organ transplant recipients, and AIDS patients (see,
generally, Fields et al,, Eds., Virology, 2nd ed., Raven Press,
New York pp. 1981-2010 (1990), which is incorporated
herein by rcference). Approximately 15% of bone marrow
transplant patients develop CMV pneumonia, with an 85%
mortality rate (Meyers, Rev. Inf. Dis. it (suppl. 7), S1691
(1989)). About 10% of AIDS patients develop severe CMV
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disease; and congenitally acquired CMV, often with signifi-
cant morbidity and mortality, affects 1% of newboms
(Fields, op. cil.).

The drug ganciclovir is effective against certain forms of
CMV infection, notably choriorctinitis and gastroenteritis,
but is not very effeciive against CMV pneumonia, and it has
serious toxicity. Use of pooled human imunoglobulin prepa-
rations has shown some beneficial effect for prophylaxis of
CMYV in bone marrow transplant patients (Meyers, op. cit.),
and a combination of high-dose immune globulin and gan-
ciclovir has beenreportedefiective against CMV pneumonia
(Emanuel et al, Trans. Proc. XIX (suppl. 7), 132 (1987)).
However, the marginal effectiveness, variable potency and
high cost of commercial human immune globulin remain
serious problems. Hence, there is a great need for new drugs
effective against CMV.,

CMV is a member of the herpesvirus family of viruses,
and as such, has alarge double-stranded DINA core, a protein
capsid, and an outer lipid envelope with viral glycoproteins
on its surface. At least 8 proteins have been detected on the
envelope of CMV (Bitt etal,, J. Virol. 62, 3309 (1988)) and
others have been predicted to exist based on the DNA
sequence of CMV (Chee et al.,, Nature 344, 774 (1990)).
Murine monoclonal antibodies have been produced against
two especially significant CMV glycoproteins: gB, also
called p130/55 or gp55-116, and gH, also called p86 (Ras-
mussen el al,, Virology 163, 308 (1988) and Britt et al., op.
cit., both of which are incoipoiated herein by reference) and
shown to neutralize infectivity of the vitus. Three other
neutralizing antibodies 0o gH are designated CMVS5,
CMV109 and CMV115. Human monoclonal antibodies to
CMYV have also been produced (Ehrlich et al., Hybridoma 6,
151 (1987)).

In animal models, murine monclonal antibodies have
been shown effective in treating infections caused by various
viruses, including members of the herpesvirus family (see,
c.g., Metcaif et al., Intervirol. 29, 39 (1988)). Hence, such
antibodies may be useful in treatment of CMV infections.

Unfortunately, the use of non-human monoclonal anti-
bodies such as CMVS5 and CM V115 have certain drawbacks
in human Ireatment, pasticularly in repeated therapeutic
regimens as explained below. Mouse monoclonal antibod-
ies, for example, do not fix human complement well, and
lack other important immunoglobulin functional character-
istics when used in humans.

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 produc-
tion of human immunoglobulins reactive with CMV anti-
gens, as with many antigens, is difficult using typical human
monoclonal antibody production techniques. Moreover, the
human antibodies produced may lack certain desirable prop-
erties, such as high binding affinity and the ability to
neutralize all clinical CMV sirains. Simlarly, utilizing
recombinant DINA technology to produce so-called “human-
jzed” or “reshaped” antibodies (see, e.g., Riechmann et al,,
Nature 332, 323 (1988) and EPQ Publication No. 0239400,
which are incorporated herein by reference), provides uncer-
ta1'n results, in part due to unpredictable binding affinities.

Thus, there is a need for improved forms of humanized
immunoglobulins specific for CMV antigen that are sub-
stantially non-immunogenic in humans, yet easily and eco-
nomically produced in a manner suitable for therapeutic
formulation and other uses. The present invention fulfills
these and other needs.
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The present invention provides novel compositions use-
ful, for example, in the treatment of CMV-mediated human
disorders, the compasitions containing humanized immuno-
globulins specifically capable of blocking the binding of
CMV to its receptors andror capable of binding to CMV
antigens. The immunoglobulins can have two pairs of light
chain/heavy chaincomplexes, at least one chain comprising
one or more mouse complementarity deternining regions
functionally joined to human framework region segments.
For example, mouse complementarity detennining regions,
with or without addisonal naturally-associated mouse amino
acid residues, can be introduced into human framework
regions to produce humanized immunoglobuiins capable of
binding to CMV at affinity levels stwonger than about 107
M™!. These humanized immunoglobulins will also be
capable of blocking the binding of the CDR-donating mouse
monoclonal antibody to CMV.

The immunoglobulins, including binding fragments and
other derivatives thereof, of the present invention may be
produced readily by a variety of recombinant DNA tech-
nigues, with ultimate expression in transfected cells, pref.
erably immortalized eukaryotic cells, such as myeloma or
hybridoma celis. Polynucleotides comprising a first
sequence coding for humanized immunoglobulin framework
regions and a second sequence set coding for the desired
immunoglobulin complementarity determining regions can
be produced synthetically or by combining appropriate
cDNA and genomic DNA segments.

The humaniz.ed immunoglobulins may be utilized alone
in substantially purc form, or together with a chcmothera-
peutic agent such a acyclovir or ganciclovir active against
CMV-infected cells, or complexed with a cytotoxic agent.
All of these compounds will be particulazly useful in trealing
CMV-mediated disorders. The humanized immunoglobulins
or their complexes can be prepared in a pharmaceutically
accepted dosage form, which will vary depending on the
mode of administration.

in accordance with the present invention, humanized
immunoglobulins specifically reactive with CMV and CMV-
infected cells are provided. These immunoglobulins, which
have binding affinities to CMV specific antigens of at least
about 107 MY, and preferably 10° M~ to 10*® M™! or
stronger, are capable of, e.g,, blocking CMV infection of
cells. The humanized immunoglobulins will have a human
framework and will have one or more complementarity
deterining regions (CDR’s) from an immunoglobulin,
typically a mouse immunoglobulin, specifically reactive
with a CMV antigen. in a prefeired embodi ment, one or
more of the CDR’s will come ftom the CMVS5, or CMV109
or CMV115 antibodies. The immunoglobulins of the present
invention, which can be produced economically in large
quantities, find use, for example, in the treatment of CMV-
mediated disorders in human patients by a variety of tech-
niques.

In one aspect, the present invention is directed to recom-
binant DNA segments encoding the heavy and/or light chain
CDR’s from an immunoglobulin capable of binding to a
desired epitope of a CMV antigen, such as monoclonal
antibodies CMVS or CMV115. The DNA segntents encod-
ing these regions will typically be joined to DNA segments
encoding appropriate human {ramework regions. Exemplary
DNA sequences, which on expression code for the polypep-
1ide chains comprising the heavy and light chain CDR’s of
monoclonal antibody CMVS5 are included in FIG. 39A and
FIG. 39B. Due to codon degeneracy and non.critical amino-
acid substitutions, other DNA sequences can be readily
substituted for those sequences, as detailed below.
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Humanconstantregion DNA sequences can be isolated in
accordance with well known procedures from a variety of
human cells, but preferably immortalized B-cells (see, Kabat
op. cit. and WP87/02671). The CDR’s for producing the
immunoglobulins of the present invention will be similarly
derived from monoclonal antibodies capable of binding to
CMV and produced in any convenient mammalian source,
including, mice, rats, rabbits, or other vertebrate capable of
producing antibodies by well known methods. Suitable
source cells for the DNA sequences and host cells for
immunoglobulin expression and secretion can be obtained
from a number of sources, such as the American Type
Culture Collection (Catalogue of Cell Lines and Hybrido-
mas, Fifth edition (1985) Rockville, Md. U.S.A., which is
incorporated herein by reference).

The antibodies of the present invention will typicaily find
usc individually in treating CMV.related disorders. For
example, typical disease states suitable for treatment include
CMYV pneumonia, neonatal CMV infection, CMV mono-
nucleosis and CMV-related chorioretiniti's and gasiroenteri-
tis.

Any humanized immunogliobulins of the presem inven-
tion may also be used in combination with other antibodies,
partcularly humanized antibodies reactive with diff'erent
CMV antigens. For example, suitable antigens to which a
cocktail of humanized immunoglobulins may react include
the gB and gH proteins.

The antibodies can also be used as separately adminis-
tered compositions given in conjunction with chemothera-
peutic agents. Typically, the agents may include acyclovir or
ganciclovir, but numerous additional agents well-known to
thosc skilled in the art for CMV treatment may also be
utilized.

A preferred pharmaceutical composition of the present
invention comprises the use of the subject immunoglobulins
in immunotoxins to kill CM V-infected cells. 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 expressing a CMV epitope. The two components are
commonly chemically bonded together by any of a variety
of well-known chemical proceduies. For example, when the
cytotoxic agent is a protein and the second component is an
intact immunoglobulin, the linkage may be by way of
heterob functional cross-linkers, e.g., SPDP, carbodiimide,
glutaraldehyde, or the like. Production of various immuno-
toxins is well-known with the art, and can be found, for
example in “Monoclonal Antibody-Toxin Conjugates: Aim-
ing the Magic Bullet,” Thorpe et al., Monoclonal Antibodies
in Clinical Medicine, Academic Press, pp. 168-190 (1982),
which is incorporated herein by reference. The components
may also be linked genetically (see Chaudhary et al., Nature
339, 394 (1989)).

In prophylactic applications, compositi‘ons containing the
present immunoglobulins or a cocktail thereof are adminis-
tered toa 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 health and
general leve! of immunity, but generally range from 1 to 50
mg per dose. A preferred prophylactic useis for the preven-
tion of CMV infection in immunocompromised patients,
such as organ or bone marrow transplant recipients.
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Humanized antibodies of the piesent invention can further
find a wide variety of utilities in vitro. By way of example,
the antibodies can be utilized for detection of CMV antigens,
for isolating specific CMV-infected cells, or the like.

In patticular, the same method may be used to produce a
humanized CMV 109, CMV115 or other anti-CMV antibody
as used to produce humanized CMV$ herein.

Anti-y-[FN Antibodies

In mammals, the immune response is mediated by several
Lypes of cclls that interact specifically with foreign material,
i.e., antigens, One of these cell types, B cells, is responsible
for the production of antibodies. Another cell type, T cells,
include a wide variety of cellular subsets that destroy virally
infccted cells or control the in vivo function of both B cells
and other hematopoictic cells, including T celis. A third cell
type, macrophages, process and present antigens in conjunc-
tion with major histocompatibility complex (MHC) proteins
to T cells. Communication between these cell types is
mediated in a complex manner by lymphokines, such as
interleukins 1-6 and y-IFN (see, gencrally, Paul, W.E,, ed,,
Fundamental Immunology, 2nd ed., Raven Press, New York
(1989), which is incorpoiated herein by ieference.)

One important lymphokine is y-IFN, which is secreted by
some T cells. In addition to its anti-viral activity, y-IFN
stimulates natual killer (NK) cells, activates macrophages,
and stimulates the expression of MHC molecules on the
surface of cells (Paul, op. cit., pp. 622-624). Hence y-IFN
generally serves to enhance many aspects of immune func-
tion, and is a logical candidate for a therapeutic drug in cases
where such enhancement is desired, e.g., in treating cancer.
Conversely, in disease states where the immune system is
over-active, e.g., autoimmune diseases and organ transplant
rejection. antagonists of y-IFN may be uscd to treat the
disease by ncutralizing the stimulatory effects of y-IFN.

One class of effective antagonists of yIFN are mono-
clonal antibodies that bind to and neutralize it (see, e.g, Van
der Meide et al., J. Gen. Virol, 67, 1059 (1986)). In in vitro
and in vivo mouse models of transplants, anti-y-IFN anti-
bodies have been shown to delay or prevent rejection
{Landolfo et al., Science 229, 176 (1985) and Rosenberg et
al, J. fmmunol. 144, 4648 (1990), both of which are
incorporated herein by reference). Treatment of mice prone
to develop a syndrome like systemic lupus erythematosus
(SLE) with a monoclonal antibody to y-IFN significantly
delayed onset of the disease (Jacob et al., J. Exp. Med. 166,
798 (1987)). Under some conditions, an anti-y-IFIN antibody
alleviated adjuvant arthritr’s in rats (Jacob et al., J. Immunol.
142, 1500 (1989)), suggesting that anti-yJFN may be effec-
tive against some cases of rheumatoid arthntis in human
patients. Multiple sclerosis (MS) in patients is made worse
by treatment with y-IFN (Panitch et al, Neurology 36
(suppl. D, 285 (1986)), so an anti-y-IFN antibody may
alleviate MS. Thus, an anti-y-iFN antibody may be effective
in treating these and other autoimmune diseases.

For treatment of human patients, a murine monoclonal
that binds to and neutalizes human y-IFN (see, e.g., Yama-
moto ct al, Microbiol. [mmunol. 32, 339 (1988)) may be
used. Another murine monocional antibody designated AF2
that neutralizes human y-IFN, and inhibits binding of y-IFN
to its cellular receptor, is disclosed hercin. Unfortunately, the
use of non-human monoclonal antibodies such as AF2 have
certain drawbacks in human treatment, particuiarly in
repeated therapeutic regimens as explained below. Mouse
monoclonal antibodies, for example, have arclatively sho
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circulating half-life in humans, and Jack other important
immunoglobulin functional characteristics when used in
humans.

The present invention provides novel compositions use-
ful, for example, in the treatment of human autoimmune
disorders, the compositions contaiin'ng humanized immuno-
globulins specifically capable of binding to y-IFN. The
immunoglobulins can have two pairs of light chain/heavy
chain complexes, at least one chain comprising one or more
mouse complementarity determining regions functionally
joined to human framework rcgion segments. For example,
mouse complementarity determining regions, with or with-
out additional naturally-associated mouse amino acid resi-
dues, can be introduced into human framework regions to
produce humanized immunoglobulins capable of binding to
¥-IEN al affinity levels stronger than about 10” M~ These
humanized immunoglobulins will also be capable of block-
ing the binding of the CDR-donating mouse monoclonal
antibody to y-[FN.

The immunoglobulins, including binding fragments and
other derivatives thereof, of the present invention may be
produced readily by a variety of recombinant DNA tech-
nigues, with ultimate expression in transfected cells, pref-
erably immortalized eukaryotic cells, such as myeloma or
hybridoma cclls. Polynucleotides comprising a first
sequence coding for humanized immunoglobulin framework
regions and a second sequence sct coding for the desired
immunoglobulin complementarity determining regions can
be produced synthetically or by combining appropiiate
cDNA and genomic DNA segments.

The humant'zed immunoglobulins may be uslized alone
in substantially pure form, or together with a chemothera-
peutic agent such as a non-steroidal anti-inflammatory drug,
a cortcosteroid, or an immunosuppressant. All of these
compounds will be particularly useful in ireating autoim-
mune disorders. The humanized immunoglobulins or their
complexes can be prepared in a pharmaceutically accepted
dosage form, which will vary depending on the mode of
administration.

[n accordance with the present invention, humanized
immunoglobulins specifically reactive with y-IFN epitopes
are provided. These immunoglobulins, which have binding
aflinities to y-IFN of at least about 10" M~", and preferably
10® M~ to 10'© M™' or stronger, arc capable of, e.g.,
neutralizing human y-IFN. The humanized immunoglobu-
lins will have a human framework and will have one or more
complementarity determining regions (CDR’s) from an
immunoglobulin, typically a mouse immunoglobulin, spe-
cifically reactive with y-IFN. In a preferred embodiment, one
or more of the CDR’s will come from the AF2 antibody.
Thus, the immunoglobulins of the present invention, which
can be produced economically in laige guantities, find use,
for example, in the treatment of autoimmune disorders in
human patients by a variety of techniques.

The antibodies of the present invention will typically find
use individually in treating autoimmune oonditions. For
example, typical disease states suitable for treawnent include
graft versus host disease and iransplant rejection in patients
undergoing an organ transplant, such as heart, lungs, kid-
neys, liver, etc. Other diseases include autoimmune diseases,
such as Type [ diabetes, multiple sclefosis, rheumatoid
arthritis, systemic lupus erythematosus, and myasthenia
gravis.

Any humanized immunoglobulins of the present inven-
tion may also be used in combination with other antibodies,
particularly humanized antibodies reactive with other lym-
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phokines or lympholine receptors. For example, suitable
antigens to which a cocktail of humanized immunoglobulins
may react include interleukins 1 through 10 and the p55 and
p75 chains of the IL-2 receptor (see, Waldmann, Annu. Rev.
Biochem. 58, 875 (1989) and Queen et al., Proc. Natl. Acad.
Sci. USA 86, 10029 (1989), both of which are incorporated
herein by reference). Other antigens include those on cells
responsible for the disease, e.g., the so-called “Clusters of
Differentiation” (Leucocytc Typing 1If, ed. by A. I
McMichael, Oxford University Press (1987), which is incor-
porated herein by reference).

The antibodies can also be used as separately adminis-
tercd compositions given in conjunction with chemothera-
peutic agents. Typically, the agents may include non-steroi-
dal anti-inflammatory agents (e.g., aspirin, ibuprofen),
steroids {e.g., prednisone) and immunosuppressants (e.g.,
cyclosporin A, cytoxan), but numerous additional agems
weil-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 immunoglobulins
in inununotoxins, e.g., 10 kill y-IFN -secreting cells. Immu-
notoxins arc characterized by two components and are
particularly useful for Milling 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 agentto a particular cell type,
such as cells expressing a y-IFN epitope.

Humanized antibodics of the presentinvention can further
find a wide variety of utilities in viwro. By way of example,
the anlibodies can be utilized for deteclion of y-IFN anti-
gens, or the like.

The following examples are offered by way of illustrasion,
not by limitation.

EXPERIMENTAL
EXAMPLE 1

Humanized anti-Tac antibody

Design of genes for humanized anti-Tac light and heavy
chains

The sequence of the human antibody Eu (Sequences of
Proteins of Immunological Interest, E. Kabat et al., U.S.
Dept. of Health and Human Services, 1983) was used to
provide the framework of the humanized antibody, because
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(2) The Eu amino acid was rare for human heavy chains
at that posision, whereas the anti-Tac amino acid was
common for human heavy chains at that position
(amino acids 27, 93, 95, 98, 107-109, 111);

(3) The position was immediately adjacent to a CDR in
the amino actd sequence of the anti-Tac heavy chain
(amino acids 30 and 67); or

(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).
Amino acid #27 is listed in category (2) because the
acceptor Eu amino acid Gly is rare, and the donor
anti-Tac amino acid Tyr is chemically similar to the
amino acid Phc, which is common, but the substitution
was actually made because #27 also fell in category (4).
Although some amino acids fell in more than one of
these categories, they arc only listed in one. The amino
acids in the humanized heavy and light chains are
numbered according to the lower lines of FIG. 1A and
FIG. 1B.

To select the sequence of the humanized light chain, the
ant-Tac light chain sequence was aligned with the sequence
of the Eu light chain (FIG. 1A, lower lines). The Eu amino
acid was selected at each position for the humanized
sequence, unless the posilion again fell inte one of the
categories (1)-(4)

(1) CDR’s (amino acids 24--34, 50-56, 89-97);

(2) Anti-Tac amino acid more typical than Eu (amino

acids 48 and 63);

(3) Adjacent to CDR’s (no amino acids; Eu and an%-Tac
were already the same at ali these positions); or

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

The actual nucleotide sequence of the heavy and light
chain genes were selected as follows:

(1) The nucleotide sequences code for the amino acid
sequences chosen as described above;

(2) 5' of these coding sequences, the nucleotide sequences
code for a leader (signal) sequence, namely the leader
of the light chain of the antibody MOPC 63 and the
leader of the heavy chain of the antibody PCH 108A
(Xabat et al, op. cit.). These leader sequcnces were
chosen as typical of antibodies;

(3) 3' of the coding sequences, the nucleotide sequences
are the sequences that follow the mouse light chain 35
segment and the mouse heavy chain J2 segment, which
are part of the anti-Tac sequences. These sequences are

the amino acid sequence of the heavy chain variable region included because they contain splice donor signals; and
of gnti-Thc is more homologous to the heavy ch}ain o{ this (4) At cach end of the sequence is an Xba I site to allow
anll.body fhian i apy gihes e mplelq heavx Ehaig varlaple cutting at the Xbal sites and cloning into the Xbal site
region sequence in the National Biomedi'cal Foundation of 5 vebiot:
Pratein Identification Resource. Constiaction of humanized light and heavy chain gencs
To select Ihe sequence of the humam'zed heavy chain, the 55 To synthesize ihe heavy chaiu, four oligonucicotides were
anti-Tac heavy chain sequence (FIG. 1B, upper lines; see, synthesized using an Applied Biosystems 380B DNA syn-
commonly assigned U.S. Ser. No. 07/223,037 filed Sep. 28, thesizer. Two of the oligonucleotidcs are part of each strand
1988, and 07/181,862 filed Apr. 15, 1988, both of which are of the heavy chain, and each oligonucleotide overlaps the
now abandoned and which are incorporated herein by ref- next one by about 20 nucleotides to allow annealing.
erence) was aligned with the sequence of the Eu heavy chain g5 Together, the oligonuclcotides cover the entite humanized
(FIG. 1B., lower lines). At each position, the Eu amino acid heavy chain variable region with a few extra nucleotides at
was selected for the humam'zed sequence, unless that posi- each end to allow cutting at the Xba I sites. The oligonucle-
tion fell in any one of four categories defined above, in otides were purified from polyacrylamide gels.
which case the anti~Tac amino acid was selected: Each oligonucleotide was phosphorylated using ATP and
(1) The position fell within a complementarity detetmmin- 65 T4 polynucleotide kinase by standard procedures (see,
ing region {CDR), as defined by Kabat, et al., op. cit. Maniatis, op. cit.). To anneal the phosphorylated oligonucle-
(amino acids 31-35, 50-66, 99-106); otides, they were suspended together in 40 ul of TA (33 mM
76 of 139
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Tris acetate, pH 7.9, 66 mM potassium acetate, 10 mM
magnesium acetate) at a concentration of about 3.75 uM
each, heated 10 95° C. for 4 min. and cooled slowly to 4° C.
To synthesize the complete gene from the oligonuclcotides
by synthesizing the opposite sicand of each oligonucleotide,
the following components were added in a {inal volume of
100 ul:

10 ul anncaled oligonucicotides

0.16 mM cach deoxyribonucleotide

0.5mM ATP

0.5 mM DTT

100 ug/ml BSA

3.5 ugfmi T4 g43 protern (DNA polymerase)

25 ug/ml T4 p44/62 protein (polymerasc
accessery proicin)

25 ug/ml 45 protein (polymerase accessory

protein)

The mixture was incubated at 37° C. for 30 min. Then 10
u of T4 DNA ligase was added and incubation at 37° C.
resumed for 30 min. The polymerase and ligase were
inaclivaled by incubation of the reaction at 70° C. for 15
min. To digest the gene with Xba 1, to the reaction was added
50 ul of 2x TA containing BSA at 200 ug/ml and DTT at 1
mM, 43 vl of water, and SO u of Xbalin S ul. Thereaction
was incubated for 3 hr at 37° C., and 1un on a gel. The 431
bp Xba I fragment was purified from a gel and cloned into
the Xba [ site of the plasmid pUC19 by standard methods.

Four plasmid isolates were punfied and sequenced using
the dideoxy method. One of these had the correct sequence.

To synthestze the light chain, four oligonucleotides JFD1,
JFD2, JFD3, JFD4 were synthesized. Two of the oligonucle-
otides are part of each strand of the light chain, and each
oligonucleotide overlaps the next one by about 20 nucle-
otides to allow annealing. Together, the oligonucleotides
cover the entire humanized light chain variable region with
a few extra nucleotides at each end to allow culting al the
Xba I sites. The oligonucleotides were purified from poly-
acrylamide gels.

The light chain gene was synthesized from these oligo-
nucleotides in two parts. 0.5 ug each of JEDI and JFD2 were
combined in 20 ul sequence buffer (40 mM Tris-HCI, pH
7.5, 20 mM magnesium chioride, SO mM sedium chloride},
heated at 70° C. for 3 min and allowed 10 cool slowly Lo 23°
C. in order for the oligonucleotides to anneal. JFD3 and
JFD4 were treated in the same way. Eachreaction was made
10mM in DTT and 0.5 mM in each deoxyribonucleotide and
6.5 u of sequenase (US Biochemicals} was added, in a final
volume of 24 ul, and incubated for 1 hr a1 37° C. 10
synthesize the opposite strands of the oligonucleotides. Xba
I'and Hind IIT were added to each reaction to digestthe DNA
(there is a Hind I1I site in the region where JFD2 and JFD3
overlap and therefore in each of the synthesized DNAs). The
reactions were 1un on polyacrylamide gels, and the Xba I -
Hind II1 fragments were purified and cloned into pUC18 by
standard methods. Several plasmid isolatcs for each frag-
ment were sequenced by the dideoxy method, and correct
ones chosen.

Consiruction 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
inserted into the Xba 1 site of the vector pVyl (see, com-
monly assigned U.S. Ser. No. 07/223,037 filed Sep. 28,
1988, now abandoned, which is incorporaled herein by
reference) in the correct orientation by standard methods, to
produce the plasmid pHuGTACI. This plasmid will express
high levels of a complete heavy chain when Iransfected into
an appropiiate host cell.

77 of 139

i0

15

25

30

45

55

60

65

40

The two light chain Xba I - Hind Ilf fragments were
isolated from the pUCI8 plasmids in which they had been
inserted. The vector plasmid pVxl1 (sec, commonly assigned
U.S. Ser. No. 07/223,037 filed Sep. 28, 1988, now aban-
doned, which is incorporated herein by reference) was cut
with Xba I, dephosphorylated and ligated with the two
fragments by standard methods. The desired reaction prod-
uct has the circular form: vector - Xbal - fragment 1 - Hind
tH frapment2 - Xba I - vector. Several plasmid isolates were
analyzed by restriction mapping and sequencing, and one
with this form chosen. This plasmid, pHULTAC, therefore
contains the complele humanized light chain and will
express high levels of the light chain when transfected into
an appropriate host cell.

Synthesis and affinity of humanized antibody

The plasmids pHuGTACI] and pHuLTAC were trans-
fected into mouse Sp2/0 cells, and cells that integrated the
plasmids were selected on the basis of resistance to myco-
phenolic acid and/or hygromycin B conferred by the gpt and
hyg genes on the plasmids by standard methods. To verify
that these cells secreted andbody that binds (o the 11.-2
receptor, supematant from the cells was incubated with
FIUT-102 cells that are known Lo express the I1.-2 receplor.
After washing, the cells were incubated with fluorcscein-
conjugated goat anti-human antibody, washed, and analyzed
for fluorescence on a FACSCAN cytofluorometer. The
results (FIG. 7A), clearly show thal the humanized antibody
binds to these cells, but not to Jurkat T-cells that do not
express the IL-2 receptor (FIG. 7D). As controls, 1he original
mouse anti-Tac antibody was also used to stain these cells,
giving similar results.

For the next experiments, cells producing the humanized
antibody were injected into mice, and the resultant ascites
collected. Humanized antibody was purified to substantial
homogeneity from the ascites by passage through an affinity
column of goat and-human immunoglobulin antibody, pre-
pared on an Afligel-10 support {Bio-Rad Laboratories, Inc.,
Richmond, Calif.) according to standard techniques. To
determine the affinity of the humanized antibody relative to
the original anti-Tac antibody, a competitive binding experi-
ment was performed. About 5x10° HUT-102 cells were
incubated with known quantities {1040 ng) of the anti-Tac
antibody and the humanized anti-Tac ant'body for 10 min at
4° C. Then 100 ng of biosinylated ank-Tac was added 1o the
cells and incubated for 30 min at 4° C. 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 a1 4° C. with 250 ng of
phycoerythrin-conjugated avidin, which bound to the bioti-
nylated anti-Tac aiready bound to the cells. The cells were
washed again as above, fixed in PBS containing 1%
parafortnaldehyde, and analyzed for fluorescence on a FAC-
SCAN cytofluorometer.

Use of increasing amounts (10-40 ng) of the anti-Tac
antibody as competitor in the first step decreased the amount
of biotinylated anti-Tac that could bind to the cells in the
second step, and therefore the amount of phyceerythrin-
conjugated avidin that bound in the last stcp, thus decreasing
fluorescence (FIG. 8A). Equivalent amounts (20 ng) of
anti-Tac, and humanized ant’-Tac wused as compelitor
decreased the fluorescence to approximately thc same
degree (FIG. 8B). This shows that these anibodies have
approximately the same affinity, because if one had greater
affinity, it would have more effectively competed with the
biotinylated anti-Tac, thus decreasing fluorescence more.
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EXAMPLE 2

A second humanized anti-Tac antibody

Higher level expression of the humanized anti-Tae anti-
body

Three new plasmid vectors were prepared for expression
of the humanizcd antibodies. The plasmid pVgl (FIG. 9A)
contains a human cytomegalovirus IE] promoter and
enhancer (Boshart et al , Cell 41, 521 (198S), which is
incorporalcd herein by reference), the human genomic Cyl
segment including part of the preceding intron, and the
hygromycin gene (Blochlinger et al., Mo!. Cell. Biol. 4,2929
(1984, which s incorporated herein by rcference) for selec-
tion. The plasmid pVk (FIG. 9B) is similar to pVgl but
contains the human genomic Cx segment and the gpt gene.
The plasmid pVgl-dhfr was constructed similarly to pVg}
but contains a dihydrofolate reductase (dhfr) gene (Simon-
sen et al.. Proc. Nail. Acad. Sci. USA 80, 2495 (1984), which
is incorporated herein by reference) in place of the hygro-
mycin gene.

Xba I fragments containing the humanized anti-Tac light
chain and heavy chain variable regions were excised respec-
tively from the plasmids pHuLTAC and the pHuGTAC! and
cloned into the Xba I sites of the plasmid vectors pVk and
pV gl To express the humanized anti-Tac antibody, the light
chain encoding plasnud was introduced by electroporation
into SP2/0 mousc myeloma cells followed by selection for
gpt expression. Transfected cetls expressing light chai'n were
then transfected with the plasmut'd encoding the heavy chain
followed by selection for hygromycin B resistance. Trans-
fected cells producing the highest levels of humanized
antibody asdeterznined by ELISA were used for preparation
of antibody. Humanized antibody was purified from culture
supematant of transfected cells by protein A sepharose
chromatography.

Construction of the second humanized anti-Tac antibody

To determine whether it was actually necessary to use the
mouse anli-Tac amino acids in categories (2)-(4) in the
humanized anti-Tac antibody to retain binding affinity, a
second humanized anti-Tac antibody was constructed. In the
second anibody, only mouse anti-Tac amino acids in Cat-
egory (1), i.e., in the CDR’s themselves, were used, with all
other amino acids coming from the human Eu framework.
For putposes of this discussion, the original humanized
anti-Tac antibody will be called the “PDL humanized anti-
body,” and the second humanized antibody will be called the
“CDR-only humanized antibody.” The amino acid
sequences of the PDL and CDR-only humanized antibody
(variable regions) are comparcd in FIG. 10A and FIG. 10B.

The CDR-only humanized anti-Tac heavy and light chain
variable (V) region gene segments were constiucted in
essentially the same manner as the light chain of the PDL
humanized anti-Tac immunoglobulin, as described above.
Specifically, each V region gene segment was synthesized in
two halves. Foreach half, two overlapping, opposite-strand
oligonucleotides, approximately 1190 to 130 bases in length
(FIG. 11A and FIG. 11B), were annealed and extended with
sequenase (U.S. Biochemicals). The resulting double strand
fragments were digested with either Xbal and Hind 111 (light
chain) or Xba I and Sal I (heavy chain) and inseited into
plasmid pUCI19. Clones with the correct sequence wete
identified by DNA sequencing. Complete heavy and light
chain genes were generated by inserting the V region halves
into the Xba I sites of pVg | and pVk respectively by
three-fragment ligation.
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The CDR-only humanized antibody was expressed in the
same manner as the PDL humanized antibody, by ¥ansfect-
ing first the light chain containing plasmid and then the
heavy chain containing plasmid into SP2/0 cells. Trans-
fected cells producing the highest levels of humanized
antibody as determined by ELISA were used for preparation
of antibody, which was purified by protein A sepharose
chromatography. Antibody concentration was determined by
ELISA using purified PDL humanized antibody as a stan-
dard. That the purified CDR-only humanized antibody is
assembled into H,L, teiramers as expccted was shown by
analysis using reducing and non-reducing polyacrylamide
gel electrophoresis.

The ability of the CDR-only humanized immunoglobulin
to bind to the IL-2 receptor was assessed by fiuorescence
staining. Approximately 3.4x16° HUT-102 cells, which are
known to highly express the IL-2 receptor on their surface,
were incubated with 2G0 ng of either the PDL or CDR-only
humanizcd antibody, washed, and then incubated with fluo-
rescein-conjugated goat anM-human IgG antisera. Cell fluo-
rescence was measured by flow cytometry with a FACScan
(Bscton Dickinson). As shown in FIG. 12, the PDL human-
ized antibody strongly stained the cells. However, staining
by the CDR-only aniibody was indistinguishable from stain-
ing by the negative control antibody humanized ¥d79, which
binds the gB glycoprotein of heipes simplex virus and not
HUT-102 cells. Hence, by this assay, the CDR-only human-
ized antibody does not detectably bind the IL-2 receptor.

Binding of the PDL and CDR-only humanized anti-Tac
antibodies to the IL-2 receptor were also compared in a
competilive binding assay. Approximately 4x10° HUT-102
cells were incubated with 1.5 ng of radioiodinated mouse
antr-Tac antibody (7x10° cpm/ug) and varying amounts of
each humanized antibody (4 to 512 ng) in 200 ul total
volume of binding buffer (RPMI 1040 medium, 10% fetal
calf serum, 10 ug/ml muiine 1gG2a, 0.1% sodium azide).
After incubation for 2 hours at 0° C. 800 ul of binding bull'er
was added, cells were collected by cenwrfugation and radio-
activity was measured. The relalive binding by the two
humanized antibodi'es and by mouse anti-Tac is shown in a
plot of bound/free labelled antibody versus competitor con-
centration (FIG. 13). The PDL humanized anii-Tac antibody
affinity for IL-2 receptor is essentially equal to that of the
mouse anli-Tac antibody, because it competes about equally
well. But competition by the CDR-only humanir.ed anti-Tac
ant’body to IL-2 receptor was undetectable at thc antibody
concentrations used, indicating a binding affinity reduction
of at least 100-fold as compared to the PDL humanized
anti-Tac antibody. Because the sequences of the PDL and
CDR humanized anti-Tac antibodies differ only at positions
where mouse framework residues in categories (2)-(4) were
used in the PDL molecule, we conclude that at least one of
these mouse framework residues are essential for high
affinity binding.

EXAMPLE 3

Constuction of 5 other humanized antibodies

Cloning of heavy and light chain cDNAs

Five other humanized antibodies were designed and pro-
duced using the principles and categories disclosed herein.
The antibodies arc Fd79 and Fdl38-80 which respectively
bind to the gB and gD glycoproteins of hetpes simplex virus
(Metcalf et al., Intervirology 29, 39 (1988)), M19S (Tan-
imoto ct al., Leukemia 3, 339 (1989)) which binds to the
CD33 antigen, mik-B! (Tusdo et al., Proc. Nail. Acad. Sci.
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USA 86, 982 (1989)) which binds to the p75 chain of the ]
IL-2 receptor, and CMVS which binds to the gH glycopro- TABLE l-continued
tein of cytomegalovirus. Categoty Light Chain Heavy Chain
cDNAs for the heavy chain and light chain variable 5
domain genes of each antibody were cloned using anchored 3 3 jg = ;' 27, 28,30, 97
polymerase chain reactions (Loh et al., Science 243,219 5 - 5
(1989)), using 3' primers that hybridized to the constant
regions and contained HindIll sites, and 5' psimers that In designing each humanized antibody, at each position
hybridized to the dG tails and contained EcoRI sites |, theamino acid was selected to be the same as in the human
(Scheme shown in FIG. 14). The PCR amplified fragments acceptor sequence. unless the position fell in categories
were digested with EcoR1 and HindIIl and cloned into the (1)-(4), in which case the amino acid from the mouse donor
pUCI8 vector for sequencing, For each antibody, at least sequence was used, or in category (5), in which case an
two heavy chain and two kappa clones were sequenced and amino acid typical for human sequences at that position was
found to have the same sequence. The deduced amino acid used. . . .
sequences of the mature light and heavy chain variable _ For the construction of genes for the humanized antibod-
rcgions are shown in FIGS. 2A-6B, upper lines. ies, nucleou'de sequences were selected that encode the
Design of humanized antibodies protein sequences of the humamzed heavy and light c}}ams,
In order to retai‘n }{igh binding affinity of the humanized :;I;:;lil:gmgg :lni?:lllseit:;??;i:))éplgggg:; 0;2]31‘3 r?g“fg:n:;%?gz
annbod}c.s, i T nnmp!es.and calegf)rles. o abgve 20 sequer;ce. Several degenerate codons were changed to crcate
wertililiged wisw Xlexi prlig [t ;) nut?odnes, Edigd oB-mgh restziction sites or to remove undesirable ones. The nucle-
sequepep homelogy, Wiupan anllaedies Nesg selecled-ip otide sequences also included splice donor signats typical
provide both the acceptor hgh,t aqd heavy. chain human for immunoglobulin genes and an Xbal site at each end.
frameworks for the mouse antibodies, as follows: human Each gene was constructed frem four overlapping synthetic
Pom [or Fd79, human !Eu for Fd138-80, human Eu for 25 oligonuclcotides. For each variable domain gene, two pairs
MI9S, human Lay for mik-B1, and human Wol for CMVS' of overlapping oligonucleotides ¢n alternating strands were
The COmpYlCLRyDSIants ABMOD and ENCAD (Levn‘l, J. synthesized that encompassed the entire coding sequences as
Mol. Biol., 168, 595 (1983) and Zilber et al., Biochemistry o)) 5 the signal peptide and the splice donor signal. The
29, 10032 (1990}, both of which are incorporated hcrel.n by oligonucleotides were synthesized on an Applied Biosys-
reference) was used to construct a model of the vaniable ; 1omq 3808 DNA synthesizer. Each oligo was about 110-140
Fepian ,Of each mruse a.nnb'ody. The_ model was used to base long with a 15-20 base overlap. Double siranded DNA
determine the amino ac1:;is Ll each' fran}ework l]?al TS fragments were synthesized with Klcnow or Tag polymerase
close enough to the CDR’s to pgtenually ugeach with them or sequenase from each pair of oligonucleotides, digested
(calt?,gory 4ab0ve), For each antibody, the pestions flourfd 0 with restriction enzymes, ligatcd to pUCI8 vector and
sl e Gajes s {1)-(5) defined above are given in Table 35 sequenced. Two fragments with the respectively correct
1, numbered as in FIGS. 2A-6B. half-sequences were then ligated into the Xbal sites of pVg!1
TABLE 1 ¢{heavy chains of Fd79 and Fd138-80} or pVg1-dhlr (heavy
chains of M195, mik-B1, CMVS) or pVk (all light chains)
Category  Light Chain Heavy Chain expression vectors in the appropriate orientations to produce
: 40 the complete heavy and light chain genes. Reactions were
 Jddp o tiody carried out under conditions well-known in the art (Maniatis
1 24-38, 54-50, 93-100  31-35, 50-66, 99111 etal, op. cit).
2 9, 45, 46, 83 82,112 The heavy chain and light chain plasmids were trans-
3 53 112 fected into Sp2/0 mouse myeloma cells by electroporation
; g? & 45 and cells were selected for gpt expression. Cloncs werc
Fd138-80 Antibody screened by assaying human antibody production in the
e culture supermatant by ELISA, and antibody was purified
1 24-34, 50-56, 89-97  31-35, 50-6, 99-110 from the best-producing clones. Antibody was purificd by
3 Rl? ?:153 gfism' 1z passing tissue culture supernatant over a column of staphy-
3 _ 30,67, 98, 111 50 lococcal protein A-Sepharose CL-4B (Pharmacia). The
4 36, 48, 87 27, 30, 37, 48, 67, bound antibodies were eluted with 0.2M Glycine-HCI, pH
68,98 3.0 and neutralized with 1M Tris pH 8.0. The buffer was
RO M, exchanged into PBS by passing over a PDIO column (Phar-
1 24-38, 54-60, 93-101  31-35, 50-66, 95-105 macia).
2 10. 52, 67, 110 93, 95, 98,106, 107 ss Properties of the humanized antibodies
108, 110 The binding of the humanized antibodies to cell types
i 052,74 g‘; g;’ Zg’ égﬁgs expressing the corresponding antigens was tested: HSV-
L mik-B1 Antibody ST infected cells for Fd79 and FFd138-80, U937 cells for Mi95,
YTIB cells for mik-B1 and CMV-infected cells for CMVS.
! 24-33,49-55.88-96  31-35, 50-65, 98-108 60 By fluorocytometry, the humanized antibodies bind approxi-
g 1_3'_ gg‘ 33’90 mately as well as the original mouse antibodies and the
a 7 29.30, 72,73 corresponding chimeric antibodies. Moreover, the human-
5 41 1 ized antibodies compete approximately as well as the cor-
—CMVS5 Antibody responding mouse antibodies aga‘nst the radiolaheled mouse
) 24-34, 50-56, 89-97  31-35, 50-66, 99-108 65 antibodies for binding to the cells, so the humanized anti-
2 = ’ 69, 80 ’ bodies have approximately the same binding aflinity as the
mouse antibodies, typically within about 2 fold or better, see,
79 of 139
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e.g., Table 2.
TABLE 2
Binding affinitics of murtinc and hurnanized anlibodics.
Mouse Humanized
K, (M™) K, (M)
Fd79 (anti-gB) 1.1 x 108 53 % 107
Fd138-80 (anti-gD) 5.2x 107 4.8 x 107

From the foregoing, it will be appreciated that the human-
i7.ed immunoglobulins of the present invention off er numer-
ous advantages over other antibodies. In comparison to other
monoclonal antbodics, the present humanized immunoglo-
bulin can be more economically produced and contain
substantially less foreign amino acid sequences. This
reduced likelihood of antigericity after injeclion into a
human paticnt represents a significant therapeutic improve-
ment.

EXAMPLE 4

Design of genes for anti-Tac human-like light and
heavy chains

The sequence of the human antibody Eu (Scquences of
Proteins of Immunological Interest, Kabat, E., et al,, U.S.
Dept. of Health and Human Services, 1983) was used to
provide the framcwork of the humanized antibody, because
the amino acid sequence of the heavy chain of anti-Tac is
more homologous to the heavy chain of this antibody than
to any other heavy chain sequence in the Nasonal Biomedi-
cal Foundation Protein Identification Resource.

To select the sequence of the humanized heavy chain, the
anti-Tac heavy chain sequence was aligned with the
sequence of the Eu heavy chain (FIG. 15). At each position,
the Eu amino acid was selected for the humanized sequence,
unless that position fell in any one of the following catego-
ries, in which case the anti-Tac amino acid was selccted.

(1) The position fell within a complementarity determin-
ing region (CDR), as defined by Kabat, et al,, op. cit.
(amino acids 31-35, 50-66, 99-106);

(2) The Eu amino acid was unusual for human heavy
chains at that position, whereas the anti-Tac amino acid
was typical for human heavy chains at that position
(amino acids 27, 93, 95, 98, 107-109, 111);

(3) The position was immediately adjacent to a CDR in
the amino acid sequencc 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).
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 scquence was aligned with the sequence
of the Eu light chain (FIG. 16). The Eu amino acid was
selected at each position, unless the position again fcll into
one of the categories (1)-(4), (with light chain replacing
heavy chain in the category definitions):

(I) CDRs (amino acids 24-34, S0-56, 89-97).

{2) Anti-Tac amino acid more typical than Eu (amino

acyds 48 and 63).

(3) Adjacent to CDRs (no amino acids; Eu and ani’-Tac

were already thc samc at all these positions).
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(4) Possible 3-dimensional proximity to binding region
(amino acid 60).
The actual nucleotide sequence of the heavy (FIG. 17) and
light chain (FIG. 18) genes were selected as follows:
(1) the nucleotide sequences code for the amino acid
sequences chosen as described above.

(2) 5' of these coding sequences, the nucleoude sequences
code for a leader (signal) sequence, namely the leader
of the light chain of the antibody MOPC 63 and the
leader of the heavy chain of the antibody PCH 108A
(Kabat et al., op. cit.). These leader sequences were
chosen as typical of antibodies,

(3) 3' of the coding scquences, the nucleotide sequences
are the scquences that fellow the mouse light chain J5
segment and the mouse heavy chai'n J2 segment, which
are part of the anti-Tac sequences. These sequences are
includcd because they contain splice donor signals.

(4) At each end of the scquence is an Xba I site to allow
cutt'ng at the Xba I sites and cloning into the Xba I site
of a vector.

Construction of humanized light and heavy chain genes

To synthesize the heavy chain, four oligonuclcotides
HESI12, HES13, HESI4, HES1S (FIG. 19A) were synthe-
sized using an Applied Biosystems 380B DNA synthesizer.
Two of the oligonucileotides are part of each strand of the
heavy chain, and each oligonucleotide overlaps the next one
by about 20 nucleotides to allow annealing (FIG. 19B).
Together, the oligonucleotides cover the entire humanized
heavy chain (FIG. 17) with a few extra nuclcotides at cach
end to allow cutting at the Xba I sites. The oligonucleotides
were purified from polyactylamide gels.

Each oligonucleotide was phosphorylated using ATP and
T4 polynuclcotide kinase by standard procedures (see,
Maniatis, op. cit.). To anneal the phosphoryiated oligonucle-
otides, thcy 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 concenteation of about 3.75 uM
each, heated to 95° C. for 4 min. and cooled stowly to 4° C.
To synthesize the complete gene from the ofigonucleotides
by synthesizing the opposite strand of each oligonuclcotide
(FIG. 19B), the following components were added in a final
volume of I00ul:

10w annealed olgonucleotides

0.16 mM each deoxyrbonucleotde

0.5mM ATP

0.5MM DT

100 vg/mt BSA

3.5 ug/ml T4 g43 protein (DNA polymerase)

25 ugiml T4 244/62 protean (polymerase
accessory prolein)

25 ug/m 45 protein (polymerase accessory

protein)

The mixture was incubated at 37° C. for 30 min. Then 10
U of T4 DNA ligase was added and incubation at 37° C.
resumed for 30 min. The polymerase and ligasc wcre
inactivated by incubation of the reaction at 70° C. for 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 DT at 1
mM, 43 ul of water, and 50 U of Xbalin S ul. The reaction
was incubated for 3 hr at 37° C, 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 pUCI9 by standard methods.

Four plasmid isolates were purified and sequenced using
the dideoxy method. One of thesc bad the corcct sequence
(FIG. 17).

To synthesize the light chain, four oligonucleot.des JFDI,
JFED2, JFD3, JFD4 (FIG. 20A) were synthesized. Two of the
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oligonucleotides are part of each strand of the light chain,
and each oligonuclcotidc overlaps the next one by about 20
nucleotides to allow annealing (FIG. 20B). Together, the
oligonucleotides cover the entre humanized light chain
(FIG. 18) with a few extra nucleotides at each end to allow
cutting at the Xbal sites. The oligonuclcotides were purified
from polyactylamide gels.

The light chain gene was synthesized from these oligo-
nucleotides in two parts. 0.5 ug each of JFD1 and JFD2 were
combined in 20 ul sequenase buffer (40 mM Tris-HCI, pH
7.5, 20 mM magnesium chloride, SO mM sodium chloride),
heated at 70° C. for 3 min and allowed to cool slowly to 23°
C. in order for the oligonucleotides to anneal. JFD3 and
JFD4 were treated in the same way. Each reaction was made
10 mM in DTT and 0.5 mM in each deoxyribonucleotide and
6.5 U of sequenase (US Biochemicals) was added, in a final
volume of 24 ul, and incubated for 1 hr at 37° C. w0
synthesize the opposite strands of the oligonucleotides. Xba
I and Hind 111 were added to each reaction to digest the DNA
(thereis a Hind Ili site in the region where JFD2 and JFD3
overlap and therefore in each of the synthesized DNAs; FIG.
20B). The reactions were run on polyacrylamide gels, and
the Xbal - Hind Il fragments were purified and cloned into
pUCI8 by standard methods. Several plasmid isolates for
each fragment were sequenced by the dideoxy method, and
correct ones chosen.

Construction of plasmids to express humanized light and
heavy chains

The heavy chain Xba I fragment was isolated from the
pUCI9 plasmid in which it had been inserted and then
inserted into the Xba I site of the vector pVyl in the correct
orientation by standard methods, to produce the plasmid
pHuGTACI (FIG. 21). This plasmid will express high levels
of a complete heavy chain when translected into an appro-
priate host cell.

The two light chain Xba [ - Hind 11l fragments were
isolated from the pUC18 plasmids in which they had been
inserted. The vector plasmid pVxl 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 Il
-fragment 2 - Xbal - vector. Several plasmid isolates were
analyzed by restriction mapping and seguencing, and one
with this form chosen. This plasmid, pHuLTAC (FIG. 22),
therefore contains the complete humanized light chain (FIG.
18) and will express high levels of the light chain when
transfected into an appropriate host cell.

Synthesis and afanity of humanized antibody

The plasmids pHuGTAC] and pHULTAC were mrans-
fected into mouse Sp2/0 cells, and cells that integrated the
plasmids were selected on the basis of resistance to myco-
phenolic acid and/or hygromycin B conferred by the gpt and
hyg genes on the plasmids (FIGS. 21, 22) by standard
methods. To verily that these cells secreted antibody that
binds to the IL-2 receptor, supernatant from the cells was
incubated with HUT-102 cells that are known to express the
IL-2 receptor. After washing, the cells were incubated with
fluorescein-conjugated goat anti-human antbody, washed,
and analyzed for fluorescence on a FACSCAN cytofluorom-
eter. The results (FIG. 7A), clearly show that the humanized
antibody binds to these cells, but not to Jurkat T-cells that do
not express the IL-2 receptor (FIG. 7D). As controls, the
original mouse anti-Tac antibody was also used 1o stain these
cells (FIG. 7B and FIG. 7C), giving similar results.

For further experiments, cells producing the humanized
antibody were injected into mice, and the resultant ascites
collected. Humanized antibody was purified to substantial
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homogeneity from the ascites by passage through an affinity
column of goat ant-human immunoglobulin antibody, pre-
pared on an Affigel-10 suppart (Bio-Rad Laboratories, Inc.,
Richmond, Calif.) according to standard techniques. To
determine the affinity of the humanized antibody relative to
the original ant-Tac antibody, a competitive binding experi-
ment was performed. About 5x10° HUT-102 cells were
incubated with known guantit.es (1040 ng) of the anti-Tac
antibody and the humanized anti-Tac antibody for {0 min at
4° C. Then 100 ng of biotinylated anti-Tac was added to the
cells and incubated for 30 min at 4° C. 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° C. with
250 ng of phycocrythrin-corjugatcd avidin, whichbound to
the biotinylated anti-Tac already bound to the cells. The cells
were washed again as above, fixed in PBS containing 1%
paraformaldehyde, and analyzed for fluorescence on a FAC-
SCAN cytofiuorometer.

Use of increasing amounts (10-40 ng) of the anti-Tac
antibody as competitor in the first step decreased the amount
of biotinylated anti-Tac that could bind to the cells in the
second step, and therefore the amount of phycoerythrin-
conjugated avidin that bound in the last step, thus decreasing
fluorescence (FIG. 8A). Equivalent amounts (20 ng) of
anti-Tac, and humanized anti-Tac used as competitor
decreased the fluorescence to approximately the same
degree (FIG. 8B). This shows that these antibodies have
approximately the same affimity, because if one had greater
affinity, it would have more effectively competed with the
biotinylated anti-Tac, thus decreasing fluorescence more.
Biological properties of the humanized antibody

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-de-
pendent cell-mediated cytotoxicity, abbreviated ADCC
(Fundamental Immunology, Paul, W. Ed., Raven Press,
New York (1984), at pg. 681), in which the antibody forms
a bridge between the target cell and an effector cell such as
a macrophage that can lyse Lhe target. To determine whether
the humanized antibody and the original mouse anti-Tac
antibody can mediate ADCC, a chromium release assay was
performed by standard methods. Specifically, human leuke-
mia HUT-102 cells, which express the 1L-2 receptor, were
incubated with *'Cr to allow them to absorb this radionu-
clide. The HUT-102 ceclls 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 bilood mononuclear cells that had
been activated by incubation for about 20 hrs with human
recombinant IL-2. Release of *'Cr, which indicated lysis of
the target HUT-102 cells, was measured and the background
subtracted (Table 3). The results show that at either ratio of
effector cells, anti-Tac did not lyse a significant number of
the target cells (less than 5%), while the humanized antibody
did (more than 20%). Hence, the humanized antibody is
likely to be more efficacious than the original mouse anti-
body in treating T-cell leukemia or other T-ccll mediated
diseases.
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TABLE 3

Percent *'Cr release after ADCC

50

independently bind IL-2 with low or intermediate affinity,
while the IL-2 receptor complex of both chains binds IL-2
with high affinity, The p75 chain of the human IL-2 receptor
will often be called herein simply the p75 protein.

Effector: 5 Much of the elucidation of the human IL-2 receptor’s
Target ratio structure and fonction is duc to the development of specifi-
301 100:1 cally reactive monoclonal antibodies. The antibody, mik-B1,
binds to the p75 chain (Tsudo et al,, Proc. Nat. Acad. Sci.
Antbody USA 86, 1982 (1989), which is incorporated herein by
L plicd e <l ? rglf::lt;;l;eg-f heavy chain and light chain cDNA
- % ot cDNAs for the heavy chain and light chain variable
Higher level expression of he humanized anti-Tac antibody f:;gﬂg:,fi?sywﬁ}f I:tn:]d L?;?egnile]c;:;ec;?g l)(/1119’§r9a)s)e (1:1:131':2
TwonewA piasmid_vectors JWEIS prepqred Jorexpression of ts 3' primers iha& hybridiz::d to the co,nstant regior’ls and
the h.u manizcd antibody. The pl'asmld pVel (FIG. 9A) contained HindllII sites, and 5° primers that hybridized tothe
contains a human cylomegalovirus [EI promoter and 4 41 and contained EcoRI sites (scheme shown in FIG.
enhancsa v(Boshart.cl ?1" Ce.l 141, 52] (1985)), t?c human 14). The PCR amplified fragments were digested with EcoRI
genomicCyl segmentincluding partof the preceding inkan, and HindIl and cloned into the pUCI9 vector for sequenc-
and the hygromycin gene (Blochlinger et al., Mol Cell. Biol. 2 ing. For mik-B], two gamma-2a specific and two kappa
4,402 (.1 A8 ity i.s SCEFOM e hex_'ein_ by Thilzerice) specific clones »\;ere sequenced. The two gamma-2a clones
for selecu.on. The plasmid pVk (.FIG‘ 9B) is similar to pV gl and two kappa clones are respectively identi'cal in sequence.
but contains the human genomic Cx segment and the gpt The cDNA vasiable domain sequences and the deduced
Bgha . . . . amino acid sequences are shownin FIG. 23A and FIG. 23B.
Xba | fragments containing the humanized anti-Tac light .5 cyngiction and expression wf chimeric antibody.
cfhain anchegyy chair; vanahjeregions were excised regpeas Two plasmid vectors were prepared for consiruclion and
ifyely ff""‘ 5 plasm:ds: PHULTAC and ‘.he PHuGTACI and expression of the chimeric antibody genes. The plasmid
cloned into the Xba I sites of the plasmid vectors pVk and pVgl-dhfr (FIG, 24A) contains a human cytomegalovitus
pVQl - eSS the l:mmanizpd anti-Tac antibody, the light IE1 promoter and enhancer (M. Boshart et al., Cell 41, 521
c.:ham encoding piasmid was 1n|ro§uced by electroporation ,, (1985)), the human genomic C,1 segment including part of
TeOF /U ey eloma cells follow:ed b_y selecpon for the preceding intron, and a dihydrofolate reductase (dhft)
gpt expression. Transfected cells expressing light chain were gene (Simonsen et al., Proc. Nail. Acad. Sci. USA 80, 2495
then transfected wi’lh the plasmid encoding the heavy chain (1983), which is incorporated herein by reference) for selec-
followed by selecuop for hygromycin B resistance. Trans- tion. The plasmid pVk (FIG. 24B) is similar to pVgl-dnft
fected cells producing the highest levels of humanized 35 but contains the human genomic Cx scgment and the gpt
antibody as determined by ELISA were used for preparation gene. Derivatives of the mik-Bl heavy and light chain
of antibody. Humanized antibody was purified from culture variable regions were prepared from the cDNAs by poly-
supematant of transfected cells by protein A sepharose merase chain reaction. The S' primers hybridized to the V
chromatography. - e . regions starting at the ATG codons and contained Xbal sites;
; F TP the foregoxpg, it will beappretcxaled. that thehuman- ;e 3 primers hybridized to the last 15 nucleotides of the J
like immunoglobulins of the present invention offer. numer: regions and contained splice donor signals and Xbal sites
ous 'advantages of oyher human U..-2 receptor-specific anti- (see, C. Queen et al., Proc. Natl. Acad. Sci. USA 86, 10029
onIes.. In comparison to a“,“?e Mouse mqnoclonal (1989), which is incorporated herein by reference). The
antibodies, the present human-like immunoglobulin can be modified V regions were cloned into the Xbal sites of the
more economically produced and contain substantially less g respective plasmid vectors between the CMV promoter and
foreign amino acid sequences. This reduced likelihood of the pattial incons of the constant regions.
aptigenicity after injgct?oninto a human patient represents a For expression of the chimeric antibody, the heavy chain
significant therapeutic improvement. and kappachain plasmids were transfected into Sp2/0 mouse
myeloma cells by electroporation and cells selected for gpt
SEMREEH 50 expression. Clones secreting a maximal amount of compleée
: . : : : antibody weredetected by ELISA. Purified chimeric mik-31
s l}?é:;kgllaihr?smamzw ligusang anibody was shown to bind to YTJB cells, which express
the p75 antigen, by flow eytometry (F1G. 25).
To exert its biological effects, IL-2 interacts with a Computer modeling of humanized antibodies.
specilic high-affinity membrane receptor (Greene, W_,etal,, 55  In order to retain high binding affinity in the humanized
Progress in Hematology XIV, E. Brown, Ed., Grune and antibodies, the general procedures of Queen et al. were
Statton, New York (1986), at pgs. 283 ff and Waldmann, followed (C. Queen et al., Proc. Nai. Acad. Sci. USA 86,
Ann. Rev. Biochem. 58, 875 (1989), which is incorporated 10029 (1989), which is incosporated herein by reference).
herein by reference). The human IL-2 receptor is a complex The more homologous a human antibody is to the original
multichain glycoprotein, with one chain, known as the Tac 60 murine antibody, the less likely will combining the murine
peptide or alpha chain, being about 55kD in size (see, CDRs with the human framework be tointroduce distortions
Leonard, W., etal., J. Biol. Chem. 260, 1872 (1985), which into the CDRs that could reduce affinity. Normally the heavy
is incorporated herein by reference). The second chain is chain and light chain from the same human antibody are
known as the p75 or beta chain (Tsudo et al., Proc. Nat. chosen to provide the framework sequences, so as to reduce
Acad Sci. USA, 83, 9694 (1986) and Sharon ct al., Science 65 the possibility of incompatibility in the assembling of the
234, 859 (1986), both of which are incorporated herein by two chains. Based on sequence database (performed with the
reference). The p5S or Tac chain and the p75 chain each MicrorGenic Sequence Analysis Software (Beckman)), the
82 of 139
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antibody Lay was chosen to provide the framework
sequences for humanization of mik-pl.

The cornputer program ENCAD (M. Levitt, J. Mol. Biol.
168, 595 {1983), which is incorporated hercin by reference)
was used 1o construct a model of the mik-Bl variable region.

52

pVgl-dhfr or pVk expression vectors. In vitro mutagenesis
was used to change an Ala amino acid originally encoded by
oligonucleotide wps54 to the Glu (E) at position 1 of the
humanized heavy chain (FIG. 26B) by changing the nucle-

: . o 5 otides CT to AG. Reactions were cartied out under condi-
Tl?e model was used to detennine the amino acids in the tions well-known in the art (Maniatis et al., op. ciL)
mik-B1 framework that were close enough to the CDRs to The h - d Tieh . - )
1 r : e heavy chain and light charn plasmids were trans
potentially interact with them (category 4 below). To design fected into Sp2/0 ) s v.el »
the humanized light and heavy chain mik-Bl variable GGl ikl IPRSE ShyE\Aiia TERS QY EoRIORoron
regions, at each position the amino acid was chosen tobe the g and cells were Sel,emed for gpt CXPIaE3I0s le)nes' s
same as in the Lay antibody, unless that position fell in one screened by assaying human anlbody_ production 1 Fhe
or more of five categories: culture supematant b.y EIiSA, and 'fmubody was purlfled
(1) The position fell withrn a CDR, fl'orp lhe‘besl—producmg clones. Antibody was purified by
] : . = y3 passing tissue culture supernatant over a column of staphy-
(2) The Lay amino acid was unusual for human antibodies lococcal protein A-Sepharose CL-4B (Pharmacia). The
at that position, whereas the mik-BI amino acid was 15 bound antibod Juted with 02M Glycine-HCl .H3 0
typical for human antibodies at that position. PUpG-Ergl 9CY Wagk e i HEIRE e
. R . " and neutralized with 1M Tris PH8.0. The buffer was
(3) The position was immediately adjacent to a CDR, exchanged into PBS by passing over a PDI0 column (Phar-
(4) The model described above suggested that the amino macia).
aciq may be physically close to the antigen binding 20 Properties of humanized antibodies.
region (CDRs). ) ) . The humanized mik-Bl antibody was characterized in
For ) o the_se categories, the amms)‘acxd from_ }he comparison to the murine and chimeric antibodies. The
(moqse) mik-B1 antibody was used. In addition, a posison humanized antibody bound to YTIB cells, which express
was in the fifth category if p75 chain at a high level, in a fluorocytomeric analysis in
(5) The Lay amino acid was highly unusual for human 35 a manner similar to the chimeric aniibody (FIG. 25), show-
antibodies at that posi[ioﬂ, and the mlk‘Bl amino acid ing that it recognizes the same p75 protein.
was different but also unusual. Then an amino acid The affinity of the humanized antibody was determined by
typrcal for human antibodies at that position may be competition with the radio-iodinated mouse mik-B1 anti-
used. body (FIG. 28). The binding affnities were calculated
The amino acids in each category are shown in Table 4. 39 according to the methods of Berzofsky (J. A. Berzofsky and
Some amino acids may be in more than one category. The [ J, Berkower, in Fundamental Immunology (ed. W. E.
final sequences of the humanized mik-Pl light and heavy Paul), Raven Press (New York), S95 (1984), which is
chain variable domains are shown in FIG. 26A and FIG. incorporated herein by reference). The binding affinity of the
26B, compared with the Lay sequences. humanized mik-B1 antibody was within about 2-fold of the
35 affinity of the mouse mik-f1 antibody.
TABLE 4 The ability of humanized mik-Bl plus humanized anti-Tac
Category  Light Chain Heavy Chain antibody to inhibit IL-2 stimulated proliferation of human
lymphocytes was determined. Human mononuclear cells,
1 24-33, 49-55, 88-96 31-35, 50-65. 98~ collected from human blood by cenirifugation on Ficoll-
o 13 58 £9, 90 40 Paque (Pharmacia), were diluted to 2x10°® cells/ml in RPMI
3 30, 49 mcdium+10% fetal calf serum (FCS). A /200 volume of
4 70 29,30, 72, 73 phytohemagglutinin P (Difeo) was added and the cells were
5 41 ] incubated for 4 days. The cells werc incubated an additional
4 days in RPMI+10% FCS+10 u/mi IL-2. 10° of these PHA
For the constiuction of genes for the humanized antibod- 45 activated blasts were then incubated with or without 2 pg
ies, nucleotide sequences were selected that encode the each of humanized mik-Bl and humanized anti-Tac in 150
protein sequences of the humanized heavy and light chains, ul of RPMI+ 10% FCS in wells of a 96-well plate for 1 hr,
including the same signal peptides as in the mouse mik-S1 to which various dilutions of IL-2 (Amgen) were then added
chains (FIG. 23A and FIG. 23B), generally utilizing codons in SO ul medium. The cells were incubated 48 hr, 0.5 pCi
found in the mouse sequence. Several degenerate codons 50 methyl-*H-thymidine (Amersham, 82 Ci/mmol) was added,
were changed to create restriction sites or to remove unde- and the cells were incubated 24 hr. Cells were harvested with
sirable ones. The nucleotide sequences also included the a cell harvester and radioactivity deteimined. The combina-
same splice donor signals used in the chimeric genes and an tion of the antibodies greatly inhibited proliferation of the
Xbal site at each end. Each gene was constiucted from four cells in response to JL-2 (FIG. 29), suggesting a combination
overlapping synthetic oligonuclcotides. For each variable 55 of the antibodies will have strong immunosuppressive prop-
domain gene, two pairs of overlapping oligonucleotdes on erties. Humanized mik-Bl plus humanized anti-Tac inhib-
alternating strands were synthesized that encompassed the ited proliferation much more strongly than did either anti-
entire coding sequences as well as the signal peptide and the body alone.
splice donor signal (FIG. 27A and FIG. 27B). The oligo- From the foregoing, it will be appreciated that the human-
nucleotides werc synthesized on an Applied Biosystems 60 ized immunoglobulins of the presentinvention offer numer-
380B DNA synthesizer. Each oligo was about 110-140 base ous advantages over other p75 specific antibodies. In com-
long with about a 20 base overlap. Double stranded DNA parison to mouse monoclonal antibodies, the present
fragments were synthesized with sequenase from each pair humanized immunoglobulin can be more economically pro-
of oligonucleotides, digested with restriction enzymes, duced and contain substantially less foreign amino acid
ligated to pBluescriptll KS (+) (Stratagene) vector and 65 sequences. This reduced likelihood of antigenicity after
sequenced. Two fragments with the respectively correct injection into a human patient represents a significant thera-
half-sequences were then ligated into the Xbal sites of the peutic improvement.
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EXAMPLE 6

Design of genes for Fd79 and Fd138-80 humanized
light and heavy chains

54

Fd138-80 heavy and light chain variable regions were
prepared from the cDNAs by polymerase chain reaction.
The 5’ primers hybridized to the V regions starting at the
ATG codons and contained Xbal sites; the 3' primers hybrid-

. 5 izedtothelast 15 nucleotides of the J regions and contained

Exemplary DNA sequences coding for the polypeptide splice donor signals and Xbal sites (see., C. Queen et al.,
chatng ks [he fepiy y light C;“;_‘“ hYPe”aI]'abl‘;' Proc. Natl. Acad. Sci. USA 86, 10029 (1989), which is
T Or W imAr SENeWORIGEIOns) (Tong mappr ora. incoiporated herein by reference). The modified V regions
f}":;ioc::;slgdggl)am Fd138-80, are shown in FIG. 30A o Vere cloned into the Xbal sites of the respective plasmid
Cloniﬁg of h.eavy ‘chain and light chain cDNA. vectors bctween the CMV promoter and the partial introns

cDNAs for the heavy chain and light chain variable ofthe i . . 3
domain genes were cloned using anchored polymerase chain e SHREESSIL, of th‘? chimeric anlbod1e§, the heavy chain
regions (E.Y. Loh et al., Science 243, 217 (1989)), using 3' and kappachamplasmldswergtansfectedmtoSpZ/O mouse
primers that hybridized to the constant regions and con- 15 Mmyeloma cells by electroporakon and cells selected for gpt
tained HindI1 sites, and 5' primers that hybridized to the dG expression. Clones secreding a maximal amount of complete
tails and contained EcoRl sites (scheme shown in FIG. 14). antibody were detected by ELISA. Purified chimeric Fd79
This method yields clones with authentic variable domain and Fd138-80 antibodies were shown to bind to HSV-1
sequences, in contrast to other methods using mixed primers infected vero cells by flow cytomewy. Viral ncutraliz.ation
designed to anneal to the variable domain sequence (J. W. 20 assays also indicated that the chimeric antibodies retain the
Lamick et al., Bio/Technology 7, 934 (1989) and Y. L. neutralization activities of the muiine antibodies (data not
Chiang et al., BioTech. 7, 360 (1989)). The PCR amplified shown, but see below for similar results with humanized
fragments were digested with EcoRI and HindlIll and cloned aniibodies).
into the pUCI8 vector for sequencing. For Fd79, two Computer modeling of humanized antibodies.
gamma-1 specific and 5 kappa specific clones were 25 In order to retain high binding affinity in the humanized
sequenced.Th'etwo gammat] specific clones areidentical in antibodies, the general procedures of Queen et al. were
sequence. This heavy chain cDNA fragment encodes a  followed (C. Queen et al., Proc. Natl, Acad. Sci, USA 86,
signal peptide of 19 amino acids, a V region in mouse heavy 10029 (1989), which is incorporated herein by reference).
chain su!Jgroup IIiB. a D segment, anq aJy] segment with The more homologous a human antibody is to the original
3;]1:::2:;lggi;:?gzr:gqfe:éz iersl}?g;; 'Ig ]F?gqu;éﬁe' The 30 murine antibody, the less likely will combining the murine

The five kappa specific clones belong 1o two éroupé. Two CDRs with the human framework be to introduce distortions
clones are identical and encode a kappa chain in which the mtqlhe CDRS ihiat c9u]d reiiucefin’ i Noupally : e eayy
conserved amino acid 23 cysteinc has been substituted by a Ehain-and hgh,l eharm from: HE same, hufmd attibody are
tyrosine, probably representing the non-productive allele. 35 chosen t(_) [.)r.owde Fhe frame_wc.nrk BEOUENEESASQ.3S to reduce
The other three clones have an identical sequence encoding the possibility of incompatibility in the assembling of the
a signal peptide sequence of 20 amino acids, a V region in two chains. Based on sequence homology search against the
mouse kappa chain subgroup II, and a J,2 segment with a NBRF protein sequence database (performed with the
single alteration compared to the genomic J,2 sequence MicroGenie Sequence Analysis Software (Beckman)), the
(FIG. 30B). The validity of the heavy chain and the kappa 40 antibody Pom was chosen to provide the framework
chain sequences was subsequently confisined by the con- sequences for humanization of Fd79.
struction and expression of a chimeric antibody as discussed The computer program ENCAD (Levitt, J. Mol. Biol.
below. 168, 595 (1983), whichis incorporated herein by reference)

The heavy chain and the kappa chain of Fd138-80 were was used to construct a model of the Fd79 variable region.
cloned similarly. Three clones each of the heavy chain and 45 Inspection of the refined model of murine Fd79 revealed two
the kappa chain were sequenced. All three heavy chain amino acid residues in the framework thal are close enough
clones have an identical sequence encoding a signal peptide to have significant contacts with the CDR residues (Table 5).
sequence of 19 amino acids, a V region in mouse heavy Lys in light chain position 49 has contacts with 3 amino
chain subgroup II, a D segment and the J3 segment (FIG.  5¢i4s in CDR2 of the light chain (L50 Ty, L53 Asn, L55
30(;), .Thetm.ae kappa clones are alsq 1dentlcal.m sequence. 50 Glu) and 2 amino acids in CDR3 of the heavy chain (H99
T o chin et ncodes  SETFE S s 10D ) Lo ey chai gstion 8 ks
subgroup V and the J,5 segment (FIG. 30D). Both chains interactions with 2 amino ac1d.s in Cp$2 of the heavy chain
shown no irregularities in coding sequence; their validity (H3.5 wLis7 Vel andepaining acifio ADRI pEHeaty
was subsequently confirmed by construction and expression 55 cha1p (H.IO.C Phe), Hen.ce, = La ?nd WY e | i
of a chimeric antibody. retained in thej construction of humanized .Fd79, as their
Conskuction and expression of chimetic antibodies. replacement with human Pom framework residues would be

Two plasmid vectors were prepared for construction and likely to introduce distortions into the CDRs. Also, 7 other
expression of the chimeric antibody genes. The plasmid residues in the Pom framework (5 in the light chain and 2 in
pVgl (FIG. 9A) contains a human cytomegalovius IEI 6o the heavy chain) were substituted with common human
promoter and enhancer (M. Boshart et al, Cell 4.1, 521 residues (identical to the murine Fd79 sequence in 6 of the
(1985)), the human genomic C,1 segment including part of choices) because of their rare occurrence in other human
the preceding intron, and the hygromycin gene (Blochlinger antibodies. The elimination of unusual amino acids in the
etal, Mol. Cell. Biol. 4, 2929 (1984), which is incorporated framework may further reduce immunogenicity. The murine
herein by reference) for selection. The plasmid pVk (FIG. 65 Fd79 sequences and the corresponding humanized
9B) is similar to pVgl but contains the human genomic sequences are shown in FIG. 30A and FIG. 30B. Substituted
C,segment and the gpt gene. Derivatives of the Fd79 and residues in the Pom framework are underlined.
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TABLE 5

Residues in the framework scquence showing contacts wilh
tesidues in the hypervariable regions.

Contacting

Residue No.' Amino Acid CDR sesidues®

Fd79

149 Lys L50Y, LS3N,LS5E, H99D. HI0Y
H83 Len H358, H37V, HI00C¥F
Fdl38.80

L36 His L34V, 1L.89Q

H27 Tyr  HS2H, H3dl

H30 Tyr  H82H, HS3R

H48 Phe H63F

H66 Lys H63F

H67 Ala H63F

1. The amino acid residues are numbercd according 1o the Kabat system (E.
A. Kabat et al., Sequences of Proteins of Immunological interest, National
Institutes of Healih, Bethesda, MD (1987)): the fitst letter (H or L) stands for
ihe heavy chain or light chain. The following number is the residue number.
The last letter is the amino acid onc letter code.

2. The hypervariable regions are defined according 10 Kabat: Light chain
CDR1: esidue 24-34; CDR2: 50-56; CDR3: 80-97. Heavy chain CORI:
31-35; CDR2: 50-65; CDR3: 95-102.

Similarly, the murine heavy chain and light chain
sequences of Fd138-80 were subjected to sequence homol-
ogy search against the NBRF protein sequence database.
The sequences of the human antibody Eu were selected to
provide the framework sequences for humanized Fd138-80.
Inspectior of a computer-generated model of Fdl38-80
revealed 6 amino acid residues in the framework that are
close enough to have impostant contacts with CDR residues,
The residues and their contacting counterparts are listed in
Table 5; these murine residues were retained in the con-
struction of humanized Fdl 38-80. Two other residues (L87
Phe and 37 Met) show significant contacts with L98 Phe,
which isimmediately adjacent to CDR3, so these two mouse
residues were also retained. Eight amino acids in the Eu
framework (2 in the light chain and 6 in the heavy chain)
were substituted with the murine residues (which are also
consistent with the human consensus residues) because of
their rare occurrcnce in other human antibodies, The murine
Fd138-80 sequences and the corresponding humanized
sequences are shown in FIG. 30C and FIG. 30D. Substituted
residues in the Eu framework are underlined.

For the constructron of genes {or the humanized antibod-
ies, nucleotide sequences were selected that encode the
protein sequences of the humanized heavy and light chains,
including the signal peptides, generally utilizing codons
found in the mouse sequence. Several degenerate codons
were changed to create restriction sites or to remove unde-
sirable ones. The nucleotide sequences also included the
same splice donor signals used in the chimeric genes and an
Xbal site at each end. Each gene was constructed from four
overlapping synthetic oligonucleou’des. For each variable
domain gene, two paits of overlapping oligonucleotides on
alternating strands were synthesized that encompassed the
entire coding sequences as well as the signal peptide and the
splice donor signal. The oligonucleotides were synthesized
on an Applicd Biosystems 380B DNA synthesizer. Each

J1¢]

20

25

30

35

45

50

56

swructed, the heavy chain and light chain plasmids were
transfected into Sp2/0 mouse myeloma cells by electropo-
ration and cells were selected for gpt cxpression. Clones
were screened by assaying human antibody produciion in
the culture supematant by EL1SA, and antibody was purified
from the best-producing clones. Antibodies were purified by
passing tissue culture supernatant over a column of staphy-
lococcal protein A-Sepharose CL-4B  (Pharmacia). The
bound antibodies were eluted with 0.2M Glycine-HCI,
pH3.0 and neutratized with 1M Tris PH8.0. The buffer was
exchanged into PBS by passing over a PD10 column (Phar-
macia).

Properties of humanized antibodies.

The humanized Fd79 and Fdl 38-80 ansbodies were chas-
acterized in comparison to the murine and chimeric anti-
bodies. Both humantzed antibodies bind to Vero cells
infected with HSV-1 in a fiuorocytometric analysis in a
manner similar to the chimeric antibodies (FIG. 31A and
FIG. 31B), suggesting that they recognize their respective
viral antigens. To more quantitatively assess the binding
actr'vity, radioiodinated murine antibodies were bound to
virally infected cells and Scatchard analysis performed.

The affinitics of the humanized antibodies were deter-
mined by competition with the iodirated antibodies. Vero
cells infected with HSV-1 were used as source of gB and gD
antigens. Increasing amounts of competitor antibody (mouse
or humanized) wereaddcd to 1.5 ng of radioicdinated tracer
mouse antibody (2uCi/ug) and incubated with 4x10°
infected Vero cells in 02 ml of binding buffer (PBS+2%
FCS+0.1% azide) for 1 hr. at 4° C. Cells were washed and
pelleted, and their radioactivities were measured. The con-
centrations of bound and free tracer antibody were calcu-
lated. The binding affinities were calculated according to the
methods of Berzofsky (J. A. Bereofsky and 1. J. Berkower,
in Fundamental Immunology (ed. W. E. Paul), Raven Press
(New York), 595 (1984), which is incorporated herein by
reference).

The measurements indicate that there is no significant loss
of binding affinities in the humanized antibodies (Table 6}.
Specifically, there is an approximately 2-fold decrease in
affinity in humanized Fd79 compared {0 the murine Fd79
(Ka of 5.3x107 M~ vs. 1.1x10® M™). The affinity of
humanized Fdi38-80 is comparable to that of the murine
antrbody (Ka of 4.8%107 M~ vs 5.2x107 M-%).

TABLE 6
Binding affinilics of murine and humanized antibodies.
Mouse Humanized
K, (M7 K, (M)
Fd79 (ami-gB) 1.1 x 10® 53 %107
Fdl38-80 (anti-gD) 5.2x 107 48x107

Murine Fd79 and Fd138-80 have been shown to neutral-
ize HSV-1 in vitro without complement (J. Koga et al.,
Virology 151, 385 (1986)), so the neutralizing aciivities of
the humanized antibodies were compared with ihe mouse
antibodies. Serial dilutions of equal quantiu'es of murine and
humanized antibodies were incubated with virus for 1 hr.
before inoculation onto Vero cells. After 4 days, cells were

oligo was about 110-140 bases long with a 15 base overlap. 60 stained with neutral red to visualize plaques. Results from
Double stranded DNA Iragments were synthesized with these plaque reduction assays indicated that both humanized
Klenow polymerase, digested with restriction enzymes, Fd79 and Fd138-80 neutralize virus as efiiciently as their
ligated to pUCIS8 vector and sequenced. The two [ragments murine counterparts (FIGS. 32A and B). Both humanized
with the correct sequences were then ligated into the Xbal and murine Fd79 cause a 90% reduction of plaques at an
sites of p¥gl or pVk expression vectors. 65 antibody concenwation of 10 M (1.5 ug/ml), Similarly,

The synthetic genes were then cloned into the pVgl and humanized and murine Fd138-80 were able to cause a 90%
pVk expression vectors. For each humanized antibody con- plaque reduction at equivalent levels.
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The anwbodies were also investigated for their ability to
protect cells from viral spread in tissue culture. Vero cells
were inoculated with virus at 0.1 pfu/cell and allowed to
adsorb for 2 hrs. at 37° C. before addition of 10 ug/ml

58
are known to bind to the CD33 antigen inciude L4B3, L1B2
and MY9 (Andrews et al., Blood 62, 124 (1983) and Griffin
et al., Leukemia Research 8, 521 (1984), both of which are
incorporated heretn by reference).

antibody. After four days, cells were stained with an anti-gB s Another antibody that binds to CD33 is M195 (Tanimoto
antibody for detection of viral antigens on infected cells. ct al, Leukemia 3, 339 (1989) and Scheinberg et al,,
Results indicated that both mutine and humanized Fd79 at Leukemia 3, 440 (1989), both of which are incorporated
10 ug/ml protected culture cells from infection (FIG. 33A). herein by reference).
However, neither murine nor humanized Fdi38-80 were Cloning of heavy chain and light chain cDNA. )
able to protect cells against viral spread (FIG. 33B), despite 10 cDNAs for the heavy chain and light chain variable
their ability to neuaralize virus before inoculation. Both gB domgm genes were cloned using anchored polymerase chain
and gD are thought to be associated with ccll fusion and ~ reactions (E. Y. Loh ct al, Science 243, 217 (1989)), using
virus infectivity (W. Cai et al, J. Virol. 62,2596 (1988)and > Piimers that hybridized to the constant regions and
A.O. Fuller and P. G. Spear, Proc. Natl. Acad. Sci. USA 84, comaxpcd Hindll} sites, and 5 primers that hybndlzeq to the
5454 (1987)). However, it is possible that Fd79 blocks bath 15 93 '2ils and contained EcoR1 sites (scheme shown in FIG.
(heiRscatvity ane. o8] f’ < on fumcti foB. while Fdl38- 14). The PCR amplified fragments were digested with EcoRI
& IR CCUVIAncicE 4“s,l°,n uncllqns 0LE 5, wht'c and HindIII and cloned into the pUCI8 vector for sequenc-
8Q blocks only the infectivity fiuiction of gD, so virus can ing. For M195, two gamma-2a specific and two kappa
still spread cell-to-cell. . specific clones were sequenced. The two gamma-2a clones
_ The binding, neutralization and protection results all and two kappa clones are respectively identical in scquence.
indr'cate that the humanized Fd79 and Fd138-80 antibodies 20 The cDNA variable domain sequences and the deduced
have retained the binding activities and the biological prop- amino acid sequences are shown in FIG. 34A and FIG. 34B.
crties of the murine monoclonal antibodies. The availability Construction and expression of chimeric antibody.
of humanized antibodies with specificity for HSV gB ard Two plasmid vectors were prepared for construction and
gD, inter alia, provides an opportunity for studies of the in expression of the chimeric antibody genes. The plasmid
vivo potency and immunogenicity of humanized ansibodies 25 pVgl-dhfr (FIG. 24A) contains a human cytomegalovirus
in treating viral diseases, The recognition by Fd79 and IE1 promoter and enhancer (M. Boshart et al., Cell 41, 521
Fd138-80 of type-conunon epitopes of gB and gD (J. Koga (1985)), the human genomic Cy1 segment including part of
ct al., Virology 151, 385 (1986)) expands the therapeutic the preceding intron, and a dihydrofolate reductase (dhfr)
potential to hespes simplex virus type 2 as well as type 1. gene (Simonsen et al., Proc. Natl Acad. Sci. USA 80, 2495
The use of a combination of two or more humanized 30 (1984), which is incoiporated herein by reference) for selec-
antibodi'es in therapy is important for reducing the devel- tion. The plasmid pVk (FIG. 248) is similar to pVgl-dhfv
opment of antibody resistant strains. Combination therapy of but contains the human genomic Cx segment and the gpt
humanized antibodies with other antiviral agents such as gene. Derivatives of the M195 heavy and light chain vari-
acyclovir provides further opportunities to combat diseases able regions were prepared from the cDNAs by polymerase
when chemotherapeutic agents alone have not been cffec- 35 chain reaction. The 5 primers hybridized to the V regions
tive. As Fd79 and Fd138-80 reduce the frequency of viral starting at the ATG codons and contained Xbal sites; the 3'
persistence in a murine ocular model (3. F. Metcalf et al., primers hybridized to thelast 15 nucleotides of the J regions
Cur. Eye Res. 6, 173 (1987)), the humanized antibodies, and contained splice donor signals and Xbal sites (scc,
typically together with other antiviral agents, are capable of Queen et al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989),
reducing cpisodes of recuirent genital infection, an arca 40 which is incorporated herein by reference). The modified V
where traditional anti-viral agents have not been effective regions were cloned into the Xbal sites of the respective
(L. Corey et al, N. Engl. J. Med. 306, 1313 (1982)). plasmid vectors between the CMV promoter and the partial
Incorporation of the human constant domains can also introns of the constant regions.
enhance effector functions, such as antibody-dependent cel- For expression of the chimeric antibody, the heavy chain
lular cytotoxicity, leading to greater therapeutic efficiency in 45 and kappa chain plasmids were transfected into Sp2/0 mouse
human patients. myeloma cells by electroporation and cells selected for gpt
From the foregoing, it will be appreciated that the human- expression. Clones secreting a maximal amount of complete
ized immunoglobulins of the present invention off er numer- antibody werc detected by ELISA. Puiified chimeric M195
ous advantages over other HSV specific antibodies, antibody was shown to bind to U937 cells, which express the
In comparison to mouse monocional antibodies, the 50 CD33 antigen, by flow cytomeay (FIG. 35).
present humanized immunoglobulin can be more economi- Computer modeling of humanized antibadies.
cally produced and contain substantially less foreign amino In order to retain high binding affinity in the humanized
acid sequences. This reducedlikelihood of antigenicity after antibodies, the general procedures of Queen et al. were
injection into a human patient represents a significant thera- followed (see, Queen et al., Proc. Natl. Acad. Sci. USA 86,
peutic improvement. ss 10029 (1989) and WO 90/07861, which are incorporated
herein by reference). The more homologous a human anti-
EXAMPLE 7 bady is to the original mutine antibody, the less likely will
combning the murine CDR’s with the human framework be
: 3 : ; to introduce distortions into the CDR’s that could reduce
PEsign-aligenas it?;altllilglﬁla?:smamzed Ydhtand 60 affinity. Normally the heavy chain and light chain from the
same human antibody are chosen to provide the framework
The p67 protein or CD33 antigen is found on the surface sequences, so as to reduce the possibility of incompatibility
of progenitors of myeloid cells ard of the leukemic cells of in the assembling of the two chains. Based on sequence
most cases of AML, but not on lymphoid cells or non- homoiogy search against the NBRF protein sequence data-
hematopoictic celis (sec, Leucocyte Typing III, ed. by A. J. 65 base (performed with the MicroGenie Sequence Analys)'s
McMichael, Oxford University Press, pp. 622-629 (1987), Software {Beckman)), the antibody Eu was chosen to pro-
which is incorporated herein by reference). Antibodies that vide the framework sequences for humanizatt'on of M195.
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The computer program ENCAD (M. Levitt, J. Mol, Biol.
168, 595 (1983), which is incorporated herein by reference)
was used to construct a model of the M 195 variable region.
The model was used to detennine the amuno acids in the

60

The heavy chain and light chain plasmids were trans-
fected into Sp2/0 mouse myeloma cells by electroporation
and cells were sclected for gpt expression. Clones wcre
screened by assaying human antibody production in the

MI95 framework that were close enough to the CDR’s 10 5 culture supernatant by ELISA, and antibody was purified
potentially interact with them (category 4 below). To design from the best-producing clones. Antibody was purified by
the humanized light and heavy chain M195 variable regions, passing tissue culture supemnatant over a column of staphy-
al each positron tbe amino acid was chosen to be the same lococcal protein A-Sepharose CL-4B (Pharmacia). The
asintheEu amibody, unless that position fell in one or more bound antibody was eluted with 02M Glycine-HCI, pH3.0
of four categories: o 10 and neutralized with IM Tris PHS80. The buffer was
(1) The positron fell within a CDR, exchanged into PBS by passing over a PD10 column (Phar-
(2) The Eu amino acid was unusual for human antibodies macia).
at that position, whereas the M195 amino actd was Properties of humanized antibodies.
typical for human antibodies at that position, The humanized M195 antibody was characterized in
(3) The position was immediately adjacent to a CDR, 15 comparison to the murine and chimeric antibodies. The
(4) The model described above suggested that the amino humanized antibody bound to U937 cells in a fluorocyto-
acid may be physically close to the antigen binding metric analysis in a manner similar to the chimeric antibody
region (CDR’s). (FIG. 35), showing that it recognizes the same CD33 anti-
In category (2), “unusual” is interpreted to include amino gen.
acids that occur in less than about 20% of the human 20  Theaffinity of the humanized antibody was determined by
sequences in the same subgroups (as defincd by Kabat et al, competition with the radio-iodinated mouse M195 antibody
op. cit.) as the Eu light and heavy chains, and “typical” is  (FIG. 38). The binding affinities were calculated according
interpreted to include amino acids that occur in morc than to the methods of Berzofsky (J. A. Berzofsky and I J.
about 25%. but gencrally morc than 5.0.% Of the human Berkower, in Fundamental Immunology (ed. W. E. Paul),
sequencestin lhose S}xbgmups. For positions in 'theSe al- 55 Raven Press (New York), 595 (1984), which is incorporated
egories, the amino agd _from the mouse M195 anandy was herein by reference). The mouse MI9S had an affinity
used: The amino §c1ds I eaqh category are shown in Table comparable 10 the published value (Tanimoto et al., op. cit.)
7. Some amino acids may be in more than one category. The and the humanized M195 antibody had an afEnity the same
ﬁna} SEGUENCes i tl.]e huréinizi M195 light and heavy as the mouse M195 to within experimental error.
chain variable domains arc shown in FIG. 36A and FIG. 5, gy manized MI195 is useful to mediate antibody-depen-
36B, compared with the Eu sequences. dent cellular cytotoxicity when human effector cells and
TABLE 7 human CD33-expressing cells are used. This is analogous Lo
other humanized antibodies, such as reported by Junghans et
Category  Light Chain Heavy Chain al,, Cancer Research 50, 1495 (1990), which is incorporated
35 herein by reference.
; f;'gg 2‘;"6101‘093'101 213‘35; ;gﬁgﬁ%al{” . Frpm the foregoipg, it will be apprt?ciated.r.hat the human-
108, 110 ized immunoglobulins of the present invention offer numer-
3 — 30, 67, 98, 106 ous advantages over other CD33 specific antibodies. In
4 40. 52,74 27,30, 48, 68, 98 comparison Lo mouse monoclonal antibodics, the present
40 humanized immunoglobulins can be more economically
For the constction of genes for the humanized antibod- produced and contain substantially less foreign amino acid
ies, nucleotide sequences were selected that encode the sequences. This rcduced likelihood of antigenicity after
protein sequences of the humaniz.ed heavy and light chains, injectron into a human patient represents a significant thera-
including the same signal peptides as in the mouse M195 peutic improvement.
chains (FIG. 34A and FIG. 34B}, generally utilizing codons 45
found in the mouse sequence. Several degenerate codons EXAMPLE 8
were changed to create restriction sites or to remove unde-
sirable ones. The nucleotide sequences also included the Design of genes for CMV5 humanized light and
same splice donor signals used in the chimeric genes and an heavy chains
Xbal site at each end. Each gene was constructed from four so
overapping synthetic oligonucleotides. For each variable Three neutralizing antibodies to the gH glycoprotein of
domain gene, two pairs of overlapping oligonucleotides on human cytomegalovirus (CMV) are designated CMVS,
altemmating strands werc synthesized that encompassed the CMV109 and CMV1iS.
entire coding scquences as well as the signal peptide and the Exemplary DNA sequences, which on expression code for
splice donor signal (FIG. 37A and FIG. 37B). The oligo- 55 the polypeptide chains comprising the heavy and light chain
nucleotides were synthcsized on an Applied Biosystems . CDR’s of monoclonal antibody CMVS5 are included in FIG.
380B DNA synthesizer. Each oligo was about 110-140 39A and FIG. 39B. Due to codon degeneracy and non-
bases long with about a 15 base overlap. Double stranded critical amino-acid substitutions, other DNA sequences can
DNA fragments were synthesized with Klenow polymerase be readily substituted for those sequences, as detailed below.
from each pair of oligonuclcotidcs, digested with restriction 60 Alternatively, polypepiide fragments comprising only a por-
enzymes, ligated to the pUC18 vector and sequenced. Two tion of the primary antibody structure may be produced,
fragments with the respectively correct half-sequences were which fragments possess one or more immunoglobulin
then ligated into the Xbal sites of the pVgl-dhfr or pVk activities (e.g., complement fixation activity). These
expression vectors in the appropriate orientations to produce polypeptide fragments may be produced by proteolytic
the complete heavy and light chain genes. Reactions were 65 cleavage of intact antibodies by methods well known in the
carried out under conditrons well-known inthe art (Maniatis art, or by inserting stop codons at the desired locationsin the
etal., op. cit.) vectors pVk and pVgl-dhir (FIG. 24A and 24B) using
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sitc-directed mutagencsis, such as after CHI to produce Fab
fragments or after the hinge region to producc (Fab'),
fragments.

Cloning of heavy chain and light chain cDNA.

cDNAs for the heavy chain and light chain variable
domain genes were cloned using anchored polymerase chain
reactions (E. Y. Loh et al, Science 243, 217 (1989)), using
3 primers that hybridized to the constant regions and
contained Hindi1I sites, and 5' primers that hybrich'zed to the
dG tails and contained EcoR I sites (scheme shown in FIG.
14). The PCR amplified fragments were digested with EcoR
I and Hindlll and cloned into the pUC18 vector for sequenc-
ing. For CMVS5, two gamma-2a specific and two kappa
specific clones were sequenced. The two gamma-2a clones
and two kappa clones are respcctively identical in sequence.
The cDNA variable domain sequences and the deduced
amino acid sequences are shown in FIG. 39A and FIG. 39B.
Similarly, by using techniques, which are well-known in the
art, cDNAs for the CMV109 and CM V115 antibodies may
be obtained and their sequence determined.

Consxuction and expression of chimeric antibody.

Two plasmid vectors were prepared for construction and
expression of the chimeric antibody genes. The plasmid
pVgl-dhft (FIG. 24A) contains a human cytomegalovirus
[El promoter and enhancer (M. Boshart et al., Cell 41, 521
(1985)), the human genomic Cyl segment including part of
the preceding intron, and a dihydrofolate reductase (dbfr)
gene (Simonsen et al., Proc. Natl. Acad. Ser. USA 80, 2495
(1983), which is incorporated herein by reference) for selec-
tion. The plasmid pVk (FIG. 24B) is similar to pVgl-dhfr
but contains the human genomic Cx segment and the gpt
gene. Derivatives of the CMVS5 heavy and light chain
variable regions were prepared from the cDNAs by poly-
merase chain reaction. The 5' primers hybridized to the V
regions starting at the ATG codons and contained Xbal sites;
the 3' primers hybridized to the last 15 nucleotides of the J
regions and contained splice donor signals and Xbal sites
(see, Queen et al., Proc. Natl. Acad. Sci. USA 86, 10029
(1989), which is incorporated herein by reference). The
modified V regions were cloned into the Xbal sites of the
respective plasmid vectors between the cytomegalovirus
promoter and the partial introns of the constant regions.

For expression of the chimeric antibody. the heavy chain
and kappa chain plasmids were transfected into Sp2/0 mouse
mycloma cells by electroporation and celis selected for gpt
expression. Clones sscreting a maximal amount of complete
antibody were detected by ELISA. Purified chimeric CMV5
antibody was shown to bind to CMV-infected cells, which
express the gH antigen, by immunostaining of CMV-in-
fectcd human embryom'c lung fibrablasts.

Computer modeling of humanized antibodies

In order to retain high binding affinity in the humanized
amibodies, the general procedures of Queen et al. were
followed (See, Queen et al., Proc. Nat!. Acad. Sci. USA 86,
10029 (1989) and WO 90/07861, which arc incorporated
herein by reference). The more homologous a human ani-
body is to the original murine antibody, the less likely will
combining the murine CDR’s with the human framework be
to inwoduce distortions into the CDR’s that could reduce
affinity. Normally the heavy chain and light chain from the
same human antibody are chosen to provide the framework
sequences, so as to reduce the possibility of incompatibility
in the assembling of the two chains. Based on sequence
homology search against the NBRF protein sequence data-
base (performed with the MicroGenie Sequence Analysis
Software (Beckman)), the antibody Wol was chosen to
provide the framework sequences for humanization of
CMVS5.
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The computer program ENCAD (M. Levitt, J. Mol. Biol.
168, 595 (1983), which is incorporated herein by reference)
was used to construct a model of the CMVS5 variable region.
The model was used to detertninc the amino acids in the
CMV5 framework that were close enough to the CDR’s to
potentially interact with them (category 4 below). To design
the humanized light and heavy chain CMVS5 variable
regions, at each position the amino acid was chosen to be the
same as in the Wol antibody, unless that position fcll in one
or more of five categories:

(1) The position fell within a CDR,

(2) The Wol amino acid was unusual for human antibodies
at that position, whercas the CMV5 amino acid was
typical for human antibodies at that position,

(3) The position was immedrately adjacent to a CDR,

(4) The model described above suggested that the amino
acid may be physically close to the antigen binding
region (CDR’s).

In category (2), *unusual” is interpreted to include amino
acids that occur in less than about 20% of the human
sequences in the same subgroups (as defined by Kabat et al.,
op. cit.) as the Wol light and heavy chains, and “typical” is
interpreted to include amino acids that occur in more than
about 25% but generally more than 50% of the human
sequences in those subgroups. For positions in these cat-
egories, the amino acid from the mouse CMVS5 antibody was
used. [n addition, a position was in the fifth category if the
Wolamino acid was highly unusual for human antibodr'es at
that position, and the CMVS$ amino acid was different but
also unusual. Then an amino acid typical for human anti-
bodies at that position may be used.

The amino acids in each category are shown in Table 8.
Some amino acids may be in more than one category. The
final sequences of the humanized CMVS5 light and heavy
chain variable domains are shown in FIG. 40A and FIG.
40B, compared with the Wol sequences.

TABLE 8
Caegory Light Chain Heavy Chain
1 24-34, 50-56, 89-97 31-35, 5066, 99-108
69, 80
2 69, 80
3 49 30
4 24,27, 28,30,97
5 5

For the construction of genes for the humanized antibod-
ies, nucleodide sequences were selected that encode the
protein sequences of the humanized heavy and light chains,
including the same signal peptides as in the mouse CMV5
chains (FIG. 39A and FIG. 39B), generally utilizing codons
found in the mouse sequence. Several degenerate codons
were changed to create restriction sites or to remove unde-
sirable ones. The nucleotide sequences also included the
same splice donor signals used in the chimeric genes and an
Xbalssite at each end. Each gene was constructed from four
overlapping synthedc oligonucleotides. For each variable
domain gene, two pairs of overlapping oligonucleosides on
altemnaning strands were synthesized that encompassed the
entire coding sequences as well as the signal peptide and the
splice donor signal (FIG. 41A and FIG. 41B). The oligo-
nucleotides were synthesized on an Applied Biosystems
380B DNA synthesizer. Each oligo was about 110-140
bases long with about a 15 base overlap. Double stranded
DNA fragments were synthesized with Klenow polymerase
from each pair of oligonucleotides, digested with restriction
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enzymes, ligated to the pUCI8 vector and sequenced. Two
fragments with the respectively correct half-sequences were
then ligated into the Xbal sites of the pVgl-dbfr or pVk
expression vectors in the appropriate orientations to produce
the completec heavy and light chain genes. Reactions were
carried out under conditions well-known in the art (Maniatis
et al, op. cit.)

The heavy chain and light chain plasmids are transfected
into Sp2/0 mouse myeloma cells by electroporation and cells
are selected for gpt expression. Clones arc screcned by
assaying human antibody production in the culture super-
natant by ELISA, and antibody purified from the best-
producing clones. Antibody is purified by passing tissue
culture supernatant over a column of staphylococcal protein
A-Sepharose CL-4B {Pharmacia). The bound antibody is
eluted with 0.2M Glycine-HCI, pH3.0 and neutralized with
1M Tris PH8.0. The buffer is exchanged into PBS by passing
over a PDI10 column (Pharmacia).

Humanized antibody was also produced by trensient
transfectyon. The heavy chain and light charn plasmids were
transfected into S194 cells (ATCC TiB 19) by the DEAE-
dextran method (Queen ct al,, Mol. Cell. Biol. 4, 1043
(1984), which is incorporated herein by reference), and
humanized CMVS antibody was purified from the media
supernatant as above. Antibody was quantitated by ELISA
assay for human lg.

Properties of humanized antibodies.

The humanized CMVS antibody was characterized in
comparison to the muiinc and chimeric antibodies. The
humanized CMVS5 antibody was shown to bind aboutas well
as the mouse and chimeric antibodies t0 CMV antigen, by
immunostaining of CMV-infected human embiyonic lung
(HEL) cells (ATCC CCL 137). HEL cells monolayers in
96-well plates were infected with CMV at 0.0]1 pfu/cell,
incubated for 4 days, dried at 37° C. and stored wrapped at
4° C. 100 pul blotto (5% Carnation InstantMilk in PBS at pH
7.4) was added to each well and incubated at 37° C. for 30
min. The blotto was poured off and 75 (4 of a series of 2-fold
dilutions of mouse, chimeric and humanized CMVS5 anti-
body was added to the wells. The plate was incubated 1 hr
at 37° C. and washed twice with blotto (cach wash was left
on for 10 min). Then 75 pl of diluted peroxidase (HRP)
conjugated goat anti-mousc or anti-human IgG (Tago) was
added to each well and incubated for 1 hrat 37° C. The plate
was washed 2x with PBS and 150 pl of HRP substrate
solution was added to each well. Color was allowed to
develop at room temperature. The plates were washed with
water and air dried. The wells were examincd under a
microscope (o determine the highest dilution of the antibod-
ies that formed a colored precipitate on the CMV-infected
cells. For all three antibodies, 63 ng/ml was the least amount
of antibody that produced a detcctable precipitate, indicating
that humanized CMVS binds about as well as the mouse and
chimeric antibodies.
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mately the same binding affinity as mouse CVS. An irrel-
evant antibody did not compete in this assay.

The ability of humanized CMVS5 to neuwalize CMV is
compared to that of mouse CMVS. Mouse and humanized
CMVS5 are successively diluted by 2-fold in 100 pl of DME
medium+2% FCS in wells of a 96-well plate. 100 pl of
CMV, which has been diluted to contain 100 tissuc culture
infectious dose-50% (TCIDS0) units, are added to cach well
and incubated for 60 min at 37° C. Each well of antibody-
vilus mixture is added to a well of subconfluent HEL cells
in a 96-well plate from which the medium has been
removed. The cells are incubated for 5 days and cytopathic
cflect (CPE) is examined in each well under a microscope.
The highest dilution of antibody that inhibits CPE by 90%
is a measure of the neutralizing ability of the antibody. The
humanized CMVS antibody will neuiralize CMV antibody
approximatcly as well as the mousc CMVS5 antibody.

From the foregoing, it will be appreciated that the human-
ized immunoglobulins of the present invention offer numer-
ous advantages over other CMV specific antibodies. In
comparison to mouse monoclonal antibodies, the present
humanized immunoglobulins can be morc economically
produced and contain substantially less foreign amino acid
scquences. This reduced likelihood of antigenicity after
injection into a human patient represents a significant thera-
peutic improvement.

EXAMPLE 9

Design of genes for AF2 human-like light and
heavy chains

This example is directed to recombinant DNA segments
encoding the heavy and/or light chain CDR’s from an
immunoglobulin capable of binding to a desired epitope of
v-IEN, such as monoclonal antibody AF2. Exemplary DNA
scquences, which on expression code for the polypeptide
chains comprising the heavy and light chain CDR’s of
monoclonal antibody AF2 are included in FIG. 43A and
FIG. 43B. Dueto codon degeneracy and non-criti’cal amino-
acid substitutions, other DNA sequences can be readily
substituted for those sequences.

Cioning of heavy chain and light chain cDNA.

cDNAs for the heavy chain and light chain variable
domain genes were cloned using anchored polymerase chain
reactions (E. Y. Loh et al., Science 243, 217 (1989)), using
3" primers that hybridized to the constant regions and
contained HindllI sites, and 5' primers that hybridized to the
dG tails and contained EcoR 1 sites (scheme shown in FIG.
14). The PCR amplified fragments were digested with EcoR
1 and HindIII and cloned into the pUCI8 vector for scquenc-
ing. For AFZ2, two gamma-2b specific and two kappaspecific
clones were sequenced. The two gamma-2b clones and two
kappa clones arc respectively identical in sequence. The

To compare the affinities of mouse and humaniz.ed CMVS5 55 cDNA variable domain sequences and the deduced amino
in another way, a competition experiment was performed. acid sequences are shown in FIG. 43A and FIG, 43B.
Plates of CMV-infected HEL cells as above were incubated Constiuction and expression of chimeric antibody.
with blotto for 30 min at 37° C. The blotto was poured off Two plasmid vectors were prepared for construction and
and dilutions of mouse or humanized CMV5 were added to expression of the chimeric antibody genes. The plasmid
each well in 75 pl of PBS. Then 125 pl of radio-iodinated 60 pVgl-dhfr (F1G. 24A) contains a hurman cytomcgalovirus
mouse CMVS (1 uCi/pg) in PBS, containing 28,000 cpm IE1 promoter and enhancer (M. Boshart et al., Cell 41, 521
was added to each well and incubated at 37° C. for 2.5 hr. (1985)), the human genomic Cyl segment including part of
The plate was washed 5 times with PBS, and the contents of the preceding inwon, and a dihydrofolate reductase (dhfr)
each well were solubilized with 200 gl of 2% SDS and gene (Simonsen et al., Proc. Natl. Acad. Sci. USA 80, 2495
counted. Increass ng concentrations of mouse and humanized 65 (1984), which is incorporated herein by reference) for selec-
CMV5 inhibited binding of the radiolabeled CMVS5 ahout tion. The plasmid pVk (FIG. 24B) is similar to pVgl-dhfr
cqually well (FIG. 42), so humanz.ed CMVS5 has approxi- but contains the human genomic Cx segment and the gpt
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gene. Derivatives of the AF2 heavy and light chain variablc
1egions were preparcd from the cDNAs by polymerase chain
reaction. The §' primers hybridized to the V regions staiting
at the ATG codons and containcd Xbal sites; the 3' primers

66

final sequences of the humanized AF2 light and heavy chain
variable domains are shown in FIG. 44A and FIG. 44B,
compated with the Eu sequences.

hybridized to the last 15 nucleotides of the J regions and 5 TABLE 9
contained splice donor signals and Xbal sites (see, Queen et > - 3
al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989), which is Sugeor Ao s St
incorporated herein by reference). The modified V regrons 1 24.34, 50-56, 89-67  31-35, S0-66, 99-186
were cloned into the Xbal sites of the respective plasmid 2 43 93, 95, 98, 107. 108,
vectors between the CMV promoter and the partial introns m 109, 111
of the constant regions. 3 306, 98, 107
For expression of the chimeric antibody, the heavy charn g ég’ L 2, 30058 07
and kappa chain plasmids were transfected into Sp2/0 mouse
myeloma cells by electroporation and cclls sclected for gpt . i ) i
expression. Clones secreting a maximal amount of complete ~_ For the construction of genes for the humanized antibod-
antibody were detccted by ELISA. Chimeric AF2 antibody 15 ies, nucleotide scquences were selccted that cncode the
was shown to bind to human y-JFN by ELISA. protcin sequences of the humanized heavy and light chains,
Computer modeling of humanized aniibodies. plus typical immunoglobulin signal scquences, generally
In order 10 retain high binding affinity in the humanized ~ Utilizing codons found in thc mousc sequence. Several
antibodies, the general procedures of Queen et al. were degenerate codons were changed to create restriction sites or
followed (see, Queen et al., Proc. Natl. Acad. Sci. USA 86, 20 toremove undesirable ones. The nucleotide sequenccs also
10029 (1989) and WO 90/07861, which are incorporated included the same splicc donor signals used in the chimeric
herein by reference). The more homologous a human anti- ~ gencs and an Xbal site at each end. Each gene was con-
body is to the original murine antibody, the less likcly will ~ stucted from four overlapping syntheiic oligonuclcotides.
combining the musine CDR's with the human framework be For each variable domain genc, two pairs of overlapping
to introduce distortions into the CDR’s that could reduce 25 oligonucleotides on altcrating strands were synthesized
affinity. Normally the heavy chain and light chain from the that encompassed the cntire coding sequences as well as the
same human amibody are chosen to provide the framework signal peptide and the splice donor signal (FIG. 45A and
sequences, so as to reduce the possibility of incompatibility FIG. 45B) The oligonucleotides werc synthesized on an
in the assembling of the two chains. Based on sequence Applied Biosystems 380B DN A synthesizer. Each oligo was
homology search against the NBRF protein sequence data- 30 about 110-140 bases long with about a 15 base overlap.
basc (performed with the MicroGenic Sequence Analysis Double suanded DNA fragments werc synthesized with
Software (Beckman)), the antibody Eu was chosen to pro- Klenow po.lymerase from each pair of oligonucleotides,
vide the framework sequences for humanization of AF2. digested with restriction enzymes, ligated to the pUCI8
The computer program ENCAD (M. Levitt, J. Mol. Biol. veetor and sequenced. Two fragments with the respectively
168, 595 (1983), which is incorporated herein by reference) 35 correct half-sequences are then ligaied into the Xbal sile§ of
was used to constuct a model of the AF2 variable region,  the pVgl-dhir or pVk expression vectors in the appropriate
The model was used to determinc the amino acids in the AF2 orientations to produce thc completc hcavy and light chain
framework that were close enough to the CDR’s to poten- genes. Reactions are carried out under conditions well-
tially interact with them (catcgory 4 below). To design the known in the art (Maniatis et al., op. cit.)
humanized light and hcavy chain AF2 variablc regions, at 40 The heavy chain and light chain plasmids arc transfected
each position the amino acid was chosen to be the same as into Sp2/0 mouse myeloma cells by elecwoporation and cells
in the Eu antibody, unless that position fell in one or more selected for gpt expression. Clones are screened by assaying
of five categorics: human ansbody production in the culture supernatant by
(1) The position fell within a CDR, ELISA, aqd anu.body. purified frqm {he best-producing
: . ... 45 clones. Antibody is purified by passing tissue culture super-
(2) The Eu amino acid was unusual for human antibodies 1.0, over a column of staphylococcal protein A-Scpharosc
9 Fhat papition, whgreas. the AF2 i R B CL-4B (Pharmacia). The bound antibody is eluted with
ticalNr-hudTin antihocics,af that wagitiony 0.2M Glycine-HCI, pH3.0 and neuwalized with IM Tris
(3) The position was immediately adjacent to a CDR, PHS.0. The buffer is exchanged into PBS by passing over a
(4) The model described above suggested that the amino 50 PDI0 column (Pharmacia).
acid may be physically close to the antigen binding Properties of humamzed ansbodies.
region (CDR's). The humanized AF2 aniibody is characterized in com-
In category (2), “unusual” is interpreted to include amino parison to the muiine and chimeric antibodics. The human-
acids that occur in less than about 20% of the human ized antibody will bind to v-IFN in an ELISA assay in a
sequenccs in the samc subgroups (as defincd by Kabat ct al, 55 manner similar to the mouse and chimeric antibodies, show-
op. cit.} as the Eulight and heavy chains, and “typical” is ing that it recognizes Y-IFN.
intcipreted to include amino acids that occur in more than To compare the binding affinitics of mouseAF2 antibody
about 25% but generally more than 50% of the human and humanized AF2 antibody, a competitive ELISA assay is
scquences in those subgroups. For positions in these cat- performed. An ELISA plate is coatcd with human recombi-
egories, thc amino acid from thc mouse AF2 antibody was 60 nanty-IFN by adding 100 pl of a 500 ng/ml solution of y-IFN
uscd. In addition, a position was in the fifth category if the in PBS to each well and incubating overnight ag 4° C,
Eu amino acid was highly unusual for human antibodi'es at Subscquent steps are carried out at 10om temperature. The
that position, and thc AF2 amino acid was different but also ¥-IFN solutionis removed and 200 Wl of ELISA buffer (0.1%
unusual. Then an amino acid typical for human antibodies at Tween-20, 1% Bovine serum albumin in PBS) is added to
that position may be used. 65 each well and incubated for 1 hr, After removing the
The amino acids in cach category are shown in Tablc 9. solution, varying amounts of compctitor antibody (mouse
Some amino acids may be in more than one category. The AF2ar humanizedAF2) in 100 1 PBS is added to each well,
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along with an amount of biolinylated AF2 predetermined to
give a good ELISA response. The plate is incubated for 1 hr
and then washed 3 times with ELISA buffer. An amount of
horseradi'sh peroxidase (HRP)-conjugated strepavidin pre-

68
American Type Culture Collection (ATCC) against HLA-D
antigen, washed, stained with FITC conjugated goat anli-
mouse lg and analyzed with a FACScan (Becton-Dickin-
son). increasing concentrations of mouse AF2 refuce fluo-

detcrmined to be in excess is added in 100 pl PBS to each 5 rescence of the cells (FIG. 46), indicating the antibody is
well and incubated for 30 min. The plate is washed 3 times preventing induction of HLA-D by v-IFN. The humanized
in ELISA buffer, and 100 ul of substrate solution far HRP}S AF2 will act similarly to mouse AF2 in this assay, showing
added to each well. The plate is incubated for [0-30 min,  (pay it peutralizes the biological activity of y-IFN.
and the optical density of each well is determined with an From the foregoing, it will be appreciated that the human-
.EL]SA faghcy (BIO.RaS ) Thefdecreasc:lltn OPEE,EE d;nsny With 10 4,04 immunoglobulins of the present invention offer numer-
intssing oenuotios of compeior RGeS 100t aus achamages o ot IPN s amibdies In
humanized AF2 will compete similarly, showing that their SOPPRLSRT .m QUSE mopoclonal ERiDhARE; tHE B
binding affinities for y-IFN are approximately the same. The Niimanize® 1mmunqglobuhns a pe o g i cal}y
procedures used are well known in the art (e.g., Harlow and 15 produced and contain substantially less foreign amino acid
Lane, op. cit). sequences. This reduced likelihood of antigenicity after

An important biological activity of y-IFN is the induction injec}l‘qn into a human palient represents a significant thera-
of cxpression of class IT HL A antigens on cells. Todetermine peutic improvement.
lhe ability of mouse and humanized AF2 to neutralize this All publicasons and patent applications are herein incor-
activity, about Sx10% HS294T cells (Basham et al., J. Inmu- 20 porated by reference to the same extent as if each individual
nol. 130, 1492 (1983), which is incorporated herein by publication or patent application was specifically and indi-
reference) are plated in 1.0 ml DMEM medium+10% FCS vidually indicalcd to be incorporated by reference. Although
in each well of a 24-well plate. After overnight incubation, the present invention has been described in some detail by
0.1 oM interferon and varying amounts of mouse or human- way of illustralion and example for purposes of clarity and
ized AF2 are added to the cells, and the plate isincubated for 25 understanding, it will be apparent that certain changes and
72 hr. The cells are removed from the plate with 0.05M modifications may be practiced within the scope of the
EDTA, stained with monocional antibody L243 from lhe appended claims.

SEQUENCE LISTING

( I ) GENERAL INFORMATION:

(i i i )NUMBER OF SEQUENCES: 113

( 2 ) INFORMATION FOR SEQ ID NO:1:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 106 amino acids
( B ) TYPE; amno acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: unknown

i i ) MOIECULE TYPE: proicin
1 1 ) HYPOTHETICAL: NO
i x )FEATURE:

{ A ) NAME/XLY: Prelvin
{ 8 ) LOCATION: 1..106

( D ) OCHER INFORMATION: /notc="Varizblc rc2ion ef ibc mousc

anui-Tac anfibody light chain.”
i ) SEQUENCE DESCRIPITON: SEQ ID NO:1:

G'I*n' U 1°%c, WM, Leru ToT
1 s

Glo Scr

Thr
20

Lys 11l¢ Thr Cys Scr

Trp Glo Lys Gly

40
Thr Thr
50

AP “Se.r

55

Lcu Gly

Thr Scr Scr

Ala Ala Tbr His
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Al

Al

23

Th

Va

Th

Gln

a c McL Scr Ala Scr

& Ser

Lcu Tyr

45

T Ser Lys

i BIrDp Al'ay Ausg PhEc Sichr Suer

L Scr Arg Mct Alwa Glu

Thr L-crw T 'bhuw

95

Artg Secr

20

Tyr

Bl Exhibit 1136



5,530,101
69 70

-conlinued

Phc Gly Scr Gly Thr Lys Lev Glu Lcu Lys
100 105

( 2 ) INFORMATION FOR SEQ ID NO:2:

(i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 107 arwno acids
('8 ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOFOLOGY: unknown

( i i ) MOLECULE TYPE: protin
(1ii)WYPOTHENCAL: NO

( i x ) FEATURE:
( A ) NAME/KEY: Prowcin
( B ) LOCATION: 1..107
( D ) OTHER INFORMATION: /noic="Vasiablc r¢gvon of the human

Eu antibody light chain.”
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Asp llc Oln Mct Thr Gln Se¢r Pro Secr Thr Lecwv Scr Ala Scr Val Gly
1 5 10 15

Asp Arpg Val Tbr¢ 1lc Thr Cys Arg Ala Scr Gio Scr llec Asn Thr Tryp
20 25 30

Lecuvw Ala Trp Tyre Gln Gin Lys Pro Gly Lys Ala Pro Lys Lcu Lcu Mc
N 40 45

Tyr Lys Ala Scr Ser Lecu Glu Scr Gly Val Pro Scr Arg Phe !le Gly
50 55 60

Scr Gly Scr Gly Thr Olu Phe Thbr Lcu Thr 1lc Scr Scr Lecv Gla Pro

65 70 7S 80
Asp Asp Phe Ala Thr Tyr Tyr Cys Gln Glw Tyr Asm Scr Asp Scr Lys
35 920 pLS)
MetL Pkc Oly Glm Gly Thr Lys Val Glu Val Lys
100 105
( 2 ) INFORMATION FOR SEQ WD NO:3:
( i ) SEQUENCE CHARACTERISNCS:
{ A )LENGTH: 116 amno acids
( B ) TYPE: amwmo acid
¢ C ) STRANDEDNESS! singic
( D ) TGPOLOGY: unknown
{ i i ) MOLECULE TYPE: prowin
(ii1i)HYPOTHETICAL: NO
( i x ) FEATURE
{ A ) NAME/XEY: Prowcin
( B )LOCATION: 1..11§
( D ) GTHER INFORMATION: /mowe="Vatiabic region of tbc mouse
anii-Tac emiibody heavy chain.”
( x i } SEQUENCE DESCRIPTION: SEQ ID NO-2
Gln Val Glon Leu Gln Glan Se¢r Gly Ala Glu Lecu Ala Lys Pro Gly Ala
1 5 10 ()

Scr Mal Lys Mct Scr Cys Lys Ala Sce Gly Tyr Thys Phe Thr Ser Tyr
20 25 30

Arg McL His Trp Val Lys Glan Arg Pro Gly Gln Gly Lcu Gilu Trp lle
35 40 45

Lys Asp Lys Ala The Lecu THr Ala Asp Lysg Scr Scry et Thr Ala Tyr
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Met Gilm Leu Scr Scr Leuvw Thrt Phe Glu Asp Scr Ala Val Tyr Tyr Cys

85 90 95
Ala Arg Gly Gly Gly Val Phc Asp Tyr Trp Gly Gln Gly Thr Thr Leu
100 105 110
Thr Val Secr Ser
115

( 2 ) INFORMATION FOR SEQ ID NG:4:

( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGTH: 117 amwo acibs
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: unknown

( i i ) MOLECULE TYPE: ptotcin
( ii i )UYPOTIEETICAL: NG

( i x ) FEATURE:
{ A ) NAMEJKEY: Preicin
( 8 ) LOCATION: 1..117
( D ) OTHER INFORMATION: /noic="Vadablc rcgion of t';c human
Evu anlibody hcavy chain.”

{ x i ) SEQUENCE DESCRIPTION: $EQ1D NG:4:

Gln Val Gla Lecuw Val Gln Ser Gly Ala Glu VvVal Lys Lys Pro G
1 S 10 1

Scr Val bys Wal Scer €%s ILys Ala Sct Gly Gly Tht Phe Ser Arg Sct
20 5 30
Ala 1le¢ ¢ Trp Val Arg Gln Ala Praoa Gly Gla Gly Leu Glu Trp Mcl
40 a5

w -
v -

Gly Gly 1le Val Pee MelL Pbe Gly Pro Pco Asn Tyr Ala Gln Lys Phe
50 595, 60

r Thr Asn Thr Ala Tyr

Gln Gly Arg Val Thr 1lle Thr Ala Asp Glu Sc
75 80

65 70

Mct Glu Lcu Scr Ser Lecu Arg Scr Glu Asp Thr Ala Phc Tyr Phe Cys
- 20 95

Ala Gly Gly Tyr Gly 1lc Tyr Scr Pro Gtu Glu Tyr Asan G
5 1
Val Thr Val Ser Ser
115
( 2 ) INFORMATION FOR SEQ ID NG:S:
{ i ) SEQUENCE CHARACIERISIICS:
( A ) LENGTH: 116 amine acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singtc
{ D ) TOPOLOGY: unknown
( i i ) MOLECULE TYPE: oroin
(iii)HYPOTHEJICAL: NO
(i x } FEATURE:
( A ) NAME/KEY: Prolcin
( B ) LOCATION: 1..116
( D ) OFHER INFORMATION: /nate=""Vadable rcgion of the PDL
buman'sed anti- Tac anlibody heavy chain.”

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Gla Val Glw Lcu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Scr
1 5, 10 15

Ser Val Lys Va)l Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Scr Tyr
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20 25 3¢

Arg MclL Hts Trp Val Arg Gln Ala Pro Gly Glun Gly Lecu Glu Trp [)ec
40 45

Gy Tyl Lije "Ash Py Ser Fhr Gly Fyd Thin Glyg Fyg AEn Glm "y Phe
50 SES 60

Lys Asp Lyis Ala Thre 1le& Thr AllQd Asp Glm Ser Thr Asan Thrn Ala Tyr
r Levw Arg Scr Gln Asp Thr Ala Val Tyr Tyr Cys
Ala Arg Gly Gly Gly Vat Pbhe Asp Tyr Trp Gly Gln Gly Tht Lecu Val

100 165 110

Th'n Wel Syt Sc'y

( 2 )INPORMATION FOR SEQ 1D NO:6:

{ i ) SEQUENCE CHARACIERISTICS:
( A ) LENGTH: 116 amino acids
{ B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: unimowm

( i i )MOLECULE TYPE: proicin
(i1 1 )HYPOTHETICAL: NO
{ i x ) FEATURE:
( A ) NAMEKEY: Prelgin
( B ) LOCATION: 1..116
{ D ) OTHER INFORMATION: /noic=""Vasioblc rcgion of the CDR-only
humanived aoli-Tec anubody beavy chaw.”

( x i ) SEQUENCE DESCRIPTION: SEQID NO-6

Gla Val Gln Leu Val Glmn Scr Gly Ala Giu Val Lys Lys Proe Gly Ser
1 5

Scr Val Lys Vail Scr Cys Lys Ala Scr Gly Gly Tbr Phc Scr Scr Tyr

20 25 30
Arg Mct His Trp Val Arg Gln Ala Pro Gly Glo Gly Lecu Gluo Trp Mc
35 40 45
Gly Tyz lle Aso Pra Ser Tbr Gly Tyw Thr Glu Tyr Asm Gln Lys Phc
50 585, 60

Lys Asp Arg Val Thre [le Thr Ala Asp Gluvu Scr Thr Asan Thr Ala Tyr

65 75 80
MelL Gluo Lcw Scr Ser Leu Arg Scr Glu Asp Thr Ala Phe Tyr Phe Cys
85 90 5
Ala Gly Gly y Gly Val Phe Asp Tyr Glu Tyr Asn Gly Giy Lcu V2l
0 1035 110

Thre Val Scr Ser
115
( 2 ) INFORMATION FOR SEQ 1D NO:7:

( i ) SEQUENCE CFIARACTERISTICS:
( A ) LENGTH: 106 amino scids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: simgle
( D ) TOPOLOGY: voknown

( i i ) MOLECULE TYPE: prowin
(iii)HYPOTHENICAL: NO

(i x JFGATURE:
( A ) NAME/KEY: Prown
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( B ) LOCAT10N: 1..106
( D ) OTHER INFORMATION: /mvie="Vasiahlc reiion of Uic PDL
hunanized gati-Tee salibody light chain.”
( x i ) SEQUENCE DESCRI'DON: SEQ ID NO:#
Asp Ile Gla Mci1 Tbr Glo Scr Pro Scr Tbr Lcwo Scr Ala Scr Val Gly
1 5 10 15
Asp Arg Val Thr Ilc Thr Cys Scr Ala Scr Scr Scr 1lc Scr Tyr Mc1
20 253 30
His Trp Tyr Glo Glmn Lys Pro Gly Lys Ala Pro Lys Lcu Lcu 1lc Tyr
35 40 45
Tbr Thr Scr Aswm Leuv Ala Scr Gly Val Pro Ala Arg Phc Scr Gly Scr
50 55 60
Gly Ser Gly Thr Glo Phe Thr Lcu Thr Ilc Scr Sc¢r Lcu Gln Pro Asp
65 70 75 80
Asp Phec Ala Thr Tyr Tyr Cys His Gln Arg Scr Thr Tyr Pro Lcu Thr
35 90 9
Phe Gly Gin Gly Thr Lys Val Glu Val Lys
100 105
( 2 ) INFORMATION FOR SEQ ID NG:8:
( i ) SEQUENCE CHARACIERISTICS:
( A ) IENGTH; 106 amina acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: unknown
( i i ) MOLECULE TYPE: poictn
(iii)HYPOTHETICAL: NO
{ i x ) FEATURE:
( A ) NAME'KEY: Protcsa
( B ) LOCATION: 1..106
( D ) OTHER INFORMATION: /nolc="Variablc rcgion of the CDR-only
bumanised auli- Tac antibody ‘ight chain.”
( x i )SEQUENCE DESCRIPITION: SEQ ID NO:8:
Asp 11l¢c Glan Mct Tbr GIln Scr Pro Sc¢r Thr Lew Scr Ablz Scr Val Gly
| 3 10 L]
Asp Arg Val Thr Ile Thr Cys Scr Ala Ser Secr Scr lle Scr Tyr Mcut
20 25 30
His Trp Tyrs G!m Glo Lys Pro Gly Lys Ala Pro Lys Lcu Leuvu Mct Tyr
355 40 45
The Thr Se¢r Asn Lcu Ala Scr Gly Val Pro Ser Arg Phcec Ilc Gly Secr
50 S5 60
Gly Ser Gly Thre Glu Pbc Thr Lecu Thr 1lc Scr Scr Lcu Gla Pro Asp
(A 70 5 80
Asp Pbc Ala Thre Tyr Tyr Cys His Glan Arg Scr Thr Tyr Pro Lcu Thr
85 90 95
Pac Gly Gln Gly Tbr Lys Val Glu Val Lys
100 105

( 2 ) INFORMATION FOR SEQ 1D NO:9:

( i ) SEQUENCE CHARACIERISTICS:
( A )LENG'I'H: 443 hase pairs
( B )} 'YPE: sucleic acid
( C ) STRANDEDNESS: singk
( D ) TOPOLOGY: lincar

( i i )MOLECULE TYPE: DNA
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(i i i )HYPOTHETICAL: NO

{ 1 x ) FEATURE
( A ) NAME/KEY: misc_[ealuic
( B ) LOCATION: 1.443
( D ) OTHER INFORMATION: /naic="Scqucnec cncoding keavy

chain vaiiable region of CDR-only humanived
anu-Tac apybedy jocluding signal sequcnce.™

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

AGCTTCTAGA

CACTCTCAGG

AAGGTCTCCT

CAGGCCCCTG

GAATACAATC

GCCTACATGG

GGTGGGGGAG

TCCTTAAAAC

TGGGATGGAG

TCCAGCTTGT

GCAAGGCTTC

GACAGGGTCT

AGAAGTTCAA

AACTGAGCAG

TCTTTGACTA

CTCTAGACGA

( 2 ) INFORMATION FOR SEQ ID NO:10;

CTGGATCTTT

CCAGTCTGGG

TGGCGGGACC

GGAATGGATG

GGACAGGGTC

CCTGAGATCT

CGAATACAAT

TAT

{ i ) SBQUENCE CHARACTIERISTICS:
( A ) LENGTH: 411 base pairs

( B ) TYPE: nucleic acid

( C ) STRANDEDNESS. singlc

( D ) TOPOLOGY: lincas

( i i ) MOLECULE TYPE: DNA

( i i1 )HYPOTHETICAL: NO

( i x ) FEATURE:
( A ) NAME/KEY: misc_Fcature

{ B ) LOCATION: 1..411

CTCTTCCTCC

GCTGAAGTCA

TTTTCTAGCT

GGATATATTA

ACAATTACTG

GAGGACACCG

GGAGGGCTGG

( D ) OTHER INFORMATION: /oow="Scqucnce cocoding ight
chain vanahle rcgion of thc CDR.only humaniv.cd
anti- Tac anubody 1nduding signal sequcnee.™

( x i }SEQUENCE DESCRIPIION: SEQ ID NQ:10:

CAAATCTAGA

TCAACCGGAG

AGGGTCACCA

AAGCCAGGCA

CCTTCTCGCT

CAGCCAGATG

GGTCAGGGGA

TGGAGACCGA

ATATTCAGAT

TAACCTGCTC

AAGCTCCCAA

TCATTGGCAG

ATTTCGCCAC

CCAAGGTGGA

( 2 } INFORMATION FOR SEQ ID NO:11:

TACCCTCCTG

GACCCAGTCT

TGCCAGCTCA

GCTTCTAATG

TGGATCTGGG

TTATTACTGC

GGTCAAACGT

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 29 basc pairs

( B ) TYPE: nuclewc avid

( C } STRANDEDNESS: singlc

( D } TOPOLOGY: lincar

{ i i ) MOLECULE TYPE: DNA

¢ i 1 i )HYPUTHEDCAL: NO

( i x ) FEATURE:
( A ) NAME/KEY: misc_{calure

( B ) LOCATION: 1..29

CTATGGGTCC

CCATCTACCC

AGTATAAGTT

TATACCACAT

ACCGAGTTCA

CATCAAAGGA

AAGTACACTT

( D } OTHER INFOR.MATION: fstaadard _namo="Pruuer me(43"
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TGTCAGGTAC

AGAAACCTGG

ACAGGATGCA

ATCCGTCGAC

CAGACGAATC

CATTCTATTT

TCACAGTCTC

TCCTGCTATG

TCTCTGCTAG

ACATGCACTG

CCAACCTGGC

CCCTCACAAT

GTACTTACCC

TTCTAGATAT

CGCGGGCGTG

CTCGAGCGTG

CTGGGTAAGG

TGGGTATACT

CACCAATACA

CTGTGCAGGG

CTCAGGTGAG

GGTCCCAGGA

CGTCGGGGAT

GTACCAGCAG

TTCTGGAGTC

CAGCTCTCTG

ACTCACGTTC

A

308

360

420

443
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( = i ) SEQUENCE BESCRIPTION: SEQ 10 NO:l1:

TAATCTAGAA TTCCCCCCCC cCcCccCccccc

( 2 ) INFORMATION FOR SEQ ID NC:12:

( i ) SEQUENCE CHARACIERISTICS:
( A ) IENGTH: 46 busc pirs
( B ) TYPE: naclric acid
( C ) STRANDEDNESS: singic
( D ) TOPOLOGY: lincar

( 1 i ) MOLECUILE TYPE: DNA
( i i i) BYPOTHETICAL: NO
( i x ) FEATURE:
( A ) NAME/KEY: msc_(cature
( B ) LOCATION: 1_46
( D ) OTHER INFORMATION: /standard_name="Primcr m¢45"

( x i ) SEQUENCE DESCRIPIION: SEQ ID NO:12:

TATAGAGCTC AAGCTTGGAT GGTGGGAAGA TGGATACAGT TGGTGC

( 2 ) INFORMATION FOR SEQ ID NO:13:

( i ) SEQUENCE CHARACTRRETICS:
( A ) LENGTEE: 50 base pairs
( B ) TYPE: nucl:ic acid
( C ) STRANDEDNESS: single
(D ) TOPOLOGY?: lincar

( i i )MOLECUILE TYP8: DNA
( i i i )HYPOTHETICAL: NO
{ i x ) FEATURE:
( A ) NAME/KEY: misc_Jcatic
( B ) LOCATION: 1_50
¢ D ) OTHER INFORMATION: /siandard_ namme="Primcr mcG47"

( x i ) SEQUENCE DESCRIPTION: SBEQ ID NO:13:

=

TATAGAGCTC AAGCTTCCAG TGGATAGACH GATGGGGSTG TYGTTTTGGC

( 2 ) INFORMATION FOR SEQ ID KQ:l4:

{ i ) SEQUENCE CHARACIERISTICS:
{ A ) LENGTU: 116 amino zcids
( B ) TYPE: amino acid
( € ) STRANDEDNESS: single
( D ) TOPOLOGY: bnknOown

{ i i ) MOLECULE TYPE: protcin
(i i i )HYPOTHEIICAL: NO
{ i = ) FEATURE:
( A ) NAVE/KEY: Protcin
( B ) LOCATION: 1..116
( D ) OTHER INFORMATION: /noke="Anu"-lac heavy chain amino
acid scquence.'”

{ x i ) SEQUENCE DESCRIPIION: SEQ ID NO:14:

Gln Val Glo Lecu Gl
1 5

Glo Secr Ala Glu Lcu
1

Ser Val MeclL Ser Cys Lys

20 'S

Ty it

Arg Mcl Hi Val Lys Gla Pro Glao
3

Gly Tyr 11¢ R oo Scn Thr Toysry, Ty G v
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50 515 60
Lys Asp Lys Ala Thr Leu Thr Al2 Asp Lys Ser Scr Scr Thr Ala Tyr
65 70 75 80
Mct Gln Lcu Scr Scr Leu FTbr Pbc Glu Asp Scr Ala Val Tyr Tyr Cys
85 90 95
Ala Arg Gly Gly Gly Vval Phe Asp Tyr Trp Gly Gi1n Gly Thr Thr Lcu
100 105 110
Thr Val Scr Ser
113§
( 2 ) INFORMATION FOR SEQ ID NO-.15:
( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTU: 117 amino acids
( B ) TYPE: amino acnd
( C ) STRANDEDNESS: singlc
( D ) TOPOLCCY: wiknowa
( i i } MOLECULE TYPE: prolcin
(i1 i )E@YPOTHETICAL: NO
{ i x JFEATURE:
( A ) NAME/KEY: Prolcin
( B ) LOCATION: 1.117
{ D ) OTHER INFORMATION: /oo\c="Eu heavy chain amino acil
scqueace”
{ = i ) SEQUENCE DESCRIPTION: SEQ ID N{:15:
Glan val Gin Leu Val Gln Scr Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15
Scr Val Lys Val Scr Cys Lys Ala Ser Gly Gly Thr Phec Sc¢r Arg Secr
20 25 30
Ala 11e 11l¢ Trp Val Arg Glo Ala Pro Gly Glo Gly Lcu Glu Trp Mclt
40 45
Gly Gly 11l¢ Val Pro MclL Phc Gly Pro Pro Aso Tyrv Ala Gin Lys Phe
50 15 60
Gln Gly Arg V31 Thr 1l11lc Tbr Ala Asp Glu Sev Thr Asn Thr Ala Tyr
65 0 75 80
Mct Glu Lcu Scr Scr Leu Arg Se¢r Glu Asp Thbr Ala Pbe Tyr Pbe Cys
835 90 95
Ala Gly Gly Tyr Gly !lc Tyr Scr Pro Glu Giu Tyr Asa Gly Gty Lcu
100 105 110

Val Thr Val Scr Ser
115

( 2 ) INFORMATION FOR SEQ ID NO:16:

( i )} SEQUENCE CHARACTERISTICS:
( A } LENGTH: 106 anino acids
( 8 ) TYPE amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: vnknown

(i i ) MOLBCULE TYPE: proxcin
(111 )HYPOTHETICAL: NO
( i x ) FEATURE:
( A ) NAME/KEY: Proicin
{ B8 ) LOCATION: 1..106
( D ) OTHER INFORMANITION: /neic="‘Anti- Tac light chaio amino

2¢id scquenec.”

( x i ) SEQUENCE DESCRIFMNON: SEQ ID NO:16:
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Giln 1llc¢c Val Leu Thr Gln Scr Pro Ala 11le¢ Met Ser Ala Scr Pro Gly
1 5 10 S

h
0 2 5 30

cRl 40 45

Thr Thr Scr Asm Lecuv Ala Scr Gly Val Pro Ala Arg Phcec Scr Gly Scr
50 515 60

Gly Scr Gly Thbr Scr Tyr Sce¢ Lecu Thr 1le Scr Arg Mct Glu Ala Glu
645 70 75 30

Asp Ala Ala Thr Tyr Tyr Cys His Glm Arg Scr Thr Tyr Pro Lcu Thr
815 920 835

Thr Lys Lecu Glu Lcu Lys

( 2 ) INFORMATION FOR SEQ ID NO:17:

( i ) SEQUENCE CHARACTERISTICS:
( A ) IENGTH: 107 wnino 20ids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: unknown

{ i i ) MOLECULE TYPE: piowcn
(iii)NYPOTHITICAL: NO
{ i x } FEATURE:
( A ) NAMEJKEY: Proicin

( B ) LOCATION: 1..107
(D ) OTHER INFORMATION: /aevc="Ex light chain amine ac1d

scqucoce.
{ x 1 ) SEQUENCE DESCRIETION: SEQ ID NO:17:

Asp Ile Gln MeL Thr Glon Scr Pro Scr Thr Lcu Scr Ala Ser Val Gly
1 5 10 15

Asp Arg Vval Thr Ilc Thre Cys Arg Ala Scr Gln Scr 1lle¢ Asn Thkr Trp
20 2'5; 30

Leu Ala Trp Tyr Glon Gln Lys Pro Gly Lys Ala Pro Lys Leu Leus Me
35 40 45

Tyr Lys Ala Scr Scr Lcu Glu Ser Gly Val Pro Scr Arg Phe 1lc Gly
50 55 60

S¢cr Gly Ser Gly Thr Glu Phc Thr Lcw Thr 1llc Scr Ser Leu Gln Pro

Asp Asp Phc Ala Thr Tyr Tyr Cys Gln Gln Tyr Asm Scr Asp Scr Lys

( 2 ) INFORMATION FOR SEQ ID NO:13:

{ i ) SEQUENCE CHARACTFRISTICS:
( A ) LENGTH: 433 basc pairs
( B ) TYPE:nuclcic acid
( C ) STRANDEDNESS: single
{ D ) TOPOLOGY: lincar

( i i ) MOIECULE TYPE: DNA
(i i i )HYPOTHETICAL: NO
(i x ) FEATURE:
( A ) NAME/KEY: CDS

( B ) LOCATION: £.410
( D ) OTHER INFORMATON: {prochci=""Humanized anli-Tac beavy
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chain variable region. Seq 1D. 19"
( » i ) SEQUENCE DESCRIPTION: SEQ ID NO:18:

TCTAG ATG GGA TGG AGC TGG ATC TTT

CTC TTC CTC CTG TCA GGT ACC

McL Gly Trp Scr Trp 11c Phec Lcu Phe Lcu Lew Scr Gly Thr
1 ) 10
GCG GGC GTG CAC TCT CAG GTC CAG CTT GTC CAG TCT GGG GCT GAA GTC
Ala Gly Val His Scr Gla Val Glan Lcu Val Gla Se¢r Gly Ala Glu Val
15 20 255 30
AAG AAA CCT GGC TCG AGC GTG AAG GTC TCC TGC AAG GCT TCT GG TAC
Lys Lys Pro Gly Scr Scr Val Lys Val Scr Cys Lys Ala Scr Gly Tyr
35 40 45
ACC TTT ACT AGC TAC AGG ATG CAC TGG GTA AGG CAG GCC CCT GGA CAG
Thr Phc Thr Scr Tyr Arg Mct His Trp Val Arg Giln Ala Pro Gly Gln
50 5iS 60
GGT CTG GAA TGG ATT GGA TAT ATT AAT CCG TCG ACT GGG TAT ACT GAA
Gly Leuw Glu Trp lle Gly Tyr llc Asn Pro Scr Thr Gly Tyr Thr Glu
65 70 LS
TAC AAT CAG AAG TTC AAG GAC AAG GCA ACA ATT ACT GCA GAC GAA TCC
Tyr Asn Glo Lys Phe Lys Asp Lys Ala Thr 1le Tbhr Ala Asp Glu Scr
80 g5 90
ACC AAT ACA GCC TAC ATG GAA CTG AGC AGC CTG AGA TCT GAG GAC CiC
Thr Asn Thr Ala Tyr Mc¢cL Glu Leu Scr Scr Leu Arg Scr Glu Asp Thr
A5 100 105 110
GCA GTC TAT TAC GT GCA AGA GGG GGG GGG GTC TTT GAC TAC TGG GG
Ala Val Tyr Tyr Cys Ala Arg Gly Gly Gly Val Pbc Asp Tyr Trp Gly
115 120 11285
CAA GGA ACC CTG GTC ACA GTC TCC TCA GGTGAGTCCT TAAAACCTCT
Gin Gly Thr Lcw Val Thr Val Scr Scr
1310 L 35
AGA
(2 ) INFORMATION FOR SEQ ID NO:I9:
( i ) SEQUE.NCE CHARACTERISTICS:
{ A ) LENGTH: 135 smino acids
( 8 } TYPE: amino acid
( D ) TOPOLOGY: bncar
(i i) MQLECUIE TYPB: prolcin
( x i ) SEQUENCEDESCRIFNON: SEQ ID NO:19:

McL Gly Trp Ser Trp Ilc Pbc Lecu Pbc Leu Lcu Scr Gly Thr Ala Gly
| 3 10 15
Val His Scr Glo Val Gln Lcu Val Glwn Scr Gly Ala Gluw V2l Lys Lys

20 3 30
Pro Gly Scr Scr Val Lys Val Ser Cys Lys Ala Scr Gly Tyr Thr Phe
15 40
Thr Scr Tyr Arg Mct His Trp Val Arg Glo Ala Pro Gly Gln Gty Lcu
50 55 0
Glu Trp Ile Gly Tyr ll¢ Asw Pro Scr Thbr Gly Tyr Thr Glu Tyr Asn
(] 7 5 g0
Gln Lys Phc Lys Asp Lys Als Tbr 11lc Tbr Ala Asp Gl¥ Scr Thr Asn
85 90 95
Thr Ala Tyr ct Glu Leuv Scr Scr Lcu Arg Scr Glv Asp Thr Ala Val
100 105 110
Tyr Tyr ys Ala Arg Gly Gly Gly Val Phe Asp Tyr Trp Gly Gln Gly
15 120 1
Mibar: Lrew Va®l b Viale Shern Se g
130 i8S
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( 2 ) INFORMATION FOR SEQ ID NO:20:

( i } SEQUENCE CHARACTERISTICS:
( A )LENGIH: 403 basc paws
( B ) TYPE: niclcic acid
( C ) STRANDEDNESS: singlc
( D } TOPOLOGY: liatar

( i i ) MOLECULETYPE: DNA
(ii i) HYPROTHETICAL: NO
( i x )FEATURE:
{ A ) NAME/KEY:CDS
( B ) LOCATION: 6.383
( D ) OTHHER INFORMATION: /praduct="Humanizcd anti-Tac light
char'n vanable rcgion: Scq ID. 21"

( x i ) SEQUENCE DESCRIPITON: SEQ 1D NO:20;

TCPAG AITG GAG AEGE GAT ACC CEC CTG L£LFA TGG GTE CTLC CPRG CTA TGG 47
Mt GlW Thr Asp The LTu Ecu Legu Trp ¥al Ecuw Lecu Len Frp
1 -] 10

GTC CCA GGA TCA ACC GGA GAT ATT CAG ATG ACC CAG TCT CCA TCT ACC 95
Val Prom Gly Scr The Gly Asp 1l¢ Gln Mcl Thr Gln Se¢r Pre Ser Thr

15 20 2.5 30
CTC TCT GCT AGC GTC GGG GAT AGG GTC ACC ATA ACC TGC TCT GCC AGC 143
Lcw v Alda Segr ¥al Gly Alssp Arg Vol Thr Tl Fhr Cyg Ser Ald Ger

3.5 40 45
TCA AGT ATA AGT TAC ATG CAC TGG TAC CAG CAG AAG CCA GGC AAA GCT 191
Scr Scr lle Scr Tyr Mcl His Trp Tyr Glo Gln Lys Pre Gly Lys Ala
50 3 60
GCC -AAS CTFT CTA ART FAT ACC ACA WCC AAC CTG @'eT TCT GGA GTC CET 2139
Pire Lyrs Ly Legw ) he Tyzg THr Thp Siér Avm Liegv Ada BSeg Gialy Yal Pwo
65S 70 75
GCT GGC TTCG AGT GGC AGT GGA TCT GGG AE€C GAG TTC ACC CTFC ACA ATC 287
Ala Arg Phe Scr Gly Scr Gly Scr Gly Thr Glu Phc Thr Lecu Thr Ilc
80 85 90

AGC TET ETOH CAG CCA GAT GAT TTC GGC ACT TAT TAC TGC CAT CAA AGG 335
Scr Scr Lcu Gln Pro Asp Asp Phe Ala Thr Tyr Tyr Cys His GlIln Arg

95 100 105 110

AGT ACT TAC CCA CTC ACG TTC GGT CAG GGG ACC AAG GTG GAG GTC AAA 3
Steir Thinr Tyr Ewpo Licu Thre Phe GIy Gln Gly The LYS NGl Glu Vil Lyis

171 5 120 1 25
CGTAAGTACA CTTTTCTAGA 403

( 2 ) INFORMATION FOR SEQ ID NO:21:
( i )SEQUENCE CHARACIERISTICS:
( A ) LENGTM: 126 amino arids
( B ) TYPE: amino acid
( D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: proiin
( x i ) SEQUENCE DESCRIFTION: SEQ 1D NO:21:

Mct Glw Thr Asp Thr Leu Leuw Lecu Trp Val Lcu Lcu Lew Trp Val Pro

1 S 10 15
Gly Scr Thr Giy Asp Jllc Gtn Mc¢cl Thre Gln Scr Pro Scr Thr Lcu Scr
20 25 30
Aldg Scr Val Bly sy Afrg Val Thr 1Te Thir Cys S Atla Sz Ser Suwca
35 40 45

The' S Tyrr ML His Taa Tyr @log Ghn Liyss Barw Gilley Liys "Asla Figo. Lgy s
50 5p5
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Lcu Leu Ile Tyr Thr Thr Scr Aso Leu Ala Secr
65 740 25
Phe Scve¢e Gly Scr Gly Secre Gly Thre Gluw Phe Thr
85 90
Lcu Gin Pro Asp Asp Phc Ala Thr Tye Tye Cys
100 105

cu The Lys Val
115

o -
(=R

( 2 ) INFORMATION FOR SEQ D NO:22:

{ i ) SEQUENCE CHARACIZTRISTICS:
( A ) LENGTH: 126 basc pairs
( B ) TYPE: nuclcic scid
( C ) STRANDEDNESS: single
( D ) TOPGLOGY: lincar

( i i ) MOLBCULE TYPE: DNA
{ i1 i )HYPOTHETICAL: NO

{ 1+ x ) FEATURE:
{ A ) NAME/KEY: misc_(cauxe
( B ) LOCATION: 1..126
( D ) OTHER INFORMATION: /siandand_pame="Qligo HES12"
/ now="0nc of [our oligonuclcntides used (o
syahesize the hwpanyod anti Tac heavy chain
genc

( x i ) SEQUENCE DESCRIPNION: SEQ ID NO:22:

His

Glu

Pro Ala Arvrg
80

Ile Ser Scr
95

tg Ser Thr

Lys

AGCTTCTAGA TGGGATGGAG CTGGATCTTT CTCTTCCTCC TGTCAGGTAC CGCGGGCGTG

CACTCTCAGG TCCAGCTTGT CCAGTCTGGG GCTGAAGTCA AGAAACCTGG CTCGAGCGTG

AAGGTC

( 2 ) INFGRMATION FOR SEQ ID NO:23:

¢ i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 129 base pairs
( B ) TYPE: nuclcic acid
( C ) STRANDEDNESS: singlc
{ D ) TOPOLOGY: livcar

( i i ) MOLECULE TYPE: DNA
(i i1 )HYPOTHENCAL:NQ

{ i x ) FEATURE:
( A ) NA\ME/KEY: mise_(catrc
( B ) LOCATION: 1..129
( D ) OTHER INFORMATION: fstandard_namc="0ligo HES13"
+ oote="0nc of four oligonuclcotides uscd Lo
syathcs ve “be humanizcd anti-Tac heavy chain
e

( = i ) SEQUENCE DESCRIPYION: SEQ ID NO:23:

CCCAGTCGAC GGATTAATAT ATCCAATCCA TTCCAGACCC TGTCCAGGGG CCTGCCTTAC

CCAGTGCATC CTGTAGCTAG TAAAGGTGTA GCCAGAAGCC TTGCAGGAGA CCTTCACGCT

CGAGCCAGG

( 2 ) INFORMATION FOR SEQ ID NO:24:

( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGT1: 124 base pairs
( B8 ) TYPE: nuck'ic acid
{ C ) SIRANDEDNESS: <ingle
( D ) TOPOLOGY: lincar

( i i ) MOLECULE TYPE: DNA
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(i i) HYPOTHETICAL: NO

(i x ) FEATURE:
( A ) NAME/KEY: misc_[calure
( B )LOCATION: 1..124
( D ) OTT1IER INFORMATION: /siendard_ name=""0Vgo HES14"
/ opoie="0oc of {our aligonuclcalides used to
synthcsiuc U humanixed ani. T henvy chain
#enc.”

( x i ) SEQUENCE DESCRIPIION: SEQ ID NC:24:
TATATTAATC CGTCGACTGG GTATACTGAA TACAATCAGA AGTTCAAGGA CAAGGCAACA
ATTACTGCAG ACGAATCCAC CAATACAGCC TACATGGAAC TGAGCAGCCT GAGATCTGAG

GACA

( 2 ) INFORMATION FOR SEQ ID NO:25:

( i )SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 128 basc pairs
( B ) 1YPE: nuclcic acid
( C )STRANDEDNESS: singl:
( D ) TOPOLOGY: linca

(i i )MOLECULE TYPE:DNA
( ii i )BYPOTHETICAL: NO
{ i x ) FEATURE:
( A ) NAME/KEY: misc..Tealac
( B } LOCATION: 1..128
( D ) OTHER INFORMATION: /standard_name="0lgo HESIS™"
! nolc="0nc of four ofigooucicotides used to
synidesizg e bungnivzed ant-Tac begvy chain
gene.”
{ x i ) SEQUENCE DESCRIPITION: SEQ ID NQ:25:
ATATCGTCTA GAGGTTTTAA GGACTCACCT GAGGAGACTG TGACCAGGGT TCCTITGGCCC
CAGTAGTCAA AGACCCCCCC CCCTCTTGCA CAGTAATAGA CTGCGGTGTC CTCAGATCTC

AGGCTGCT

( 2 ) INFORMATION FOR SEQ ID NO:26:

( i )SEQUENCE CHARACTERISTICS:
( A )IENGTH: 120 basc pairs
( B ) TYPE: nuclcwc acid
( C ) STRANDEDNESS: single
{ D ) TOPOLOGY: lincar

(i i ) MOLECULE TYPE: DNA
(ii i )HYPOTHETICAL: NO
( i x ) FEATURE:
( A ) NAMEJKEY: misc_{cauire
¢ B ) LOCATION: 1.120
( D ) OTBER INFORMATION: /siaadasd_name="Oligo JFBI™

/ noic="0oc of four ®ligenuct:olidcs uied W
sywibesizc e bwoanized ani-Tee light chain

BRmE.
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:26;
CAAATCTAGA TGGAGACCGA TACCCTCCTG CTATGGGTCC TCCTGCTATG GGTCCCAGGA

TCAACCGGAG ATATTCAGAT GACCCAGTCT CCATCTACCC TCTCTGCTAG CGTCGGGGAT
{ 2 ) INFORMATION FOR SEQ ID NO:27:

( i ) SEQUENCE CHARACIERISTICS:
( A )LENGTTL: li4 basc pairs
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( B ) TYPE: nucleic acid
{ C ) STRANDEDNESS: siogle
{ D ) TOPOLOGY: lincar

{1 i)MOUECULE TYPE: DNA
(iii)HYPOTHETICAL NO

{ i x ) FEATURE:
{ A ) NAME/KEY: misc_[cawure
( 8 ) LOCATION: 1..114
{ ® ) OTHER INFORMATION: /sizndard_nwec="0ligo JFD2*
! nole="Onc of four oligonucicotides uscd 1o
synhesize the huraanized anti. Toc light charn
gone.”

{ x i ) SEQUENCE DESCRIPTION: SEQ ID NO:27:
ATAAATTAGA AGCTTGGGAG CTTTGCCTGG CTTCTGCTGG

ACTTGAGCTG GCAGAGCAGG TTATGGTGAC CCTATCCCCG

( 2 ) INFORMATION FOR SEQ ID NO:28:

{ i }SEQUE:NCE CHARACIERISTICS:
( A ) LENGTH: 123 basc purs
{ B ) TYPE: nucleic acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

{ i i ) MOLECULE TYPE: DNA
{ii i) YPOTHETICAL: NO
(i x ) FEATURE;
( A ) NAME/KEY: misc_fcare
( B ) LOCATION: L..123
( D ) OTHER iNFORMATION: /standard_namc="0'igo ITD3"
! note="0nc of [our ol'ganuclcotdes usod t0

symhcsivc the bumaniv.cd anii-Tac Jight cha.n
P

{ x i ) SEQUENCE DESCRIPTION: SEQ ID NO:23:
GCTCCCAAGC TTCTAATTTA TACCACATCC AACCTGGCTT
AGTGGCAGTG GATCTGGGAC CGAGTTCACC CTCACAAITCA

TTC

( 2 ) INFORMATION FOR SEQ ID NQ:29:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 122 basc pairs
{ B ) TYPE: mchic acid
( C ) SIRANDEDNESS: smgk
( D ) TOPOLOGY: tincar

(i i ) MOLECQULE TYPE: DNA
(iii)HYPOTHENCAL: NO
(i x ) FEATURE:
( A )NAMEXKEY: misc_[care
( B ) LOCATION: 1..122
( D ) OTHER INFORMATION: /stundacd_name="0ligo SED4"
1 nowe=""Onc of four oligooucicotidcs used 1o
symhbesive the bumanivcd anu-Tece light chan
gene.”
( % i ) SEQUENCE DESCRPTION: SEQ ID NO: %~
TATATCTAGA AAAGTGTACT TACGTTTGAC CTCCACCTTG
TGGGTAAGTA CTCCTTTGAT GGCAGTAATA AGTGGCGAAA

GA
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TACCAGTGCA

ACGCTAGCAG

CTGGAGTCCC

GCTCTCTGCA

GTCCCCTGAC

TCATCTGGCT

TGTAACTTAT
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CGAACGTGAG

GCAGAGAGCT
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( 2 ) INFORMATION FOR SEQ ID NO:30:

( i ) SEQUENCE CHARACTERISIICS;
( A }LENGTH: 384 basc pu'rs
( B ) TYPE: nuclaa’¢ acid
{ C } STRANDEDNESS: singlc
( D ) TOPOLOGY: litcar

( i i ) MOLECULE TYPE: cDNA

i i YHYPOTHEIICAL: NO

{ i x ) FRATURE:
( A ) NAME/KEY: CDS
( B ) LOCATION: 1.384
{ D ) OTHER INFORMATION: /produci="Light chaln vanable
icgioa of mik-bewwl: S¢q ID No. 31™

(

»

i ) SEQUENCE DESCRIPTION; SEQ ID NO:3¢.

ATG GAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA 48
Mct Asp Phe GInm Val Gin 11lec Phe Scr Phe Lcu Leu Jle Scr Ala Scr
1 5 10 nS

GTC ATA CFG TCC AGA GGA CAA ATFT GTET CTC ACC CAG TCT C€CA GCA ATC 96
Val Ile Lcu Scr Arg Gly Gln Ilc Va) Leu The Gln Ser Pro Ala 11
20 25 30

ATG TCT GCG TCT CCA GGG GAG AAG GTC ACC ATG ACC TGC AGT GGC AGC 144
Mct Scr Ala Scer Prg Gly Glu Lys Val Thr Mc1 Thr Cys Scr Gly Scr
3P 40 45

TCA AGT GTA AGT TTC ATG TAC TGG TAC CAG CAG AGG CCA GGA TCC TCC 192
Scr Ser Val Scr Phe Met1 Tyr Trp Tyr Gln Gln Arg Pro Gly Scr Secr

GCC AGA CTC@G CTG ATT¥ TAT GAC ACA TCC AAC CTG GCE€T TFTET GGA GTC CGT 240
Pio Aeg Lcw Lou Alc Ty® Asp Thr Scr Asan Lcov Adeg Skt Gly Val Bgo
65 70 75 80

GTT CGC TTC AGT
Val Arg Phec Scr

AGT GGG TE@€T GGG AICC TCT TAC TCT E€TEC ACA ATC 288
Ser Gly Sor Gly Thr Scr Twr Secr Laow Thr 13c

ao
=~ Q0
e N

AGC CGA ATG
Scr Arg Mc

GCT GAA GAT GCT GCC ACT TAT TAC TGC CAG CAG TGG 336
Ala Glu Asp Ala Ala Thr Tyr Tyr Cys GIn Glin Trp
105 il1o0

-00
o — >
o 0

AGT ACT
Scr Thr

CCG CTC ACG TTC GOT GCT GGG ACC AAG CTG GAG CTG AAA 384
t Pro Leu Thr Phbe Gly Ala Gly Thr Lys Leu Gluw Lco Lys
5 120 125

=h =S
e >

( 2 ) INFORMATION FOR SEQ ID NO:31:
( i ) SEQUENCE CIIARACTERISTICS:
( A ) LENGTH: 128 amino acids
( B ) TYPE: amino acd
( D ) TOPOLOGY: hncar
{ i i } MOLECULE TYPE: proicin
( x i }SEQUENCE DESCRIPTVON: SEQ D NO:3):

Mer Asp Pbc Glmn Val Gla Ilc Phcec Scr Phe Lecu Leuw llec Ser Alda Scr
1 S 10 15

Vel 1l¢ Lecuw Scr Arg Gly Gilm Ilec Val Leuvw Thr Gitn Ser Pro Ala {le
20 25 30

MectL Scr Ala Sc¢r Pro Gly Glu Lys Val Thr Met Tar Cys Scr Gly Scr
4
Scr Scr Val Scr Phe Mct Tyr Trp Tyr Gln Gln Arg Pro Gly Ser Sct
50 55 ]

Pro Arg Lew Leu llec Tyr Asp Thr Scr Asnm Leu Alda Scr Gly Val Pr
65 70 TS,

o a
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Val Arg Phec Scr Gly Ser Gly
85

Scr Arg MctL G

1

Ser Tbhr Tyr Pro Lcu Tbr Phe
115

( 2 ) INFORMATION FORSEQ [D NO:32:
( i } SEQUENCE CHARACTIERISTICS:
( A ) LENGTH: 414 basc pairs
( B8 ) TYPE:nutlcic acid
( C ) STRANDEDNESS: suxlc
( D ) TOPOLOGY: lincar
(i i ) MOLECULE TYPE: cDNA

i & i )HYPOTHETICAL: NO

-~

(i x ) FEATURE:
( A ) NAMEKEY: CDS
( B ) LOCATION: 1.414

Scr

Ala Glu Asp Ala

Gly

120

Gly Thre Scr
90

Ala Thr Tyr
105§

Ala Gly Thbr

( D ) ®THER INFORMATION: /product="Hcavy chavn var. wegion
of the anibody mik-bewl: Seqiny 33"

{ x i )SEQUENCE DESCRIPTION: SEQ ID NO:32:

ATG GCT GTC TTG GGG CTG CTC
MeL Ala Val Lcu Gly Lcu Leu
5

GTC CTA TCC CAG GTG CAG CTG
Val Lcu Scr Gln Val Gln Lcu
20

CCC TCA CAG AGC CTG TCC ATC
Pro Sc¢r Glm Scet Leu Sec llc
55

ACA AGT TAT GGT GTA CAC TGG
Thr Scr Tyr Gly Val His Trp

GAG TGG CTG GGA GTG ATA TGG
Glu Trp Leu Gly Val Ilc Trp
65 70

GCT TTC ATA TCC AGA CTG ACC
Ala Pbc Ile Scr Arg Lcu Thr
85

GTT TTC TTT AAA GTG AAC AGT
Val Phet Phe Lys Val Asa Scr
100

TAT TGT GCC AGA GCT GGG GAC
Tye Cys Ala Arg Ala Gly Asp
i s

GC CAA GGG ACT CTG GTC ACT
Gly Gln Gly Thr Lcu Val Thr
130 135

( 2 ) INFORMATION FOR SEQ ID NO:33:
( i ) SEQUENCE CHARACTERISIICS:
( A ) LENGTH: 138 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: lincar

(i i ) MOLECULE TYPE: prokin

( x i ) SEQUENCE DESCRPNON: SEQ ID NO:33:

Mei Ala Val Leuw Gly Lcu Lcu
1 5

TRC
Phec

AAG
Lys

ACC
Thbr
40

AGT
Ser

CTG
Lcu

TAT
Tyr
130

GTC
Val

Pbec

TGC CTG GTG
Cys Leou Val
10

CAG TCA GGA
Gln Scr Gly
25

TGC ACA GTC
Cys Thr Val

CGC CAG TCT
Arg GlIn Scr

GGT GGA AGC
Gly Gly Scr
75

AGC AAG GAC
Scr Lys Asp
920

CAA CCT GCT
Gla Pro Ala
105

AAT TAC GAC
Asn Tyr Asp

TCT GCG
Ser Ala

Cys Lcu Val
10
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Tyr

Tyr

Lys

ACA
Thr

CCT
Pro

TCT
Scr

CCA
Pro

ACA
Thr

AAC
Asn

GAC
Asp

GGT
Gly

Thr

Si2l iz

Cys

Lecu
125

TTC
Phc

GGA
Gty

GAC
Asp

TCC
Sce

ACA
bl 4

TTT
Phe
135

Phec

CCA AGC
Pro Ser

CTA GTG
Lecu Val
30

TTC TCA
Phe Scr

AAG GGT
Lys Gly

TAT AAT
Tyt Asn

AAG AGC
Lys Ser
95

T
llc

->0
o® N

GCT TAL
Als Tyr

Pwio Scr
15

TGT
Cys

A
Gln

GTA
Val

CTG
Lcu

GCA
Ala
80

CAA
Gln

TAC
TyT

TGG
Trp

Cys

48

9é

192

240

288

336

384

414
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YVal Lcu Scr Glo Val Glm Lcw Lys Glao Scr Gly Pro Gly Lcu Val Glao
20 25 30
Piid S Gn S Ly Ske™r 1 l%e IVENY JChyisl Bbh P Vall SR Gly BT S Vall
35 40 45
THYY STf Tyr Gy Val HMS Tip Tle AFeg Glh Ser Pro G1y Ly's GLy Loy
50 SRS 60
Gly Trp Lecw Gly Vial Ilec Towep Scr Gly Gy Secr Thr Asp Tyr Keso Ala
65 70 729 g0
Al FThe 118 ST Alrgd ke ThiY LUg Scid Lys ASH Asa S kys Sdr Glo
83 S0 95
vVail #Phg FPhe Lys VAl Asp Scr Lé&uw Gilnp PTh Ala Asp Thr ANleg Tlea TFyr
100 105 110
Tyr Cys la Arg Ala Gly Asp Tyr Asn Tyr Asp Gly hec Ala Tyt Trp
5 120 11-245
Gly GIln Gly Thr Lecu Val Thr Val Scr Ala
130 135
¢ 2 ) INFORMATION FOR SEQ D NO:34:
( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGIE; 107 amino acids
{ B ) TYPE: amino acid
{ C ) STRANDEDNESS: singtc
{ D ) TOPOLOGY: uninewn
( i i ) MOLECULE TYPE: prolin
(i i i )HYPQTHETICAL: NO
{ i x ) FEATURE:
( A ) NAMEXEY: Prowcin
( B ) LOCATION: 1..107
( D } CTHER INFORMATION: /nolc="Amino acid écqueace of tw
light chain fer humanc Lay enlibudy.”
( = i ) SEQUENCE DESCRIF11ON: SEQ 1D NO:34:
Asp llc Gln Mct Thr Giao Scr Pro Scr Scr Lec Sc Yal Ser Val Gly
1 5 14 152
Asp Arg Val Thr Ile Thr Cys Glmn Ala Ser GI As Val Asn Ala Tyr
20 25 30
Lecu Asa Trp Tyr Gln Gln Lys Pro Oly Lcu Al B Lys Leu Leu 1ll¢c
is 40 45
Tyr Gly Ala Scr Thr Arg Gluw Ala Gly Val Pr Sc Arg Phc Scr Gly
0 3.5 60
Scr Gly Scr Gly Thr Asp Phc The Phec Thr 11 Sc Scr Leuw Glo Pro
&5 70 75 80
Glu Asp Ilec Ala Thr Tyr Tyr Cys Gln Gln Ty As Asn Trp Pro Pro
85 90 95
Tbr Phe Gly Glm Gly Thr Lys Val Glu Val Ly
100 105

( 2 ) INFORMATION FOR SEQ ID NG:35:

( i ) SEQUENCE CHARACTERISTICS:
( A ) IENGTH: 106 amino actds
( B ) TYPE: amino acid
( C ) SIRANDEDNESS: singlc
( D ) TOPOLOOY: untmovr

(i I ) MOLECULE TYPE: procan

(iii)HYPOTHETICAL: NO
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( i x ) FRATURE:
( A ) NAMEKEY: Protin
( B ) L&CATION: 1.106
( D ) OTHER INFORMATION: /aote=""An'ma acid Scqucoce af the
light ¢hain o[ thc humaniacd mik-bctal antibady."

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:35:

Asp Ilc Gta Mct Thr Glo Scr Pro Scr Scr Lcu Secr Alas Scr Val Gly
| 5 10 s

Asp Arg Yal Thr Il¢e Thr Cys Ser Gly Scr Ser Ser Val Scr Phe Mcl
20 2% 30
35 40 45

Asp Thr Ser Asn Lcu Ala Sev Gly Val Pra Scr Arg Phe Scr Gly Scr
50 5SS 60

Gly Scr Gly Thr Asp Tye Thr Phe Thr 1lc Ser Scr Lcu Glno Pro Gle
65 7.0 15 80

Asp 1llec Ala Thr Tyr Tyr Cys Glo Glan Trp Scr Thr Tyr Pro Lcu Thr
35 90 95

Pbec Gly Gln Thr Lys Val Glu Val Lys

-0
o —
o«

( 2 ) NFORMATION FOR SEQ ID NO:36:

( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGTTE: 122 amino acids
{ B ) TYPE. amira acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: unknown

( i i ) MOLECULE TYPE: procin
(iit)HYPOTHETICAL:NO

( i x ) FEATURE:
( A ) NAME/KEY: Procin
(B ) LOCATION: 1..122
( D ) CTHER INFORMATION: /nalc=“Amine acid scqucnec of “he

hcavy chain of the bumasn Lay aoubody.”
( = i ) SEQUENCE DESCRIPTION: SEQ I NO:36:

Ala Val Glpm Leu Leu Glu Scer Gly Gly Giy Leu Val Gla Pro Gly Giy
3 5 10

Scr Lecu Arg Lecu Scr Cys Ala Ala Scr Gly Phc Thr Phe Scr Ala Se¢r
20 25 30

35 40 45
Ala Trp Lys Tyr Glu Asn Gly Aso Asp Lys His Tyr Ala Asp Scr Val
50 55 60
Asn Gly Arg Phc Thr tlc Ser Arg Asn Asp Scr Lys Aso Thkr Lcou Tyr
65 70 s 80

Leu Gla Met Aso Gly Lecuv Glan Ala Glx Val Scr Ala 1lc Tyr Tyr Cys
35 50 9.5

Ala Arg Asp Ala Gly Pro Tyr Val Scr Pro Thr Phe Phec Ala His Trp
100 105 110

The Lew Val Thr Val Ser Secr
120

th ‘<

( 2 ) INFORMATION FOR SEQ D NO:37%:
( i )SEQUENCE CHARACTERISTICS:

{ A ) LENGTH: 19 ®mioo acids
( B ) TYPB: ammo acid
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( C ) STRANDEDNESS: Single
( D ) TOPOLOGY: unknown
( i i ) MOLECULE TYPE: protcin
(i i i )HYPOTHETICAL: NO
( i x ) FEATURE:
( A )NAME/KEY: Prolcin
( B ) LOCATION: 1..11%
( D ) OTHER INFORMATION: /now=“Amino atid scqucanec of the
heavy chain of the b izcd mik-bewl antbody.”
( * i ) SEQUENCE DESCRIPIION: SEQ 1D ND:37:
Glu Val Gln Lcu Leuw Gluw Scr Gly Gly Gly Lcu Val Gln Pro Gl Gly
1 5 10 155
Ser Lcu Arg Lcu Secr Cys Ala Ala Scr Gly Phe Thr V3l Thr Sc Tyr
20 245 jo
Gly Val His Trp Val Arg Glon Ala Pro Gly Lys Gly Leu Glu Tr Val
35 40 45
Gly Vval 1le Trp Ser Gly Gly Scr Thr Asp Tyr Asn Ala Ala Ph 1lec
50 59 60
Scce Arg Phe Thr 1lc Scr Arg Asp Asn Scr Lys Asn Thr Lcu Ty T
65 70 T 80
Gln Mct Asn Scr Lcu Gln Ale Glu Asp Thr Ala Ilec Tyr Tyr Cy Ala
85 90 955
Arg Ala Gly Asp Tyr Asn Tyr Asp Gly Phec Ala Tyr Trp 1y 1G& Gly
100 105 0

Thr Lcu Val Thr Val Scr Secr
115

( 2 ) INFORMATION FOR SEQ ID NO:38:

( i ) SEQUENCECHARACIERISTICS:
( A ) LENGTH: 107 basc paits
( B ) TYPE: nuckic acid
( C ) STRANDEDNESS: singic
( D ) TOPOLOGY: lincar

( i i ) MOLECULE TYPE: DNA
(11 i )AYPOTHETICAL:NO
{ i x ) FEATURE:
( A ) NAME/KEY: misc_(caturc
( B ) LOCATION; 1..107
( D ) OTHER INFORMATION: /standard_pamc="0ligo 13"

( x i ) SEQUENCE DESCRIPIION: SEQ ID N@®:38:

TTCTGCTGGT ACCAGTACAT GAAACTTACA CTTGAGCTGC CACTGCAGGT GATGGTGACG

CGGTCACCCA CTGAGGCACT GAGGCTAGAT GGAGACTGGG TCATTTG

( 2 ) NFORMATION FOR SEQ ID NO:39:

( i } SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 136 basc paits
( B ) TYPE: nuckic acid
( C ) STRANDEDNESS: singlc
( D )TOPOLOGY: linca:

( i 1)MOLECUIE TYPE: DNA
( iii)HYPOYHETICAL: NO
( i x )FEATURE:
{ A ) NAME/KEY: misc_(calurc

( B ) LOCATION: 1..136
( D ) OTHER INFORMATION: /standerd_name="0liga vcl4"
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:39:
CATGTACTGG TACCAGCAGA AGCCAGGAAA AGCTCCGAAA
CAACCTGGCT TCTGGAGTCC CTTCCCGCTT CAGTGGCAGT

CTTTACAATC TCTTCA

( 2 ) INFORMATION FOR SEQ 1D NO:40:
( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 137 basc pakrs
( B ) TYPE: muclew acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: Jincar
(i i ) MOLECULE TYPE: DNA
(i i1 )HYPOTHETICAL:NO
( i x ) FEATURE:
( A ) NAME/KEY: misc_[cawre
( B ) LOCATION: 1..137
( D ) OTEER INFORMATION: /sandard_namc="0ligo v<cl5"
{ x i ) SEQUENCE DESCRIPTION: SEQID NQO:40:
TGTGTCTAGA AAAGTGTACT TACGTTTTAC CTCGACCTTG
CGGOTAAGTA CTCCACTGCT GGCAGTAATA AGTGGCTATA

GATTGTAAAG GTGTAAT

( 2 ) INFORMATION FOR SEQ ID NO-4i:
{ i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 108 basc pairs
( B ) TYPE: nucicic acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar
(i i ) MOLECUTE TYPE: DNA
{11 i )HYPOTHENICAL: NO
(i x ) EEATURE:
( A YNAME/KEY: misc_{rature
( B ) LGCATION: 1..108
( D ) OTHER INFORMATION: /standard_samc=""0ligo ve16™
( x i ) SEQUENCE DESCRIPTION: SEQ 1D NO.41:
CACATCTAGA CCACCATGGA TTTTCAAGTG CAGATCTTCA

TCAGTCATAC TGTCCAGAGG AGATATTCAA ATGACCCAGT

( 2 ) INFORMATION FOR SEQ 1® NO:42:
( i ) SEQUENCE CHARACTERISTICS:

( A ) LENGTH: 132 base Dairs
( B ) TYPE: nuclcicacid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lncar

(i i )MOLECULE TYPE: DNA

(iii)HYPOTHENCAL: NO

( i x ) FEATURE:
( A ) NAMEJKEY: misc_(catuc
( B ) LOCATION: 1..138
( D ) OTHER INFORMATION: /standacd_pame="0ligo ve1l"

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:42:

TAGTCTOTCG ACCCACCACT CCATATCACT CCCACCCACT
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CTTCTGATTT ATGACACATC

GGGTCTOGGA CCGATTACAC

GTCCCTTGAC

TCTTCCGGCT

GCTTCCTGCT

CTCCATCT

CGAGTCCCTT

COAACGTGAG

GAAGTGAAGA

AATCAGTGCC

TCCAGGAGCC
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TGGCGGACCC AGTGTACACC ATAACTTGTT ACGGTGAAAC

CTCAGAGATC CTCCTGGC

( 2 ) INFORMATION FOR SEQ ID NO:43:
( i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTE: 126 bisc pairs
( B ) TYPE: nucleic zcid
( C ) SIRANDEDRNESS: stgle
( O )} TOPOLOGY: ‘incar
{ i i )MOLECULE TYPE: DNA
(iii)HYPOTHENCAL: NO
{ i x ) FEATURE:
( A ) NAME/KBY: misc_{catwre
( B ) LOCATION: 1.126
( D ) OTHER INFGRMATION: /standa.~)_name="0'igo veclI2”
( x i ) SEQUENCE DESCRIPITON: SEQ ID NO:43:
TGGTGGGTCG ACAGACTATA ATGCAGCTTT CATATCCAGA
CAGCAAGAAC ACACTGTATC TCCAAATGAA TAGCCTGCAA

TTATTG

( 2 )INFORMATION FOR SEQ ID NQ:44;
( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGi#: 130 basc pairs
( B ) TYPE: nucicic acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: DNA
(iii )HYPOTHETICAL: NO
( i x ) FEATURE:
{ A ) NAMEWBY: misc_ {cature
{ B ) LOCATION: 1..130
( D ) OTIHHER INFORMATION: /standard_naroc="0ligo wps54"
( x i ) SEQUENCE DESCRIFTION: SEQ ID NO:44:
ACACTCTAGA CCACCATGGC TGTCTTGGGG CTGCTCTTCT
TGTGTCCTAT CCGCTGTCCA GCTGCTAGAG AGTGGTGGCG

TCTCTGAGAC

( 2 ) INFORMATION FOR SEQ ID NO:45:
( i ) SEQUENCE CHARACIERISTICS:
( A ) IENGT: 118 hase Dairs
( B ) TYPE: oucka'c actd
( C ) S'TRANDEDNESS: singlc
( D ) TOPOLOGY: Jincar
( 1 i ) MOLECULE TYPE: DNA
{i ii ) HYPOTHETIICAL: NO
( i x ) FEATURE:
( A ) NAME/KEY: misc_[caure
( B JLOCATION: 1..118
{ D ) OTHER INFORMATION: /siandard rame="0lig® wpsS7"
{ x i ) SEQUENCE DESCRIPTION: SEQ [D NO:4S:
ACACTCTAGA AGTTAGGACT CACCTGAAGA GACAGTGACC

AGCAAAACCG TCGTAATTAT AGTCCCCAGC TCTGGCACAA
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CACTGGCGGC

TTTACCATCA

GCCGAGGACA

GCCTGGTGAC

GTCTGGTGCA

AGAGTCCCTT

TAATATATGG

ACAAGACAGT

GCAGAGACAA

CAGCCATATA

ATTCCCAAGC

GCCAGGAGGA

GGCCCCAGTA

CTGTGTCC

120

60

120

60

120

60
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( 2 ) INF-ORMATION FOR SEQ ID NO-46;
( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 11! amino acids
( B ) TYPE: amino acid
( C ) SIRANDEDNESS: single
( D ) TOPOLOGY: lincar
{ i i ) MOLECULE TYPE: pcpiidc
( x i ) SEQUENCE DESCRIPTION: SEQ 1D NO:46:
Asp Lle Val Lev Thr Gln Scr Pro Ala cr LiE Ala Val Scr Lcu Gly
1 5 10 35
Gln Arg Ala Thr 11c Ser Cys Arg Ala Scr G Ser Val Scr Thr Scr
20 25 30
Thr Tyr Ase Tyt MclL His Trp Tyr Glno Glao Ly Pro Gty Gln Pro Pro
kil 40 45
Lys Leu Lecu Llle Lys Tyr Ala Scecr Ass Leu GlI Scr Gly Val Pro Ala
50 55 60
Arg Pbe Scr Gly Ser Gly Phe Gly Thr Asp Ph Thr Leu Asa lle His
65 70 75 30
Pro Val Glu Gluw Glw Asp Thr Val Thr Tyr Ty Cys Gln His Ser Trp
85 20 95
Glu lle¢c Pro Tyr Thr Phec Gly Gly Gly Thr Ly Lcu Gluy Ilec Lys
100 105 110
( 2 ) INFORMATION FOR SEQ I3 NO:47:
( i ) SEQUENCE CHARACIERIS1ICS:
( A YLENGTH: 111 amino acids
( B )} TYPE. amino acid
( C ) SIRANDEDNESS: single
( D Yy TOPOLOGY: lincar
(i i ) MOLECULE TYPE: peptide
( x i )}SEQUENCE DESCRIPTION: SEQ IP NO.4%
Glu lle Vval Met Thr Gln Ser Pro Ala Thr Le Ser Val Ser Pro Gly
1 5 10 15
Glu Arg Ala Thr Lecu Scr Cys Arg Ala Scr G1 Secr Val Ser Thr Ser
20 30
Thr Tyr Asn Tyr Mcl! His Trp Tyr Gln Gin Ly Pre Gly Glo Scr Pro
35 40 [
Arg Lcu Leu 11le Lys Tyre Ala Scr Asn Lcu GI Ser Gly llc Pro Ala
50 $s 60
Arg Phe Scr Gly Scr Gly Secr Gly Thr Glu Ph Thr Lcu Thr Ile Ser
€5 70 75 80
Arg Lecu Glu Scr Glu Asp Phe Ala Val Tyr Ty Cys Glu Illis Scr Trp
8s 90 95
Glu lle Pro Tyr Thr Phc Gly Glon Gly Thr Ar Val Glu Ilc Lys
100 105 110

( 2 ) INFORMATION FOR SEQ ID NO:48:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTEL 122 amino 3¢ids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: hncar

( i i ) MOLECULE TYPE: pcpudc
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( x i ) SEQUENCE DESCRIPTION: SEQ [D NO:48:

Glu MclL Jllec Lcu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Ala
1 S 1a 15

Ser Lea Lys Leu Scr €Cys Ala Ala Scr Gly Pbe Thr Phe Se¢r Asc Tyr

20 255 30
Gly Leu Scr Trp Val Arg Gla Thr Scr Asp Arg Arg Lcu Glu Trp Val
35 40 45
Ala Scr lle Scr Arg Gly Gly Gly Arg 1llc Tyr Scr Pro Asp Asn Lecu
50 5P5 60

Lys Gly Arg Phe Thr Ilc Scr Arg Glu Asp Ala Lys Asan Thr Lcu Tyr

635 70 v 80
Lev Gin Mel Sceg Scer Lcu Lys Scr Glu Asp FThe Alla Lecuv Tyr Byr Cys
s 940 95
Lcu Arg Glu Gly 1lc Tyr Tyr Ala Asp Tyr Gly Phe Phec Asp Val Trop
100 105 110

Gly Thr Thr Thr Val 11c¢ Val Scr Secr

ly
15 120

= £

( 2 ) INFORMATION FOR SEQ ID NO:49-.

( i ) SEQUENCE CHARACTIERISTICS:
{ A ) LENGTI. 122 amino acids
( B )TYPE: omino acud
( C ) STRANDEDNESS: single
( D ) TOPOLOGY :1kicar

( i i ) MOLECULE TYPE: pcpude
{ x i ) SEQUENCE DESCRIPITON: SEQ ID NO:45:

Glu Val Glwn Leuw Leuvw Glu Ser Gly Gly G
1 5 1

w -

Scr Lcu Arg Lcu Scr Cys Ala Ala Scr Gly Phe Tar Phe Scr Asa Tyr
20 25 30

Gly Lcu Ser Trp Val Arg Glon Ala Pro Gly Lys Gly Lcu Glu Trp Val
35 40 45

Ala Ser Ile Secr Arg Gly Gly Gly Arg 1lec Tyr Ser Pro Asp Asa Lcu
5.0 SKS 60

Lys Gly Arg Phe Thr 11lc Ser Arg Asn Asp Ser Lys Asn Thr Lecu Tyr
65 70 T 80

ow

Thr Lcu Val Tbhr Val Ser Ser
120

W

( 2 ) INFORMATION FOR SEQ ID NO:50:
( i ) SEQUE.NCE CHARACTERISTICS:

({ A ) LENGTH: 107 amino acids
( B ) TYPE: amino acd
( C ) STRANDEDNTSS: singlc
( D ) TOPOLOGY: lincar

(i i ) MOLECULE TYPE: pepiide

¢ x i )SEQUENCE DESCRIPITON: SEQ D NO:50:

Asp 1le Val MclL Thr Gln Scr His Lys Phc MctL Scr Thr Scr Val Gly
1 5 1o [

Asp Arg Val Scr Ilec Thr Cys Lys Ala Scr Gln Asp Val Gly Ser Ala
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20 25 30
Val Val Trp His Glao Glmn Lys Ser Gly GIn Ser Pro Lys Lecu Lecuw Ilec
3s 40 as
Tyr Trp Ala Scr Tbr Arg His Thr Gly Val Pro Asp Arg Phc Thr Gly
50 5 60
Ser Gly Scr Gly Thr Asp Pbc The Lcu Tbhbr Jlc Thr Asn Vai GlIao Scr
65 70 80
Giu Asp Lcu Ala Asp Tyr PFPhe Cys Gln GIn Tyr Scr [lec Phe Pro Leu
%S 20 9,5
Thre Phc Gly Ala Gly Thr Arg Leu Glu Leu Lys
1 105
( 2 ) INFORMATION FOR SEQ [D NOsSI:
( i ) SEQUENCE CHARACTERISN\CS:
{ A ) LENGTH: 107 amiao acids
( 8 ) TYPE: amino acid
( C )} STRANDEDNESS: singic
( D ) TOPOLOGY: lincar
( 1 i ) MOLECULE TYPE: peptide
( x i )SEQUENCE DESCRIPTION: SEQ D NO:SI:
Asp I1l¢ Gln Mc¢l Thr Glno Scr Pro Ser Thr Lcu Scr Ala Ser Val Gly
1 5] 10 15
Asp Arg VYal Thr I1lc Thr Cys Lys Ala Sc¢r Gln Asp Val Gly Ser Ala
20 25 30
YVal Val Trp His Glun Glan Lys Pro Gly Lys Ala Pro Lys Lcuw Lcu lic
3.5 40 45
Tyr Trp Ala Scr Thr Arg His Tbr Gly Vval Pro §Scr Arg Phe Thr Gly
50 S 60
Scr Gly Ser Gly Thr Glu Pbc Thr Lcu Thr [ic Scr Scr Lcu Gla Pro
65 70 75 30
Asp Asp Pbc Ala Thr Tyr Phe Cys Gln Glao Tyr Scr Jle Phce Pro Leu
85 90 95
Tbr Phe Gly Glm Oly Thr Lys val Glw Val Lys
100 105
( 2 ) INFORMATION FOR SEQ ID NO:52:
{ i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 121 anuuo ac.ds
( B ) TYPE: amuio acid
( C ) STRANDEDNESS: sngle
( D ) TOPOLOGY: lincar
( i i } MOLECULE TYPE: pcptide
{ x i )SEQUENCE DESCRIPTION: SEQ ID NO-S2:
Glon Val Glo Lcu Gln Gluw Ser Asp Ala Glu Lcu Val Lys Pro Gly Ala
1 5 10 15
Ser VYal Lys 1le Scr Cys Lys Val Scr Gly Tyer Thr Phe Thr Asp His
20 25 30
Thr 11lc His Trp Met Lys Gln Arg Pro Gtu Glo Gly Leu Glu Tryp Pbe
35 40 45
Gly Tyr 1lc Tyr Pre Arg Asp Gly His Thr Arg Tyr Scr Glu Lys Phbhe
50 545 60
Lys Gly Lys Ala Thr Lecv Thr Alz Asp Lys Scr Ala Ser Thr Ala Tyr
65 70 75 20
Met His Leu Asa Secr Lecu Thr Ser Glu Asp Scr Ala Val Tyr Phc Cys
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85 90 95

Ala Arg Gly Arg Asp Se¢er Arg Glu Arg Asn Gly Phe Ala Ty
100 105 11

Giln Gly Pht Lgu V)l Thkis Vval Ser Ala
115 120
( 2 ) INFORMATI®N FOR SEQ ID NO:53:
{ i ) SEQUENCE CHARACTERISTICS:
( A )LENGTH: 121 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: pcpLidc
( x i )SEQUENCE DESCRIIION: SEQ ID NO:53:

Gln Vval Gln Lecu Val Glm Ser Gly Ala Glu Val Lys Lys Pro Gly Scr
1 5 10 1.8

Ser Val Lys Val Ser Cys Lys Ala Scr Gly Tyr Thr Phc Thr Asp His
20 25 30

Thr ilec His Trp Mct Arg Glo Ala Pro Gly Glnm Gly Lcu 6€1u Trp Phe
as 40 45

Gly Tyr Tle Tyr Pro Arg Asp Gly His Thr Azg Tyr Scr Glu Lys Phe
50 58 60

Lys Gly Lys Ala Thr 1le Thr Ala Asp Glu Scr Thr Asn Tbr Ala Tyr
65 70 75 80

Mct Glu Lcu Ser Ser Lcu Avg Scr Glu Asp Thr Ala Val Tyr Phc Cys

Trp Gly

Q=

Gln Gly Thr Lcu Val Thr Val Ser Ser
115 120

{ 2 ) INFORMATION FOR SEQ ID NO:54:

( i ) SEQUENCE CHARACIBRISTICS:
( A ) LENGTH: 111 amine acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: singic
( D ) TOPOLOGY: lincar

(i i) MOLECULE I'YPE: peplidc
( x i ) SEQUENCE DESCRIPIION; SEQ ID NO:54:

Asp llc VYal Lcu Thr Gln Se¢r Pro Ala Scr Lcu Ala Val Ser Lcu Gly
1 ] 10 15

Gln Arg Ala Thr Ilc Ser Cys Arg Ala Scr Glu Ser Val Asp Asn Tyr
20 25 30

Gly Ile Ser Phe MecL Asn Trp Phe Gln Gln Lys Proe Gly Gln Pro Pro
B} 40 45

Lys Lecu Lecu 1l1le Tyr Ala Ala Scr Asn Glon Gly Scr Gly Val Pro Ala
50 S 60

Pro Mct Glu Glu Asp Asp Thr Ala Mect Tyr Phe Cys Gln Glon Scr Lys
85 90 95

o -
W<
- —
o
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( 2 ) INFORMATION FOR SEQ ID NO:55:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 111 amioao acids
{ B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

( i i ) MOLECULE TYPE: pcptie
( x i )SEQUE.NCE DESCRIPTION: SEQ ID NO:55:

Asp lle Gln Mcit Thr Gln Scre Pro Scr
1 5

r Lecu Scr Ala Scr Val Gly
15

-
on

Asp Arg Val Tbhr 1te The Cys Arg Ala Scr Glu Ser Val Asp Asn Tyr
20 25 30

Gly 1lc Scr Phc Mcl Asn Trp Plhc Gla Gln Lys Pro Gly Lys Ala Pro
3s 40 as

Lys Leu Lecu lle Tyr Ala Ala Scr Asa Gln Gly
50 595

Arg Phc Scr Gly Scr Gly Scr Gly Thr Asp Phbe Thr Lcu Thr {lc Ser

65 70 4eS g0
Scr Lcu Gln Pro Asp Asp Pbc Ala Thr Tyr Tyr Cys Gln Gln Scr Lys
g5 90 95
Glm Vzl Pro Trp Thr Phe Gly Gin Gly Tbhr Lys Val Glu [le Lys
100 5 110

( 2 ) INFORMAIION FOR SEQID NO:S6:
{ i ) SEQUENCE CHARACTERISTICS:

( A ) LENGTI{: 116 aminoacids
( B ) TYPE: amino acid
( C ) STRANDEDN'ESS: singlc
( D ) T0POLOGY: lincar

(i1 ) MOLECULE TYPE: peplide

( x i ) SEQUENCE DESCRIPITON: SEQ ID NO:56:

Glu Val Gla Leu Glo Glwom Scr Gly Pro Glu Lew Val Lys Pro Gly Ala
1 5 10 1§

Scr Val Lys Ile Ser Cys Lys Ala Scr Gly Tyr Thr Phe Thr Asp Tyr
20 25 310

Asn Mct His Trp Val Lys Glo Scr His Gly Lys Scr Lcu Glu Trep 1llc
35 40 45

Gly Tyr lle Tyr Pro Tyr Asn Gly Gly Thr Gly Tyr Asa Glmn Lys Phe
50 545 60

Lys Scr Lys Ala Thr Lecu Thr Val Asp Asa §
65 70 7

Mct Asp Va! Arg Scr Lecuw Thr Scr Glw Asp Ser Ala Val Tyr Tyr Cys
r r Trp Gly Gla Gly Tbhe¢ Scr Val
100
Thr Val Secr Secr
115
{ 2 ) INFORMATION FOR SEQ D NO:57:
( i ) SEQUENCE CHARACTERJISTICS:
( A ) LENGTH: 116 ami'no acids
( B } TYPE: amino acid
{ C ) STRAXDEDNESS: singlc
( D ) TOPOLOGY: lincar

( i i ) MOLECULE TYPE: pcplde
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:57:

Glo Val Glo Leu Val Glo Ser Giy Als
1 5

e ICY

Scr Val Lys Val Scr Cys Lys Ata Ser Gly Tyr Thr Phe Thbr Asp Tyrv
20 25 3o

is Trp Val Arg Gln Alta Pro Gly Gln Gly Lenu Glu Trp 1llc
&) 40 45

Gly Tyvr 1lc Tyr Pro Tyr Asn Gty Gly Thr Gly Tyr Asn GlIn Lys Phe
50 SiS, 60

Lys Scr Lys Ala Thr lle Thr Ala Asp Glu Ser Thyr Asa Thr Ala Tyr
65 70 75 80

Met Glu Leuw Ser Ser Leu Arg Scr Glu Asp Thr Ala Val Tyr Tyr Cuys
85 o0 95

Ala Arg Gly Arg Pro Ala Mel Asp Tyr Tsrp Gly Gln Gly Thr Lcu Val
100 105 110

Ser

w -

( 2 ) INFORMATION FOR SEQ ID NO:S8:
( i ) SEQUENCE CHARACITERISTICS:

( A ) LENGTH: 106 amino acids
( B ) TYPE: amioo ac1d
( C ) STRANDEDNESS: singlc
( D) TOPOLOGY: lincar

( i i Y MOLECULE TYPE: pcpudc

( x i )SEQUENCE DESCRIPIION: SEQ [P NO:58:

Gln Ile Val Leun Ths G!n Ser Pro Ala 1lc Mclt Scr Ala Ser Pro Gly
1 ] 10 WS

Glu Lys Val Thr Mct Thr Cys Ser Gly Ser Ser Scr Val Scr Phc Mel
20 21§ 30

Tyr Trp Tyr Gla Gln Arg Pro Gly Scr Scr Pro Arg Lcu Leu 1le¢ Tyr
38 40 45

Asp Thr Ser Asn Leu Ala Ser Gly Val Pro Val Arg Phc Scr Gly Scr
50 55 60

Gly Scr Gty Thr Scr Tyr Scr Leuw Thr [fle Ser Arg Mct Glu Ala Glu
5

70 75 80
Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Trp Ser Thr Tyr Pro Lcu Thrs
35 990 95
Phe Gly Afla Gly Thr Lys Lcu Glu Lcu Lys
100 105

( 2 ) INFORMATION FOR SEQ ID NO:5¢-.
{ 1 ) SEQUENCE CHARACTERISTICS:

( A ) IENGTH: 186 amino acids
( B ) TYPE: amino acid
( C ) STRAN'DEDNESS: siogle
( D ) TOPOLOGY: lincer

(i i ) MOLECULE TYPE: pepide

( x i ) SEQUENCE DESCRIPTION: SE@ ID N(O:59:

Asp 11c Gl® Me1r Thr Gln Scr Pro Ser Scr Leu Se¢r Ata Scr Val Gly
1 5 (W] s

Asp Arg Val Tbr Ilc Thr Cys Ser Gly Scr Ser Scr Val Scr Phe Mct
20 25 30
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Tyr Trp Tyr Gln Gla Lys Pro Gly Lys Ala Pro Lys Lcu Lca lle Tyr
3bs] 40 4s
Asp Tbr Scr Asn Lcu Ala Secr Gly Val Pro Scr Arg Phe Scr Gly Ser
S0 51§ (3
Gly Scr Gly Thr Asp Tyr Thr Phe Thr 11lc Scr Ser Lcu Gln Pro Glu
65 70 % 30
Asp 1lc Ala Thr Tyr Tyr Cys Glo Glao Trp Scr Thr Tyr Pro Lcu Thr
85s 90 95s
Pbe Gly Gln Gly Thbhr Lys Val Glu I Lys
i0o0 105
( 2 ) INFORMATION FOR SEQ ID NO:60.
( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 119 amino acids
( B ) TYPE: ammo acid
( C ) STRANDEDNESS: singic
( D ) TOPOLOGY: lncur
( i i )MOLECULE TYPE: peplilde
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:&0:
Glo Val Gln Lcu Lys Gin Scr Gty Pro Gly Lecu Val Gleg Pro Scrvr Gln
1 5 10 15
Ser Lcu Scr llc The Cys Thr Val Scr Gly Pbc Ser Val Thr Sc¢r Tyr
20 2 30
Gly Val His Trp llc Arg Glo Scr Pre Gly Lys Gly Lecu Glu Trp Lcu
245 40 45
Gly Val 1le Trp Ser Gly Gly Scr Thr Asp Tyr Asm Ala Ala Phc Ilc
50 S5 60
Scr Arg Lcu Thr lle Scr Lys Asp Aso Scr Lys Ser Glm Val Phe Pbhe
65 70 7S 80
Lys Val Asno Scr Leu Glw Pro Ala Asp Thr Ala Ilc Tyr Tyr Cys Ala
85 90 95
Arg Ala Gly Asp Tyr Aso Tyr Asp y Paec Ala Tyr Trp Gly Glno Gly
100 S 110
Tbr Lcu Val Thr Val Scr Ala
115
{ 2 ) INFORMATION 'OR SEQ ID NO-61:
( i ) SEQUENCE CHARACTERISTICS;
{ A )LENGIH: 119 aino acids
{ B }TYPE:amina acid
{ C ) STRANDEDN'ESS: singlc
( D ) TOPOLOGY-. lincar
(! i) MOLECULE TYPE: pepuide
( x 1 ) SEQUENCE DESCREFTVON: SEQ ID NO:6I:
Glu Val Gln Leu Leu Glu Scr Gly Gly Gly Leu Val Glo Pro Gly Gly
i 5 10 15
Scr Leu Atrg Leu Scr Cys Ata Ala Ser Gly Phe Tbhr Val Thr Ser Tyr
20 2s 30
Gly Val His Trp Val Arg Gln Ala Pro Gly Lys Gty Leu Glu Trp Vat
3's 40 45
Gly Vvai Itc Trp Scr Gty Gly Scr Thr Asp Tyr Asao Ala Ala Phe Illec
50 S5 60
Scr Arg Phe Thr 1le¢e Scr Arg Asp Aso Scr Lys Asn Thr Leu Tyr Lecu
85 70 s 30
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Gln MclL Asn Scr Lecw Gln Ala Glu Asp Thr Aln 1lc¢ Tyr Tyr Cys Ala
8s 90 95
Arg Ala Gly Asp Tyr Asn Tyr Asp Gly Phc Ala Tyr Trp Gity Gln Gly
0 105 110
Thic Iicus M.all Wbl Vel Sicln .S4cer
Lvs
( 2 ) INFORMATION FORSEQ ID NO:62:
( i ) SEQUENCE CHARACITRISTICS:
( A ) LENGTH. 107 amioo zcids
( B ) TYPE amlno acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: pephide
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-62
Aspg Llc Val Lcw Thr Gln Scr Pro Ala Thr Lew Ser Vol Thr Peo Gly
| 5 10 15
Asim Sfew Mal fer Lpeu Str Gyfs Arg Alp SEf Gim Scir b el SSpeaf rAsim; AST
20 245 30
Lcu His Trp Tyr Gin Gln Lys Scr His Glv Scr Pro Arg Lcuw Lenu Ilec
K 2] 40 45
Leyist Wy Ala Sicw "Gfin Scr [lct Scw Gy Wlc Biroo Scen Arg Pl Sern Gly
50 SSs 60
S'cer Glly Scir Gty Thwe Asp Phe The DLecw Ser Viak Msanm Gly VWal Glw Thie
65 70 75 30
Glu A¥gp PWE Gy Mo TRy Puivel ICyasl Gilkim 1GT1 o IS c'F §Asn Se il Tieip BTla Hi's
8BS S0 95
ThH ¢ Ehie Gly Gy Gly FET Lyls Leu GIY Llec Ly's
100 1, Pas
( 2 ) INFORMATION FOR SEQ ID NO:63:
( i ) SEQUENCE CHARACITERISTICS:
( A ) LENGTH: 107 amino acids
( B ) TYPE: aming acid
( C ) STRANDEDNESS: singlic
( D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: peptide
{ x i ) SEQUENCE DESCRIPTION: SEQ ID NO:63:
Glu 11le Yal Lew Tbhr Glwm Scr Pro Gly Tbhbr Lew Ser Lcu Scr Pro Gily
1 IS 10 16
Glu Arg Al Thr Lew Secr Gy #rg Ala Scr Glme Scrr ldle Scwm Asn Asin
20 o4l jo
Levw His Trp Tyr Gin Gln Lys Pro Gly Gln Ala Pro Arg Lcu Lcuw lle
3% 40 45
Lys Mye Al Swer Gdin Se ri Idier Siewss Goy Lidier Pirco. 18vs-p Auripl 1P'hies (Stein @1 y,
50 ] 60
Sicby 'Gly Sed Gadly IThir Als/p Ffhie’ ‘Thie Licul The 1d.¢ §ie ¢ Aasgl Liew Gl By
65 70 75 80
Gluw Asp Pbe Ala Val ®yr Tyr Cys Gln Gln Scr Asp Scr %rp Pro His
85 90 95
Tbe Phc Gty Gin Gly Thr Lys Val Glu Ilc Lys
105

( 2 ) INFORMATION FOR SEQ ID NO:64:
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( i )SEQUENCE CHARACIGRISTICS:
( A ) LENGTY: 119 amino acids
( B ) TYPE amwmno acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar
(il )MOLECULE TYFE: peplide
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-64:
Glu Val Gln Lcu Gla Gla Scr Gly Pro Glu Lcu Val Lys Pre Gly Ala
1 5 10 193
Scr Mct Lys 1lc Scr Cys Lys Ala Sc¢r Val Tyr Scr Pbe Thr Gly Tyr
0 25 l0
Thr Mcl Ase Trp Val Lys Glo Ser His Gly Gln Asm Lecu Glu Trp Ilec
¥s 40 45
Gly Lcu 1llc Asna Pro Tyr Aso Gly Gly Thr Scr Tyr Asn Glmn Lys Phe
50 Su5 60
Lys Gly Lys Ala Thr Lcu Thr Val Asp Lys Scr Scr Aso Thr Ala Tyr
65 70 L5 80
Met Glu Leuw Lecu Ser Lecu Thr Scr Ala Asp Scr Ala Val Tyr Tyr Cys
85 90 95
Thr Arg Arg Gly Pbhc Arg Asp Tyr Scr Mct Asp Tyr Trp Gly Gln Gly
100 105 il10
Thr Ser al Thr Val Scr Secr
115
{ 2 ) DNFORMATION FOR SEQ [D NO:65:
( i ) SEQUENCE CHARACYBRISTICS:
( A ) LENGTH: 119 mvino acids
( 8 ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPCLOGY: lincar
(i i ) MOLECULE TYPE: peplide
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:65:
Glmn Val G!s Leuwu Val Glao Scr Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15
Scr Val Arg Val Scr Cys Lys Ala Scr Gly Tyr Ser Phc Thr Gly Tyr
20 25 30
Thr Mcl Asos Trp Val Arg Gin Ala Pro Gly Lys Gly Les Glu Trp Val
35 40 45
Gly Lcu tlc Aso Pro Tyr Asn Gly Gly Tkr Scr Tyr Aso Gln Lys Phe
50 55 60
Lys Gly Arg Val Thr Val Ser Lew Lys Pro Scr Phec Asa Glan Ala Tyr
65 70 75 80
MciL Gltu Leu Ser Ser Lco Phcec Scr Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
Thr Arg Arg Gly Phe Arg Asp Tyr Scr Mct Asp Tyr Trp ly Gla Gly
100 105 110

Thr Lcu Val Thr Val Ser Secr
115

( 2 ) INFORMATION FOR SEQ ID NO:66:

( i )SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 393 basc pairs
( B ) TYPE: mclcic acid
( C ) STRANDEDNESS: single
( D ) TOPQALOGY: lincar
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( i i ) MGLECULE TYPE: ¢(DNA

( i x )FEATURE:
( A ) NAVIE/KEY: CDS
{ B )LOCATION: 1,393

( x i ) SEQUENCE DESCRIPTION: SEQ 1D NO:66:

ATG GAG AAA GAC ACA CTC CTG CTA TGG GTC CTG CTT CTC TGG GTT CCA 48
Mct Glu Lys Asp Thr Lcu Lcu Lcu Trp Valt Lcu Lcu Leu Trp Val Pro
1 5 10 15
GGP® -TCC ACA GGT GALC ARF GPG CGTG ACC CAA TCT CGA GCT TCT TFG GCT 96
Glly e Tihirl Gy Asp 11 Val Lew The Gln St Pro Ala Ser Lcu Ala
20 235 30
GTG TCT CTA GGG CAG AGG GCC ACC ATC TCC TGC AGA GCC AGC GAA AGT 144
Val Ser Leu Gly Gln Arg Ala Thr 131c Scr Cys Arg Ala Ser Gluv Scr
35 40 45
GTT GAT AAT TAT GGC ATT AGT TTT ATG AAC TGG TTC CAA CAG AAA CCA 192
Val Asp Asn Tyr Gly lilc Scr Phe Mcl Asn Trp Phe GIln Gln Lys Pro
50 55 60

GGA CAG CCA GEC AAA CTC CTC ATC TAT GCT GC€CA TCC AAC €AA GGA TCC 240
Gly Glan Pro Pro Lys Lecu Lcu lle Tyr Ala Ala Scr Asa Glan Gly Scr

65 70 > 30

GG GTC CCT GCC AGG TTT AGT GGC AGT GGG TCT GGG ACA GAC TTC AGC 288
Gly Val Pro Ala Arg Pbc Secr Gly Scr Gly Scr Gly Thr Asp Phe Scr

35 90 95
CTE -AAC ATC CAT CCT ATG GAG GAG GAT GAT ACT GCA ATG TAT TTC TGT 336
Leu Asn 11c¢c His Pro Mect Glu Glu Asp Asp Thr Ala MelL Tyr Phe Cys
100 105 110
CAG CAA AGT AAG GAG GTT CCG TGG ACG TTC GGT GGA GGC ACC AAG CTG 384
Gln Glno Scr Lys Glu Val Pro Trp Thr Pbc Gly Gty Gly Tbdr Lys Lcu
115 120 125

GAA ATC AAA 3913
Glu Ile Lys

130

( 2 ) WFORMATIGN FFOR SEQ ID NOXT.
( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGTH: 131 amino acids
( B ) TYPE: awino acid
( D ) TOPOLOGY: lincar
(i i JMOIECUIE TYPE: pro'cin
( x i ) SEQUENCE DESCRIPTION: SEQ [D NO:67:

Mct Glu Lys Asp Thr Lew Lew Lew Trp Val Lcu Lcu Leu Trp Val Pro
1 ] 10 15

Gly S¢r Thr G
Val Scr Lew Gly Glw Arg Ala Thr tlc Ser Cys Arg Ala Ser Glo Scr
35 40 45

Val As?P Aso Tyr GHlhy Il S Phc Met Asn Trp Pbec Gln Gle Lys Pro
50 55 60

-

Gly Gin Pro Pro Lys Lcu Lcu I)lc Tyr Ala Ala Secr Asn Glo Gly Secr
65 70 75 30

Gly Val Pro Ala Arg Fbhc Scr Gly Scr Gly Scr Gly Thr Asp Fhe Scr

85 20 L7 ¢]
Lecu Asn Jlc His Pro Mect Glu Glu Asp Asp Tbr Ala Mcl Tyr Phec Cys
100 105 110
Glno Gl r Lys Glu Val Pro p Thi Rdec GUIF GUy GIly Thr Lys Liocu
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Glv 1lc¢c Lys
1340,
( 2 ) INFORMATION FORSEQID NO:68:
( i ) SEQUENCE CHARACTERISTICS;
( A ) LENGTH: 405 basc pairs
( B ) TYPE: muclcic acid
( C ) STRANDEDNESS: singlc
( D ) TOPGLOGY: lincar
(i i YMOLECULETYPE: cDNA
( i x ) FEATURE:
( A ) NAME/KEY: CDS
( B ) LOCATION: 1..405
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO*68:
ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT GCA GGC 48
Mct Gly Trp Ser Trp 1le¢c Phe Leuw Pbhe Lcu Lcuw Scr Gly Thr Ala Gly
1 3 10 s
GTC CAC TCT GAG GTC CAG CTT CAG CAG TCA GGA CCT GAG CTG GTG AAA 96
val Hig Ser Glu Val Gln Lcu Gln Gln Ser Gly Pro Glu Lecu Val Lys
20 285 30
CCT GGG GCC TCA GTG AAG ATA TCC TGC AAG GCT TCT GGA TAC ACA TTC 144
Pro Gly Ala Scr Val Lys lle Scr Cys Lys Ala Scr Gly Tyr Thr Phe
NS 40 45
ACT GAC TAC AAC ATG CAC TGG GTG AAG CAG AGC CAT GGA AAG AGC CTT 192
Thr Asp Tyr Aso Mct His Trp Val Lys Glu Ser His Gly Lys Sc¢r Lenu
5¢ 55 60
GAG TGG TT GGA TAT AT TAT CCT TAC AAT GGT GGT ACT GGC TAC AAC 240
Glu Trp 1lc Gly Tyr Ilc Tyr Pro Tyr Asn Gly Gly Thr Gly Tyr Asn
65 7 ™5 80
CAG AAG TTC AAG AGC AAG GCC ACA TTG ACT GTA GAC AAT TCC TCC AGC 288
Gln Lys Phe Lys Ser Lys Ala Thr Leu Thr Val Asp Asn Scr Ser Scr
RS 90 95
ACA GCC TAC ATG GAC GTC CGC AGC CTG ACA TCT GAG GAC TCT GCA GTC 336
Tbhr Ala Tyr Mct Asp Val Arg S¢r Lcu Thr Ser Glu Asp Scr Alz Val
100 105 110
TAT TAC TGT GC AGA GGG CGC CCC GCT ATG GAC TAC TGG GGT CAA GGA 384
Tyr Tyr Cys Ala Arg Gly Arg Pro Ala MclL Asp Tyr Trp Gly Gin Gy
115 120 125
ACC TCA GTC ACC GTC TCC TCA 405
Thr Scr Val Thr Val Scr Sc¢r
130 135
( 2 ) INFORMAIION FOR SEQ ID NC-69:
( i } SEQUENCE CHARACTERJSTICS:
( A )LENGTH: 135 amino gcids
( B ) TYPE: amino acid
( D ) TOPOLOGY: lincar
(i i )MOLECULETYP E: prowin
( z i ) SEQUENCE DESCRIPTION: SEQ ID NO.-8%
McL Gly Trp Scr Trp 1lc Phe Leu Phc Lcu Lcu Scr Gly Thr Ala Gly
1 5 10
Val His Scr Glu Val Gln Lcu Gln Glm Scr Gly Pro Glu Lecu Val Lys
20 25 30
Pro Gly Ala Scr Val)l Lys lle Ser Cys Lys Ala Scr Gly Tyr Thr Pbec
3% 40 45
Tbhr Asp Tyr Asn MclL His Trp Val Lys Gim Scr His Gly Lys Ser Lcu
50 545 60
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Giu “Bep Mle Gly RByr Tle Bysws Popo Ty Asn Gly Gliy The Gloy Tyr Asn
65 70 75 80

Gil n Lyymsr #Pthuer Bayns Swgorp Lryst Al e ®lw scew “Fhw Vasli Assqp ‘Assm Stcini Sie'r Sher
85 90 95

Thr Ada Tys Mec\ dAssp Val Amp Ser Loc
1

u Thr Scr Gluw Asp Sc
100 05 11

Tyr Tyr Cys Ala Aeg Gly Arg Pro Ala Mclt Asp TFTys TFrp Gly Glo Gly
115 120 {0 )
T hoek Sew VAl Thit Vall Stewn Sighs
130 135
( 2 ) INFORMATION FOR SEQ 1D NO:70:
( i )} SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 107 amiuo acids
{ B } TYPE: amino acid
( C )} SIRANDEDNESS: singlc
( D )} TOPOLOGY: lincar
(i i ) MOLECULE TYPE: peptide

( » i ) SEQUENCE DESCRIPITON: SEQ ID NO:70:

Asp 1i¢ Gin MclL Thr Glmoa Scr Pro Scr Thr Lcu Scr Ala Se¢r Val Gly
1 5 10 I+-2)

Asp Arg Val Thr 1lc Thr Cys Arg A
20 2

Lcu Ala Trp Tyr Gln Glo Lys Pro Gly Lys Ala Pro Lys Lcu Lcu Mct
335 40 45
50 S 60

Scr Gly Scr Gly Thr Glw Phe Thr Lcu Thr 11¢ Sce Scr Lcv Glm Pro
] 70 s 80

Asp Asp Phc Ala Thr Tyr Tyr Cys Glan Gin Tyr Asn Scr Asp Scr Lys
8§35 90 95

e
<
B

Met Phc Gly Qla Gly Tbr Lys Val Gl Lys

100
( 2 ) INFORMATION FOR SEQ D NO:7i:
( i )SEQUENCE CHARACTERISTICS:

( A ) LENGT#: 111 am'o acids
( B ) TYPE: ammo acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLQOGY: lincar

( i i ) MOLECUILE TYPE: pcplidc

( x i ) SEQUENCE DESCRIPTION: SEQ B NO:71:

Asp lle Gls Mey Thr GIn Scr Pro Scr Scrvr Lcw Scr Ala Scr Val Gly
1 5 10 s

Asp Arg Val Thr Ile Thr Cys Arg Ala Scr Glu Scr Val Asp Asa Tyr
20 25 30

Gly Ilec Scr Phcec Mct Asa Trp Phe Gln Glw Lys Pro Gly Lys Ala Pra
35 40 45

Lys Lev Leu Ile Tyr Ala Ale Scr Asa Glm Gly Scr Gly Val Pro Secr
50 55 60

Arg Phc Scr Gly Scr Gly S¢r Gly Thr Asp Phcec Thr Lcu Thr Ile Scr
65 70 s 80

Ser Lcv Glw Pro Asp Asp Phcec Ala Thr Tyr Tyr Cys Glm Gln Scr Lys
8s 90 95
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Glu Val Pro Trp Thkr Phe Gly GlIn G Thr Lys Val Glu Lys
1

ly Flie
100 0s 110

( 2 ) INFOR:MATION FOR SEQ ID NO:72:
( i ) SEQUENCE CHARACIERISIICS:

( A)LENGTH: 117 amuno acids
{ B8 ) TYPE: amino acid
( C ) STRANDEDNESS: singic
( D) TOPOLOGY: ligcar

( i i ) MOLECULE TYPE: peplide

( x i ) SEQUENCE OESCRIPTION: SEQ [D NO:72:

Gle Val Glmn Leuw Val Gle Scr Gly Ala Glu Val Lys Lys Pro Gly Secr
1 5 10 15

Ser Val Lys Val Ser €Cys Lys Ala Scr Gly Gly Thr Pbe S
20 245 3

Ala 1lc 1le Trp Val Arg Gln Ala Pro Gly Gln Gly Lcu Glu Trp Mct
35 40 45

Gln Gly Arg Val Thr 1lec Thr Ala Asp Glu Ser Thr Asn Thr Ala Tyr
] 70 75 30

Mct Glu Lcu Ser Secr Lecu Arg Scr Glu Asp Thr Ala Phc Tyr Phe Cys
85 90 95
Ala Gty Gly Tyr Gly lle¢ Tyr Scr Pro Glu Glu Tyr Asn Gly Gly Lecu
100 105 110
Val Tbr Scr Scr

( 2 ) INFORMATION FOR SEQ ID N@®:73;
{ 1 ) SEQUENCE CHARACTERISTICS:

( A ) LEWGTIE: 116 amino acids
( B ) TYPE: amino acid
( € ) STRANDEDNESS: single
( D) TOPOLOGY: bincar

(i i ) MOLECULE TYPE: pcpliide

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:73:

Gln Val GIln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Secr
1 3

Scr Val Lys Val Scr Cys Lys Ata Scr Gly Tyr Thr Phe Thr Agsp Tyr

Asn Mct His Trp Val Arg Gln Ala Pro Gly Glm Gly Leu Glu Trp 11c¢
35 40 a5

ye 1ll1le Tyr Pro Tyr Asn Gly Gly The Gly Tyr Asa Glar Lys Phec
0 S5 60

Mct Glu Leu Scr Ser Lcu Arg Scr Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 L]

Ala Arg Gly Arg Pro Ala Mclt Asp Tyr Trp Gly Gln_Gly Thr Lecu Vsl
100 105 110

( 2 ) INFORMATION FOR SEQ ID NO:74:
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( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 132 base pairs
( B ) TYPE: nuclet'c acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar
( i 1 ) MOLECULE TYPE: DNA (oligonucicolide)
( x i ) SEQUENCE DESCRIPTION: SEQ [D NO:74:
TATATCTAGA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTC
GGCGTCCACT CTCAGGTTCA GCTGGTGCAG TCTGGAGCTG AGGTGAAGAA

TCAGTGAAGG TT

( 2 ) INFORMATI®N FOR SEQ ID NO:75;
( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGTH: 133 basc parrs
( B ) TYPE: nuckic acid
( C ) STRANDEDNESS: siugte
( D ) TOPOLOGY: lincor
( i i ) MOLECULE TYPE: DNA (oligonuctcoidc)
( x i ) SEQUENCE DESCRIPIION: SEQ ID NO:75:
AGCCGGTACC ACCATTGTAA GGATAAATAT ATCCAATCCA TTCCAGGCCT
CCTGCCTCAC CCAGTGCATG TTGTAGTCAG TGAAGGTGTA GCCAGAAGCT

CCTTCACTGA GCT

{ 2 ) INFORMATION FCR SEQ B NO:76:
( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 112 basc pairs
( B ) TYPE: nuckic acid
( C ) STRANDEDNESS: snglc
( D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: DNA (oligonucicoide)
( x i ) SEQUENCE DESCRIPIION: SEQ D NO:76:
TGGTGGTACC GGCTACAACC AGAAGTTCAA GAGCAAGGCC ACAATTACAG

TACTAACACA GCCTACATGG AACTCTCCAG CCTGAGGTCT GAGGACACTG

( 2 ) INFORMATION FOR SEQ ID NO:77:
( i) SEQUENCE CHARACTER!S™1CS:
( A ) LENGTH: 111 basc pairs
( B ) TYPE: nucksic acid
( C ) STRANDETONESS: single
( O ) TOPOLOGY: lincar
(i i )MOLECULE TYPE: DNA (ofigonuclcolide)
( x i ) SEQUENCE DESCRIFTION: SEQ ID NO:77:
TATATCTAGA GGCCATTCTT ACCTGAAGAG ACAGTGACCA GAGTCCCTTG

TCCATAGCGG GGCGCCCTCT TGCGCAGTAA TAGACTGCAG TGTCCTCAGA

( 2 ) INFORMATION FOR SEQ ID NO:78:

( 1 ) SEQUENCE CHARACTEIUSTICS:
( A ) LENGTH: 122 basc paiss
( B ) TYPE: mucleic acid
( C ) STRANDEDN'ESS: singilc
( D ) TOPOLOGY: l'nicar

(i1 ) MOLECULE TYPE: DNA (oligenoclcolidz)
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:78:

TATATCTAGA CCACCATGGA GAAAGACACA CTCCTGCTAT GGGTCCTGCT TCTCTGGGTT 60
CCAGGTTCCA CAGGTGACAT TCAGATGACC CAGTCTCCGA GCTCTCTGTC CGCATCAGTA 120
GG 122

( 2 ) INFORMATION FOR SEQ ID NO:79:

( 1 ) SEQUENCE CHARACTERISTICS:
( A) LENGTH: 122 basc pairs
( B ) TYPE: nuclcic acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: kwcar

( i i ) MOLECULE TYPE: DNA (oligonuc]cotidc)

( x i ) SEQUENCE DESCRIPNON: SEQ [D NO:79:

TCAGAAGCTT AGGAGCCTTC CCGGGTTTCT GTTGGAACCA GTTCATAAAG CTAATGCCAT 60
AATTGTCGAC ACTTTCGCTG GCTCTGCATG TGATGGTGAC CCTGTCTCCT ACTGATGCGG 120
AC 122

( 2 ) INFORMATION FOR SEQ ID NO:80:
( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 119 basc pair;
( B ) TYFE: oucleic acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: tincar
(i i ) MOLECULE TYPE: DNA (oligonuclcalide)
( x i ) SEQUENCE DESCRIPTICN: SEQID NOH0-
TCCTAAGCTT CTGATTTACG CTGCATCCAA CCAAGGCTCC GGGGTACCCT CTCGCTTCTC 60

AGGCAGTGGA TCTGGGACAG ACTTCACTCT CACCATTTCA TCTCTGCAGC CTGATGACT 119

( 2 ) INFORMATION FOR SEQ ID NO:81:
( i ) SEQUENCE CHARAC'IERISIICS:
( A ) LENGTH: 118 basc pairs
( B ) TYPE: nuclcic acid
( C ) STRANDEDNESS: singte
( D ) TOPQLOGY: Jincar
( i 1 ) MOCECULE TYPE: DNA (o'igoauclcolide)
{ = 1 ) SEQUENCE DESCRIPTION: SEQ 1D NO:81:
TATATCTAGA CTTTGGATTC TACTTACGTT TGATCTCCAC CTTGGTCCCT TGACCGAACG 60

TCCACGGAAC CTCCTTACTT TGCTGACAGT AATAGGTTGC GAAGTCATCA GGCTGCAG 118

( 2 ) INFORMATION FGR SEQ ID NO:82:

( 1 } SEQUENCE CHARACTERISTICS:
( A) LENGTH: 38| basc pairi
¢ B ) TYPE: nucleic acid
( C ) STRANDEDNESS: single
( D } TOPOLOGY: iincar

(i i} MOLECULE TYPE: cDNA
(i x ) FEATURE:
( A ) NAME/KEY: CDS
( B ) LOCATION: 1381
( x i ) SEQUENCE DESCRIPT)ON: SEQ D NO:82:

ATG GTT TTC ACA CCT CAG ATA CTT GGA CTT ATG CTT TTT TGG ATT TCA 48
Mct Val Phe Tbr Pro Gla Ille Levw Gly Lew Mect Leu Phe Trp Jle Secr
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1 5 10 15
GCC TGC AGA GGT GAT ATW GTG CTA AMCT CAG TCT €CA GCE ACC CTFG TCT 96
Alz Scr Arg Gly Asp lle¢e Vol Leuw Thr Gln Scr Pro Ala Thr Lcu Scr
20 28] 30
GT ACT €CCG GGA GAT AGC GTC AGT CFT TCGC TGC AGG G AGC CAA AGT 144
Vel Bbe Prw Gly Asip Ser Val Scr Low Secr Cys Arg Ala Scry CGiwn Ser
335 40
ATT AGC AAC AAC CTA CAC TGG TAT CAA CAA AAA TCA CAT GAG TCT CCA 182
Ile Secr Asm Aisn Lew #is Trp Tyr Glim Gla Lyiss Se¢r HNs Glua Ser Bra
50 5§ 60
AGG CETT GTC ATC ARG TAT GCT ITCC GAG TEC ATC TCT GGG T GCIC TEC 240
A gl ETI LET (e BYE LYY Al SBi IG 1@ SElr 1@ [Sex G JE1IEY TP nge Seevr
65 70 75 80
AGG TTC AGT GGC AGT GGA TCA GGG ACA GAT TTC ACT CTC AGT GTC AAC 288
Az p Phic Scr Gily Scc¢ Gdy Scrg Gly "Fhr ASH Phe Fhr Leid Scx Val A%pn
$5 20 93
GGT GTG GAG ACT GAA GAT TTT GGA ATG TAT TTC TGT CA CAG AGT AAC 336
Gly Val Glu Thr Glu Asp Fhe Gly Mct Tyr Phe Cys Glan Glian Ser Asnm
100 105 110
AGT TGG CCT CAT ACG TTC GGA GGG GGG ACC AAG CTG GAA T AAA 381
Scr Trp Pro Mis Thr Phe Gly Gly Gly Thr Lys Lcu Glu lle Lys
ot (L 120 &S
{ 2 ) INFORMATION FOR SEQ ID NO:33:
( i ) SEQUENCE CHARACTERISIICS:
( A ) LENGTH: 127 amino scids
( B ) TYPE: ammo acid
( D } TOPOLOGY: lincar
( i i ) MOLECULE TYPE: proicin
{ x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:83:
MctL Val Phe Thr Pro Gin 1lc Lcu Gly Lcu Met Lew Phc Trp Ilc Ser
1 ) io0 15
Ala Scr Arg Gly Asp Ilec Val Lcwu Thr Gln Ser Pro Ala Thr Leu Scr
25 30
Val Tbr Prao Gly Asp Scr Val Ser Leuw Scr Cys Arg Ala Ser Gla Scr
35 40 45
Ile Scr Asm Asan Lecuw His Trp Tyr Gln Glun Lys Secr His Glu Scr Pra
50 60
Arg Lcu Leuw [iec Lys Tygr Ata Scr Gla Scr Ile Ser Gly 1lc Pro Ser
65 70 T 30
Arg Phec Scr Gly Ser Gly Ser Gly Thr Asp Phe Thr Lcu Scr Vzl Asnu
85 90 95
Giy Vval Glu Thr Giu Asp Phe Gly Mct Tyr Phe Cys Gln Gin S2r Asn
100 Ji0kS 110
Scr Trp Pro His Thr Phe Gly Gly Gly Thr Lys Lcu Glu Ile Lys
1S 120 245

{ 2 ) INFORMATION FOR SEQ [D NO:84:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 414 basc pairs
( B ) TYPE: nuclcicacid
{ C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincsr

(1 i )MOLECULETYPE: cDNA
{ i x ) FEATURE:

( A ) NAMEJKEY: CD$
( B )LOCATION: I.414
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142

( x i ) SEQUENCE DESCRIPTION: SEQ 1D NO:34:

ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG
Mclt Gly Trp Scr Trp Ile Phcec Lcu Phe Lcu Lew
1 5 10

GTC CAC TCT GAG GTC CAG CTG CAA CAG TCT GGA
Val His S¢r Glu Val Gln Lcu Gln Gln Scr Gly

CCT GGA GCT TCA ATG AAG ATA TCC TGC AAG GCT
Pro Gly Ala Scr Mct Lys llc Scr Cys Lys Ala
35 40

ACT GGC TAC ACC ATG AAC TGG GTG AAG CAG AGC
Tbr Gty Tyr The Mcit Asn Trp Val Lys Gln Secr
59 5%

GAG TGG ATT GGA CTT ATT AAT CCT TAC AAT GGT
Glu Trp Ilc Gly Leu 1l1¢ Asn Pro Tyr Asn Gly
65 70 75

CAG AAG TTC AAG
Gln Lys Phe Lys

AAG GCC ACA TTA ACT GTA
Lys Ala Thr Lcue Thr Val
90

o0

® - Q
v Q

ACA GCC TAC ATG GAG CTC CTC AGT CTG ACA TCT
Thr Ala Tyt Mct Glu Lecu Lecuw Secr Leu Thr Scr
t00 105

TAT TAC TGT ACA AGA CGG GGG TTT CGA GAC TAT
Tyr Tyr Cys Thr Arg Arg Gly Phe Arg Asp Tyr
LS 120
CAA GGA ACC TCA GTC ACC GTC TCC TCA
Gty Glao Gty Thr Ser Val Thr Val Scr Scw
130 135
( 2 ) INFORMATION FOR SEQ ID NG:85:
( i ) SEQUENCE CHARACTERISTICS:
( A )LENGTH: 138 amino acids
{ B ) TYPE: amino acid
( D ) TOPOLOGY: tincar
(i i )MOLBCVULE TYPE: procin
( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:SS:

Mel Gly Trp Scr Trp Jle Phe Lcu Phe Lcu Lecu
1 S 1$(9)

Val His Ser Glu Val Glo Lecu Gln Gln Scr Gly

Thr Gly Tyr Thr Mctut Asn Trp Val Lys Gln Scr
5¢Q

Glu Trtp Ile Gly Lcw 1lc Asn Pro Tyr Asn Gly
65 70 75

Tyr Tyr Thr Arg Arg Gly Phe Arg Asp Tyr

120

-0
-
v w

Gly Gla Gly Thr Scr Val Val Ser Secr

130

-4
w o
Wn =

( 2 ) INFORMATIGN FGR SEQ ID NO:86:
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TCA
Ser

CCT
Pro

TCT
Scer

CAT
His

60
GGT
Gly

GAC
Asp

GCG
Ala

TCT
Scr

Scr

Asp

Ata

GGA
Gtly

GAG
Glu

GTT
Val
L]

GGA
Gly

ACT
Thr

AAG
Lys

GAC
Asp

ATG
Mc 1
125

Mec 1
Ire2%

ACT
Thr

CTG
Lcu

TAC
Tyr

CAG
Gln

AGC
Scr

TCA
Secr

RCT-

Ser

110

GAC
Asp

Thr

Scr

GCA
Ala
15
GTG
Val

TCA
Scr

AAC
Asn

TAC
Tyr

TCC
Scr
95

GCA
Ala

TAC
Tyr

Ala
1%

Asn

Tyr

Scr

Q.5

Tyr

GGT
Gtly

AAG
Lys

i T.C
Phe

C.T T
Leu

AAC
Asn
80
AAC
Asn

GTC
Val

TGG
Trp

Gly

Lys

Phc

Asn
80

Asn

48

96

240

288

3136

384
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( i ) SEQUENCE CHARACTERJSTICS:
( A ) LENGTH: 108 amino acids
( B ) TYPE: am'uw acid
( C ) SIRANDEDNESS: sngle
( D ) TOPOLOGY: lnca-
( i i ) MOLECULE TYPE: pcplide
( = i ) SEQUENCE DESCRIFTION: SEQ ID NO:86:
Giu Ile Val Leu Thre Gln Scr Pre Gly The Leuw Scr Lcu Scr Pro Gly
1 5 10 1S
Glu Arg Ala Thbr Leu Ser Cys Arg Aln Scr Glm Scv Val Scr Scr Gly
20 RS 30
Tyr Lecu Giy Trp Tyr Glas Gln Lys Pro Gly Gin Ala Prao Arg Lcu Lcu
35 40 45
{lec Tyr Gly Ala Scr Scr Arg Ala Thr Gly Ilc Pro Asp Arg Phc Scr
50 55 60
Gly Scr Gly Scr Gly Thr Asp Phec Thr Lcuw Thr llc Scr Arg Lcu Glu
65 70 75 80
Pro Glu Asp Phc Ala Vel Tyr Tyr Cys Gin Gin Tyr Gly Sec¢r Lecu Gtly
20 95s
Arg Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Lys
100 105
( 2 ) INFORMATION FOR SEQ ID NO87:
( i )SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 107 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TORPOLOGY: lincar
(1 i )MOLECULE TYPE: pepudc
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO87:
Glu Illec Val Lecu Thr Gin Scr Pro Gly Thr Lecu Secr Lecu Scr Pro Gly
1 5 10 L5,
Glu Arg Ala Thr Lcu Scr Cys Arpg Ala Scr Gin Scr llec Scr Asn Asgn
v 20 25 30
Leu His Trpg Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Lcu Lcu 1te
530) 40 15
Lys Tyr Aly Scr Gln Se¢er lle Scr Gly !'lc Pro Asp Arg Phe Secr Gly
50 56 60
Scr Gly Scr Gly Thr Asp Phe¢ Thr Lecu Thr lle Ser Arg Lcu Glu Pro
€5 70 75 80
Glvw Asp Phc Ala Vol Tyr Tyr Cys Gln GIln Scr Asn Sev Trp Pro His
85 30 95
Thr Phe Gly Glo Gly Thr Lys Val Glu 01lc Lys
100 1055
( 2 ) INFORMATION FOR SEQ I NO:88:
( i ) SEQUENCE CHARACIERISTICS:
( A )LENGTM: 122 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDWESS: single
( D ) TOPOLOGY: lincar
(i i ) MOLECUIE TYPE: pepiidc
{ x i ) SEQUENCE DESCRIFIION: SEQ D NO:88:
Gin Val G!n Lcuvw Mct Gin Scr Gly Ala Glu Val Lys Lys Pro Gly Scr

129 of 139

Bl Exhibit 1136



530,101
145 146

-continued

Ser Val Arg Val Ser Cys Lys Thr Ser Gly Gly Thr Pbe Val Asp Tyr
20 25 30

Lys Gly Ley Trp Val Arg Gln Ala Pro Gly Lys Gly Levw Glu Trp Val
35 40 45

Gly Gla 1le Pro Leu Arg Phc Asm Gly Glu Val Lys Asas Pro Gly Ser
S0 515 60

Val Val Arg Val Ser Val Ser Leu Lys Pro Scr Phco Asn Gls Ala His
65 70 75

Metr Glu Leu Scr Ser Lcu Phke Ser Glu Asp Tbr Ala Val Tyr Tyr Cys
85 g0 95

Gly Gla G Tbr Lcu Val Tbr Val Scrs Scr
1
( 2 ) INFORMATION FOR SEQ 1D NO:89:
( i ) SEQUENCE CHARACTERISTICS:
( A JLENGTH: 119 amma acids
( B ) TYPE am'in0 acvd
( C ) STRANDEDNESS: single
( D ) IGPOLOGY: Jincar
( i i ) MOECULE TYPE: peplide
( x i )SEQUENCE DESCRIPTION: SEQ ID NO:39:

G!n Val Gln Len Val Gln Ser Gly Ale Glu Val Lys Lys Pro Gly Scr

1 5 10
Ser Val Arg Val Ser Cys Lys Ala Scr Gly Tyr Scr Phe Thr Gly Tycr
20 25 30
The Met Asn Trp Vel Arg Gln Ala Pro Oly Lys Gly Leu Glu Trp Val
35 40 45
Gly Leu Ile Asn Praoa Tyr Asn Gly Gly Tbhe Ser Tys Asan Gln Lys DPhe
50 5 60

Lys Gly Arg Val Thr Val Secr Lcu Lys Pro Scr Phe Asn Glan Als Tyr
65 70 75 30

MctL Glu Lcu Scr Scr Leu Phe Ser Gluvw Asp Thr Ala val Tyr Tyr Cys
85 90 .45}

Phe Arg Asp Tyr Scr MctL Asp Tyr Trp Gly Gin Gly

Thr Arg Arg Gly
100 105 110

Thr Leu Val Thr Val Ser Secr
115

( 2 ) INTFORMATION FOR SEQ I® NO-90:
( i ) SEQUENCE CHARACTERISTICS:
{ A )LENGTEL 129 best pairs
{ B ) TYPE: nuclcic acid
{ C ) STRANDEDNESS: singlc
( D ) 10PQLOGY: lincar
( i i ) MOWECULE TYPE: DNA (oligonucicatide)

( x i ] SEQUENCE DESCRIPTION: SEQ D NO:90:

TAGATCTAGA CCACCATGGT TTTCACACCT CAGATACTCA GACTCATGCT CTTCTGGATT 60
TCAGCCTCCA GAGGTGAAAT TGTGCTAACT CAGTCTCCAG GCACCCTAAG CTTATCACCG 120
GGAGAAAGG 129
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( 2 ) NFORMATION FORSEQID NQ:91:
( i ) SEQUENCE CHARACTERISTICS:

( A ) LENGIH: 128 basc pairs
( B ) TYPE: nuclcic acid
( C ) STRANDEDNESS: singtc
( D ) TOPOLOGY: lincar

( i i ) MOLECULE TYPE: DNA (oiigonuclcolidc)

( x i ) SEQUENCE DESCRIPTION: SEQ D NO.9i:

TAGACAGAAT TCACGCGTAC TTGATAAGTA GACGTGGAGC TTGTCCAGGT TTTTGTTGGT

ACCAGTGTAG GTTGTTGCTA ATACTTTGGC TGGCCCTGCA GGAAAGTGTA GCCCTTTCTC
CCGGTGAT

( 2 ) INFORMATION FOR SEQ ID NC:92:
( i ) SEQUENCE CBARACIERISTICS:
( A )LENG1I: 113 hase pa'rs
( B ) TYPE: nucleic acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar
( i i )MOLECULETYPE: DNA (olgonucloolide)
( x i ) SEQUENCE DESCRIPITON: SEQ D NO:92:
AAGAGAATTC ACGCGTCCCA GTCCATCTCT GGAATACCCG ATAGGTTCAG TGGCAGTGGA

TCAGGGACAG ATTTCACTCT CACAATAAGT AGGCTCGAGC CGGAAGATTT TGC

( 2 ) INFORMATION FOR SEQ [D NO:93:
( i ) SEQUENCE CHARACIERISTICS:

{ A ) LENGTH: 116 bosc paus
{ B8 ) TYPE: nucleic acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

{ i i ) MOLECULE TYPE: DNA (oligunuclcotidc)

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOC:93:

TAGATCTAGA GTTGAGAAGA CTACTTACGT TTTATTTCTA CCTTGGTCCC TTGTCCGAAC

GTATGAGGCC AACTGTTACT CTGTTGACAA TAATACACAG CAAAATCTTC CGGCTC

( 2 ) INFORMATION FOR SEQ ID NO:S4-
{ i ) SEQUENCE CHARACIERISTICS:
( A ) LENGTH: 134 basc pairs
( B ) TYPE: nu¢leie acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: DNA (oligonucicolide)
( x i ) SEQUENCE DESCRIPTION: SEQ [D NO:94:
TATATCTAGA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTC AGGAACTGCA

GGTGTCCACT CTCAAGTCCA ACTGGTACAG TCTGGAGCTG AGGTTAAAAA GCCTGGAAGT

TCAGTAAGAG TTTC

( 2 ) INFORMATION FOR SEQ ID NO:95:

( i ) SEQUENCE CINARACIERISTICS:
( A ) LENGTH: 134 basc pairs
( B ) TYPE: muclerc acid
{ C ) STRANDEDNESS: single
{ D ) TOPOLOGY: lincar
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( i i ) MGLECULE TYPE: DNA (oligonucleotidc)

( x i ) SEQUENCE DESCRIFDION: SEQ ID NO:93:
TATATAGGTA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTC AGGAACTGCA
TGCCTGTCTC ACCCAGTTCA TGGTATACCC AGTGAATGAG TATCCGGAAG CTTTGCAGGA

AACTCTTACT GAAC

( 2 ) INFORMATION FOR SEQ ID NO.96:
( i ) SEQUENCE CHARACTERJISTICS:
( A ) LENGTZH: 116 basc pair:
( B ) TYPE: nucl¢ic acid
( C ) STRANDEDNESS: siogle
( D ) TOPOLOGY: lincar
(i i ) MOLECULE TYPE: DNA (oligonuclc otidc)
( x i ) SEQUENCE DESCRIPTION: SEQ ID NQ:96:
TATATAGGTA CCAGCTACAA CCAGAAGTTC AAGGGCAGAG TTACAGTTTC TTTGAAGCCT

TCATTTAACC AGGCCTACAT GGAGCTCAGT AGTCTGTTTT CTGAAGACAC TGCAGT

( 2 ) INFORMATION FOR SEQ ID NO:97:
( i ) SEQUENCE CHARACTERISTICS:
( A ) [ENGTH: 116 basc pairs
( B ) TYPE: nuclcic acid
( C ) STRANDEDNESS: snglc
( D ) TOPOLOGY: lincar
( i i ) MOLECULE TYPE: DNA (oligonucleoide)
( x 1 ) SEQUENCE DESCRIPTION: SEQ D NO.97:
TATATCTAGA GGCCATTCTT ACCTGAGGAG ACGGTGACTA AGGTTCCTTG ACCCCAGTAG

TCCATAGAAT AGTCTCGAAA CCCCCGTCTT GTACAGTAAT AGACTGCAGT GTCTTC

{ 2 } INFORMATION FOR SEQ ID NO:98:

( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGTH: 408 basc pairs
( B ) TYPE: nucleic atid
( C ) STRANDEDNESS: single
¢ D ) TOPOLOGY: incar

(i i ) MOLECULE TYPE:cDNA
( i x ) FEATURE:
( A ) NAME/KBY: CDS
{ B ) LOCATION: 1,408
( x i }SEQUENCE DESCRIPTIGN: SEQ ID NO:98:

ATG CAT CAG ACC AGC ATG GGC ATC AAG ATG GAA TCA CAG ACT CTG GTC
Mect His GIlao Tbr Scr Mct Gly Ile Lys Mci Glu Scr Gln Thr Lecu Val

1 5 10 ¥
TTC ATA TCC ATA CTG CTC TGG TTA TAT GGT GCT GAT GGG AAC ATT GTT
Phe 1l¢ Ser lle Leuw Lecu Trp Lecu Tyr Gly Ala Asp Gly Asnm 1llc Val

20 245 30

ATG ACC CAA TCT CCC AAA TCC ATG TAC GTG TCA ATA GGA GAG AGG GTC
Met Thr Gin Scr Pro Lys Scr Mct Tyr Val Scr Ilc Gly Glu Arg Vval

ACC TTG AGC TGC AAG GCC AGT GAA AAT GTG GAT ACT TAT GTA TCC TGG
Thrt Lcu Scr Cys Lys Ala Ser Glu Asn Val Asp Thr Tyr Val Secr Trp

50 58 60
TAT CAA CAG AAA CCA GAG CAG TCT CCT AAA CTG CTG ATA TAT GGG GCA
Tyr Gln Gln Lys Pro Glu Gln Ser Pro Lys Lcu Leu 11c Tyr Gly Alae
65 70 P45 8¢
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TCC AAC CGG TAC ACT GGG GTC CCC GAT CGC TTC ACG GGC AGT GGA TCT 288
Scr Aswm Arp Tyr Thr Gly Val Pro Asp Arg Phe Thre Gly Secr Gly Scr
85 20 95
GC ACA GAT TTC ACT C7G ACC T AGC AGT GTG CA OCT GAA GAC CTT 33 6
Ala Tht Asp Phe Thr Lecu Thr Ilc Ser Scr Val G!an Ala Gte Asp Leu
100 105 110
GCA GAT AT CAC TGT GGA CAG AGT TAC AAC TAT CCA TTC ACG TTC GGC 384
Ala Asp Tyr His Cys Gly Glm Scr Tyr Asn Tyvr Pro Phc Thbr Pbec Gly
115 120 125
TCG GGG ACA AAG TTG GAA ATA AAG 408
Se¢er Gly Thr Lys Lew Gluw Ile Lys
130 135
( 2 )INFORMATION FOR SEQ ID NO:99:
( i )SEQUENCE CHARACTERISTICS:
¢ A ) LENGTH: 136 amino acids
( B } TYPE: amino acid
( D ) TOPOLOGY: lincar
{ i i )MOLECULE TYPE: prolesn
( x 1 ) SEQUENCE DESCRIPTION: SEQ 1D NO:99:
Mc( His Gln Thr Ser Mcct GlIy 11c Lys Mect Gle Ser Gina Thr Lcue Val
1 10 LS
Phe 11e¢c Secr ITle Lecu Lecv Trp Lew Tyr Gly Ala Asp Gly Asn Ilc Val
2 255 30
Mct Thr Glwn Sce Pro Lys Ser Met Tyr Val Ser 1lc Gly Glu Arpg Val
35 40 45
Thir 'Lcd Scrvr Cyws Lys Ala Ser Glu AFa Vel Asp PhT Tyr Val Ser Frp
50 SES 60
Tyr Gla Gin Lys Pro Glu Gln Scr Pre Lys Lcu Lcu Ilec Tyr Gly Ala
65 7 75 8
Ser Asm Avrg Tyr Thr Gly Val Pro Asp Arg Phe Thr Gly Scr Gly Secr
gs 90 9
Ala Thr Asp Pbe Thr Lcuw Thr 1lilc r Ser Vel GIn Ala Glu Asp Lecu
100 105 110
Ala Asp r His Cys Gly Gla Scr Tyr Asn Tyr Pro Phe Thr Pbe Gly
115 120 i -25
Ser Gly Thr Lys Le¢uw Glu 1lc Lys
130 I, 353
( 2 ) NFORMATION FOR $EQ ID NO:100:
{ i ) SEQUENCE CHARACTERISTICS:
{ A )} LENGYH: 456 base Pirs
{ B } TYPE: nucleic acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar
{ i i )MOLECULE TYPE: cDNA
( i x }FEATURE:
{ A ) NAMEKEY: CDS
{ 8 ) LOCATION: 1.456
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:100:
A@G ACA ~LTGA PG IBTLE PCT CTH EAG TPN CCG AGC NCWN L£AG “GAXC EREL GCC 43
Miel Thy Sef Lzw Phhe Ser Beuw Gln Lell Pro S'dr Thr GEa Asgp Lenw WN1E
1 5 10 15
ATG GGA BGG AXGC #GE APE ATC C€TC PTFC TTG GTA GEA ACA GIET ACA GGT 26
Mel Gly TFep S@r Cyk e TVe Lew Phe Leéu VR1 Aleg The Al FBhyvy Gllay
20 25 30
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GTC CTC C CAG GTC CA CTG CAG CAG CCT GGG GC GAC CTT GTG ATG 144
Val Lcu Scr Gln Val Gln Lcu GIlno Glin Pro Gly Ala Asp Lcu Val Mc
8.5 40 45
CCT GGG GC CCA GTG AAG CTG TCC TGC TTG GCT TCT GGC TAC T TTC 192
Pro Gly Alea Pro Val Lys Lcu Scr Cys Lcu Ala Scr Gly Tyr Ilc Phec
50 55 60
ACC AGC TCC TGG T AAC TGG GTG AAG CAG AGG CCT GGA CGA GGC CTC 240
Thr Scr Scr Trp llc Asan Trp Val Lys Gin Arg Pro Gly Arg Gly Lcu
65 70 TS 80
GAG TGG T GGA AGG by GAT CCT TCC GAT GGT GAA GTT CAC TAC AAT 288
Glu Trp llc Gly Arg Illc Asp Pro Scr Asp Gly Glu Vval His Tyr Asn
35 90 95
CAA GAT TTC AAG GAC AAG GCC ACA CTG ACT GTA GAC AAA TCC TCC AGC 336
Gln Asp Phe Lys Asp Lys Ala Thr Lcu Thr Val Asp Lys Scr Sc¢r Scr
100 105 110
ACA GCC TA ATC CAA CTC AAC AGC CTG ACA TCT GA GAC TCT GCG GTC 384
Thr Ala Tyr ilc Gln Lcu Asom Scr Lcu Thr Scr Glu Asp Scr Ala Val
11 120 1.2 5
TAT TAC TGT GCT AGA GGA TTT CTG CCC TGG TTT GCT GAC TGG GGC CAA 432
Tyr Tyr Cys Ala Arg Gly Pbhe Lcu Pro Trp Phe Ala Asp Trp Gly Gln
130 1318 140
GGG ACT CTG GTC ACT GTC TCT GC 456
Gly Thr Lcu Val Thr Val Scr Als
145 L3
( 2 ) INFGRMUATION FOR SEQ ID NC:101:
(i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 152 amv o acids
( B8 ) TYPE: amioo acid
( D ) TOPOLOGY: lincar
{ i i ) MOLECULE TYPE: proicin
( x i ) SEQUENCE DESCRIPTION: SEQ ID NG:101:
Mcl Tbr Scr Lecu Phe Scr Lcu Glm Lcu Pro Scr Thr Gln Asp Lcu Ala2
1 5 10 1S
Mct Gly Trp Scs Cys 1lc 1le Leu Phe Lcu Vali Ata Thr Aln Tbr Gly
20 255 30
Val Lcu Scr Gln Vat Gle Lcue Gla Glm Pro Gly Ala Asp Lcu Val Mcu
35 40 45
Pro Gly Ata Pre Val Lys Lcu Scr Cys Lcu Ala Scr Gly Tyr llc Phe
535 60
Thr Scr Scr Trp 1J1c Asa Trp Val Lys Gln Arg Pra Gly Arg Gly Lcu
65 70 15 80
Glu Trp lle Gly Arg Ilc Agp Pro Scr Asp Gly Gluvu Val His Tyr Asn
85 90 9/ 5=
Gin Asp Pbhc Lys Asp Lys Ala Thr Lcu Thr Val Asp Lys Ser Scr Secr
100 105 110
Thr Ala Tyr 11lc Gln Lcu Asn Scr Lcu Thr Scr Glu Asp Scr Ala Val
115 120 125
Tyr Tyr Cys Ala Arg Gly Phc Lecu Pro Trp Phcec Ala Asp Trp Gly Gln
130 L85 140
Gly Thr Lecu Val Thr Val Scr Ala
1 150

( 2 ) INFORMATION FOR SEQ D N0:102:

{ i }SEQUENCE CHARACTERISTICS:
( A ) LENGTW: 167 amira acuds
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{ B ) TYPE: amino acid
( C ) SIRANDEDNESS: singlc
( O ) TOPOLOGY: lincar
(i i ) MOLECULE TYPE: peplide
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:102:
Asp Ilc Gln Mct Thr Glo Scr Pro Scr Thr Lecu Scr Ala Scr Val Gly
1 5 10 1S
Asp Arg Val Thr Ile Thr Cys Arg Ala Scer Gln Scr 1lc Asn Tbr Trp
20 25 30
Lew Ala Trp Tyr Gln Gin Lys Pro Gly Lys Ala Pro Lys Lcu Lcu Mct
35 40 45
Tyr Lys Ala Se¢r Scr Leau Glu Ser Gly Val Pro Str Arg Pheg 1le Gly
sl0 5 /5 60
Scr Gly Scr Gly Thr Glu Phe Thr Lcu Thr tlc Scr Scer Lcu Gln Pro
65 70 i\’ 30
Asp Asp Phec Ala Thr Tyr Tyr Cys Gln Gi Tyr Aso Scr Asp Sc¢r Lys
85 90 95s
Mct Phe Gly Gln Gly Thv Lys Val Gilu Vol Lys
100 05
¢ 2 ) INFORMAIION FOR SEQ ID NO:103:
( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGTH: 107 amino acids
( B ) TYPE: anino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: Jincar
(i i ) MOLECULE TYPE: pepide
( x i )} SEQUENCE DESCRIPTION: SE@ 1D NO:103:
Asp 1lc Gln Met Thr Gln Scr Pro Scr Thr Lcu Scr Ala Scr al Gly
1 S 10 15
Asp Arg Val Thr 11l¢c Thr Cys Lys Ala Ser Glu Ass Val Asp Thr Tyr
20 o1] 30
Val Ser Trp Tyr Gln Glo Lys Pro Gly Lys Ala Pro Lys Lecu Leu Ile
3 S} 40 45
Tyr Gly Ala Scr Aso Arg Tyr Thr Gly Val Pro Scr Arg Phc Ser Gly
5¢ 5 'S] 60
Scr Gly Ser Gly Thr Asp Phe Thr Lecw The 11e Scvr Ser Lcu Gln Pro
65 70 75 30
Asp Asp Phc Ala Thkr Tyr Tyr Cys Gly Gln Scr Tyr Asn Tyr Pcro Phe
85 95
Thr Phe Gly Gln Gly Thr Lys Val Glu Val Lys
100 S
{ 2 ) INFORMATIONFOR SEQ ID NO:104:
( i ) SEQUENCE CHARACIERISTICS:
{ A) LENGTH: 117 amino uds
( B ) TYPE: ammo acid
{ C ) STRANDEDNESS: single
¢ D ) TOPOLOGY: lincar
(i i ) MOLECULE TYPE: pcplide
( x i )} SEQUENCE DESCRIPTION: SEQ ID NO:104:
Giln Val Glan Lcu Val Gln Scr Gly Ala Glu Val Lys Lys Pro Gly Secr
] 5 10 13
Scr Val Lys Val S¢r Cys Lys Ala Scr Gly Gly Thr Phe Scr Arpg Secr
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-conuinued
20 25 30
Ala Ilec lle Trp Val Arg Gln Ala Pre Gly Glo Gly Leu Glu Trp Mclt
35 40 45

Gly Gly tle Val Pro Mct Pbe Gly Pro Pro Asn Tyr Ala Gln Lys Phe

50 55 60
Gln Gly Arg Vat Tbr 1le Thr Ala Asp Gluv Ser Thr Asn Thr Ala Tyr
65 70 75 80
Met Glu Lew Ser Scr Leu Arg Scr Glu Asp Thr Ala Phe Tyr Phe Cys
85 90 95
Ala Gly Oly Tyr Gly tle Tyr Scr Pro Glu Glu Tyr Asaha ly Gly Leu
100 105 110

Val Thr Val Scr Secr
115
( 2 ) INFORVATION FOR SEQ ID NO:105:
( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGTii: 117 amino acids
{ B ) TYPE: amino acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: iiticar
(ii)MOLECULE TYFE: peplde
( = i ) SEQUENCE DESCRIPTION: SEQ ID NO:10s:

Gln Val Gtos Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Secr
1 3 10 LS

Ser Val Lys Val Se¢r Cys Lys Ala Scr Gly Tyr llc Phe Thr Scr Secr
20 29 30

Trp Ilec Asn Trp Vst Arg Gln Ala Prog Gly Glun Gly Lcuv Glu Trp Mc

i) 40 45
Gly Arg llc Asp Pro Ser Asp Gly Gluw Val His Tyr Asm Gln Asp Phe
50 55 60
Lys Asp Arg Val Thr lle Thr Ala Asp Glu S5c¢r Thsr Aswm Tbhbr Ala Tyr
65 70 75 80
Met Glu Lecu Scr Scecr Lcu Arg Scr Glu Asp Thr Ala Val Tyr Tyr Cys
85 20 95
Ala Arp Gly Pbe Lecw Pro Trp Pbec Ala Asp Trp Gly Glnon Gly Tar Lecu
100 105 110
Yal Tbr Val Secr Ser
by
( 2 ) INFORMATION FOR SEQ D NO:106.
( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 115 basc pairs
( B ) TYPE: mclcc acid
( C ) STRANDEDNESS: singlc
(D ) TOPOLOGY: kincar
( 11 ) MOLECULE TYPE: DNA (oligenucicolidc)
( = i }SEQUENCE DESCRIPTION: SEQ D NO:106:
TTTTTTCTAG ACCACCATGG AGACCGATAC CCTCCTGCTA TGGGTCCTCC TGCTATGGGT 60
CCCAGGATCA ACCGGAGATA TTCAGATGAC CCAGTCTCCG TCGACCCTCT CTGCT 115

( 2 ) INFORMATION FOR SEQ ID NO:107:
( i ) SEQUENCE CHARACTERISTICS:

( A } LENGTi: 120 basc pairs  *
( B ) TYPE: vuckic acid
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( C ) STRANDEDNESS: singlc
( D ) TOPOLOOY: lincar

{ i i )MOLECULE TYPE: DNA (oligonuclcoude)
{ x i ) SEQUE.NCE DESCRIPIION: SEQ ID NO:107:
TTTTAAGCTT GGGAGCTTTG CCTGGCTTCT GCTGATACCA GGATACATAA GTATCCACAT

TTTCACTGGC CTTGCAGGTT ATGGTGACCC TATCCCCGAC GCTAGCAGAG AGGGTCGACG

( 2 ) NFORMATION FOR SEQ ID NO:108:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 118 basc pairs
( B ) TYPE: nuckeic acid
( C ) SIRANDEDXNESS; singic
( D ) TOPOLOGY: lincar

{ i i ) MOLECULE TYPE: DNA (ol:gonuclcotidc)

( x i ) SEQUENCE DESCRIPIION: SEQ D N©:108:

TTTTAAGCT1T CTAATTTATG GGGCATCCAA CCGGTACACT GGGGTACCTT CACGCTTCAG

TGGCAGTGGA TCTGGGACCG ATTTCACCCT CACAATCAGC TCTCTGCAGC CAGATGAT

( 2 ) INFORMATION FOR SEQ ID NO:109:

{ i ) SEQUENCE CHARACIERISTICS;
( A )LENGTY!: 120 basc pais
( B ) TYPE: nuclcic acid
( C ) SIRANDEDNESS: singlc
( D ) TOPOLOGY". lincar

{ i i) MOLECULE TYPE: DNA (oligonucleatids)
( x 1 ) SEQUENCE DESCRIPITON: SEQ ID NO:109:
TTTTTTCTAG AGCAAAAGTC TACTTACGTT TGACCTCCAC CTTGGTCCCC TGACCGAACG

TGAATGGATA GTTGTAACTC TGTCCGCAGT AATAAGTGGC GAAATCATCT GGCTGCAGAG

( 2 ) INFORMATION FOR SEQ ID NO:110:
{ i ) SEQUENCE CHARACTER{STICS:
( A ) LENGTH: 114 base pairs
( B ) TYPE: nuclcic acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar
( i i ) MOLECVLE TYPE: DNA (oligonuclcolidc)
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:110:
TTTTTCTAGA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTC AGGTACCGCG

GGCGTGCACT CTCAGGTCCA GCTTGTCCAG TCTGGGGCTG AAGTCAAGAA ACCT

( 2 ) INFORMAITON FOR SEQ ID NO:111-

( i ) SEQUENCE CHARACTERISTICS:
( A ) LERGTH: 121 basc paus
( B ) TYPE: nuclcic acid
( C ) STRANDEDNESS: singlc
( D ) TOPOLOGY: lincar

{ i i )MOLECULE TYPE: DNA (oligonuctcoude)
{ x i ) SEQUENCE DESCRIPTION: SEQ tD NO:11t:

TTTTGAATTC TCGAGACCCT GTCCAGGGGC CTGCCTTACC CAGTTTATCC AGGAGCTAGT

AAAGATGTAG CCAGAAGCTT TGCAGGAOAC CTTCACGGAG CTCCCAGGTT TCTTGACTTC

A
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( 2 ) INFORMATION FOR SEQ ID NQ:112:
( i ) SEQUENCE CHARACIERISTICS:
( A ) IENGTI: 137 base pairs
( B ) TYPE: awlerc acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: lincar
(i i ) MOLECULE TYPE: DNA (eligenucicelide)
( = i ) SEQUENCE DESCRIPTION: SEQ ID NO:112:
TTTTGAATTC TCGAGTGGAT GGGAAGGATT GATCCTTCCG ATGGTGAAGT TCACTACAAT 60
CAAGATTTCA AGGACCGTGT TACAATTACA GCAGACGAAT CCACCAATAC AGCCTACATG 120
GAACTGAGCA GCCTGAG =T
( 2 ) INFORMATION FOR SEQ ID NO:113:
( i ) SEQUENCE CHARACIERISTICS:
( A ) LENGTI#: 134 hasc pairs
( B ) TYPE: pucieic acid
( C ) SIRANDEDNESS: singte
( D ) TOPOLOGY: tincar
(i i ) MOLECLTE TYPE: DNA (cligonuclcotidc)
{ x i ) SEQUENCE DESCRIPTON: SEQ ID NO:113:
TTTTTCTAGA GGTTTTAAGG ACTCACCTGA GGAGACTGTG ACCAGGGTTC CTTGGCCCCA 60
GTCAGCAAAC CAGGGCAGAA ATCCTCTTGC ACAGTAATAG ACTGCAGTGT CCTCTGATCT 120
CAGGCTGCTC AGTT 134

What is claimed is:

1. A humanized immunoglobulin having complementarity
determining regions (CDRs) from a donor immunoglobulin
and heavy and light chain variable region frameworks from
human acceptor immunoglobulin heavy and light chain
frameworks, which humanized immunoglobulin specifically
binds to a human interleukin-2 receptor with an affinity
constant of at least 10”7 M~! and no greater than about
two-fold that of the donor immunoglobulin, wherein the
sequence of the humanized immunoglobulin heavy chain
variable region framework is 65% to 95% identical to the
sequence of the donor immunoglobulin heavy chain variable
region framework.

2. A humanized immunogiobulin according to claim 1
which is an antibody comprising two light chain/heavy chain
dimers.

3. A humanized mimunoglobulin according to claim 1,
which specifically binds to a human interleukin-2 receptor
with an affinity of at least 10° M.

4. A humanized immunoglobulin according to claim 1,
wherein said human interleukin-2 receptor is the pSS Tac
interleukin-2 receptor.

5. A humanized immunoglobulin according to claim 1,
wherein said human interleukin-2 receptor is the p75 inter-
leukin-2 receptor.

6. A humamzed immunoglobulin according to claim 1,
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wherein said donor immunoglobulin is the an&-Tac anti-
body.

7. A humanized immunogiobulin according to claim 1,
wherein said acceptor immunoglobulin heavy and light
chain frameworks are from the same human antibody.

8. A humanized immunogiobulin according to claim 7,
wherein said human antibody is the Eu human antibody.

9. A humanized immunoglobulin according to claim 1
which is substantially pure.

10. A humanized immunoglobulin according to claim 1
that competitively inhibits the binding of interleukin-2 to
said human interleukin-2 1eceptor.

11. A recombinant immunoglobulin which specificaily
binds to the pSS chain of the human IL-2 receptor, wherein
the amino acid sequence of the mature light chain variable
region is:

DI QMTQSPSTLSASVYGDRVTI TCSASSSI S
YMHWYQQKPGKAPKLLI YTTSNLASGVPAR
FSGS GSGTEFTLTI SSLQPDDFATYYCHKQR
STYPLTEGQGTKVEVK

12. A recombinant immunoglobulin which specifically
binds to the pSS chain of the human IL-2 receptor, wherein
the amino acrd sequence of the mature heavy chain variable
region is:
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QLVQSGAEVKKPGSSVKVSC
RMHWVRQAPGQGLEWI GYI N
KFKDKATITADESTNTAYME
VYYCARGGGVFDYWGQGTLYV

13. An immunoglobulin which specifically binds to the
pS5 chain of the human IL.-2 receptor, said immunoglobulin
having 1wo pairs of heavy and light chains wherein: 10

each light chain comprises a complete human kappa chain

constant region sequence and a varable recgion

sequence:
DI QMTQSPSTLSASVGDRVTITCSASSSI! S
YMHWYQQKPGKAPKLLI YTTSNLASGVPAR
FSGSGSGTEFTLTI1I SSLQPDDFATYYCHAQR
STYPLTFGQGTKVEVK
20
and
each heavy chain comprises a complete human Y charn
constant region sequencc and a variable region
sequence:
QVQLVQSGAEVKKPGSSVKVSCKASGYTFT
SYRMHWVRQAPGQGLEWIGYINPSTGYTEY
NQKFKDKATITADESTNTAYMELSSLRSED
TAVYYCARGGGVFDYWGQGTLVTVSS
¥ & *x 8 &
35
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