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and cells were selected for gpt expression. Clones were
screened by assaying human antibody production in the culture
supernatant by ELISA, and antibody was purified from the best-
producing clones. Antibody was purified by passing tissue
culture supernatant over a column of staphylococcal protein A-
Sepharose CL-4B (Pharmacia). The bound antibodies were eluted
with 0.2 M Glycine-HC1l, pH 3.0 and neutralized with 1 M Tris
pH 8.6. The buffer was exchanged into PBS by passing over a
PD10 column (Pharmacia).

The binding of the humanized antibodies to cell
types expressing the cofresponding antigens was tested:
HSV-infected cells for Fd79 and Fd138-80, U937 cells for M195,
YTJB cells for mik-p1 and CMV-infected cells for CMVS. By
fluorocytometry, the humanized antibodies bind approximately
as well as the original mouse antibodies and the corresponding
chimeric antibodies. Moreover, the humanized antibodies
compete approximately as well as the corresponding mouse
antibodies against the radiolabeled mouse antibodies for
binding to the cells, so the humanized antibodies have
approximately the same binding affinity as the mouse
antibodies, typically within about 2-fold or better, see,
e.g., Table 2. '

TABLE 2

Binding affinities of murine and humanized antibodies.

Mouse Humanized

-1 -1

K (M) K (M)
Fd79 (anti-gB) 1.1 x 10° . 5.3 x 107
Fd138-80 (anti-gD) 5.2 x 107 4.8 x 107

From the fo:egoing, it will be appreciated that the
humanized immunoglobulins of the present invention offer
numerous advantages over other antibodies. In comparison to
other monoclonal antibodies, the present humanized
immunoglobulin can be more economically produced and contain
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substantially less foreign amino acid sedquences. This redﬁced ‘
likelihood of antigenicity after injection into a human :
patien£ represents a significant therapeutic improvement.

A detailed description of each humanized L

immunoglobulin follows.

- A Example I

umanized Immunoglobulins to p7

In mammals, the immune response is mediated by fwo
types of cells that interact specifically with foreign o
material, i. ., antigens. One of these cell types, B-cells;»
are responsible for the production of antibodies. The second"
cell class, T-cells, include a wide variety of cellular {
subsets controiling the in vivo function of both B-cells and a
wide variety of other hematopoietic cells, including T-cellé.
(See, generally, Paul, W.E., ed., _ggggggg;g;_lgggﬁg;ggx; 2nd .
ed., Raven Press, New York (1989).) . .

One way in which T-cells exert this control is v
through the production of a lymphokine known as interleukin-2
(IL-2), originally named T-~cell growth factor. IL-2's prime‘\
function appears to be the stimulation and maintenance of T-
cells. Indeed, some immunologists Pelieve that IL-2 may bé!at .
the center of the entire immune response (see, Farrar, J., et
al., Immunol. Rev. 63, 129-166 (1982)). ' -

To exert its biological effects, IL-2 interacts with"
a specific high-affinity 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, Agg;
Rev. Biochem. 58, 875 (1989)). The human IL-2 receptor is a
complex multichain glycoprotein, with one chain, known as thg
Tac peptide or alpha chain, being about 55kD in size (gee,
Leonard, W., et al., J. Biol. Chem. 260, 1872 (1985)). The
second chain is known as the p75 or beta chain (Tsudo et ai.,
Proc. Nat. Acad. Sci. USA, 83, 9694 (1986) and Sharon et al.,
Science 234, 859 (1986)). The p55 or Tac chain and the p75
chain each ihdependently bind IL-2 with low or intermediate
affinity, while the IL-2 receptor complex of both chains binds
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. IL-2 with high affinity. The p75 chain of the human IL-2

receptor will often be called herein simply the p75 protein.
Much of the elucidation of the human IL-2 receptor's
structure and function is due to the development of
specifically feactive monoclonal antibodies. 1In particular,
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
macrophages. typically do not display the IL-2 receptor
(Herrmann, et al., J. Exp. Med. 162, 1111 (1985)). Another
antibody, mik-f1, binds to the p75 chain (Tsudo et al., Proc.
Nat. Acad. Sci. USA 86, 1982 (1989)).

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,
including the generation of cytotoxic and suppressor T
lymphocytes in cell culture. Also, based on studies with
anti-Tac and other antibodies, a variety of disorders are now
associated with improper IL-2 receptor expression by T-cells,
in particular adult T-cell leukemia.

More recently, the IL-2 receptor has been shown to
be an ideal target for novel therapeutic approaches to T-cell
mediated diseases. It has been proposed that IL-2 receptor
specific antibodies, such as the anti-Tac monoclonal antibody
or mik-Bg1, 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
example, theoretically eliminate IL-2 receptor-expressing
leukemic cells, certain B-cells, or activated T-cells involved
in a disease state, yet allow the retention of mature normal
T-cells and their precursors to ensure the capability of

‘mounting a normal T-cell immune response as needed. In

general, most other T-cell specific agents can destroy
essentially all peripheral T-cells, which limits the agents’
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therapeutic efficacy. Overall, the use of appropriate
monoclonal antibodies specific for the IL-2 receptor may'havel~
therapeutic utility in autoimmune diseases, organ
transplantation and any unwanted response by activated T- 2
cells. Indeed, clinical trials have been. initiated using, :
e.g., anti-Tac antibodies (Kirkman et al., Transplant. groc;ﬁ
21, 1766 (1989) and Waldmann et al., Blood 72, 1805 (1988)).

Unfortunately, the use of anti-Tac, mlk—ﬁl ‘and otheri
non-human monoclonal antibodies have certain drawbacks,
particularly in repeated therapeutic regimens as explalned
below. Mouse monoclonal antibodies, for example, generally do
not fix human complement well, and lack other important )
immunoglobulin functional characteristics when used in humans.i
Perhaps more impbrtantly, anti-Tac, mik-f1 and other non-<human
monoclonal antibodies contain substantial stretches of amino
acid sequences that will be 1mmunogenic when injected into a‘
human patient.

In accordance with the present invention, human-Ijke
immunoglobulins specifically reactive with the p75 chain oflz
ihe human IL-2 receptor are provided. These immunoglobulins, -
which have binding affinities of at least 10’ to 10° M}, and
preferably 10° M™! to 10'°® M™ or stronger, are capable of, g+g;,3
blocking the binding of IL-2 to human IL-2 receptors. The
humah-like immunoglobulins will have a human-like framework a\

-and can have complementarity determining regions (CDR's) from *

an immunoglobulin, typically a mouse immunoglobulin,
specifically reactive with an epitope on p75 protein. The :
immunoglobulins of the present invention, which can be
produced economically in large quantities, find use, for
example, in the treatment of T-cell mediated disorders in
human patients by a variety of techniques.

In one aspect, the present invention is directed to
recomblnant DNA segments encoding the heavy and/or light chalnl
CDR's from an immunoglobulin capable of binding to a de51red :
epitope on the human IL-2 receptor, such as the mik-g1
monoclonal antibody. The DNA segments encoding these reglons
will typically be 301ned to DNA segments encoding approprlateLx
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human-like framework regions. Exemplary DNA sequences, which -
on expression code for the polypeptide chains comprising the
mik-g1 heavy and light chain CDRs, are included in Fig. 7.

Due to codon degeneracy and non-critical amino-acid
substitutions, other DNA sequences can be readily substituted
for those sequences, as detailed above. '

The antibodies will typically find use individually
in treating a T-cell mediated disease state. Generally, where
the cell linked to a disease has been identified as IL-2
receptor bearing, then the human-like antibodies capable of
blocking the binding of IL-2 to the human IL-2 receptor are
suitable (see, U.S.S.N. 085,707, entitled "Treating Human
Malignancies and Disorders.") For example, typical disease
states suitable for treatment include graft-versus-host
disease and transplant rejection in patients undergoing an
organ transplant, such as heart, lungs, kidneys, liver, etc.
Other diseases include autoimmune diseases, such as Type I
diabetes, multiple sclerosis, rheumateoid arthritis, systemic'
lupus erythematosus, and myasthenia gravis.

The human-like antibodies of the present invention
may also be used in combination with other antibodies,
particularly human monoclonal antibodies reactive with other
markers on cells responsible for the disease. 'For'example,
suitable T-cell markers can include those grouped into the so-
called "Clusters of Differentiation," as named by the First
International Leukocyte Differentiation Workshop, Leukocyte
Typing, Bernard, et al., Eds., Springer-Verlag, N.Y. (1984).
A preferred use is the simultaneous treatment of a patient
with a human-like antibody binding to p55 and a human-like
ahtibody binding to p75 of the IL-2 receptor, i.e., humanized
anti-Tac plus humanized mik-g1. '

V Human-like antibodies of the present invention'can
further find a wide variety of utilities in vitro. By way of
example, the antibodies can be utilized for T-cell typing,
for isolating specific IL-2 réceptor bearing cells or
fragments of the receptor, for vaccine pfeparation, or the
like.
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EXPERIMENTAL

clonlng of heagz chain and light chain CDNA. :

cDNAs for the heavy chain and llght chain variable doma1n 2
genes were cloned using anchored polymerase chain reactions - '
(E.Y. Loh et al., Science 243, 217 (1989)), using 3! prlmers'; 3'
that hybridized to the constant regions and contained HindIII °
sites, and 5' primers that hybridized to the dG tails and
contained EcoRI sites (scheme shown in Fig. 6). The PCR
amplified fragments were digested with EcoRI and HindIII ande
cloned into the puUC19 vector for sequencing. For mik-g1, two .
gamma-2a specific and two kappa specific clones were i
sequenced. The two gamma-2a clones and two kappa clones are
reépectively identical in sequence. The cDNA variable domain
sequences and the deduced amino acid sequences are shown in .

Fig. 7.

Construction and expression of chimeric gﬁtibodx.

Two plasmid vectors were prepared for construction
and expression of the chimeric antibody genes. The plasmid
pVgl-dhfr (Fig. 8A) contains a' human cytomegalovirus IE1l
promoter and enhancer (M. Boshart et al., Cell 41, 521
(1985)), the human genomic C,1 segment including part of thee:'

" preceding intron, and a dihydrofolate reductase (dhfr) gene

(Simonsen et al., Proc. Natl. Acad. Sci. USA 80, 2495 (1983))

for selection. The plasmid pVk (Fig. 8B) is similar to

pVgl-dhfr but contains the human genomic Cx segment and the °
gpt gene. Derivatives of the mik-f1 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 XbaI sites; the 3' _
primers hybridized to the last 15 nucleotides of the J regions
and contained splice donor signals and Xbal sites (see, C.. ’
Queen et al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989)).:
The modified V regions were cloned into the Xbal sites of the
respective plasmid vectors between the CMV promoter and the '
partial introns of the constant regions.
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For expression of the chimeric antibody, the heavy

‘chain and kappa chain plasmids were transfected into Sp2/0

mouse myeloma cells by electroporation and cells selected for
gpt expression. Clones secreting a maximal amount of. complete
antibodf were detected by ELISA. Purified chimeric mik-g1
antibody was shown to bind to YTJB cells, which express the
p75 antigen, by flow cytometry (Fig. 9).

Computer modeling of humanized antibodies.
In order to retain high binding affinity in the

humanized antibodies, the general procedures of Queen et al.
were followed (C. Queen et al., Proc. Natl. Acad. Sci. USA 86,
10029 (1989)). The more homclogous a human antibody is to the

original murine antibody, the less likely will combining the

murine CDRs with the human framework be to introduce
distortions into the CDRs that could reduce affinity.
Normally the heavy chain and light chain from the same human
antibody are chosen to provide the. framework seqgeunces, so as
to reduce the possibility of incompatibility in the assembling
of the two chains. Based on sequence database (performed with
the MicrorGenie Sequence Analysis Software (Beckman)), the
antibody Lay was chésen to provide the framework sequences for
humanization of mik-g1.

The computer program ENCAD (M. Levitt, J. Mol. Biol.
168, 595 (1983)) was used to construct a model of the mik-g1
variable region{ The model was used to determine the amino
acids in the mik-g1 framework that were close enough to the
CDRs to potentially interact with them (category 4 below). To
design the humanized light and heavy chain mik-g1 variable
regions, at each position the amino acid was chosen to be the
same as in the Lay antibody, unless that position fell in one
or more of five categories:

(1) The position fell within a CDR,

(2) The Lay amino acid was unusual for human

antibodies at that position, whereas the mik-g1
amino acid was typical for human antibodies at

that position.
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(3) The position was immediately adjacent to a CDR;

(4) The model described above suggested that the
' amino acid may be physically close to the
antigen binding region (CDRs).
For positions in these categories, the amino acid from the

(mouse) mik-fl1 antibody was used. In addition, a position was’

in the fifth category if :
(5) The Lay amino acid was highly unusual for human

antibodies at that position, and the mik-g1
amino acid was different but also unusual.:

Then an amino acid typical for human antibodieski

at that position may be used.
" The amino acids in each category are shown in
Table 3. Some amino acids may be in more than one category.
The final sequences of the humanized mik-g81 light and heavy
chain variable domains are shown in Fig. 10, compared with the

Lay sequences.

, TABLE 3
Category Lidht Chain ‘ ".  Heavy Chain
' 24-33, 49-55, 88-96 31-35, 50-65, 98-108
2 13 84, 89, 90 :
3 30, 49
4 70 29, 30; 72, 73
5

41 1

For the construction of genes for the humanized .
antibodies; nucleotide sequences were selected that encode the
protein sequences of the humanized heavy and light chains,
including the same signal peptides as in the mouse mik-f1.

chains (Fig. 7), generally utilizing codons found in the mquse.7

segquence. Several degenerate codons were changed to create‘3
restriction sites or to remove undesirable ones. The
nucleotide segquences a;éo 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 oligonucleotides. For each variable domain qehe,
two pairs of overlapping oligonucleotides on alternating |
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strands were synthesized that encompassed the entire coding
sequences as well as the signal peptide and the splice donor
signal (Fig. 11). The oligonucleotides were synthesized on an
Applied Biosystems 380B DNA synthesizer. Each oligo was about
110~140 base long with about a 20 base overlap. Double
stranded DNA fragments were synthesized with sequenase from
each pair of oligonucleotides, digested with restriction

~ enzymes, ligated to pBluescriptII KS (+) (Stratagene) vector

and sequenced. Two fragments with the respectively correct
half-sequences were then ligated into the‘xbaI sites of the
pVgl-dhfr or pVk expression vectors. 1In 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. 10B) by changihg the nucleotides
CT to AG. Reactions were carried out under conditions well-
known in the art (Maniatis et al., gg.»gi;;)

The heavy chain and light chain plasmids were
transfected into Sp2/0 mouse myeloma cells by electroporation
and cells were selected for gpt expression. Clones were
screened by assaying human antibody production in the culture
supernatant by El1ISA, and antibody was purified from the best-:
producing clones. Antibody was purified by passing tissue
culture supernatant over a column of staphylococcal protein A-

Sepharose CL-4B (Pharmacia). The bound antibody was eluted

with 0.2 M Glycine-HCl, pH3.0 and neutralized with 1 M Tris
PH8.0. The buffer was exchanged into PBS by passing over a

PD10 column (Pharmacia).

Properties of humanized antibodies.

The humanized mik=-f1 antibody was characterized in
comparison to the murine and chimeric antibodies. The
humanized antibody bound to YTJB cells, which express p75
chain at a high level, in a fluorocytometric analysis in a
manner similar to the chimeric antibody (Fig. 9), showing that
it recognizes the same p75 protein. '

The affinity of the humanized antibody was

determined by competition with the radio-iodinated mouse
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mik-81 antibody (Fig. 12). The binding affinities were
calculated according to the methods of Berzofsky (J.A.

Berzofsky and I.J. Berkower, in Fupdamental Immunology (ed.

W.E. Paul), Raven Press (New York), 595 (1984)). The binding
affinity of the humanized mik-f1 antibody was within about 2-
fold of the affinity of the mouse mik-g1l antibody.

The ability of humanized mik-S1 plus humanized anti--

Tac antibody (see, W090/07861 published July 26, 1990) to
inhibit IL-2 stimulated proliferation of human 1ymphothes was
determined. Human mononuclear cells, collected from human A
blood by centrifugation on Ficoll-Pague (Pharmacia), were-
diluted to 2 x 10° cells/ml in RPMI medium + 10% fetal calf
serum (FCS). A 1/200 volume of phytohemagglutinin P (Difco)
was added and the cells were incubated for 4 days. The'cells:
were incubated an additional 4 days in RPMI + 10% FCS + 10 '

u/ml IL-2. 105>of these PHA activated blasts were then

incubated with or without 2 ug each of humanized mik-g1 and
humanized anti-Tac in 150 ul of RPMI + 10% FCS in wells of a'.
96-well plate for 1 hr, to which various dilutions of IL;2 '
(Amgen) were then added in 50 upl medium. The'cells were
incubated 48 hr, 0.5 uCi methyl-°H-thymidine (Amersham, 82 Ci/
mnol) was added, and the cells weré incubated 24 hr. Cells_ﬂ
were harvested with a cell harvester and radioactivity
determined. The combination of the antibodies greatly
inhibited proliferation of the cells in response to IL-2 (Fig.
13), suggesting a combination of the antibodies will have
strong immunosuppressive properties. Humanized mik-g1 plus
humanized anti-Tac inhibited proliferation much more strongly
than did either antibody alone. .

Example TII
Humanized Immunoglobulins to HSV Antigens

Herpes Simplex Virus types I and II (HSV-1 and HSV:

2j, are now estimated to be the second most frequent cause of

sexually transmitted diseases in the world. Although
completely accurate data are not available, infection -
estimates range from about 20 to 40% of the U.S. population."
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A large number of diseases, from asymptomatic to
life-threatening, are associated with HSV infection. Of
particular clinical interest, encephalitis from HSV-1
infection and transmission of HSV-2 from a pregnant mother to
her fetus are often fatal. Immunosuppressed patients are also
subject to severe complications when infected with the virus.

More than 50 HSV polypeptides have been identified
in HSV-infected cells, including at least seven major cell
surface glycoproteins (see, Whitley, R., Chapt. 66, and
Roizman and Sears, Chapt. 65, Virologqgy, Eds. Fields et al.,
2nd ed., Raven Press, N.Y., N.Y. (1990)). The specific
bioclogic functions of these glycoproteins are not well
defined, although gB and gD have been shown to be associated
with cell fusion activity (W. cai et al., J. Virol. 62, 2596
(1988) and Fuller and Spear, Proc. Natl. Acad. Sci. USA 84,
5454 (1987)). gB and gD express both type-specific and type-
common antigenic determinants. Oakes and Lausch demonstrated
that monoclonal antibodies against gB and gE suppress

"replication of HSV-1 in trigeminal ganglia (Oakes and Lausch,

J. Virol. 51, 656 (1984)). Dix et al. showed that anti-gC and
gD antibodies protect mice against acute virus-induced

" neurological disease (Dix et al., Infect. Immun. 34, 192

(1981)). Whitley and colleagues produced a panel of murine
monoclonal antibodies against HSV-1 and showed that several of
the antibodies protected mice against encephalitis and death
following ocular inoculation with the virus (see, Koga et al.,
Virology 151, 385 (1986); Metcalf et al., Cur. Eye Res. 6, 173
(1987) and Metcalf et al., Intervirology 29, 39 1988)). Clone
Fd79 (anti-gB) prevented encephalitis even when immunization
was delayed until 48 hours post-infection. Fd79 and Fdl138-80
(anti-gD) significantly reduced the severity of epithelial
keratitis and lowered the frequency of persistent viral
infection in an outbred mouse model.

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
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affinities to HSV specific antigens of at least about 10’ M,
and preferably 10° M? to 10'® M! or stronger, are capable of,-

e.d., 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 present invention, which can be
produced economically in large quantities, find use, for
example, in the treatment of HSV mediated disorders in humaﬁ

patients by a varlety of technigques.
The HSVs are amohg the most intensively 1nvest1gated‘

of all viruses, and the HSV virion structure has been shown to

. contain about 33 proteins. Humanized immunoglobulins

utilizing CDR's from monoclonél antibodies reactive with theée
prbteins, particularly the eight surface glycoproteins (e.g., -
gB, gC, gD, 9gE, 9gG, gH and gI), represent preferred
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., Immuno istry of
Viruses. The Basis for Serodiagnosis and Vaccinés, pp. 425-
446. (1985) (Neurath, A.R., eds.),.Amsterdam: Elsevier).

In one aspect, the present invention is directed to
recombinant DNA segments encading the heavy and/or light chaiﬁ
CDR's from an immunoglobulin capable of binding to a desifeq
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 4
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 antibodiesAFd79?

and Fdl138-80, shown in Fig. 14. Due to codon degeneracy and
non-critical amino-acid substitutions, other DNA sequences can
be readily substituted for those sequences, as detailed below;n
Any humanized 1mmunoglobu11ns of the present '
invention may also be used in combination with other
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antibodies, particularly humanized antibodies reactive with
different 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) and Fuller, A. et al., J. Virol. 63,
3435 (1989)). '

The antibodies can also be used as separately
administered composifions given in conjunction with acyclovir
or other antiviral agents. Typically, the agents méy include
idoxuridine or trifluorothymidine, but numerous additional
agents (e.g., vidarabine) well~-known to those skilled in the
art for HSV treatment may also be utilized (see, Corey, L.,
op. cit.). A preferred pharmaceutidal composition of the
pPresent invention comprises the use of the subject
immunoglobulins in immunotoxins to kill cells infected by HSV.

These humanized antibodies can further find a wide
variety of utilities in vitro. By way of example, the
antibodies can be utilized for detection of HSV antigens, for
isolating specific HSV infected cells or fragments of thé
virus, for vaccine preparation, or the like.

EXPERIMENTAL
oni o ea ain d light chain cDNA.
cDNAs for the heavy chain and light chain variable

domain genes were cloned using anchored polymerase chain
regions (E.Y. Loh et al., Science 243, 217 (1989)), using 3'
primers that hybridized to the constant regions and contained
HindIII sites, and 5' primers that hybridized to the dG tails
and contained EcoRI sites (scheme shown in Fig. 6). This

" method yields clones with authentic variable domain sequences,

in contrast to other methods using mixed primers designed to
anneal to the variable domain sequence (J.W. Larrick et al.,
Bio/Technology 7, 934 (1989) and Y.L. Chiang et al., BioTech.
7, 360 (1989)). The PCR amplified fragments were digested
with EcoRI and HindIII and cloned into the pUC18 vector for
sequencing. For Fd79, two gamma-1 specific and 5 kappa
specific clones were sequenced. The two gamma-1 specific
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clones are identical in sequence. This heavy chain cDNA

fragment encodes a signal peptide of 19 amino acids, a v
region in mouse heavy chain subgroup IIIB, a D segment, and- a
Jgl segment with 4 alterations compared to the genomic J.1
sequence. The deduced amino acid sequence is shown in Fig.
14A. © ' . L,
The five kappa specific clones belong to two groups.
Two clones are identical and encode a kappa chain in wﬁich the
conserved amino acid 23 cysteine has been substituted by a
tyrosine, probably representing the non-productive allele. -
The othef three clones have an identical sequence encoding a
signal peptide sequence of 20 amino acids, a V region in mouse
kappa chain subgroup III, and a J,2 segment with a single x
alteration compared to the genomic J 2 sequence (Fig. 14B).
The validity of the heavy chain and the kappa chain sequeﬁces
was subsequently confirmed by the construction and expre551on
of a chimeric antibody as discussed below. :
The heavy chain and the kappa chain of Fd138-80 were
cloned similarly. Three clones each of the heavy chain and
the kappa chain were séquenced; All three heavy chain clones
have an identical sequenée encoding a signal peptide sequenbé
of 19 amino acids, a V region in mouse heavy chain subgroup '
II, a D segment and the J,3 segment (Fig. 14C). The threé,
kappa clones are also identical in sequence. This light chain
fragment encodes a signal peptide sequence of 20 amino acidsﬂ
a V region gene in mouse kappa chain subgroup V and the J.5

K

segment (Fig. 14D). Both chains shown no irregularities ih

codlng sequence; their validity was subsequently confirmed by
construction and expression of a chimeric antibcedy.

Construction and expression of chimeric antibodies. '
. .

Two plasmid vectors were prepared for construction
and egpression of the chimeric antibody genes. The plasﬁid ', .
pVgl (Fig. 15A) contains a human cytomegalovirus IEl promoter
and enhancer (M. Boshart et al., Cell 41, 521 (1985)), the -
human genomic CA segment including part of the preceding
intron, and the hygromycin gene (Blochlinger et al., Mol..
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Cell. Biol. 4, 2929 (1984)) for selection. The plasmid pVk
(Fig. 15B) is similar to pVgl but contains the human genomic Cy
segment and the gpt gene. Derivatives of the Fd79 and Fd138-
80 heavy and light chain variablé’regidns 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 hybridized to the last 15
nucleotides of the J regions and contained splice donor
signals and Xbal sites (see, C. Queen et al., Proc. Natl.
Acad. Sci. USA 86, 10029 (1989)). The modified V regions were
cloned into the Xbal sites of the respective plasmid vectors
between the CMV promoter and the partial introns of the
constant regions. ’

For expression of the chimeric antibodies, the heavy
chain and kappa chain plasmids were transfected into Sp2/0
mouse myeloma cells by electroporation'and cells selected for
gpt expression. Clones secreting a maximal amount of complete
antibody were detected by ELISA. Purified chimeric Fd79 and
Fd138-80 antibodies were shown to bind to HSV-1 infected vero
cells by flow cytometry. Viral neutralization assays also
indicated that the chimeric antibodies retain the
neutralization activities of the murine antibodies (data not
shown, but see below for similar results with humanized

antibodies).

Computer modeling of humanized antibodies.

In order to retain high binding affinity in the
humanized'ahtibodies, the general procedures of Queen et al.
were followed (C. Queen et al., Proc. Natl. Acad. Sci. USA 86,
10029 (1989)). The more homologous a human antibody is to the
original murine antibody, the less likely will combining the
murine CDRs with the human framework be to introduce
distortions into the CDRs 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 agaihst
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the NBRF protein sequence database (performed with the _
MicroGenie Sequence Analysis Software (Beckman)), the antibody .
Pom was chosen to provide the framework sequences for E
humanization of Fd79.

The computer program ENCAD (Levitt, J. Mol. Biol.
168, 595 (1983)) was used to construct a model of the FA79 . ,
variable region. Inspection of the refined model of murine -
Fd79 revealed two amino acid residues in the framework that1
are close enough to have significant contacts with the CDR
residues (Table 4). Lys in light chainNBRF position 49 has
contacts with 3 amino acids in CDR2 of the.light chain (L50
Tyr, L53 Asn, L55 Glu) and 2 amino acids in CDR3 of the heavy
chain (H99 Asp, H100 Tyr). Leu in heavy chain position 93
also shows'interactions with 2 amino acids in CDR2 of the
heavy chain (H35 Ser, H37 Val) and an amino acid in CDR3 of
the heavy chain (H100C Phe). Hence, L49 Lys and H93 Leu were
retained in the construction of humanized Fd79, as their "
replacement with human Pom framework residues would be likely °
to introduce distortions into the CDRs. Also, 7 other 4
residues in the Pom framework (5 in the light chain and 2 in
the heavy chain) were substituted with common human residuesf
(identical to the murine Fd79 sequence in 6 of the choices) '
because of their rare occurrence in other human antibodies.
The elimination of unusual amino acids in the framework may .
further reduce immunogenicity. The murine Fd79 sequences and
the corresponding humanized sequences are shown in Fig. 142, .
B. Substituted residues in the Pom framework are underlined.
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TABLE 4
Residues in the framework sequence showing contacts with
residues in the hypervariable regions.

>Be§igue No.l! Amino Acid Contacting CDR residues?
Fd79
L49 Lys L50Y, LS3N, L55E, H99D, H1l00Y
H93 Leu ' H35S, H37V, H100CF
 F4138-80
L36 His L34V, L89Q
H27 Tyr H32H, H34I
H30 Tyr H32H, H53R
H48 Phe H63F
H66 Lys H63F
H67 . Ala H63F
1. The amino acid residues are numbered accordiﬂg to the

Kabat system (E.A. Kabat et al., Sequences of Proteins of
Immunological Interest, National Institutes of Health,
Bethesda, MD (1987)): the first letter (H or L) stands for
the heavy chain or light chain. The following number is the
residue number. The last letter is the amino acid one letter
code.

2. The hypervariable regions are defined according to Kabat:
Light chain CDR1l: residue 24-34; CDR2: 50-56; CDR3: 89-97.
Heavy chain CDR1: 31~-35; CDR2: 50-65; CDR3: 95-102.

Similarly, the murine heavy chain and light chain
sequences of Fd138-80 were subjected to sequence homology
search against the NBRF protein sequencé database. The
sequences of the human antibody Eu were selected to provide
the framework sequences for humanized Fd138-80. Inspection of
a computer-generated model of Fd138-80 revealed 6 amino acid
residues in the framework that are close enough to have
important contacts with CDR residues. The residues and their
contacting counterparts are listed in Table 4; these murine
residues were retained in the construction of humanized Fd138-
80. Two other residues (L87 Phe and H37 Met) show significant
contacts with 198 Phe, which is immediately adjacent to CDR3,
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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 occurrence in other human antibodies. The ‘

murine Fd138-80 sequences and the corresponding humanized

sequences are shown in Fig. 14C. Substituted residues in the -

Eu framework are underlined. _
For the construction of genes for the humanized

antibodies, 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 undesirable
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 oligonucleotides. For each variable domain gene,
two pairs 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 Applied
Biosystems 380B DNA synthesizer. Each oligo was about 110-140
bases long with a 15 base overlap. Double stranded DNA
fragments were synthesized with Klenow polymerase, digested
with restriction enzymes, ligated to pUC18 vector and
sequenced. The two fragments with the correct sequences were
then ligated into the Xbal sites of pVgl or pVk expression

vectors.
The synthetic genes were then cloned into the pvVgl

and pVk expression vectors. For each humanized antibody
constructed, the heavy chain and light chain plasmids were
transfected into Sp2/0 mouse myeloma cells by electroporation
and cells were selected for gpt expression. Clones were
screened by assaying human antibbdy production in the culture

supernatant by ELISA, and antibody was purified from the best--

producing clones. Antibodies were purified by passing tissue
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culture supernatant over a column of staphylococcal protein A-
Sepharose CL-4B (Pharmacia). The bound antibodies were eluted
with 0.2 M Glycine-HCl1l, pH3.0 and neutralized with 1 M Tris
PH8.0. - The buffer was exchanged into PBS by paséing over a

PD10 column (Pharmacia).

Properties of humanized antibodies.

The humanized Fd79 and Fd138-80 antibodies were
characterized in comparison to the murine and chimeric
antibodies. Both humanized antibodies bind to Vero cells
infected with HSV-1 in a fluorocytometric analysis in a manner
similar to the chimeric antibodies (Fig. 16), suggesting that
they recognize their respective viral antigens. To more
quantitatively assess the binding activity, radioiodinated
murine antibodies were bound to virally infected cells and
Scatchard analysié performed.

The affinities of the humanized antibodies were
determined by competition with the iodinated antibodies. Vero
cells infected with HSV-1 were used as source of gB and gD
antigens. 1Increasing amounts of competitor antibody (mouse or
humanized) were added to 1.5 ng of radioiodinated tracer mouse
antibody (2uCi/ug) and incubated with 4 x 10° infected Vero
cells in 0.2 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 concentrations of bound
and free tracer antibody were calculated. The binding
affinities were calculated according to the methods of
Berzofsky (J.A. Berzofsky and I.J. Berkower, in Fundamental
Immunology (ed. W.E. Paul), Raven Press (New York), 595
(1984)).

The measurements indicate that there is no
significant loss of binding affinities in the humanized
antibodies (Table 5). Specifically, there is an approximately
2~fold decrease in affinity in humanized Fd79 compared to the
murine Fd79 (Ka of 5.3 x 10’ M! vs. 1.1 x 10° M}). The
affinity of humanized Fd138-80 is comparable to that of the
murine antibody (Ka of 4.8 x 10’ M! vs 5.2 x 107 M'Y).
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TABLE 5

Binding affinities of murine and humanized antibodies.

Mouse Humanized

PR | -1

| K (M) K (M)
Fd79 (anti-gB) o 1.1 x 10° 5.3 x 10’
5.2 x 10’ 4.8 x 107

Fd138-80 (anti-gD)

Murine Fd79 and Fd138-80 have been shown to
neutralize HSV-1 in vitro without complement (J. Koga et al.,
Virology 151, 385 (1986)), so the neutralizing activities of
the humanized antibodies were compared with the mouse '
antibodies. Serial dilutions of equal quantities. of murine
and humanized antibodies were incubated with virus for 1 hr.
before inoculation onto Vero cells. After 4 days, cells were
stained with neutral red to visualize plaques. Results from
these plague reduction aséays indicated that both humanized
Fd79 and Fd138-80 neutralize virus as efficiently as their
murine counterparts (Figs. 17A and B). Both humanized and
murine Fd79 cause a 90% reduction of plaques at an antibody
concentration of 10 nM (1.5 ug/ml). Similarly, humanized and’
murine Fdl138-80 were able to cause a 90% plaque reduction at
equivalent levels. '

The antibodies 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 antibody. After four days, cells were stained with an
anti-gB antibody for detection of viral antigens on infected
cells. Results indicated that both murine and humanized Fd79
at 10 ug/ml protected culture cells from infection (Fig. 38Aa).
However, neither murine nor humanized Fd138-80 were able to
protect cells against viral spread (Fig. 18B), despite their
ability. to neutralize virus before inoculation. Both gB and
gD are thought to be associated with cell fusion and virus
infectivity (W. Cai et al., J. Virol. 62, 2596 (1988) and A.O.
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Fuller and P.G. Spear, Proc. Natl. Acad. Sci. USA 84, 5454

(1987)). However, it is possible that Fd79 blocks both the

infectivity and cell fusion functions of gB, while Fd138-80

blocks only the infectivity function of gD, so virus can still

spread cell-to-cell.

The binding, neutralization and protection results
all indicate that the humanized Fd79 and Fd138-80 antibodies
have retained the binding activities and the biological .
properties of the murine monoclonal .antibodies. The
availability of humanized antibodies with specificity for HSV
gB and gD, inter alia, provides an opportunity for studies of
the in vivo potency and immunogenicity of humanized antibodies
in treating viral diseases. The recognition by Fd79 and
Fd138-80 of type-common epitopes of gB and gD (J. Koga et al.,
Virology 151, 385 (1986)) expands the therapeutic potential to
herpes simplex virus type 2 as well as type 1.

Protection from herpes simplex virus type 2 lethal infections
in mouse model by humanized Fd79 and Fd138-80.

To determine the efficacy of humanized antibodies
against herpes infections in vivo, humanized antibodies were
injected into mice before and after inoculation of lethal
doses of HSV-2, and the mortality rates were monitored.

Groups of animals were treated intraperitoneal with 0.9, 0.3
or 0.1 mg of each .of humanized Fd79 or Fd138-80 at 24 hr
before or 24 hr. after viral inoculation. Groups of 10 mice
were challenged intranasally with lethal doses of HSV-2. Mice
were monitored for three weeks. The mortality rates were
shown in the following tables. '

The results show that significant protection against
HSV-2 infection of mice was obtained with humanized Fd79 and

‘humanized Fd138-80.
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_ TABLE 6
EFFECT OF PRE-TREATMENT (-24h)
WITH HSV ANTIBODY ON THE MORTALITY
" OF MICE INOCULATED INTRANASALLY WITH HSV-2 :
’ Mortality . N

Ireatment Number Percent P-Value o
Control '13/15 ‘ 87 : - : :
Placebo 13/15 87 ‘ NS
Mu Fd 138

0.9 mg 3/10 30 <0.001

0.3 mg 5/10 ‘ 50 0.01

0.1 mg . 5/10 50 : 0.08
Hu Fd 138 - ,

0.9 mg 1/10 ‘ 10 <0.001

0.3 mg 8/10 80 NS

0.1 mg 7/10 70 NS
Mu Fd 79

0.9 mg 0/10 0 <0.001

0.3 mg 2/10 - 20 <0.01

0.1 mg 4/10 40 <0.05
Hu Fd 79 '

0.9 mg 1/10 - 10 <0.01

0.3 mg : 3/10 30 . 0.08

0.1 mg 5/10 50 0.08
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TABLE 7

EFFECT OF POST-TREATMENT (+24h)
WITH HSV ANTIBODY ON THE MORTALITY
OF MICE INOCULATED INTRANASALLY WITH HSV-2

Treatment Number Percent P-Value
Control - 12/15 80 -—
Placebo 15/15 100 NS
Mu Fd 138
0.9 mg 2/10. 20 <0.001
0.3 mg 4/10 40 0.001
0.1 mg 5/10 ‘50 <0.01
Hu Fd 138
0.9 mg 3/10 30 <0.001
0.3 mg 3/10 . 30 <0.001
0.1 mg 9/10 50 NS
Mu Fd 79 : _
0.9 mg 5/10 50 <0.01
0.3 mg 3/10 30 <0.001
0.1 mg - 6/10 60 <0.05
Hu Fd 79
0.9 mg 3/10 : 30 <0.001
0.3 mg 3/10 30 <0.001
0.1 mg , . 9/10 90 i NS

The use of a combination of two or more humanized
antibodies in therapy is important for reducing the
development of antibody resistant strains. -Combination
therapy of humanized antibodies with other antiviral agents
such as acyclovir provides further opportunities to combat
diseases when chemotherapeutic agents alone have not been
effective. As Fd79 and Fd138-80 reduce the frequency of viral
persistence in a murine ocular model (J.F. Metcalf et al.,

6, 173 (1987)), the humanized antibodies,

typically together with other antiviral agents, are capable of

Cur. Eye Res.

reducing episodes of recurrent genital infection, an area
where traditional anti-viral agents have not been effective
(L. Corey et al., N. Engl. J. Méd. 306, 1313 (1982)).
Incorporation of the human constant domains can also enhance
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effector functions, such as antibody-dependent cellular
cytotoxicity, leading to greater therapeutic efficiency in

human patients.

Example IIT
Humanized Immunoglobulins to CD33 Antigen

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

'(also,called non-lymphocytic or granulocytic) leukemia in the

U.S. per year (Cancer Facts & Figures, American Cancer
Society, 1987). There are two major forms of myeloid
leukemia: acute myelogenous leukemia (AML) and chronic
myelogenous leukemia (CML). Despite treatment with
chemotherapy, long-term survival in patients with AML is less .

‘than 10-20% (Clarkson et al., CRC Critical Review in

oncology/Hematology 4, 221 (1986)), and survival with CML and
related diseases such as chronic myelomonocytic leukemia
(CMML) , chronic monocytic leukemia (CMMOL) and myelodysplastic
syndrome (MDS) is even lower. o

The p67 protein or CD33 antigen is found on the
surface of progenitors of myeloid cells and of the leukemic
cells of most cases of AML, but not on 1ymphoidbcells or non-
hematopoietic cells (see, Leucocyte Typing III, ed. by A.J.
McMichael, Oxford University Press, pp. 622-62% (1987).
Antibodies that are known to bind to the CD33 antigen include °
I4B3, L1B2 and MY9 (Andrews et al., Blood 62, 124 (1983) and
Griffin et al., Leukemia Research 8, 521 (1984)).

Another antibody that binds to CD33 is M195
(Tanimoto et al., Leukemia 3, 339 (1989) and Scheinberg et
al., Leukemia 3, 440 (1989)). The reactivity of M195 with a
wide variety of cells and tissues was tested. Among normal
cells, M195 was‘reported to bind only to some monocytes and
myeloid progenitor cells. The research also reported that it
does not bind to other hematopoietic cells or to non- ,
hematopoietic tissues. M195 bound to cells of most cases of
AML and all'cases'dfthL'in myeloblastic phase.

A phase I clinical trial of M195 in AML has been
conducted (Scheinberg et al., Proc. ASCO 9, 207 (1990)). M185
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radiolabeled with iodine-131 was found to rapidly and
specifically target leukemic cells in both the blood and bone
marrow. - -

In accordance with the present invention, humanized
immunoglobulins specifically reactive with CD33 related
epitopes are pro\}ided. These immunoglobulins, which have
binding affinities to CD33 of at least about 10’ M, and
preferably 10® M to 10'° M! or stronger, are capable of, e.q.,
destroying leukemia cells. 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 CD33 antigen. In a preferred embodiment, one or
more of the CDR's will come from the M195 antibody.
Importantly, M195 does not bind to the ultimate hematopoietic
stem cells, so M195 used in therapy will minimally interact
with and destroy those cells, which are critical for
generating all blood cells. Thus) the CD33 specific
immunoglobulins of the present invention, which can be
produced économically in large quantities, find use, for
example, in the treatment of myeloid cell-mediated disorders
in human patients by a variety of techniques. ,

In one aspect, the present invention 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 CD33 antigen, such as monoclonal antibodies M195,
L4B3, L1B2 or MYS. The DNA segments encoding these regions
will typically be joined to DNA segments encoding appropriate
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 aré
included in Fig. 19. Due 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 treating hematologic
malignancies. For example, typical disease states suitable
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for treatment include AML, CML, CMML, CMMOL and MDS (see,
generally, Hoffbrand & Pettit, Essential Haematology,
Blackwell Scientific Publications, Oxford (1980)). The
antibodies may also be used for bone marrow ablation prior to
bone marrow transplant.
Any humanized immunoglobulins of the present

invention may alsc be used in combination with other

antibodies, particularly humanized antibodies reactive with

different myeloid antigens. For example, suitable antigens to

which a cocktail of humanized immunoglobulins may react

include CD13, CD14, CD15, CD16 and CD34 (see, Leukocyte Typing.

III, op. cit., pp. 576-732).

The antibodies can also be used as separately
administeread compositions given in conjunction with
chemotherapeutic 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.
Humanized antibodies of the present invention can

. further find a wide variety of utilities in vitro. By way of

example, the antibodies can be utilized for detection of CD33

‘antigens, for isolating specific myeloid cells, or the like.

It will be understood that although the experiments
pertain to the M195 antibody, producing humanized antibodies
with high binding affinity for the CD33 antigen is also
contemplated using CDR's from L4B3, L1B2, MY9 or other
monoclonal antibodies that bind to an epitope of CD33.

EXPERIMENTAL

Cloning of heavy chaih 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!
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primers that hybridized to the constant regions and contained

HindIII sites, and 5' primers that hybridized to the dG tails

and contained EcoRI sites (scheme shown in Fig. 6). The PCR

amplified fragments were digested with EcoRI and HindIII and

cloned into the pUC18 vector for sequencing. For M195, two
gamma-2a specific and two kappa specific clones were

sequenced. The two gamma-2a clones and two kappa clones are

respectively identical in sequence. The cDNA variable domain
sequences and the deduced amino acid sequences are shown in

Fig. 19.

Construction and expression of chimeric antibody.

Two plasmid vectors were prepared for construction
and expression of the chimeric antibody genes. The plasmid
pVgl-dhfr (Fig. 20R) cbntaihs a human cytomegalovirus IE1l
promoter and enhancer (M. Boshart et al., Cell 41, 521
(1985)), the human genomic Cyl1 segment including part of the
preceding intron, and a dihydrofolate reductase (dhfr) gene
(Simonsen et al., Proc. Natl Acad. Sci. USA 80, 2495 (1984))
for selection. The plasmid pVk (Fig. 20B) is similar to pvgl-
dhfr but contains the human genomic Cx segment and the gpt
gene. Derivatives of the M195 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
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)). The
modified V regions were cloned into the Xbal sites of the
respective plasmid vectors between the CMV 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 myeloma cells by electroporation and cells selected for
gpt expression. Clones secreting a maximal amount of complete
antibody were detected by ELISA. Purified chimeric M195
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antibody was shown to bind to U937 cells, which express the
CcD33 antigen, by flow cytometry (Fig. 21).

Computer modeling of humanized antibodies.

In order to retain high binding affinity in the
humanized antibodies, the general procedures of Queen et al.
were followed (see, Queen et al., Proc. Natl. Acad. Sci. USA
86, 10029 (1989) and WO 90/07861). The more homologous a
human antibody is to the original murine antibody, the less
likely will combining the murine CDR's with the human
framework be to introduce 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
database (performed with the MicroGenie Sequence Analysis
Software (Beckman)), the antibody Eu was chosen to provide the
framework sequences for humanization of M195.

The computer program ENCAD (M. Levitt, J. Mol. Biol.
168, 595 (1983)) was used to construct a model of the M195
variable region. The model was used td determine the amino
acids in the M195 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 M195 variable
regions, at each position the amino acid was chosen to be the
same as in the Eu antibody, unless thatlposition fell in one
or more of four categories:

(1) The position fell within a CDR,

(2) The Eu amino acid was unusual for human

antibodies at that position, whereas the
M195 amino acid was typical for human
antibodies at that position,

(3) _The position was immediately adjacent to a

'CDR,

PCT/US91/09711

BIOEPIS EX. 1002

Page 2028



10

15

20

25

30

35

40

WO 92/11018 PCT/US91/09711

67

(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 Eu 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 categories, the amino acid
from the mouse M195 anﬁibody was 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 M195 light and heavy chain variable domains are
shown in Fig. 22, compared with the Eu sequences.

TABLE 8
tego Light Chain Heavy Chain
1 ' 24-38, 54-60, 93-101 31-35, 50-66, 99-105
2 10, 52, 67, 110 93, 95, 98, 106, 107,
108, 110
3 - 30, 67, 98, 106
4 ‘ 40, 52, 74 _ 27, 30, 48, 68, 98

" For the construction of genes for the humanized
antibodies, nucleotide éequences were selected that encode the
protein sequences of the humanized heavy and light chains,
including the same signal peptides as in the mouse M195 chains
(Fig. 19), generally utilizing codons found in the mouse
sequence. Several degenerate codons were changed to create
restriction sites or to remove undesirable 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 oligonucleotides. For each variable domain gene,
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two pairs of overlapping oligonucleotides on alternating
strands were synthesized that ehcompassed the entire'éqdinéav
sequences as well as the signal peptide and the splice donor,
signal (Fig. 23). The oligonucleotides were synthesized on an,
Applied Biosystems 380B DNA syntheéizer. Each oligo was\abouﬁ
110-140 bases long with about a 15 base overlap. Double ﬂ_ ;
stranded DNA fragments were synthesized with Klenow polymefase
from each pair of oligonucleotides, digested with restrictiép
enzymes, ligated to the pUC18 vector and sequenced. . Two l
fragments with the réspectively correct half-sequences were
then ligated into the XbaI sites of the pVgl-dhfr or pVk ‘
expression vectors in the appropriate orientations to prodﬁqe
the complete heavy and light chain genés. Reactions were A_
carried out under conditions well-known in the art (Maniatisak
et al., op. cit.) ' ‘ '
The heavy chain and light chain plasmids were :
transfected into Sp2/0 mouse myeloma cells by electroporation
and cells were selected for gpt expression. Clones were :
screened by assaying human antibody production in the cuituré:
supernatant by ELISA, and antibody was purified from'theipestik
producing clones. Antibody was purified by passing tissue:
culture supernatant over a column of staphylococcal proteinlA-
Sepharose CL-4B {(Pharmacia). The bound antibody was elﬁted E
with 0.2 M Glycine-HCl, pH3.0 and neutralized with 1 M Tris
PH8.0. The buffer was exchanged into PBS by passing over ‘a
PD10 column (Pharmacia). : E

Properties of humanized antibodies.

The humanized M195 antibody was characterized in
comparison to the murine and chimeric antibodies. The. '
humanized antibody bound to U937 cells in a fluorocytometrié
analysis in a manner similar to the chimeric antibody |
(Fig. 21), showing that it recognizes the same CD33 antigen.

The affinity of the humanized antibody was .
determined by competition with the radio-iodinated mouse M195
antibody (Fig. 24). ‘The binding affinities were calculated
according to the methods of Berzofsky (J.A. Berzofsky and,I.Jl

(3
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Berkower, in Fundamental Immunology (ed. W.E. Paul), Raven
Press (New York), 595 (1984)). The mouse M155 had an affinity

comparable to the published value (Ténimoto et al., op. cit.)
and the humanized M195 antibody had an affinity the same as
the mouse M195 to within experimental error. .
Humanized M195 is useful to mediate antibody-
dependent cellular cytotoxicity when human effector cells and
human CD33-expressing cells are used. This is analogous to
other humanized antibodies, such as reported by
Junghans et al., Cancer Research 50, 1495 (1990).
Unfortunateiy, the use of non-humén monoclonal
antibodies such as M195 have certain drawbacks in human
treatment, particularly in repeated therapeutic regimens.

Example IV
Humanized Immunoglobulins to CMV_Antigens

Cytomegalovirus is a major pathogen of
immunocompromised individuals, especially bone marrow
transplant recipients, organ tansplant recipients, and AIDS
patients (see, generally, Fields et al., Eds., Virology, 2nd
ed., Raven Press, New York pp. 1981-2010 (1990)).
Approximately 15% of bone marrow transplant-patients develop
CMV pneumonia, with an 85% mortality rate (Meyers, Rev. Inf.
Dis. 11 (suppl. 7), $1691 (198%9)). About 10% of AIDS patients
develop severe CMV disease; and congenitally acquired CMV,
often with significant morbidity and mortality, affects 1% of
newborns (Fields, op. cit.).

The drug ganciclovir is effective against certain
forms of CMV infection, notably chorioretinitis and
gastroenteritis, but is not very effective against CMV
pneunonia, and it has serious toxicity. Use of pooled human
imunoglobulin preparations has shown some beneficial effect

. for prophylaxis of CMV in bone marrow transplant patients

(Meyers, op. cit.), and a combination of high-dose immune
globulin and ganciclovir has been reported effective against
CMV pneumonia (Emanuel et al., Trans. Proc. XIX (suppl. 7),
132 (1987)). However, the marginal effectiveness, variable
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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 famiiy of
viruses, and as such, has a large double-stranded DNA 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 (Britt et al., J. Virol. 62,
3309 (1988)) and others have been predicted to exist based on
the DNA sequence of CMV (cheé et al., Nature 344, 774 (1990)).
Murine monoclonal antibodies have been produced against two
especially significant CMV glycoproteins: gB, also called
pl130/55 or gp55-116, and gH, also called p86 (Rasmussen et

. al., Virology 163, 308 {1988) and Britt et al., op. cit.) and

shown to neutralize infectivity of the virus. Three other
neutralizing antibodies to gH are designated CMV5, CMV109 and
CMV115. Human monoclonal antibodies to CMV 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,

Ae.g., Metcalf et al., Intervirol. 29, 39 (1988)). Hence, such

antibodies may be useful in treatment of CMV. infectiomns.
Unfortunately, the use of non-human monoclonal antibodies such
as CMV5 and CMV115 have certain drawbacks in human treatment,
particularly in repeated therapeutic regimens as explained
below. )

Thus, there is a need for improved forms of
humanized immunoglobulins specific for CMV antigen that are
substantialiy non-immunogenic in humans, yet easily and
economically produced in a manner suitable for therapeutic
formulation and other uses. The ptesent invention fulfills

‘these and other needs.

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 -
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about 107 M!, and preferably 10® M to 10'° M? or stronger, are

‘capable of, e.d., blocking CMV infection of cells. The

humanized immunoglobulins will have a human framework and will
have one or more complementarity determining redions (CDR's)
from an immunoglobulin, typically a mouse immunoglobulin,
specifically reactive with a CMV antigen. 1In a preferréd
embodiment, one or more of the CDR's will come from the CMV5, -

"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

techniques. «
In one aspect, the present invention 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 a CMV antigen, such as monoclonal antibodies CMV5
or CMV115. The DNA segments encoding these regions will
typically be joined to DNA segments encoding appropriate 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 CMV5 are
included in Fig. 25. Due to codon degeneracy and non-critical
amino-acid substitutions, other DNA sequences can be readily
substituted for those sequences, as detailed below.

Pdlypeptide fragments comprising only a portion of
the primary antibody structure may be produced, which
fragments possess one or more immunoglobulin activities (e.g.,
complement fixation activity). These polypeptide fragments
may be produced by proteoiytic cleavage of intact antibodies
by methods well known in the art, or by inserting stop codons
at the desired locations in the vectors pVk and pvgl-dhfr
(Fig. 26) using site-directed mutagenesis, such as after CH1
to produce Fab fragments or aftef the hinge region to produce
(Fab')2 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.). :
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The antibodies of the present invention will
typically find use individually in treating CMV-related
disorders. For example, typical disease states suitable for
treatment include CMV pneumonia, neonatal CMV infection, CMV
mononucleosis and CMV-related chorioretinitis and
gastroenteritis. Any humanized immunoglobulins of the present
invention may also be used in combination with other '
antibodies, particularly humanized antibodies reactive with
different 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 administered compositions given in

15 .

20

25

30

35

conjunction with chemotherapeutic agents. Typically, the
agents may include acyclovir or ganciclovir, but numerous
additional agents well-known to those 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
CMV-infected cells.

CMV specific humanized antibodies of the present
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 particular, the same method may be used to

" produce a humanized CMV109, CMV115 or other anti-CMV antibodyl>

as used to produce humanized CMV5 herein.

EXPERIMENTAL
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
HindIII sites, and 5' primers that hybridized to the dG tails
and contained EcoR I sites (scheme shown in Fig. 6). The PCR -

amplified fragments were digested with EcoR I and HindIII and

PCT/US91/09711 -
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cloned into the pUCl8 vector for sequencing. For‘CMvs, two
gamma-2a specific and two kappa specific clones were
sequenced. The two gamma-2a cldnes and two kappa clones are
respectively identical in sequence. The cDNA variable domain
sequences and the deduced amino acid sequences are shown in
Fig. 25A and 25B. Similarly, by using techniques, which are
well-known in the art, cDNAs for the CMV109 and CMV115 ‘
antibodies may be obtained and their sequence determined.

Construction and expression of chimeric antibody.

Two plasmid vectors were prepared for construction
and expression of the chimeric antibody genes. The plasmid
pVgl-dhfr (Fig. 26A) contains a human cytomegalovirus IE1l
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 (dhfr) gene
(Simonsen et al., Proc. Natl. Acad. Sci. USA 80, 2495 (1283))
for selection. The plasmid pVk (Fig. 26B) is similar to pvgl-
dhfr but contains the human genomic Cx segment and the gpt
gene. Derivatives of the CMV5 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
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)). The
modified V regions were cloned into the XbaI 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 myeloma cells by electroporation and cells selected for
gpt expression. Clones secreting a maximal amount of complete
antibody were detected by ELISA. Purified chimeric CMVS
antibody was shown to bind to CMV-infected cells, which
express the gH antigen, by immunostaining of CMV-infected
human embryonic lung fibroblasts.
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Computer modeling of -humanized antibodies.

In order to retain high binding affinity in the
humanized antibodies,>the general procedures of Queen et al.
were followed (see, Queen et al., Proc. Natl. Acad. Sci. Usa
86, 10029 (1989) and WO 90/07861). ‘The more homologous a -
human antibody is to the original murine antibody, the less
likely will combining the murine CDR's with the human
framework be to introduce distortions into the CDR's that
could reduce affinity. Normally the heavy chain and light
chain from the same human antibody are chosen to probide 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 segquence .
database (performed with the MicroGenie Sequence Analysis
Software (Beckman)), the antibody Wol was chosen to provide
the framework sequences for humanization of CMVS.

The computer program ENCAD (M. Levitt, J. Mol. Biol. '

168, 5é5 (1983)) was used to construct a model of the CMV5
variable region. The model was used to determine the amino
acids in the CMVS framework that were close enough to the

7 CDR's to potentially interact with them (category 4 below).

To design the humanized light and heavy chain CMVS variable
regions, at each positioh the amino acid was chosen to be the
same as in the Wol antibody, unless that position fell 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, whereas the CMV5
amino acid was typical for human antibodies at
that position, .

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

(4) The model deséribed 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
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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

For positions in these categories, the
In

in those subgroups.
amino acid from the mouse CMV5 antibody was used.
addition, a position was in the fifth category if the Wol
amino acid was highly unusual for human antibodies at that
position, and the CMV5 amino acid was different but also
unusual. Then an amino acid typical for human antibodies at
that position may be used. '

The amino acids in each category are shown in
Table 1. Some amino acids may be in more than one category.
The final sequences of the humanized CMV5 light and heavy
chain variable domains are shown in Fig. 27A-B, compared with

the Wol sequences.

TABLE 9
Category Light chain a ai
1 ' 22-34, 50-56, 89-97 31-35, 50-66, 99-108
; 69, 80
2 69, 80
3 . 49 30»
4 . | 24, 27, 28, 30, 97
5 3 5

For the construction of genes for the humanized
antibodies, nucleotide 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. 25), generally utilizing codons found in the mouse
Several degenerate codons were changed to create
The
nucleotide sequences also included the same splice donor

sequence.
restriction sites or to remove undesirable ones.

signals used in the chimeric genes and an Xbal site at each

end. Each gene was constructed from four overlapping
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synthetic'oligonucleotides;' For each variable domain gené,
two pairs of overlapping oligonucleotides on alternating
strands were synthesized thatAencompassed the entire coding
sequences as’ well as the gignal peptide and the splice donor
signal (Fig. 28). The oligonucleotides 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
enzymes, ligated to the pUC18 vector and sequenced. Two
frégments with the respectively correct half-sequences were
then ligated into the XbaI sites of the pVgl-dhfr or pVk
expression vectors in the appropriate orientations to produce '
the complete 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 electroporatlon
and cells are selected for gpt expression. Clones are ’
screened by assaying human antibody production in thé culture
supernatant 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 0.2 M Glycine-HCl, PH3.0 and neutralized with 1 M Tris

'PH8.0. The buffer is exchanged into PBS by passing over a

PD10 column (Pharmac1a)

Humanized antibody was also produced by transient
transfection. The heavy chain and light chain plasmids were
transfected into 5194 cells (ATCC TIB 19) by the DEAE-dextran
method (Queen et al., Mol. Cell. Biol. 4, 1043 (1984)), and
humanized CMV5 antibody was purified from the media

supernatant as above. Antibody was quantitated by ELISA assay

for human Ig.
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Properties of humanized antibodies.

The humanized CMV5 antibody was characterized in
comparison to the murine and chimeric antibodies. The
humanized CMV5 antibody was shown to bind about as well as the
mouse and chimeric antibodies to CMV antigen, by
immunostaining of CMV-infected human embryonic lung (HEL)
cells (ATCC CCL 137). HEL cells monolayers in 96-well plates

 were infected wtih CMV at 0.01 pfu/cell, incubated for 4 days,

dried at 37°C and stored wrapped at 4°C. 100 gl blotto (5%
Carnation Instant Milk 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 ul of a series of 2-fold dilutions of mouse,
chimeric and humanized CMV5 antibody was added to the wells.
The plate was incubated 1 hr at 37°C and washed twice with
blotto (each wash was .left on for 10 min). Then 75 ul of
diluted peroxidase (HRP) conjugated goat anti-mouse or anti-
human IgG (Tago) was added to each well and incubatgd for 1 hr
at 37°C. The plate was washed 2x with PBS and 150 ul 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 examined under a
microscope to determine the highest dilution of_the antibodies
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 detectable precipitate, indicating
that humanized CMVS binds about as well as the mouse and
chimeric antibodies.

To compare the affinities of mouse and humanized
CMV5 in another way, a competition experiment was performed.
Plates of CMV-infected HEL cells as above were incubated with
blotto for 30 min at 37°C. The blotto was poured off and
dilutions of mouse or humanized CMVS were added to each well
in 75 pl of PBS. Then 125 pl of radio-iodinated mouse CMV5 (1
pCi/pg) in PBS, containing 28,000 cpm was added to each well '
and incubated at 37°C for 2.5 hr. The plate was washed 5
times with PBS, and the contents of each well were solubilized
with 200 pl of 2% SDS and counted. Increasing concentrations
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of mouse.and humanized CMV5 inhibited binding of the
radiolabeled CMV5 about equally well (Fig. 29), so humanized
CMV5 has approximatley the same binding affinity as mouse CV5.
An irrelevant antibody did not compete in this assay.

The ability-of humanized CMV5 to neutralize CMV is
compared to that of mouse CMV5. Mouse and humanized CMVS 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 tissue culture infectious dose-50%

(TCID50) units, are added -to each well and incubated for 60
min at 37°C. Each well of antibody-virus 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 effect (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 CMV5 antibody will neutralize
CMV antibody approximately as well as the mouse CMV5 antibody.

Example V .
In mammals, the immune response is mediated by

several types of cells 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 infected cells or control the in vivo function
of both B cells and other hematopoietic cells, including T
cells. A third cell type, macrophages, process and present
antigens in conjunction with major histocompatibilityvcomplex
(MHC) proteins to T cells. Communication between these cell
types is mediated in a complex manner'by lymphokines, such as
interleukins 1-6 and +-IFN (see, generally, Paul, W.E., ed.,
Fundamental Immunology, 2nd ed., Raven Press, New York '

(1989)).

by some T cells. In addition to its anti-viral activity, +4-.
IFN stimulates natual killer (NK) cells, activates

one important lymphokine is 4-IFN, which is secreted
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macrophages, and stimulates the expression of MHC moclecules on
the surface of cells (Paul, op. cit., pp. 622-624). Hence -
IFN generally serves to enhance many aspects of immune
function, 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 4-IFN may be used to treat the
disease by neutralizing the stimulatory effects of 4-IFN.

One class of effective antagonists of 4-IFN are
monoclonal 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-vy-
IFN antibodies have been shown to delay or prevent rejection
(Landolfo et al., Science 229, 176 (1985) and Rosenberg et
al., J. Immunol. 144, 4648 (1990)). Treatment of mice prone
to develop a syndrome like systemic lupu$§ erythematosus (SLE)
with a monoclonal antibody to 4-IFN significantly delayed
onset of the disease (Jacob et al., J. Exp. Med. 166, 798
(1987)). Under soﬁe_conditions, an anti;q-IFN antibody
alleviated adjuvant arthritis in rats (Jacob et al., J.
Immunol. 142, 1500 (1989)), suggesting that anti-4-IFN may be
effective against some cases of rheumatoid arthritis in human
patients. Multiple sclerosis (MS} in patients is made worse
by treatment with 4-IFN (Panitch et al., Neurology 36 (suppl.
1), 285 (1986)),; so an anti-~4-IFN antibody may alleviate MS.
Thus, an anti-q-IFN antibody may be effective in treating
these and other autoimmune diseases.

For treatment of human patients, a murine monoclonal
that binds to and neutralizes human ~~IFN (§gg, e.g., Yamamoto
et al., Microbiol. Immunol. 32, 339 (1988)) may be used.
Another murine monoclonal antibody designated AF2 that
neutralizes human y-IFN, and inhibits binding of 4-IFN to its
cellular receptor, is disclosed herein. Unfortunately, the
use of non-human monoclonal antibodies such as AF2 have
certain drawbacks in human treatment, particularly in repeated
therapeutic regimens.
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In accordance with the present invention, humanized
immunbglobulins.specifically reactive with &-IFN epitopes are
provided. These immunoglobulins, which have binding
affinities to 4-IFN of at least about 10’ M™', and preferably
102 M to 10!° M? or stronger, are capable of, e.q.,
neutralizing human 7-IFN. The humanized immunoglobulins will -
have'aAhuman framework>and will have one or more
complementarity determining regions (CDR's) from an
immunoglobulin, typically a mouse immunoglobulin, specifically
reactive with 4-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 large quantities, find use, for
example, in the treatment of autoimmune disorders in human
patients by a variety of techniques. ;

In one aspect, the present invention 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 7-IFN, such as monoclonal antibody AF2. The DNA
segments encoding these regions will typically be joined to
DNA segments encoding appropriate human framework regions.
Exemplary DNA .sequences, which on expression code for the
polypeptide chains cdmprising the heavy and light chain CDR's
of monoclonal antibody AF2 are included in Fig. 30. Due to
codon degeneracy and non-critical amino-acid substitutions,
other DNA sequences can be readily substituted for those

sequences, as detailed below.

Alternatively, polypeptide fragments comprising only .

a portion of the primary antibody structure may be produced,
which fragments possess one or more immunoglobulin activities .
(e.g., complement fixation activity). These polypeptide
fragments may be produced by proteolytic cleavage of intact
antibodies by methods well known in the art, or by inserting
stop codons at the desired locations in the vectors pvk and
pVgl-dhfr (Fig. 31) using site-directed mutagenesis, such as
after CH1 to produce Fab fragments or after the hinge region

to produce (Fab')2

fragments. Single chain antibodies may be
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produced by joining VL and VH with a DNA linker (see Huston et
al., op cit., and Bird et al., op cit.).

The antibodies of the present invention will
typically find use individually in treating autocimmune
conditions. For example, typical disease states suitable for
treatment include graft versus host disease and transplant
rejection in patients undergoing an organ traﬁsplant, such as
heart, lungs, kidneys, liver, etc. Other diseases include
autoimmune diseases, such as Type I diabetes, multiple
sclerosis, rheumatoid arthritis, systemic lupus erythematosus,’
and myasthenia gravis.

Humanized immunoglobulins of the present invention
may also be used in combination with other antibodies,
particularly humanized antibodies reactive with other
lymphokines or lymphokine receptors. For example, suitable
antigens to which a cocktail of humanized immunoglobulins may
react include interleukins 1 through 10 and the pss and p75
chains of the IL-2 receptor (see, Waldmann, Annu. Rev.
Biochem. §§, 875 (1989) and Queen et al., Proc. Natl. Acad.
Sci. USA 86, 10029 (1989)). - other antigens include those on
cells responsible for the disease, e.g., the so-called
"Clusters of Differentiation" (Leucocyte Typing III, ed. by
A.J. McMichael, Oxford University Press (1987)).

The antibodies can also be used as separately
administered compositions given in conjunction with
chemotherapeutic agents. Typically, the agents may include
non-steroidal anti-inflammatory agents (e.g., aspirin,
ibuprofen), stefoids‘(e.g;, prednisone) and immunosuppréssants
(e.q., cyclosporin A, cytoxan), but numerous additional agents
well-known to those skilied in the art may also be utilized.

A preferred pharmaceutical composition of the present
invention comprises the use of the subject immunoglobulins in
immunotoxins, e.g., to kill 4-IFN-secreting cells.

Humanized antibodies of the present invention can
further find a wide variety of utilities in vitro. By way of
example, the antibodies can be utilized for detection of 4=IFN
antigens, or the like.
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] EXPERIMENTAL
Clon o ea chain and light ain cDNA.

cDNAs for the heavy chain and light chain variable . 3K,
domain genes were cloned using anchored polyﬁerase chain : :
reactions (E.Y. Loh et al., Science 243, 217 (1989)), using 3' :
primers that hybridized to the constant regions and contained -
HindIIT sites, and 5' primers that hybridized to the dG tails. - .
and contained EcoR I sites (scheme shown in Fig. 6). The PCR 7 '
amplified fragments were digested with EcoR I and HindIII and
cloned into the pUClB,vector for sequencing. For AF2, two
gamma-2b specific and two kappa specific clones were
sequenced. The two gamma-2b clones and two kappa clones are .
respectively identical in sequence. The cDNA variable domain
sequences and the deduced amino acid sequences are shown in

Fig. 30.

Construction and expression of chimeric aﬁtibody.

" Two plasmid vectors were prepared for construction
and expression of the chimeric antibody genes. The plasmid
pVgl-dhfr (Fig. 31A) contains a human cytomegalovirus IEl
promoter and enhancer (M. Boshart et al., Cell 41, 521
(1985)), the human genomic qu'segment including part of the
preceding intron, and a dihydrofolate reductase (dhfr) gene
(Simonsen et al., Proc. Natl. Acad. Sci. USA 80, 2495V(1984))

' for selection. The plasmid pvk (Fig. 31B) is similar to pvgl-

dahfr but contains the human genomic Cr segment and the gpt

gene. Derivatives of the AF2 heavy and light chain variable
regions were prepared from the cDNAs by polymerase chain
reaction. ThefS' 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 (gee, Queen et o,
al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989)). The ‘
modified V regions were cloned into the XbaI sites of the

respective plasmid vectors between the CMV promoter and the

partial introns of the constant regions.
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For expression of the chimeric antibody, the heavy
chain and kappa chain plasmids were transfected into Sp2/0
mouse myeloma cells by electropdration and cells selected for
gpt expression. Clones secreting a maximal amount of complete
antibody were detected by ELISA. Chimeric AF2 antibody was
shown to bind to human 4-IFN by ELISA. ‘

Computer modeling of humanized antibodies.

In order to retain high binding affinity in the
humanized antibodies, the general procedures of Queen et al.
were followed (see, Queen et al., Proc. Natl. Acad. Sci. USA
86, 10029 (1989) and WO 90/07861). The more homologous a
human antibody is to the original murine antibody, the less
likely will combining the murine CDR's with the human
framework be to introduce 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
database (perfbrmed with the MicroGenie Sequence Analysis
Software (Beckman)), the antibody Eu was chosen to provide the '
framework sequences for humanization of AF2.

The computer program ENCAD (M. Levitt, J. Mol. Biol.
168, 595 (1983)) was used to construct a model of the AF2
variable region. The model was used to determine the amino
acids in the AF2 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 AF2 variable.
regions, at each position the amino acid was chosen to be the
same as in the Eu antibody, unless that position fell in one
or more of five categories: B

(1) The position fell within a CDR,

(2) The Eu amino acid was unusual for human
antibodies at that position, whereas the AF2
amino acid was typical for human antibodies at
that position,
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(3) The position was immediately 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 seguences
in the same subgroups (as defined by'Kabat et al., op. cit.)
as the Eu light and heavy chains, and "typical" is interpreted
to include amino acids that occur in more than about 25% but
generaliy more than 50% of the human sequences in those
subgroups. For positions in these categories, the amino acid
from the mouse AF2 antibody was used. In addition, a position
was in the fifth category if the Eu amino acid was highly
unusual for human antibodies at that position, and the AF2

amino acid was different but also unusual. Then an amino acid’

typical for human antibodies at that position may be used.

The amino acids in each category are shown in
Table 10. Some amino acids may be in more than one category..
The final sequences of the humanized AF2 light and heavy chain
variable domains are shown in Fig. 32, compared with the Eu

sequences.
TABLE 10

category Light Chain . Heavy Chain

1 24-34, 50-56, 89-97 31-35, 50-66, 99-106

2 48 ' ' 93, 95, 98, 107, 108,

, | 109, 111 ‘

3 ' 30, 98, 107

4 a8, 70 ' ' 27, 28, 30, 98, 107

5 63

For the construction of genes for the humanized

antibodies, nucleotide sequences were selected that encode the

protein sequences of the humanized heavy and light chains,
plus typical immunoglobulin signal sequences, generally

PCT/US91/09711: _
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utilizing codons found in the mouse sequence. Several
degenerate codons were changed to create restriction sites or
to remove undesirable 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 oligonucleotides. For each
variable domain gene, two pairs 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 (Fig. 33) The
oligonucleotides 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 enzymes, ligated
to the pUC18 vector and sequenced. Two fragments with the
respectively correct half-sequences are then ligated into the
Xbal sites of the pVgl-dhfr or pVk expression vectors in the
appropriate orientations to produce the complete heavy and
light chain genes. Reactions are 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 selected for gpt expression. Clones are screened by
aésaying human antibody production in the culture supernatant

* by ELISA, and antibody purified from the best-producing

clones. Antibody is purified by passing tissue culture
supernatant over a coclumn of staphylococcal protein A-
Sepharose CL-4B (Pharmacia). The bound antibody is eluted
with 0.2 M Glycine-HC1, pH3.0 and neutralized with 1 M Tris
PH8.0. The buffer is exchanged into PBS by passing over a
PD10 column (Pharmacia).

Properties of humanized antibodies.

- The humanized AF2 antibody is characterized in
comparison to the murine and chimeric antibodies. The
humanized antibody will bind to 4-IFN in an ELISA assay in a
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manner similar to the mouse and chimeric antibodies, showing

that it recognizes 4-IFN.

To compare the binding affinities of mouse AF2
antibody and humanized AF2 antibody, a competitive ELISA assay
is performed. An ELISA plate is coated with human recombinant

+~IFN by adding 100 pl of a 500 ng/ml solution of y-IFN in PBS -

to each well and incubating overnight at 4°C. Subsequent
steps are carried out at room temperature. The ~v-IFN solution
is removed and 200 pl of ELISA buffer (0.1% Tween-20, 1%
Bovine serum albumin in PBS) is added to each well and

“incubated for 1 hr. After removing the solution, varying
amounts of competitor antibody (mouse AF2 or humanized AF2) in

100 pl PBS is added to each well, along with an amount of
biotinylated AF2 predetermined to give a godd ELISA reéponse.
The plate is incubated for 1 hr and then washed 3 times with
ELISA buffer. An amount of horseradish peroxidase (HRP)-
conjugated strepavidin predetermined to be in excess is added
in 100 pl PBS to each well and incubated for 30 min. The
plate is washed 3 times in ELISA buffer, and 100 ul of
substrate solution for HRP is added to each well. The plate
is incubated for 10-30 min, and the optical density of each
well is determined with an ELISA reader (BioRad). The
decrease in optical density with increasing concentrations of
competitor antibodies mouse AF2 and humanized AF2 are plotted.
Mouse AF2 and humanized AF2 will compete similarly, showing
that their binding affinities for 4-IFN are approximately the

. same. The procedures used are well known in the art (e g.,

Harlow and Lane, op. cit.).
An important biological activity of 1-IFN is the

induction of expression of class II HLA antigens on cells. To
determine the ability of mouse and humanized AF2 to neutrallze
this activity, about 5 x 10° HS294T cells (Basham et al., J.
Immunol. 130, 1492 (1983)) are plated in 1.0 ml DMEM medium +
10% FCS in each well of a 24-well plate. After overnight
incubation, 0.1 nM interferon and varying amounts of mouse or
humanized AF2 are added to the cells, and the plate is

‘incubated for 72 hr. The cells are removed from the plate
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with 0.05 M EDTA, stained with monoclonal antibody 1L243 from
the American Type Culture Collection (ATCC) against HLA-D

_antigen, washed, stained with FITC conjugated goat anti-mouse

Ig and analyzed with a FACScan (Becton-Dickinson). - Increasing
concentrations of mouse AF2 reduce fluorescence of the cells
(Fig. 34), indicating the antibody is preventing induction of
HLA-D by 4-IFN. The humanized AF2 will act similarly to mouse
AF2 in this aésay, showing that it neutralizes the biological
activity of ~-IFN. : ‘

From the foregoing, it will be appreciated that the
humanized immunoglobulins of the present invention offer
numerous advantages over other 4-IFN specific antibodies. 1In
comparison to mouse monoclonal antibodies, the present
humanized immunoglobulins can be more economically produced
and contain substantially less foreign amino acid sequences.
This reduced likelihood of antigenicity after injection into a
human patient represents a significant therapeutic
improvement.

All publications and patent applications are herein
incorporated by reference to the same extent as if each
individual publication or patent application was specifically
and individually indicated to be incorporated by reference.
Although the present invention has been described in some
detail by way of illustration and example for purposes of
clarity and understanding, it will be apparent that certain
changes and modifications may be practiced within the scope of

the appended claims.
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AT IS CLAIMED IS

1. A composition comprising a substantially pure
humanized immunoglobulin specifically reactive with the p75
chain of the human IL-2 receptor.

2; A composition according to Claim 1, wherein the
immunoglobulin exhibits a binding affinity to a human IL-2

receptor of about 10’ M or stronger.

3. A composition according to Claim 1, wherein the

immunoglobulin comprises one or more foreign CDRs
substantially homologous to a CDR from an immunoglobulin

reactive with human p75 protein.

4. A coﬁposition‘according to Claim 1, wherein the °

immunoglobulin is capable of blocking the binding of
interleukin-2 (IL-2) to the p75 chain of human IL~2 receptors.

5. A composition according to Claim 1, wherein the.
humanized immunoglobulin comprises the human framework regions
having amino acids sequences from at least two human '

immunoglobulins.

6. A humanized immunoglobulin capable of -binding . .
to human interleukin-2 receptors, said immunoglobulin
comprising one or more complementarity determining regions
(CDR's) from mik-f1 antibody in a human framework.

7. A humanized immunoglobulin according to Claim
6, wherein the human framework is substantially homologous to
an Lay immunoglobulin framework.

. 8. A humanized immunoglobulin according to Claim 6
which is capable of blocking the binding of IL-2 to
interleukin-2 receptors on human T-cells. .

PCT/US91/09711
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9. A method of treating T-cell mediated disorders .
in a human patient, said method comprising administering to
said patient a therapeutically effective dose of an

immunoglobulin according to Claim 6.

10. A humanized immunoglobulin according to Claim 6

which is complexed to a cytotoxic agent.
11. A composition comprising a substantially pure
humanized immunoglobulin specifically reactive with a herpes

simplex virus-specific epitope.

12. A composition according to claim 11, wherein
the epitope is on a viral surface glycoprotein.

13. A composition according to claim 12, wherein
the glycoprotein is gB or gD.

14. A composition comprising a substantially pure

‘humanized immunoglobulin capable of inhibiting binding of a

herpes simplex virus (HSV) protein to a mouse monoclonal
antibody specifically reactive with said protein, wherein the
humanized immunoglobulin comprises at least one -
complementarity determining region (CDR) from the mouse
monoclonal antibody.

15. A composition according to Claim 14, wherein
the humanized immunoglobulin exhibits a binding affinity of
about 10’ M or stronger.

16. A composition according to Claim 14 wherein
said immunoglobulin is capable of binding to type 1 or 2
herpes simplex virus (HSV).

17. A composition according to Claim 14, wherein
the immunoglobulin comprises one or more CDR's substantially
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homologous to a CDR from an immunoglobulin reactive with HSV
glycoprotein of gB, gD, gG or gH.

18. A composition according to c1aim_14, wherein D
the immunoglobulin is an IgG, immunoglobulin isotype. : -

'~ 18. A humanized immunoglobulin capable of binding
to herpes simplex virus, said immunoglobulin comprising one or
more complementarity determining regions (CDR's) from a mouse
monoclonal antibody in a human framework, wherein the mouse
antibody is Fd 79 or Fd 138-80. ' ‘

20. A humanized immunoglobulin according to Claim
19, wherein. the human framework is substantially homologous to
an Eu or a Pom immunoglobulin framework.

21. A humanized immunoglobulin acecording to Claim
19 which is capable of neutralizing HSV.

22. A method of treating herpes simplex virus
mediated disorders in a human patient, said method comprising
administering to said patient a therapeutically effective dose

of an immunoglobulin according to Claim 14.

23. A composition comprising a substantially pure
humanized immunoglobulin specifically reactive with a cD33

antigen epitope.

24. A composition according to Claim 23, wherein a
variable region of at least one chain of the immunoglobulin
comprises three complementarity determining regions (CDR's)

‘from a non-human antibody in a human framework.

25. A composition according to claim 24, wherein

the chain is the heavy chain.
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26. A composition according to claim 24, wherein
the non-human antibody is M195.

27. A composition comprising a substantially pufe
humanized immunoglobulin capable of inhibiting binding of CD33
antigen to a mouse monoclonal antibody specifically reactive
with saidvantigen, wherein the humanized immunoglobulin
comprises at least one complementarity determining region
(CDR) . from the mouse monoclonal antibody.

28. A composition according to Claim 27, wherein
the humanized immunoglobulin exhibits a binding affinity of
about 10’ M or stronger. '

29. A composition according to Claim 27, which. is
capable of blocking the binding of mouse M195 antibody to
human cells. ’

30. A composition according to Claim 27, wherein
the humanized immunoglobulin comprises a human framework

‘substantially homologous to Eu immunoglobulin framework.

31. A humanized immunoglobulin according to Claim

.27 which is of capable mediating antibody-dependent cellular

cytotoxicity in the presence of human target and effector
cells. ‘

32. A method of treating myeloid cell-mediated
disorders in a human patient, said method comprising
administering to said patient a therapeutically effective dose
of a composition according to Claim 27.

33. A composition according to claim 27, wherein
the immunoglobulin is conjugated to a cytoxic agent.
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34. A composition comprisihg a substantially pure
humanized immunoglobulin specifically reactive with a human

cytomegalovirus-specific epitope.-

35. A composition according to Claim 34, wherein a
variable region of at least one chain comprises three ' . }
compleméntarity determining regions from a non-human ‘ : -
immunoglobulin chain in a human framework.

36. A composition according to claim 34, wherein

the epitope is on a viral surface glycoprotein.

37. A composition according to claim 36, wherein

the glycoprotein is gB or gH.

38. A composition comprising a substantially pure
humanized immunoglobulin capable of inhibiting binding of a
cytomegalovirus (CMV) protein to a mouse monoclonal antibody
specifically reactive with said protein, wherein the humanized
immunoglobulin comprises at least one complementarity
determining region (CDR) from the mouse monoclonal antibody.

39. A composition according to Claim 38, wherein
the humanized immunoglobulin exhibits a binding affinity of
about 10’ M or stronger.

40. A recombinant immunoglobulin composition
comprising a human framework and one or more foreign
complementarity determining regions (CDR's) not naturally
associated with the framework, wherein said immunoglobulin is

capable of binding to CMV.

41. A composition according to Claim 40, wherein
all of the foreign CDR's are located on heavy chains of the

immunoglobulin.
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42. A composition according to Claim 40, wherein
the immunoglobulin is an IgG, immunoglobulin isotype.

43. ‘A composition according to Claim 40 wherein the
immunoglobulin is capable of blocking the binding of CMV to

human cells.

44. BAn immunoglobulin according to Claim 40,
wherein the framework regions comprise amino acids sequences
from at least two human immunoglobulins.

45. A humanized immunoglobulin capable of binding
to cytomegalovirus, said immunoglobulin cémprising one or more
complementarity determining regions (CDR's) from a mouse
monoclonal antibedy in a human framework, wherein the mouse
antibedy is CMV5, CMV109 or CMV115.

46. A humanized immunoglobulin according to Claim
45, wherein the human framework is substantially homologous to
an Eu or a Wol immunoglobulin framework.

47. A humanized immunoglobulin according to Claim
45 which is capable of neutralizing CMV.

48. A method of treating cytomegalovirus mediated
disorders in a human patient, said method comprising
administering to said patient a therapeutically effective dose
of an immunoglobulin accofding to Claim 45.

49, A method of treating cytomegalovirus mediated
disorders in a human patient, said method comprising
administering to said patient a therapeutically effective dose
of a combination of two or more immunoglobulins according to
Claims 45.
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50. A composition comprising a substantially pure
humanized immunoglobulin specifically reactive with human -

IFN.

51. A composition according to Claim 50, wherein a
variable region bf at least one chain comprises three
complementarity determining regions (CDR's) from a non-human
antibody in a human framework. ‘ :

52. A composition according to claim 51, wherein

the non-human antibody is AF2.

53. A composition according to Claim 50 capable of
inhibiting binding of human 4-IFN to a human y-IFN receptor.

54. A recombinant immunoglobulin composition
comprising a human framework and one or more complementarity
determining regions (CDR's) not naturaily associated with the
framework, wherein said immunoglobulin is capable of
specifically inhibiting biniding of human 4-IFN to a human 4-
IFN receptor. -

55. A composition according to claim 54, wherein
one or more of the foreign CDR's are substantlally homologous

to a CDR from the AF2 antibody.

56. A composition according to Claim 54, wherein

© the immunoglobulin is an IgG, immunoglobulin isotype.

57. A composition according to Claim 54, wherein
the immunoglobulin is capable of blocklng the binding of human
+-IFN antibody to human cells.

58. A method of treating autoimmune disorders in a-
human patient, said method comprising administering to said
patient a therapeutically effective dose of a composition

according to Claim 54.
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59. A composition according to Claim 11, wherein
the immunoglobulin is conjugated to a cytotoxic agent.

5 60. A composition according to Claim 40, wherein

the immunoglobulin is conjugated to a cytotoxic agent.

10
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. . 30 . . 60
ATGGTTTTCACACCTCAGATACTTGGACTTATGCTTTTTTGGATTTCAGCCTCCAGAGGT
M VvV F T P Q I L G L ML F W I S A S R G

. . 90 * . 120

GATATTGTGCTAACTCAGTCTCCAGCCACCCTGTCTGTGACTCCGGGAGATAGCGTCAGT
D I v L T Q S p A T UL S V T P G D § V 3

. . 150 . . 180
CTTTCCTGCAGGGCCAGCCAAAGTAT TAGCAACAACCTACACTGGTATCAACAAAAATCA
L S C RA SO S I S NMNUILGH HTWUYOOQKS

: L . 210 . . 240
CATGAGTCTCCAAGGCTTCTCATCAAGTATGCTTCCCAGTCCATCTCTGGGATCCCCTCC
H E s P RUL LI K Y A S QS I S G I P S

. . L 270 i . . 300
AGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACTCTCAGTGTCAACGGTGTGGAGACT
R F s 6 $s 6 s G TDUF TUL S V NG V E.T

i . 330 - . . 360
GAAGATTTTGGAATGTATTTCTGTCAACACACTAACAGTTGGCCTCATACGTTCGGAGGG
EDF GMYF CQ O S N S WP H TV F G G

GGGACCAAGCTGGAAATAAAA
G T K L E I K
FIG. 25A
. . . : 30 . . l 60

ATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGAACTGCAGGTGTCCACTCTGAG
M G W S W I F L F L L S G TAG V H S E

. . 90 . . 120
GTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCT TCAATGAAGATATCC
v Q L Q Q@ § G P E L V K P G A S M K I S

. . 150 . . 180
TGCAAGGCTTCTGTTTACTCATTCACTGGCTACACCATGAACTGGGTGAAGCAGAGCCAT
Cc K A s Vv Yy S F T GGY T MN WV K Q S H

. . 210 . . 240
GGACAGAACCTTGAGTGGATTGGACTTATTAATCCTTACAATGGTGGTACTAGCTACAAC
G ¢ N L EW I G L I NP Y NG G T S ¥ N

. . 270 . : . 300
CAGAAGTTCAAGGGGAAGGCCACATTAACTGTAGACAAGTCATCCAACACAGCCTACATG
¢ K F K G K A T L T V D K S S N T A Y M

. . 330 . . 360
GAGCTCCTCAGTCTGACATCTGCGGACTCTGCAGTCTATTACTGTACAAGACGGGGGTTT
E L L s L T S A D S A vV Y Y C T R R G T

. . . 390 3 .
CGAGACTATTCTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA
R D Y §s M DY W G Q GG T S V T VvV S s

FiG. 25B
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ib16
10 20
TAGATCTAGA CCACCATGGT
70 80
TCAGCCTCCA GAGGTGAAAT
GGAGAAAGG
3b17
10 20
TAGACAGAAT TCACGCGTAC
70 80
ACCAGTGTAG GTTGTTGCTA
CCGGTGAT
ib18
10 20

ARGAGRATTC ACGCGTCCCA

70 80
TCAGGGACAG ATTTCACTCT

jbl9

10 20
TAGATCTAGA GTTGAGAAGA

70 80
GTATGAGGCC AACTGTTACT

32/41

30
TTTCACACCT

90
TGTGCTAACT

30
TTGATAAGTA

90
ATACTTTGGC

30
GTCCATCTCT

90
CACAATAAGT

30

CTACTTACGT

90
CTGTTGACAA

FIG.

40 50
CAGATACTAG GACTCATGCT

100 110
CAGTCTCCAG GCACCCTAAG

40
GACGTGGAGC

50
TTGTCCAGGT

100 110
TGGCCCTGCA GGAAAGTGTA

40
GGAATACCCG

50
ATAGGTTCAG

- 100

AGGCTCGAGC CGGAAGATTT

40
TTTATTTCTA

50
CCTTGGTCCC

100
TAATACACAG

110
CAAAATCTTC

28A |
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3b20

10 ‘ 20 : 30 40 50 60
TATATCTAGA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTC AGGAACTGCA

70 . 80 90 100 110 120
GGTGTCCACT CTCAAGTCCA ACTGGTACAG TCTGGAGCTG AGGTTAAAAA GCCTGGAAGT

‘ 130
TCAGTAAGAG TTTC

jb21
10 o 20 30 - 40 50 60
TATATAGGTA CCACCATTGT AAGGATTAAT AAGTCCAACC CACTCAAGTC CTTTTCCAGG

70 80 9 100 110 120
TGCCTGTCTC ACCCAGTTCA TGGTATACCC AGTGAATGAG TATCCGGAAG CTTTGCAGGA

130
AACTCTTACT GARAC

jb22

10 20 30 ) 40 50 60
TATATAGGTA CCAGCTACAA CCAGAAGTTC AAGGGCACAG TTACAGTTC TTTGRAGCCT

70 80 ' 90 100 110
TCATTTAACC AGGCCTACAT GGAGCTCAGT AGTCTGTTTT CTGAAGACAC TGCAGT

jb23

10 20 30 40 50 60
TATATCTAGA GGCCATTCTT ACCTGAGGAG ACGGTGACTA AGGTTCCTTG ACCCCAGTAG

70 80 90 100 110
TCCATAGAAT AGTCTCGARA CCCCCGTCTT CTACAGTAAT AGACTGCAGT GTCTTC

FIG. 28B
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. . 30 . . 60
ATGACATCACTGTTCTCTCTACAGTTACCGAGCACACAGGACCTCGCCATGGGATGGAGC
M T $S L -F §$ L Q L P 5 T Q D L A M G W S

. . 90 .. . 12C
TGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTGTCCTCTCCCAGGTCCAACTGCAG
c I I L F L VAT ATG V L 5 Q V Q L Q

. . - 150. . . 180
CAGCCTGGGGCTGACCTTGTGATGCCTGGGGCTCCAGTGAAGCTGTCCTGCTTGGCTTCT
Q P G ADLVMUP GAUPV KL S C L A S

. . » 210 o L 240
GGCTACATCTTCACCAGCTCCTGGATAAACTGGGTGAAGCAGAGGCCTGGACGAGGCCTC
G ¥ I F T 8§ 8§ W I N W V K Q¢ R P G R G L

. . 270 . . 300
GAGTGGATTGGAAGGATTGATCCTTCCGATGGTGAAGTTCACTACAATCAAGATTTCAAG
E W I G R I D P S D G E V H Y N Q D F K

. . 330 - . . 360
GACAAGGCCACACTGACTGTAGACAAATCCTCCAGCACAGCCTACATCCAACTCAACAGC
D K A T L T VvV D K 8§ 8 S T A Y I QQ L N S5

. . 390 ) . . 42¢C
CTGACATCTGAGGACTCTGCGGTCTATTACTGTGCTAGAGGATTTCTGCCCTGGTTTGCT
LTS ED S AV Y Y C ARG GEFTLPWEF A

. e 450
GACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA
D W G Q G T ULV TV S A

FIG. 30A
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. . 30 . . 60
ATGCATCAGACCAGCATGGGCATCAAGATGGAATCACAGACTCTGGTCTTCATATCCATA
M H Q T S MG I KM E S Q T L V F I § I

. i 90 . . 120
CTGCTCTGGTTATATGGTGCTCATGGGAACATTGTTATGACCCAATCTCCCAAATCCATG
L L W L ¥ G A D G NI VMT QS P K S M

. LI 150 . . 180
TACGTGTCAATAGGAGAGAGGGTCACCTTGAGCTGCAAGGCCAGTGAAAATGTGGATACT
Yy vs I G ERVTIL S C X A S E N V D T

.. . 210 . . 240
TATGTATCCTGGTATCAACAGAAACCAGAGCAGTCTCCTAAACTGCTGATATATGGGGCA
Y v S W Y Q Q K P E Q $S$ P K L L I Y G A

Te . 270 . . 300
" TCCAACCGGTACACTGGGGTCCACGATCGCTTCACGGGCAGTGGATCTGCAACAGATTTC
S NR Y TGV HDRTFTGSG S ATTDF

. . 330 . . 360
ACTCTGACCATCAGCAGTGTGCAGGCTGAAGACCTTGCAGATTATCACTGTGGACAGAGT
T L T I S §S vV . Q A E D L A D Y H C G 0O s

. . 390 .
TACAACTATCCATTCACGTTCGGCTCGGGGACAAAGTTGGARATARAG
Y N Y P F T F G § G T K L E I K

FiG. 30B
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rhl0

10 20 30
TTTTTTCTAG ACCACCATGG AGACCGATAC

70 80 90
CCCAGGATCA ACCGGAGATA TTCAGATGAC

rhll

10 20 30
TTTTAAGCTT GGGAGCTTTG CCTGGCTTCT

70 80 9
TTTCACTGGC CTTGCAGGTT ATGGTGACCC

rhl2

10 20 30
TTTTAAGCTT CTAATTTATG GGGCATCCAA

70 80 20
TGGCAGTGGA TCTGGGACCG ATTTCACCCT

rhl3

10 20 30
TTTTTTCTAG AGCAAAAGTC TACTTACGTT

( 70 80 90
TGAATGGATA GTTGTAACTC TGTCCGCAGT

FIG.

39/41

40 50
CCTCCTGCTA TGGGTCCTCC

100 - 110
CCAGTCTCCG TCGACCCTCT

40 50
GCTGATACCA GGATACATAA

100 110
TATCCCCGAC GCTAGCAGAG

: 40 .50
CCGGTACACT GGGGTACCTT

100 110
CACAATCAGC TCTCTGCAGC

40 : 50
TGACCTCCAC CTTGGTCCCC

100 ‘ 110
AATAAGTGGC GAAATCATCT

33A
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rh20

10 20 - 30 40 50 60
TTTTTCTAGA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTC AGGTACCGCG

70 80 90 100 110
GGCGTGCACT CTCAGGTCCA GCTTGTCCAG TCTGGGGCTG AAGTCAAGAA ACCT

rh2l

10 C 20 30 40 50 60
TTTTGAATTC TCGAGACCCT GTCCAGGGGC CTGCCTTACC CAGTTTATCC AGGAGCTAGT

70 80 90 1100 110 1120
AAAGATGTAG CCAGAAGCTT TGCAGGAGAC CTTCACGGAG CTCCCAGGTT TCTTGACTTC

A

rh22

10 20 A 30 40 50 60
TTTTGAATTC TCGAGTGGAT GGGAAGGATT GATCCTTCCG ATGGTGAAGT TCACTACAAT

70 80 90 100 110 120
CRAGATTTCA AGGACCGTGT TACAATTACA GCAGACGAAT CCACCAATAC AGCCTACATG

130
GAACTGAGCA GCCTGAG

rh23

10 20 30 40 50 60
TTTTTCTAGA GGTTTTAAGG ACTCACCTGA GGAGACTGTG ACCAGGGTTC CTTGGCCCCA

70 80 30 100 110 120
GTCAGCAAAC CAGGGCAGAA ATCCTCTTGC ACAGTAATAG ACTGCAGTGT CCTCTGATCT

130
CAGGCTGCTC AGTT

FIG. 33B
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Washington, D.C. 20231

Sir:

Applicant petitions the Commissioner of Patents and Trademarks to extend the time for response
to the Final Office Action dated October 27, 1995 for two (2) months, from January 27, 1996 to March
27, 1996. The extended time for response does not exceed the statutory period.

Please charge Deposit Account No. 07-0630 in the amount of $380.00 to cover the cost of the
extension. Any deficiency or overpayment should be charged or credited to this deposit account. A
duplicate of this sheet is enclosed.

A copy of a document pursuant to 37 C.F.R. § 10.9(b) is attached as proof of the authorization of
the undersigned to prosecute the above-mentioned application. The originail of this document is on file
in the Office of Enrollment and Discipline. ’

Regpectfully submitted,

Date: March 27, 1996

460 Pt. San Bruno Blvd.

So. San Francisco, CA 94080-4990

Phone: (415) 225-1994

Fax: (415) 952-9881 Diy D LT b4 o SEITL ULLAGRE

Revised {10/17/95}
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- Gl : | Patent and Trademark Office

,, (T) & | ASSISTANT SECRETARY AND COMMISSIONER
OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

. § A4 % umrrgTATEs DEPARTMENT OF COMMERCE .

LIMITED RECOGNITION UNDER 37 CFR § 10.9(b)

Wendy M. Lee is hereby given limited recognition under 37 CFR § 10.9(b) as an
employee of Genentech, Inc., to prepare and prosecute patent applications and to
represent patent applicants wherein Genentech, Inc., is the assignee of record of the
entire interest. This limited recognition shall expire on the date appearing below, or
when whichever of the following events first occurs prior to July 15, 1996: (i) Wendy
M. Lee ceases to lawfully reside in the United States, (ii) Wendy M. Lee's employment
with Genentech, Inc., ceases or is terminated, or (iii) Wendy M. Lee ceases to remain
or reside in the United States on a H-1B visa. ’

This document constitutes proof of such recognition. The original of this document
is on file in the Office of Enrollment and Discipline of the U.S. Patent and Trademark

Office.

'7'1\ i | "\-\-‘/;""‘:-‘—7
Expires: July 15, 1996 TN et Ty s k

Karen L. Bovard, Director
Office of Enrollment and Discipline
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* | Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

SERIAL NUMBER ] FILING DATE FIRST NAMED APPLICANT | ATTORNEY DOCKETTNO. |
[ EXAMINER i
[ ART UNIT | PAPERNUMBER |
z(
DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, applicant’s representative, PTO personnel):

) % M&ﬁ{/ Y/ @)
o “Dowall £ Loms @

Date of interview // 7€

Type: U Telephonic )XPersona! (copy is given to [0 applicant >’applicant’s representativi

Exhibit shown or demonstration conducted: O Yes ([ No. If yes, brief description: /\/

Agreement [J was reached with respect to some or ali of the claims in question. X was not reached.

Claims discussed: / // W'{Q
identification of prior art discussed: /// & 74/ ///

Description of the general nature of what was agreed to if an agreement was reached, or any other comments: Mﬁﬂw £
f:é’ﬁ Z 2 f/ A QZ%ZEE o e ,ﬂnm# / &7-/\1#-4 e ;{ Mﬁ[ g_/llt.s_, @/va.m’z/ /&!ﬂ/

Lorsensvs S«ymw £ pbo The mtbd % vx"(/ EV 7 ot ,a/ 2ok Py Tt 2
e (aMww .C?)rmw ~§/wa /J/’J‘g 44:»«: /7 Mlkiﬂ’w/K/ Né/W/—‘ & _rreer)
JAM & 28 f &law{n’z ﬂ//’/ﬂ&ﬂoﬂ 64‘“44,,,‘;/ Né%:m /T T G.éun 2£

{A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)

1. Itis not necessary for applicant to provide a separate record of the substance of the interview.

Unless the paragraph below has been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS NOT
WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this form). if a response to the last Office
action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview.

O 2. Since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now aliowable, this completed form is considered to fulfill the

response requirements of the fast Office action. Applicant is not relieved from providing a separate regard of the substanceg.gf the interview unless
box 1 above is also checked. ﬁ/ Z

PTOL-413 (REV. 2 -93) xaminer's Signature
ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER
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P'atent. Docket PO7091°1

IN 'THE UNITED STATES PATENT AND TRADEMARK OFFICK

in re Application of Group Art Unit: 1816
Paul J. Carter et al. Examiner: D. Adams

Serial No.. 08/146,206

.. CERTIACATE OF MAILNG- -
jo EOtempONdEnas 18 being Aepoae )
‘sufficient prutags, as st class.
Commissioner af Fataiits, Wil

Filed: November 17, 19393

For: METHOD FOR MAKING HUMANIZED | .
ANTIBODIES

Assistant Commissioner of Patents
Washington. D.C. 20231
Sir:

The accompanying papers are being filed in response to the Office Action mailed
October 27, 1995 issuing a final rejection of the claims pending in the application. On March
27. 1996, Applicants filed a Notice of Appeal. Submitted herewith is a three month extension
of time for'making this submission.

The present submission, in the form of a Supplemental information Disclosure

Statement, is being submitted under Section 1.129(a) along with the fee ser forth in Section

1. 171r).
Respectfully submitted,
GENENTECH, INC.
! T ) /
Date: August 27, 1996 By: . . /"% e o

Wéndy M. Lee
Reg. No. P-40,378

460 Pt. San Bruno Bilvidl.

So. San Francisco, CA 94080 4930
Phoune: (415) 225-1994

Fax: (415) 952-9881

-
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Patent. Docket PO70901 ¢

IN THY. UNITED STATIES PATENI‘ AND TRADEMARK OFFICE

J Sarial Na.: D8146,206

In re Application of ) (iroup Art Unit: 1816

Paul J. Carter et al. Examiner: D. Adams

Filed: November 17, 19923

For:  METHOD FOR MAKING
ITUMANIZED ANTIBODIES

SUPPLEME INFORMATION DISCLOSURE S EMENT

Assistant Commiagioner of P’atents
Washington, D.C!. 202:41

Sir:

Applicants submit herewith patents, publicativns or other information (attached hereto and lisied

on the attached Form PTO-1449) of which they arc aware, which they believe may be material w the

examination of this application and in respect of which there may be a duty to disclose in uccordanco with

37 CHR §L56.

T'his Information Diselosure Statement:

@0
mn

0l

1l

accompanies the new patent application submittad herewith, 37 CFR §1.97(a).

is fled within three months aflar the liling date of the application or within three months
aflter tho date of entry of the national stago of a PCT application ay vet forth in 47
CIFI§1.491

as far ag i known 1o the undersigned, is filed before the mailing date of o tirst Office
action on the meriis.

is filed after the firse OfTiee Action and more than three monthe alier the application’s
filing date or POT antional stage date of onbyy filing but, as far as i3 known W the
undersigned, prior 1o the niailing dote of either a final rejection vr a notiee of allowance.
whichover oceurs fivsi, s it aecompaniod by eithey tha fee ($220) set forth in 37 CFR
§1.17(p) or a cortificiion as specilied in 37 CFR §1.97(e), as checked bolow. Should any
fen be due, the US. Patent and I'rademark Office is heroby autharizad to charge Deposit.
Account. No. 07-0630 in the amount of $220.00 to cover the cost. of this lulurmation
Disclosure Statement. Any deficiency or overpaymont should be eharged or creditad to

this depasit. account. A dyplicate of this sheet is enclosed.

Revineat {10/20/661

/
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iss [led after the mailing daie of cither a final rejoction or a notice of allowance, whichever
accurred first, and is accompanicd by tho fee ($130) set forth in 37 CFR §1.17()(1) und
a cartificalion ax kpecified in 37 CFR §1.97(c), ay checked below. This document is to
be considered as s pelitivn requesting consideration of the informstion
disclosure statcaent. Tha U.S. Patent. and Trademark Office is hereby authorized to
charge Depogit. Account No, 07-0630 in the amount of $130.00 to cover the cost of this
Information Disclosure Statement. Any deficicncy or overpayment should be charged or

cradited o this daposil uccount. A duplicate of this shee{ js enclosed.

is fifed after the mailing date of a final rejection, hut a requoesat to withdraw the finality
theroof under 37 CIFR § 1.129¢a) is aubmitted herewith. The U.S. Patent. and Trademark
Office is horeby autharived io charge Doporil Account No. 07-0630 Lo cover the cost of this
Information Disclosure Statement, in the event that any fees arc due. A duplicate of

this shcet iy enclosed.

{{i either of hoxas () or (0) is checked above, the following "certification” under 37 CFR §1.97(e)

may need to be completed.] The undersigned cortifies that:

N

Each item of information contained in the information disclusure statement was cited in
a communication mailed from a lorcign patent office in a counterpart foroign application
not more than thrao months prior o the filing of this information dinclosure statemeut.
Nao item of information containod in this information disclosure statcment was cited in
a communication mailed from a foreign patont office in a counterpart foreign application
or, 1o the knowladge of the undarsigned afler making reasonable inquiry, was known to
any individual dosignated in 37 CFR §1.568(c) more than three months prior to the filing
of this information disclosure stalement.

A fist of the patent(s) ur publicativn(s) ia act forth on the attached Form PTO-1449 (Madified).

A copy of the items on P10O- 1449 ig supplicd herowith:

[X] oach |) nono [] anly thoan listed below:

Thote pateni(s) or publication(s) which arec marked with an aslerigk (*) ip the attached {710 1449 form

are not suppliod because they were praviously cited by or submitted ta the Otfice in a prior application

Serial No. 07/715,272, filed 14 June 1993 and relied upon in this applieation for an carlier filing date
undinr 35 USC §120.

A eoncise explanation of velevanes of tha itens Listed on PT'O- 1449 iw:

X1
I
i
i

not. given

given {or onch listed item

given tor only non-English luiaguage listed item(s) {Required]

in the form of un Fnglish language copy of a Search Report. from a foreign patent office,

issued in a counterpart appliestion, which refers to the relevant parijons of the
referonces,

1toviesd (10720661

/’

—

o
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The: Examiner is reminded that a "woncise explanation of the: relevance” of the submitied prior art,
"may be nothing more than identification of tha particular figure or paragraph of the patent. or publication
which has some relntion to the claimed invention,” MPEP §609.

While the information and references disclosed in this Information Diselosnure Statement may be
"matorial" pursuant to 37 CIR §1.56, it ir nol. intended to conatitute an admission that any patent.
publication or other information referred to therein is "prior art” for this invention unless specitically
desipnated ax such,

In acnnlance with 37 CKR §1.97(g), the fiting of this Information Dis:losura Statement shall not
be: construed 1o mean thal a soarch has boen made or that no other material information as defined in 37
CFR §1.56(a) exists, It is submitted thal the Information Disclosure Statement is in compliance with 37
CFR §1.98 and MPEP §609 and the Examinor is respoctfully requested to considnr the listed roferences.

\cttully submitted,

Nato: August 27, 1996

Reg. No. P-40,478

460 I’t. San Bruno Bivd.

So. San Franrisco, CA 94080-4990
[bone: (415) 225-1994

Fax: (415) 952-9881

Revised {10/20M0G}

.
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Patent Nuckel POT09T'L

IN THE UNITED STATES FPATENT AND TRADEMARK OFFICHE

In re Application of tirsup Art Unir: 1816
Paul J. éannr et al. Rxaminer: D. Adami

Scrnal No.: 08/146,206

Filed: November 17, 1993

For:  METHOD FOR MAKING
HUMANIZED ANTIRODIES

PET N AND FE HREE M EXTE OFTI
{37 CFR 1.136(a))
Assistant Commissioner of Patents '

Washington, D.C. 20231

Sir:
_ Applicant petitions the Commissioner of Patents and Trademarks to extend the Lime for response
to the Notice of Appeal dated 3/27/96 for 8 month(s) from 5/27/96 o R/27/6. ‘The sxtonded time for
response does not axceed the statutory period.
Please charge Deposit Account. No. 07-0630 in the amount of $ 900.00 Lo cover the cost of the
oxtension. Any deficiancy or overpaymani. shauld ba charged or credited to this deposit. account. A~

duplicaw: of thiy sheet is enclosed.

Respectfully Hlﬂ:mithzd.
GENENTE ( )

|
Date: August 27, 1996 By: . \ )/ LL
Wt ey M Lon
Rog. N, 140,378

46O P San Bruno Blivd.

So. San Francisea, A 9A080-4440
Phona; (415) 225-1994

Fax: (410) 95206881

Nevised 131/17106)

//
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

i

In re Application of ‘Group Art Unit: 1816 02&3 ﬂ i)
(SN A O y

Paul J. Carter et al. Examiner: D. Adams G 198,

Serial No.: 08/146,206 bl

Filed: November 17, 1993

For: METHOD FOR MAKING
HUMANIZED ANTIBODIES

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Assistant Commissioner of Patents
Washington, D.C. 20231
Sir:

Applicants submit herewith patents, publications or other information (attached hereto and listed
on the attached Form PTO-1449) of which they are aware, which they believe may be material to the
examination of this application and in respect of which there may be a duty to disclose in accordance with
37 CFR §1.56.

This Information Disclosure Statement:

(a) 0 accompanies the new patent application submitted herewith. 37 CFR §1.97(a).

() [1 s filed within three months after the filing date of the application or within three months

after the date of entry of the national stage of a PCT application as set forth in 37
CFR§1.491.

(©¥[] as far as is known to the undersigned, is filed before the mailing date of a first Office
action on the merits.

) [ isfiled after the first Office Action and more than three months after the application's
filing date or PCT national stage date of entry filing but, as far as is known to the
undersigned, prior to the mailing date of either a final rejection or a notice of allowance,
whichever occurs first, and is accompanied by either the fee ($220) set forth in 37 CFR
§1.17(p) or a certification as specified in 37 CFR §1.97(e), as checked below. Should any
fee be due, the U.S. Patent and Trademark Office is hereby authorized to charge Deposit
Account No. 07-0630 in the amount of $220.00 to cover the cost of this Information
Disclosure Statement. Any deficiency or overpayment should be charged or credited to
this deposit account. A duplicate of this sheet is enclosed.

Revised {10/20/96)

BIOEPIS EX. 1002
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(e) [1 isfiled after the mailing date of either a final rejection or a notice of allowance, whichever
occurred first, and is accompanied by the fee ($130) set forth in 37 CFR §1.17()(1) and
a certification as specified in 37 CFR §1.97(e), as checked below. This document is to
be considered as a petition requesting consideration of the information
disclosure statement. The U.S. Patent and Trademark Office is hereby authorized to
charge Deposit Account No. 07-0630 in the amount of $130.00 to cover the cost of this
Information Disclosure Statement. Any deficiency or overpayment should be charged or
credited to this deposit account. A duplicate of this sheet is enclosed.

® [X] is filed after the mailing date of a final rejection, but a request to withdraw the finality
thereof under 37 CFR § 1.129(a) is submitted herewith. The U.S. Patent and Trademark
Office is hereby authorized to charge Deposit Account No. 07-0630 to cover the cost of this
Information Disclosure Statement in the event that any fees are due. A duplicate of
this sheet is enclosed.

[If either of boxes (d) or (e) is checked above, the following "certification" under 37 CFR §1.97(e)
may need to be completed.] The undersigned certifies that:

] Each item of information contained in the information disclosure statement was cited in
a communication mailed from a foreign patent office in a counterpart foreign application
not more than three months prior to the filing of this information disclosure statement.

1 No item of information contained in this information disclosure statement was cited in
a communication mailed from a foreign patent office in a counterpart foreign application
or, to the knowledge of the undersigned after making reasonable inquiry, was known to
any individual designated in 37 CFR §1.56(c) more than three months prior to the filing
of this information disclosure statement.

A list of the patent(s) or publication(s) is set forth on the attached Form PTO-1449 (Modified).

A copy of the items on PTO-1449 is supplied herewith: v

[X] each [] none [] only those listed below:
Those patent(s) or publication(s) which are marked with an asterisk (*) in the attached PTO-1449 form
are not supplied because they were previously cited by or submitted to the Office in a prior application.
Serial No. 07/715,272, filed 14 June 1991 and relied upon in this application for an earlier filing date
under 35 USC §120.

A concise explanation of relevance of the items listed on PTO-1449 is:

[X] not given

] given for each listed item

0 given for only non-English language listed item(s) [Required]

a in the form of an English language copy of a Search Report from a foreign patent office,
issued in a counterpart application, which refers to the relevant portions of the
references. ’

Revised (10/20/96)
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»

The Examiner is reminded that a "concise explanation of the relevance” of the submitted prior art
"may be nothing more than identification of the particular figure or paragraph of the patent or publication
which has some relation to the claimed invention,” MPEP §609.

While the information and references disclosed in this Information Disclosure Statement may be
"material"” pursuant to 37 CFR §1.56, it is not intended to constitute an admission that any patent,
publication or other information referred to therein is "prior art" for this invention unless specifically
designated as such.

In accordance with 37 CFR §1.97(g), the filing of this Information Disclosure Statement shall not
be construed to mean that a search has been made or that no other material information as defined in 37
CFR §1.56(a) exists. It is submitted that the Information Disclosure Statement is in compliance with 37

CFR §1.98 and MPEP §609 and the Examiner is respectfully requested to consider the listed references.

Date: August 27, 1996 - By LAM,
Wendy M. Lee
Reg. No. P-40,378

460 Pt. San Bruno Blvd.

So. San Francisco, CA 94080-4990
Phone: (415) 225-1994

Fax: (415) 952-9881

Revised (10/20/96)
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EP 0 403 156 B1

European Patent Office

W) A

Otfice européen des brevets (1) EP 0 403 156 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) Intcte: CO7K 16/46, C12P 21/08,
ol the grant of the patent: C12N 15/62, A61K 39/395,
10.09.1997 Bulletin 1997/37 C12N 5/20. A81K 47/48
C12N 5/10

(21) Application number: 90306178.6

(22) Date of filing: 07.06.1990

(54) Improved monoclonal antibodies against the human alpha/beta t-cell receptor, their production
and use ’ :

Monoklonale Antikérper gegen den humanen alpha/beta;T-Zeﬂenrezeptor, ihre Herstellung und
Verwendung :

Anticorps monoclonaux améliorés contre le récepteur alpha/béta des cellules T humaines, leur
production et leur utilisation

(84) Designated Contracting States: » Moore, Gordon P.
ATBECHDE DK ES FR GB GRIT LI LU NL SE Lexington, Massachusetts 02173 (US)
* Seiler, Fritz :
(30) Priority: 07.06.1989 US 362549 D-3550 Marburg (DE)

25.05.1990 US 529979
(74) Representative: Sheard, Andrew Gregory et al
(43) Date of publication of application: Kilburn & Strode
19.12.1990 Bulletin 1990/51 : 30, John Street
London WC1N 2DD (GB)
(73) Proprietors: )
*« GENZYME CORPORATION (56) References cited:
Framingham, Massachusetts 01701 (US) WO-A-89/01783
* BEHRINGWERKE Aktiengeselischaft :
35001 Marburg (DE) TRANSPLANTATION PROCEEDINGS vol. XX,
no. 2(2), 1988, New York, USA pages 103 - 109;

(72) inventors: H. SCHLITT et al.: “Evidence for a
* Kurrle, Roland cyclosporine-resistant pathway of T cell
D-3550 Marburg (DE) activation triggered via the CD3/T cell receptor -
¢ Shearman, Clyde W. . complex”

Bellingham, Massachussetts 02019 (US)

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. it shall not be deemed to have been filed until the opposition fee has been paid. (Ar.
99(1) European Patent Convention).

Printed by Jouve, 756001 PARIS (FR)
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EP 0 403 156 B1

Description

The instant application discloses usefut monoclonal antibodies (mAbs) against an epitope within the constant
region of the human alpha/beta T-cell receptor (TCR), their production and use for immunosuppressive therapy in
organ and bone marrow transplantation, in treatment of autoimmune diseases and for therapeulic applications in im-
munoregulation. ) .

For decades Anti-leukocyle-antibodies for clinical and experimental use have been generated by immunizing, e.
g. horses, rabbits, goats and rats with leukocytes, lymphocytes or subpopulations thereof or with various tumor cell
lines. Specificity of such anti-leukecyle-globulin/Antithymocyte-globulin (ALG/ATG) preparations was usually obtained
by careful selection of antigen sources or by absorption of undesired antibodies with different cell types such as eryth-
rocytes, B-cells, selected cell lines, etc. This strategy, which resulted in high quality ALG/ATGs, requires a considerable
expenditure of laboratory force, quality control, and the necessity to ascertain reproducible specificity from baich-o-
batch. Within certain limitations, those ALG/ATGs made it possible to study leukocyte differentiation, the cellular origin
of leukemia and lymphoma, to define T-cell subpopulations, and even to prepare antiidiotypic antisera.

The therapeutic efficacy of ALG/ATGs is well known, especially for immunosuppression in organ transplantation.
In addition, ALG/ATGs have been used successfully to treat patients with aplastic anemia and for “purging” bone
marrow cells within the context of bone marrow transplantation. Despite the success with ALG/ATG preparations it is
accepted that even with a reasonable amount of laboratory effort, these polyclonal anti-leukocyte-antibodies might
vary from batch-to-batch and the specificity of these antisera is limited.

Once the technique to produce mAbs was developed by Kohler and Milstein (Nature 225(1974)), it was possible
lo generate antibodies with much higher specificity as compared to ALG/ATG preparations. Since mAbs recognize not
onty distinct antigens, e.g. on cell surfaces, but also particular epitopes within such an antigen, they can be used with
high efficacy to discriminate even between very similar cell populations, and to characterize the biochemica! and func-
tional aspects of the recognized antigen. :

One use of mAbs is in largeting carcinomas so that they can be treated or diagnosed. This is disclosed in
WO089/01783, for example, where a humanised antibody molecule having specificity for the TAG-72 antigen is dis-
closed. This molecule comprises CDRs of its variable domain which are derived from the-mouse monoclonal antibody
B72.3. The remaining immunoglobulin pars of the molecule are derived from a human immunoglobulin.

mAbs have been most frequently and successfully used for immunosuppressive therapy in clinical organ trans-
plantation. However, most mAbs have a broad immunosuppressive capacily, thus undesirably influencing functions of
a wide spectrum of immune cells presumably not all involved in graft rejection.

Among others, the monoclonal antibody OKT3, directed against mature human T cells, has been extensively used
for the treatment of patients undergoing acute allograft rejection after kidney transplantation (Russelt P.S., Colvin R.
B., Cosimi, A.B.: Annu. Rev. Med. 35:63, (1984) and Cosimi A.B., Burton R.C., Colvin, R.B. et ai: Transplantation 32:
535, (1981)). Moreover, OKT3 and rabbit complement were used for purging mature T-cells from donor marrow to
prevent acute graft-v-host disease (GVHD) in allogeneic bone marrow transplantation (Prentice, H.G., Blackiock, H.
A., Janossy, G. el al: Lancet 1:700, (1982) and Blacklock, H.A., Prentice, H.G., Gilmore, M.J. et al..Exp. Hematol. 11:
37, (1983)). Whereas OKT3 treatment seems to be effective in the prevention of GVHD in allogeneic bone marrow
transplantation for acute leukemia, a combined in vitrofin vivo treatment with OKT3 failed to prevent GVHD during
therapy for severe combined immunodeficiency (Hayward, A.R. et al.: Clin. Lab. Observ. 100:665, (1982)).

Treatment of T-cells with OKT3 elicits several responses inconsistent with immune suppression including T-cell
activation, production of immune mediators and T3-modulation. The T3-antigen complex recognized by CD3-mAbs (e.
g. OKT3) is postulated to play a crucial role during T-cell activation. Functional studies indicate that the T3-antigen
complex is involved in specific immune functions as molecules functionally and physically associated with the respective
T-cell receptor. Under physiological conditions the mere binding of OKT3 to T-cells resuits in T-cell activation. When
T-cells are activated in the presence of accessory cells, OKT3 is highly mitogenic for T-cells from all donors, whereas
for anti-T3 mAbs of the IgG 1 isotype, nonresponsiveness caused by polymorphism in the accessory cell function has
been described. Additionally, it has been reported that stimulation of human peripheral blood lymphocytes with OKT3
induces the production of immune mediators such as interferon (alpha-FN) and interleukin-2 (IL-2) (Pang, R.H., Yip,
Y.K,, Vilcek, J.: Ceilimmunol. 64:304, (1981) and Welte, K, Platzer E. Wang, C.Y., gtal.: J. Immunol. 131:2356, (1983)).
One of the earliest events after the binding of OKT3 to the T-cell membrane is the modulation of the T3 complex. T3
modulation occurs under appropriate conditions in vitro as well as in vive and this mechanism, among others, seems
to be responsible for the "escape” of T-cells during in vivo therapy with OKT3. Also antigenic modulation seems to play
a critical role in T-cell activation. :

In light of undesired effects of OKT3 described above, there was a need to create new mAbs having a specificity
against mature lymphocytes and suitable for clinical application. Still another aspect and goal involves the coupling of
such mAbs to cytoloxic agents (radioisolopes, toxins, enzymes, etc.} in order toimprove their effectiveness in mediating
cylolysis. ’ ’
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Another goal involved the modification, via genetic manipulation, of the mAb in order to produce chimeric antibodies
having mixed murine and human characteristics in order 1o improve their effectiveness and/or lower their immuno-
genicity in patients. )

Chimeric antibodies offer an additional advantage over murine mAb with regards to immunogenicity in patients. A
chimeric antibody would retain the affinity and specificity of the parental murine mAb and eliminate the patient immune
response to the murine constant regions. A further refinement involves humanization of the variable regions. Only the
complementarity determing regions and selected framework amino acids necessary for antigen binding are maintained
murine. The remaining framework regions are converted to human sequences. The resulting mAb of the present in-
vention is thus essentially a human antibody with a much lower immunogenicity in patients.

According to the present invention there is provided a chimaenc antibody specific for an epitope on the human
alpha/beta T-cell receptor (TCR) which is recognised by mAb BMA 031, the antibody comprising:

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in Table
6A; and

(b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CIV-3 as shown in Table
6B. We have made a useful mAb secreted by the hybridoma cell line designated as BMA 031 by immunizing mice
with human peripheral blood T-lymphocyles separated by the E-rosette-lechnique (so called E*-cells). The mAb
secreted by BMA 031 (in the following likewise designated as BMA 031) is a murine monoclonal antibedy of the
1gG2b isotype with a specificity for the alpha- and beta-chain of the TCR/CD3 receptor complex. As compared to
OKT3 or BMA 030 (both clustered as CD3-antibodies), GMA 031 only very weakly induces mediator release after
binding to T-cells. It is highly effective in clinical application, e.g. kidney transplant for patients with increased
immunological risk when given post or at the time of the transplant-operation. Since no major side effecls were
observed with GMA 031 even at doses of up to 50 mg/dose, it may be advantageously given at time of surgery
(preferably via afirst injection of 50 mg intravenously) followed by a second injection 48 hours after transplantation.
Graft function was perfect in almost all cases.

BMA 031 defines, therelore, a valuable epitope on the alpha-beta TCR distinct from the epitope on CD3 recognized
by OKT3 or by other mAbs against mature T-lymphocytes. In order 1o compietely characterize this mAb and also to
permit, by recombinant DNA techniques, exchange of the variable region frameworks outside of the hypervariable
regions and exchange of the human constant region in place of the endogenous murine constant region, the DNA
coding for the heavy and light chains of BMA 031 was cloned and sequenced.

The present inventors have recognised and defined the epitope on alpha/beta TCR. The present invention is
directed to chimaeric antibodies directed against this epitope, having the characteristics set out in claim 1.

Preferred embodiments of the chimaeric antibodies of the present invention are described in claims 210 5.

A further aspect of the invention concerns the use of these antibedies in clinical application before, during or after
transplant surgery, in bone marrow transplantation, in treatment of cancer (direct treatment of leukemic cells and indirect
treatment of all types of cancer by activation of T-cell populations) and for therapeutic applications in immunoregulation.

The antibodies of the present invention are also useful in the detection of immunocompetent T-cells.

Additional aspects will become apparent upon study of the detailed description set forth beiow, which includes
preferred embodiments of the present invention and which also includes other data for information purposes.

The description refers by way of example to the accompanying drawings, wherein:

Figure 1 graphically depicls the conslruction scheme of the BMA 031 genomic library;
Figure 2 describes the probes used to screen the library;
" Figure 3 graphically sets forth, in linear fashion, the human constant region eprression vectors;
Figures 4A, 4B and 4C show results of competitive immunofluorescence assays with BMA 031 Chimeric Antibodies.
Figures 5A and 5B show results of T-cell proliferation assays with BMA 031 Chimeric Antibodies.
Figures 6A, 6B and BC show resuits of ADCC assays with the BMA 031 Chimeric Antibodies.
- Figure 7 shows the results of competitive immunofiuoresence assays with BMA-EUC1V3 antibody.

As used herein, the term “epitope® refers to the structure recognized by the monoclonal antibody BMA 031 (this
antibody has been discussed in Transplantation Proceedings, Vol XX, No 2, Suppl 2: 103-109 (April 1988) for example,
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which explains that BMA 031 has stimulatory features different from those of several CD3 antibodies), and is generally
thought to be independent of the remaining portion of the antigen on which the epitope is located. it is presently unknown
exactly how the ebilope is formed structurally but it is anticipated that it may be formed by either (i) a part of the amino
acid sequence of the antigen molecule; (ii) the three-dimensional structure formed by non-contiguous amino acids
within the same molecule; (iii) the three-dimensional structure formed by various molecules within an antigen complex;
or (iv) some combination thereof. As used herein the term "moncoclonal antibody (mAb)® means an antibody composition
having a substantially homogeneous antibody population. It is not intended to be limited as regards to the source of
the antibody or the manner in which it is made and in the most preferred embadiments is intended to include recombinant
methods of manufacture.

As used herein with respect to the exemplified BMA 031 antibody, the term *functional equivalent” means a mon-
oclonal antibody that: (a) blocks the binding of BMA 031 and whose binding is blocked by bound BMA 031; (b) binds
selectively to human T-cells having expressed the alpha/beta TCR but not having expressed TCR-gamma and/or delta-
chains; (c) has one of the known isotypes; (d) binds to the same antigen as BMA 031 as determined by immunopre-
cipitation, western blotting or other biochemical analyses; (e) binds to the same antigen as determined by cells trans-
fected by gene(s) for the alpha/beta TCR or segments thereof.

Example 1. Immunization and cell fusion

Three Balb/c mice (female; age: 6-B weeks) were twice immunized intraperitonally with 1.5 x 108 E+-cells each.
Peripheral blood human T-lymphocytes were separated by the E-rosette-technique (rosette-formation with sheep red
blood cells - E*-cells) and were derived from the peripheral blood of a healthy donor whose donated blood routinely
tested HIV-negative for more than one year after having given the blood for immunization purposes.

Three days after the last immunization, the spleens of all three mice were removed, a single cell suspension was
prepared andthe lymphocytes were fused with the murine myeloma cell P3X63-AgB.653 (ATCC # CRL 1580) according

to a standard fusion protocol. The myeloma cell P3X63-Ag8.653 is described as an immunoglobulin non-producer

mutant derived from the origina! myeloma cell P3-X63-Ag8 (ATCC # TiB 9).
After tusion, celis (1 x 108 celis/well) were cultured in the presence of HAT-medium (Dulbecco's modified Eagle's
medium + 10% FCS *+0.1mM hypoxanthine, 0.4 uM aminopterin, 16 iuM thymidine) to select for hybridoma cells.

Example 2. Isolation and characterization of the hybridoma clone BMA 031

Supematants of growing hybridoma cells (fusion number BW 242) were harvested routinely and tested for the
presence of murine immunoglobulins in an ELISA test-system designed to measure murine IgG quantitatively. At the
same time, the supernatants were tested for antibodies with specificity for human lymphocyte cell surface antigens.

Within this selection process, single cells were picked from the original well (BW 242/1177) and were cultured
separately. In subsequent steps these cells were repeatedly cloned by micromanipulation under microscopic control
(BW 242/412). During three cloning cycles 100% of growing clones produced monoclonal antibodies with identical
binding specificity and identical behavior with respect to biochemical criteria. One clone was selected and designated
as BMA 031. '

Extensive analyses were carried out to define the specificity and the functional properties of the hybridoma clone,
BMA 031. .

A master seed bank and a working cell bank were established starting with the hybridoma clone BMA 031. The
two cell banks underwent extensive examinations to assure absence of contamination with pathogens (mycoplasmatic,

" bacterial and viral infections). In addition, starting from the master seed bank, experiments were carried out which

showed that even after the 50th culture passage detectable variations in antibody specificity were neither measurable
nor could non-producer mutants be detected when analysed by single cell cloning and by calculating antibody produc-
tion rates in bulk culture. :

Example 3. Specificity of BMA 031
Monoclonal antibodies directed to lymphocyte cell surface antigens are usually characterized by a binding assay.

To analyse the specificity of BMA 031, cytofluorometric assay systems were used predominantly. In particular, binding
assays were carried out as described below.
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3.1 Analyses of the binding of BMA 031 with peripheral biood leukocytes

Comparison of mAb reactivity with reference mAbs

Defined subpopulations of PBLs were labelled either with a reference mAb and/or with BMA 031. If both mAbs
have identical specificity they will stain identica! populations of cells. In these studies, the reference mAbs used were
those which had been previously characterized in the Workshops for Human Leukccyte Differentiation Antigens I, II.
and 1. (Paris, 1982; Boston, 1984, Oxtord, 1986; Bernard, A.E.: Leukocyte Typing. Springer-Verlag (1984); Reinherz,
E.L.E.: Leukocyte Typing Il. Springer-Verlag (1986); McMichael, A.J.E.: Leukocyte Typing Ill. Oxford University Press
(1987). .

Expression of the antigen on difierent leukocyte subpopulations

Peripheral blood leukocytes were analyzed on an Ortho Cytofluorograph 50H/2150 Computer-system modified for
single-step analyses of whole blood. Cells were either directly labelied with BMA 031-FITC and/or with reference mAbs
or alternatively stained in a second step with isothiocyanate-fluoresceinated rabbit anti-mouse 1gG ({Ig-F(ab')2-FiTC).
By using cytofluorometric assays, it was discovered that binding of BMA 031 was only detected on cells of the T-celi
lineage which express the alpha/beta T-cell receptor. BMA 031 does not react with cells which express the gamma/
delta T-cell receptor. BMA 031 can therefore effectively be used to discriminate between alpha/bsta-TCR+ and gamma/
delta-TCR* ceils. Presence or absence of distinct TCR chains refiect the status of T-cell differentiation during T-cell
ontogeny.

In peripheral blood, molecules of the CD3-complex are predominantly expressed in association with the human
alpha/beta-TCR (7). In healthy blood donors, the frequency of T-lymphocytes stained by BMA 031 is usually only 1-5%
lower than' that measured with CD3 mAbs (for normal frequencies of CD3* cells see 1-3). As shown with cloned T-
cells, this population of CD3+* BMA 031" cells express the gamma/delta TCR instead of the alpha/beta TCR. In path-
ological situations, however, the frequency of CD3* BMA 031" T-cells can increase to 20% of the CD3* cells in individual
patients. On CD3* BMA 031+ cells, binding of BMA 031-FITC is blocked by OKT3 and vice versa in competitive im-
munofluorescence assays. Nevertheless, by analyzing such data in more detail (comparison of fluorescence-histo-
grams) and by blocking studies with anti-idiotypic antisera it can be clearly shown that BMA 031 recognizes a different
epitope than all known CD3-mAbs.

Example 4. Characterization of the functional properties of BMA 031

BMA 031 is a murine monoctonal antibody of the 1gG2b isotype. Due to the unique specificity and the isotype of
BMA 031, this antibody triggers a specific pattern of biological functions. After binding to T-ceils, BMA 031 does not
induce T-cell proliferation comparable to CD3-mAbs of the IgG2a isotype (e.g. BMA 030, OKT3) ina three day thymidine
incorporation assay nor does it induce Ca?* influx in resting T-lymphocytes . In contrast 1o CD3-mAbs such as BMA
030 or OKT3, binding of BMA 031 to T-cells induces antigen modulation only weakiy and triggers the release/production
of cytokines to a very low extent.

Example 5. Preparation of DNA and RNA from BMA 031

For preparation of genomic DNA, approximately 1 x 108 cells were grown in T-flasks. DNA was prepared by lysis
in SDS, digestion with proteinase K and RNAse A and sequential, gentle, phenol/chloroform extractions in high salt.
Low density agarose gels indicated that ihe average length of the genomic DNA was greater than 50 kilobases (Kb);
long length is important in creation of complete genomic clone libraries in lambda phage vectors. The yield was about
10 mg of DNA. )

Approximately 109 cells were also grown for RNA isolation. Celis were lysed and RNA extracted using guanidinium
thiocyanate. RNA yield was about 10 mg and it appeared clean and undegraded on agarose gels. Poly A* RNA was
prepared by binding total RNA to oligo dT csllulose. Yield was about 5%, i.e. about 500 ug of poly A* mRNA.

Example 6. Sequencing BMA 031 heavy (H) and light (L) chains by primer extension of mRNA

Because of the high abundance of specific mRNA, immunoglobulins can be sequenced by primer extension of
total poly A**mRNA: This is also facilitated by their common constant regions which allow synthesis of “universal®
primers with which to begin the extension. Subsequent primers can be made as sequence information is gathered.
“Universal® H and L chain primers {Light chain "Universal* Primer: STGGATGGTGGGAAGATG?; Heavy chain "Uni-
versal® Primer: " GGGGGCCAGTGGATAGAC?) were isotopically end labelled with polynucleotide kinase and hybrid-
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ized individually to about 7 pg aliquots of BMA 031 poly A* mRNA. The hybridized product was extended using avian
reverse transcriptase in the presence of dideoxy nucleoside triphosphates. Reaction products were separated on gra-
dient acrylamide gels and autoradiographed. About 200 nucleotides (NT) of sequence were read from the initial ex-
tension. For both H and L chains, two additional primers were synthesized, each 17-18 NT in length, namely

#149 (Light) ' AGGGACTCCAGAAGCCAS'
#180 (Light) 3’ CTGGAGATGCAACATGS'

#179 (Heavy) °'CTCCATGTAGGCTGTACT3'
#178 (Heavy) >’ CCAGAAGCCTTGCAGGAS'

The extension primers as described above generate complete, overlapping sequence (a total of about 440 NT for
each gene) specifying the H and L chain variable (V) regions.

The sequences obtained are listed in Table 1A {Heavy) and 1B (Light). Positions of the signal sequence, start of
the mature protein, invariant cysteines, compiementarity determining regions (CDR), joining region (J), and primers
used in sequencing are indicated. These sequences were confirmed by DNA sequencing of isolated lambda clones
{see Example 7 below). '

Example 7. Construction and Screening of a Genomic Clone library

The general strategy of the library construction is depicted in Figure 1 and Table 2 Parts A and B. Total genomic
DNA was partially digested with the restriction enzyme Sau 3A. DNA from the digest in the size range 10-20 Kb was
isolated by preparative gel electrophoresis and binding to glass-impregnated paper. The resulting material was ligated
with phage "arms" from the lambda vector EMBL-3 (ATCC #37266). Ligated material was packaged into phage particles
(cloning efficiency 1 x 108 pfu/ug genomic DNA). Recombinant clones were plated at a density of 105/plate. Replica
filter lifts were performed on each plate and the nitroceilulose filter discs were processed for hybridization. These disks
were hybridized in duplicate to %2p-labelled fragment probas derived from the intron between V and C exons of H or L
chain (these probes are *universal" Ig probes). Putative positive clones were confirmed and plaque-purified by up to
four rounds of rescreening. Rescreening was carried out with radiolabelled, synthesized oligomers (17 - 33 NT) cor-
responding to hypervariable regions known from Example 6. The approximate relative location of the fragments and
oligomers used as probes for screening are indicated in Figure 2.

After exhaustive screening of the library, multiple positive lambda clones were isolated containing BMA 031 H and
L chain exons. As listed in Table 2, Part C, of 14 H chain clones initially identified, 4 were true positives; of 27 L chain
clones, 7 were real. The genomic sequence of the H and L chains as determined by both Sanger and Maxam-Gilbert
sequencing, are listed in Tables 3A and 3B, respectively.

Example 8. Vector construction for expression of chimeric BMA 031

The H chain of chimeric BMA 031 was synthesized by a vector containing the human gamma 1 constant region
or a second vector containing the gamma 4 constant region. For the L chain, the vector contained the human kappa
constant exon. Each vector also contained an upstream cloning site for the respective BMA V gene, drug selectable
markers, and signals necessary to allow replication in bacteria. Restriction maps of these vectors are shown in Figure
3. The V exons of BMA 031 H and L chains were subcloned into the vectors described above.

Example 9. Transfection of chimeric BMA 031 gene intd myeloma cells for expression

The chimeric constructs described above were co-transfected into SP2/0 (ATCC #CRL 1581), a non-immunoglob-
ulin-producing murine hybridoma, by electroporation. After a 48 hour expression period, the resultant cells or, trans-
fectomas, were placed in media containing both mycophenolic acid (1 pg/ml) and Geneticin (1 mg/mi) (Gibco). Growth
of the transfectomas was apparent in about two weeks. The transfection efficiency in double selection was approxi-
mately 1 x 105, The proportion of drug-resistant clones secreting antibody was greater than 50% with the level of

-antibody secretion varying from-about 1 pg/mi to about 17 pg/mi.
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Exampie 10. Subcloning of Transfectomas

The BMA 031-G1 and BMA 031-G4 cell lines were subcloned to eliminate genetic heterogeneity that may have
arisen since the original transfection. The best subclone of each chimeric transfectoma was isolated and analyzed for
5 antibody production. These final cell lines, BMAO31-G1-1 and BMA 031-G4-1, produced antibody at a rate of 7 pg/cell/
24 hours for IgG1 and 5 pg/cell/24 hours or IgG4. Saturated cultures accumulate antibody to 35 pg/mi for IigG1 and
15 pg/mi for 1gG4.

Example 11. Characterization of chimeric BMA 031

10 .

The antibodies, herein referred to as BMA 031-G1 and BMA 031-G4, secreted by BMA 031-G1-1 and BMA

031-G4-1, respectively, were tested to ensure that they were indeed BMA 031 mouse-human chimeric antibodies.

Analysis by a series of ELISA assays showed that the antibodies contained human kappa and human gamma constant

regions. Moreover, the antibodies did not react with antibodies directed against murine kappa or gamma constant
5 regions. Isotyping reagents also confirmed that the chimeric antibodies were of the IgG1 and IgG4 isotypes.

The purified chimeric antibodies were also shown to be functionally active in an immobilized cell ELISA assay.
Both chimeric antibodies bound to PBL-ALL cells in a similar fashion as the original murine BMA 031. Directly labelled
chimeric antibedies BMA 031-G1-FITC, and BMA 031-G4-FITC, were used in cytofluorometric assays systems to
compare the specificity of these antibodies with murine BMA 031-FITC. A typical reactivity pattern of these antibodies

20 with peripheral biood leukocytes is shown in Table 4. In competitive immunofluorescence assays, preincubation of
human lymphocytes with chimeric BMA 031-G1 or BMA 031-G4 blocked binding of murine BMA 031-FITC and vice
versa (See Figure 4A-4C). All these data indicate that the specificity of chimeric BMA 031-G1 and BMA 031-G4 is
identical to murine BMA 031.

However, the functional properties of chimeric BMA 031-antibodies clearly differ from murine BMA 031 or from

25 CD3-mAbs such as BMA 030. It is well known that most CD3-mAbs (e.g. BMA 030) trigger T-cell proliferation even in
low doses but have no mitogenic effect when used in high concentrations (See Figures 5A and 5B). This effect is known
as "high dose inhibition". :

In contrast to murine BMA 031, both chimeric BMA 031-mAbs are highly effective in triggering T-lymphocyte pro-
liferation as measured in a 3 day or 6 day thymidine incorporation assay without showing any evidence of high dose

30 inhibition effects even in much higher dose ranges. Two representalive experiments are shown in Figures 5A and 58.
In such experiments, the height of responsiveness and the optimal concentration for stimulation with BMA 030 or other
CD3-mAbs may differ from blood donor to blood donor due to individual differences of the immune status.

As described above (Example 4), in contrast to CD3-mAbs, binding of murine BMA 031 to human T-lymphocytes
usually results in the release of only low concentrations of immunomediators. Again, chimeric BMA 031 antibodies

35  differ in this respect from murine BMA 031 as well as from BMA 030 (CD3). in Table 5, a representative experiment is
shown, where release of immunomediators is measured by induction of HLA-Dr expression on COLO 205-cells.

It is known from the literature that COLO 205 cells respond with an enhanced expression of HLA-DR antigens
after incubation with recombinant immunomediators like gamma-Interferon, Tumor Necrosis Factor or supernatants of
activated T-cells which contain such factors. By comparing the enhancement of HLA-DR expression induced by su-

40 pernatants of activated T-cells with reference values generated by the use of recombinant factors such as gamma-
Interteron, the amount of immunomediators in culture supematants can be determined. The data summarized in Table
5 indicate that the kinetics and the amount of immunomediators released after binding of chimeric BMA 031 antibedies
difter from the effects triggered by murine BMA 031 or the CD3-mAb BMA 030.

Since the chimeric BMA 031 antibodies were able to interact efficiently with human Fc receptors in the T csll

45 proliferation assays, there was a strong possibility that they would have high ADCC titers as well. To evaluate the
ADCC capacity of these mAbs, they were compared to rabbit anti-GH-1 antiserum selected as the best out of eight
rabbit anti-human T cell globutins in ADCC capacity. The data of a representative experiment is shown in Figures 6A-
6C. Even at low effector:target celi ratics (Figure 6A) or extremely low antibody concentrations (Figure 6B, 6C), chimeric
BMA 031 antibodies are highly potent in killing HPB-ALL cells. In contrast, murine BMA 031 is very poor at ADCC.

50 Accordingly, if cytolysis is an important criteria, BMA 031 can be advantageously used conjugated to a cytotoxic moiety.

Example 12. Production of "civilized” BMA 031 Antibodies

Determination of civilized BMA 031 amino acid seguence
55 ‘ - - -

In the past, *humanization® has been associated with chimeric constructions in which murine V regions are ex-
pressed with human C regions. To avoid confusion, the term “civilized" is used herein for constructions of "humanized®
V regions expressed with human C regions.
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To determine the optimal human sequence with which to civilize the murine BMA 031 antibody, the murine BMA
031 amino acid sequence was used to search the NBRF data base for the most homologous human antibody. Since
molecular models of antibodies show strong interactions between the heavy and light chains, it was decided to use
the heavy and light chains from the same human antibody. The human EU antibody tumed out to be the best overall
choice. The homology between the BMA 031 and EU FRs (#1-3) was 66% for the H chain and 63% for the L chain.
The BMA 031 antibody uses JH3 and Jx5. These are most homologous to human JH4 and Jk4. A first generation
civilized BMA 031 antibody would contain BMA 031 CDRs, EU FRs and homolgous human J regions. This antibody
is referred to as BMA 031-EUCIV1 (Table 6A and 6B).

A refinement to this basic civilized version can advantageously be made in the sequence immediately before and
after the CDRs. The CDRs are assigned based on sequence homology data (Kabat et al., 1987). Molecular models of
antibodies have shown that the actual CDR loops can contain amino acids up to 4 amino acids away from the “Kabat"
CDRs. Therefore, maintaining at least the major amino acid differences (in size or charge) within 4 amino acids of the
CDRs as murine may be beneficial. This antibody is referred to as BMA 031-EUCIV2 (Table 6A and 6B). Additicnally,
all differences within four amino acids of the CDRs could be maintained murine. This antibody has been designated
as BMA 031-EUCIV3.

1t will be readily recognized that further refinements can be made, but, without complex computer modeliing, it is
difficult to prioritize their importance. However, a simplified computer model was generated based on seguence ho-
mology to other antibodies with solved structures. This model was used to judge proximity of framework amino acids
to the CDRs. The results of this analysis are shown in Tables 7A and 78. These resuits were used to address the
refinements discussed below. For example, several amino acids are either BMA 031 specific or EU specific (ie. different
from the consensus sequence within their subgroups). Since these amino acids presumably arcse through somatic
mutation to enhance their respective activities, it would seem logical to maintain the BMA 031 specific amino acids
and change the EU specific amino acids to the human consensus. But this can have potential adverse consequences.
Changing an amino acid in one chain may cause changes in the interactions with other amino acids of that chain as
well as with amino acids in the other chain. Therefore, extreme caution must be exercised to limit the number of changes.
Table 8 outlines these potential changes. . :

As can be seen, EU differs from the human VH-| subgroup consensus sequence in six positions. Three are within
4 amino acids of the CDRs (#70,95,88), and these are addressed in BMA-EUCIVS3. In one position (#93) the human
consensus sequence is the same as BMA 031. One could rationalize changing this from EU back to BMA 031, so this
change was incorporated into BMA-EUCIV3. For the two remaining positions (#72,74), there is no human consensus.
However, the computer model shows that they may be close to the CDRs so it was decided to use the BMA 031 amino
acids in BMA-EUCIV4. The light chain had five EU specific amino acids. One is within 4 amino acids of the CDRs (#48)
and is maintained as BMA 031 in BMA-EUCIV3. In two positions {#63,81) the human consensus is the same as BMA
031 and therefore could be maintained as BMA 031. These changes were made in BMA-EUCIV4. The other two
positions (#10,70) are open to debate. The computer model identified position #70 as being potentially imporiant so
this change was made in BMA-EUCIV4. Amino acid #10 was kept as EU. There are eight BMA 031 specific amino
acids in the H chain. In two positions (#7,82) the BMA 031 sequence is the same as EU. Position #72 was addressed
above. Hisg, is unique to BMA 031 and very close to CDRS3; it was decided to incorporate this change into BMA-
EUCIV3. Of the remaining four pesitions (#1,9,20,40), only #40 is close to the CDRs so this change was made in BMA-
EUCIV4. The others were maintained EU. There are no BMA 031 specific amino acids in the L chain. The sequence
is identical to the subgroup VI consensus.

The final sequence of BMA-EUCIV4 was determined based on the preliminary computer model. For the heavy
chain, two additional positions appear to be close to the CDRs, #77 and #87, and these were changed to the BMA 031
amino acids. For the light chain, two positions (#21,60) appeared to be removed from the CDRs; we decided to use
the EU amino acids in this variant. Five additional positions (#1,3,4,42,71,100) were judged to be close encugh to the
CDRs for interaction, so they were changed to the BMA 031 amino acids.

Synthesis and expression of civilized BMA 031 antibodies

The light and heavy chain variable region exons encoding the civilized antibodies were synthesized and replaced
into the previously isolated genomic fragments of BMA 031. These fragments were inserted into mammalian expression
vectors containing the human kappa and gamma 1 constant region exons. The civilized genes were transfected into
Sp2/0 hybridoma cells by electroporation and transtectomas secreting civilized BMA 031 were isolated. Secretion
levels varied up to 7 pg/cell/24 hr.

The BMA-EUCIV1 and BMA-EUCIV2 antibodies were unable to bind to T cells. in contrast, BMA-EUCIV3 bound
specifically to T cells and competed effectively with both the murine BMA 031 antibody and the previously constructed
chimeric BMA 031-G1 antibody for binding to these cells (Figure 7).
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Framework amino acids important for antigen binding

The T cell binding data with the civilized BMA 031 antibodies show the importance of framework amino-acids in
antigen binding. Inclusion of only the BMA 031 CDRs (BMA-EUCIV1) was not sufficient to maintain affinity for antigen.
Twelve amino acid substitutions were made in the heavy chain V region to regain binding affinity
{#27,28,30,38,48,67,68,70,93,94,95,98). Of these, six may be more important (#38,48,70,93,94,95) since they repre-
sent changes from BMA-EUCIV2, which does not bind well, to BMA-EUCIV3, which does bind well. Similarly, for the
light chain V region, five amino acid substitutions were made (#21,46,47,48,60). Of these, three (#21,47,48) were made
from BMA-EUCIV2 to BMA-EUCIV3 and thus may be more important.
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TABLE 1A

BMA-031 mRNA HEAVY CHAIN VARIABLE REGION SEQUENCE

CACTACTCTAACATGGAATGGAGTTGGATATTTCTCTTTCTCCTGTCAGG
M E Y S WVWIVFULU FULTLSSG G
| - Signal

AACTGCAGGTGTCCACTCTGAGGTCCAGCTGCAGCAGTCTGGACCTGAGC

T AGVHSEVQLQQS GPEL
Sequence-——--—-—-| 1

___Primer $#178___
TGGTAAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATAT
V K P G A'S VXN S CKASGTY

22

AAATTCACTAGCTATGTTATGCACTGGGTGAAGCAGAAGCCTGGGCAGGG
K PTSYVHMHUVVYV RKQEKTEPGA QEC
}-==-CDR 1-—mn]

‘CCTTGAGTGGATTGGATATATTAATCCTTACAATGATGTTACTAAGTACA
LEVIGYTINZPYNTDTVTI KTYN
| CDR 2

ATGAGAAGTTCAAAGGCAAGGCCACACTGACTTCAGACAAATCCTCCAGT

EKFKGIKATLTSUDIKS S S

__Primer 179
ACAGCCTACATGGAGCTCAGCAGCCTGACCTCTGAGGACTCTGCGGTCCA
T A YMEL S SLTSEUDSAVH

TTACTGTGCAAGAGGGAGCTACTATGATTACGACGGGTTTGTTTACTGGG
Y CARGST YT YDTYDGTEVZYVWG
92 | DSP2.2------CDR 3 [

GCCAAGGGACTCTGGTCACTGTCTCTGCAGCCAAAACAACACCC. . . . . .
Q G TLVTVSAARKTTP :
Jg3 | ~====--—--<-—Constant

CH Primer
. + .GTCTATCCACTGGCCCC. . .
Region :

10
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TABLE 1B

BMA 031 mRNA Light Chain Variable Region Sequence

TTAGCTAGGGTCCAAAATTCAAAGACAAAATGGATTTTCAAGTGCAGATT
M DF QV QTI
| Signal

TTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATATCCAGAGGACAAAT
P S FLLISASUVITIS SR RGST GQTI

Sequence | 1

__ Primer #180__
TGTTCTCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAGAAGG
VLT QSU?PAIMSASUPGETK?YV

TCACCATGACCTGCAGTGCCACCTCAAGTGTAAGTTACATGCACTGGTAC
T M TCSATSSVS Y MNHUV Y
23§ CDR 1 |

CAGCAGAAGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACATCCAA
Q QR SGTSPRKRUWVTITYDTSK
f------CDR 2

Primer #149.

ACTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTGGGTCTGGGACCT:

L ASGV?PARTFSGSGSGT S
CTTACTCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTAT
Y S LTI S S MEA AETDA AATY

TACTGCCAGCAGTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACCAA
Y CQ QWSS NUPLTTFGAGTK

88| - CDR 3 | JKS
GCTGGAGCTGAAACGGGCTGATGCTGCACCAACTTG. . ... cesrseces
L ELKRADAAPT
| Constant
, CL Primer .
..... .CATCTTCCCACCATCCA......

Region

1
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TABLE 2

Construction of BAM 031 Genomic Library

Packaging Efficiency
(phage/ug DNA)

v DNA : 3.6 x 108
Ligated arms alone 4.0 x 101
Ligated arms + control insert 6.8 x 106

Ligated arms + BMA 031 DNA 1.5 x 106

Calculated for a Statistiéally Complete Library

in (1 - P) N = number clones
- [ —
in (1 - F) A P = desired probability
F = fractional proportion

of genome in a single
clone

To achieve a 99% probability of having a particular DNA sequence
represented in a library of 15 Kb fragments of a mammalian genome
(3 x 109 bp), the library must contain 9.2 x 103 clones.

Screening of the BMA 031 Genomic Library 2 x 106 Phage)

Intron Probe V-region Probe
Heavy Light Heavy Light
Master 16 27 N.D. N.D.
2° - 12 20 N.D. N.D.
3e 10 19 4 7
40 4 7 4 7

12
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-TABLE 3A

BMA 031 Heavy Chain Genomic Sequence

AAGCTTATCTGTAAATCAACATGCTAACATATCCCAGAATAGAGCAACAG

TTCGAATAGACATTTAGTTGTACGATTGTATAGGGTCTTATCTCGTTGIC

ACTAAGGCCAAATATCAACTGAGAGATTTGTCCCTGTAGTTACAACCATA

TGATTCCGGTTTATAGTTGACTCTCTAAACAGGGACATCAATGTTGGTAT

TCAGCAGTTCAGGACT CATAGAAAGI‘GTA’['TGGATGCATI‘TCCTGAGAGA

AGT CGTCAAGTCCTGAGTATC’I’TTCACATAACCTACGTAAAGGACTCTCT

GGAATI‘GAATITAGACTTTAACTTCCTGATGCCICACCIGTéTGTCTTTT

CCTTAACTTAAATCTGAAA&“[‘GAAGGACTACGGAGTGGACACACAGMAA

CAGTCCTTCCTCTCCAGTTCTICTCCAGCTGGACTAGGTTCTTATGTAAG

GTCAGGAAGGAGAGGTCAAGAAGAGGTCGACCTGATCCAAGAATACATTC

AAGI'CCCCTGCTCATCA‘ITATGCAAATTACCTGAGTCTATGGTGATTAAA

TTCAGGGGACGAGTAGTAATACGT‘IT AATGGACTCAGATACCACTAAT'I‘T

ACAGGGATGTCCACACCCT'ITAAATCAACCGACGATCAGTGTCCI’CTCCA

TGTCCCTACAGG’IGTGGGAAATTTAGTI‘GGCI‘GCI'AGTCACAGGAGAGGT

AACTCCCTGAACACACTGACTCTAACCATGGAATGGAGTTGGATATTTCT

TTCAGEGACTTGTGTGACTGAGATTGGTACCTTACCTCAACCTATAAAGA
M EVSVIV VL

| Signal

CTTTCTCCTGTCAGGAACTGCAGGTAAGGGGCTCACCAGTTCAAAATCTG

GAAAGAGGACAGTCCTTGACGTCCATTCCCCGAGTGGTCAAGTTTTAGAC
FLL S GT A

' Sequence--——=m—e-m——

13

50
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AAGTGGAGACAGGACCTGAGGTGACAATGACATCTACTCTGACATTCTCT

+

TTCACCTCTGTCCTGGACTCCACTCTTACTGTAGATGAGACTGTAAGAGA

CCTCAGGTGTCCACTCTGAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTG

GGAGTCCACAGGTGAGACTCCAGGTCI;ACGTCGI'CAGACEZIGGACTCGAE
G VHSEVQLQQS GPETL

| 1

'GTAAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATATAA

CATTTCGGACCCCGAAGTCACTTCTACAGGACGTTCCGAAGACCTATATT
vV K P G A S VKMSCIKASGYZK

ATTCACTAGCTATGTTATGCACTGGGTGAAGCAGAAGCCTGGGCAGGGCC

TAAGTGATCGATACAATACGTGACCCACTTCGTCTTCGGACCCGTCCCGG
FTSTYVMEHEVWYROQRKPGQ QGHL
|----CDR 1--—-|

TTGAGTGGATTGGATATATTAATCCTTACAATGATGTTACTAAGTACAAT

AACTCACCTAACCTATATAATTAGGAATGTTACTACAATGATTCATGTTA
B WIGYINTPTYNDVTE RTYHN
} CDR 2

GAGAAGTT! CAAAGGCAAGGCCACACTGACTTCAGACAAATCCTCCAGTAC

CI‘CTI‘CAAGTI'ICCGTTCCGGTGTGACTGAAGTCTGTTTAGGAGGTCATG
ERF KGEKATLT SDIKS S ST

AGCCI'A_CATGGAGCTCAGCAGCCTGACCTCTGAGGACTCTGCGGTCCATI‘

TCGGATGTACCTCGAGTCGTCGGACTCCAGACTCCTGAGACGCCAGGTAA
AYMELSSLTSETDSALVEHZY

ACTGTGCAAGAGGGAGCI‘ACT.IATGATTACCACGGGTI‘T GITTACTGGGGC

TGACACGTTCTCCCTCGATGATACTAATGCTGCCCAAACAAATGACCCCE
C ARGSYYDYDGT FVY VWG
| CDR 3 I

CAAGGGACTCTGGTCACTGTCTCTGCAGGTGAGTCCTAAC’ITCTCCCATI'

' GTTCCCTGAGACCAG'I‘GAC&GAGAGGTCCACTCAGGATTGAAGAGGGTAA

Q GTLV TV S A
JH3

14
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CTAAATGCATGTTGGGGGGATTCT GAGCCTTCAGGACCAAGATTCT CTGC

GATTTACGTACAACCCCCCTAAGACTCGGAAGTCCTGGTTCTAAGAGACG

AAACGGGAATCAAGATTCAACCCCTTTGTCCCAAAGTTGAGACATGGGTC

TTTGCCCTT.;\GTTCTAAGTI‘GGGGAAACAGGGTTTCAACTCTGTACCCA(:‘.

TGGGTCAGGGACTCTCTGCCTGCTGGTCTGTGGTGACATTAGAACTGAAG

ACCCAGTCC(ET 'GAGAGACGGACGACCAGACACCACTGTAATCTTGACTTC

TATGATGAAGGATCTGCCAGAACTGAAGCTTGAAGTCTGAGGCAGAATCT

ATACTACTTCCTAGACGGTCTTGACTTCGAACTTCAGACTCCGTCTTAGA

TGTCCAGGGTC'FATCGGACTCTTGTGAGAATTAGGGGCTGACAGTTGATG

ACAGGTCCC;\GATAGCCTGAGAACACTCTTAATCCCCGA(':’[‘GTCAACTAC

GTGACAATTTCAGGGTCAGTGACTGTCAGGTTTCTCTGAGGTGAGGCTGG

CACT G'l'l'AA;GTCCCAGTCACTGACAGTCCAAAGAGACTCCACTCCGACC

AATATAGGTCACCT’IGAAGACI‘AAAGAGGGGTCCAGGGGCT'ITI'CTGCAC

TTATATCCAGTGGMCTTCTGATT‘[CT CCCCAGGTCCCCGAAAAGACGTG

AGGCAGGGAACAGAATGTGGAACAATGACTTGAATGGTTGATTCTTGTGT

TCCGTCCCTTGTCTTACACCTTGTTACTGAACTTACCAACTAAGAACACA

GACACCAAGAATTGGCATAATGTCTGAGTTGCCCAAGGGTGATCTTAGCT

CTGTGGTTCTTAACCGTATTACAGACTCAACGGGTTCCCACTAGAATCGA

AGACTCTGGGGTTTITGTCGGGTACAGAGGAAAAACCCACTATTGTGATT

TCTGAGACCCCAAAAACAGCCCATGTCTCCTTTTTGGGTGATAACACTAA

ACTATGCTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA

TGA’!’ACGATACCTGATGACCCCAGTTCCTTGGAGT CAGTEGCAGAGGAGT

15

950

1000

1050

1100

1150

1200

1250

1300 -

1350

1400

1450
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GGTAAGAATGGCCTCTCCAGGTCTTTATTTTTAACCTTTGTTATGGAGTT

CCATTCTTACCGGAGAGGTCCAGAAATAAAAATTGGAAA&AATACCTCAA

TTCTGAGCATTGCAGACTAATCTTGGATATTTGCCCTGAGGGAGCCGGCT

AAGACTCGTAACGTCTGATTAGAACCTATAAACGGGACTCCCTCGGCCGA

GAGAGAAGTTGGGAAATAAATCTGTCTAGGGATCTCAGAGCCTTTAGGAC

CTCTCTTCAACCCTTTATTTAGACAGATCCCTAGAGTCTCGGAAATCCTG

AGATTATCTCCACATCTTTGAAAAACTAAGAATCTGTGTGATGGTGTTGG -

TCTAATAGA&GTGTAGAAACTTTTTGATTCTTAGACACACTACCACAACé

TGGAGTCCCTGGATGATGGGATAGGGACTTTGGAGGCTCATTTGAGGGAG

ACCTCAGGGACCTACTACCCTATCCCTGAAACCTCCGAGTAAACTCCCTC

ATGCTAAAACAATCCTATGGCTGGAGGGATAGTTGGGGCTGTAGTTGGAG

TACGATTTT&TTAGGATACCGACCTCCCTATCAACCCCGACATCAACCTC

ATTTTCAGTTTTTAGAATGAAGTATTAGCTGCAATACTTCAAGGACCACC

TAAAAGTCAAAAATCTTACTTCATAATCGACGTTATGAAGTTCCTGGTGG

TCTGTGACAACCATTTTATACAGTATCCAGGCATAGGGACAAAAAGTGGA

AGACACTGTiGGTAAAATAiGTCATAGGTCCGTATCCCT&TTTTTCACC%

GTGGGGCACTTTCTTTAGATTTGTGAGGAATGTTCCACACTAGATTGTTT
-

A CACCCCGTGAAAGAAATCTAAACACTCCTTACAAGGTGTGATCTAACAAA

AAAACTTCATTTGTTGGAAGGAGCTGTCTTAGTGATTGAGTCAAGGGAGA

TTTTGAAGTAAACAACCTTCCTCGACAGAATCACTAACTCAGTTCCCTCT

AAGGCATCTAGCCTCGGTCTCAAAAGGGTAGTTGCTGTCTAGAGAGGTCT

~TTCCGTAGATCGGAGCCAGAGTTTTCCCATCAACGACAGATCTCTCCAGA'

16

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

2000
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GGTGGAGCCTGCAAAAGTCCAGCTTTCAAAGGAACACAGAAGTATGTGTA

CCACCTCGGACGTTTTCAGGTCGAAAGTTTCCTTGTGTCTTCATACACAT

TGGAATATTAGAAGATGTTGCTTTTACTCTTAAGTTGGTTCCTAGGAAAA

ACCTTATAATCTTCTACAACGAAAATGAGAATTCAACCAAGGATCCTTTT

ATAGTTAAATACTGTGACTTTAAAATGTGAGAGGGTTTTCAAGTACTCAT

+ + +

TATCAATTTATGACACTGAAATTTTACACTCTCCCAAAAGTTCATGAGTA

TTTTAAATGTCCAAAATTTTTGTCAATCAATTTGAGGTCTTGTTTGTG

+ +

AAAAAATTTACAGGTTTTAAAAACAGTTAGTTAAACTCCAGAACAAACAC

TAGAACTGACATTACTTAAAGTTTAACCGAGGAATGGGAGTGAGGCTCTC

ATCTTGACTGTAATGAATTTCAAATTGGCTCCTTACCCTCACTCCGAGAG

TCATACCCTATTCAGAACTGACTTTTAACAATAATAAATTAAGTTTAAAA

AGTATGGGATAAGTCTTGACTGAAAATTGTTATTATTTAATTCAAATTTT

TATTTTTAAATGAATTGAGCAATGTTGAGTTGAGTCAAGATGGCCGATCA

+ +

ATAAAAATTTACTTAACTCGTTACAACTCAACTCAGTTCTACCGGCTAGT

GAACCGGAACACCTGCAGCAGCTGGCAGGAAGCAGGTCATGTGGCAAGGC

CTTGGCCTTGTGGACGTCATCGACCGTCCTTCGTCCAGTACACCGTTCCG

TATTTGGGGAAGGGAAAATAAAACCACTAGGTAAACTTGTAGCTGTGGTT

ATAAACCCCTTCCCTTTTATTTTGGTGATCCATTTGAACATCGACACCAA

TGAAGAAGTGGTTTTGAAACACTCTGTCCAGCCCCACCAAACCGAAAGTC

ACTTCTTCACCAAAACTTTGTGAGACAGGTCGGGGTGGTTTGGCTTTCAG

CAGGCTGAGCAAAACACCACCTGGGTAATTTGCATTTCTAAAATAAGTTG

GTCCGACTCGTTITGTGGTGGACCCATTAAACGTAAAGATTTTATTCAAC

17

2050

2100

2150

2200

2250

2300

2350

2400

2450

2500

2550
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AGGATTCAGCCGAAACTGGAGAGGTCCTCTTTTAACTTATTGAGTTCAAC

- +
+

TCCTAAGTCGGCTTTGACCTCTCCAGGAGAAAATTGAATAACTCAAGTTG

CTTTTAATTTTAGCTTGAGTAGTTCTAGTTTCCCCAAACTTAAGTTTATC

>

~ GAAAATTAAAATCGAACTCATCAAGATCAAAGGGGTTTGAATTCAAATAG

GACTTCTAAAATGTATTTAGAATTC
+ + 2675

CTGAAGATTTTACATAAATCTTAAG

18

2600

2650
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TABLE 3B

BMA 031 Light Chain Genomic Sequence

AAAGTATTATTTGAAATGGCTCTCGAAATCTCTCAAGGTAATAAATCGAA

TTTCATAATAAACTTTACCGAGAGCTTTAGAGAGTTCCATTATTTAGCTT

CATGAATTACACAGTTTCAGGGCACATGAAATACTGAGAATGGAGATTGT

GTACTTAATGTGTCAAAGTCCCGTGTACTTTATGACTCT*ACCTCTAACA

TCAGAGTAGTTTTAGATGAGTIGCATCTTCATGAATCTCCAGCCCATATTC

AGTCTCATCAAAATCTACTCACGTAGAAGTACTTAGAGGTCGGGTATAAG

" TCCCATGTGTTTATAAGCCAAGAACTGACTAGACTGTATCTTGCTATTTG

AGGGTACACAAATATTCGGTTCTTGACTGATCTGACATAGAACGATAAAC

CATATTACATTTTCAGTAACCACAAATATCTCTCAGTTGGTTTAAAGCAA

GTATAATGTAAAAGTCATTGGTGTTTATAGAGAGTCAACCAAATTTCGTT )

AGTACTTATGAGAATAGCAGTAATTAGCTAGGGACCAAAATTCAAAGACA
+
TCATGAATACTCTTATCGTCATTAATCGATCCCTGGTTTTAAGTTTCTGT

AAATGGATTTTCAAGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCA

TTTACCTAAAAGTTCACGTCTAAAAGTCGAAGGACGATTAGTCACGGAGT
M DFQVQTIVFSFULULTISAS
| Signal Sequence

GGTAACAGAGGGCAGGGAATTTGAGATCAGAATACAACCAAAATTATTIT

-+
+

CCATTGTCTCCCGTCCCTTAAACTCTAGTCTTATGTTGGITTTAATAAAA

CCCTGGGGAATTTCTGTCCAAAATACAb111111511111L1111ATCTA

‘GGGACCCCTTAAACACAGGTTTTATGTCAAAAAAGAAAAAGAAAATAGAT

19

50

100

150
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AATGTTGGGTGGTATAAAATTATTTTTTATCT CTA'I‘TT‘CTACTAATCCCT

TTACAACCCACCATATTTTAATAAAAAATAGAGATAAAGATGATTAGGGA

CTCTC'I‘TTTT’I'GC’ITTI‘TI’CTAGTCATAATATCCAGAGGACAAATTGTTC
GAGAGAAAAAACGAAAAAAGATCAGI’ATTATAGGTCTCCTGTTTAACAAG

vVIISRGAQTI VL
j 1

TCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAGAAGGTCACC

AGTGGGTCAGAGGTCGTTAGTACAGACGTAGAGGTCCCCTCTTCCAGTGG
T Q S P A I M S A SPGEIKUVT

ATGACCTGCAGTGCCACCTCAAGTGTAAGTTACATGCACTGGTACCAGCA

TACTGGACG‘i.'CACGGTGGAG'I'I’CACATTCAATGTACGTGACCATGGTCGT
M T CS AT S S VS YMBV Y Q Q
| CIR 1 |

GAAGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACATCCAAACTGG

CTTCAGTCCGTGGAGGGGGTTTI‘CTACCTAAATACTGTGTAGGTTTGACC
K §$S GT SPKIRUVIUYDTSIKTIL A

CTTCTGGAGTCCCT GCICGCTTCAGTGGCAGTGGGTCTGGGACCTC’I'I‘AC

GAAGACCTCAGGGACGAGCGAAGTCACCGTCACCCAGACCC’I'GGAGAATG
S G VP ARFSGS GS GTS Y

TCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTATTACTG

AGAGAﬂGﬁAGTCﬂWTACﬂCCGACTECTAMACGGTGMTAATGAC
S LTI S S MHEAEDAATTYTYC

v CCAGCAGTGGAGTAGTAACCCGC]_.'CACGTI'CGGTGC'I‘GGGACCAAGCTGG

GGTCGTCACCTCATCATTGGCCGAGTGCAAGCCACGACCCTGGTTCGACC
Q VS SNPLTTFGAGTT ERTLE

o CDR 3 | © JRS

AGCTGAAACGTAAGTACAC’I‘TTTCTGATCTI‘TTTTTATGTGTAAGACACA

' TCGAC'I"l'TGCATTCATGTGAAAAGAGTAGAAAAAAATACACATTCTGT G'l'

L K

20

.500

550

600

650

700

750

800

850

900

BIOEPIS EX. 1002
Page 2134



10

15

20

25

30

35

40

50

55

EP 0 403 156 B1

GGTTTTCATGTTAGGAGTTAAAGTCAGTTCAGAAAATCTTGAGAAAATGG

CCAAAAGTACAATCCTCAATTTCACTCAAGTCTTTTAGAACTCTTTTACC

AGAGGGCTCATTATCAGTTGACGTGGCATACAGTGTCAGATTTTCTGTTT

TCTCCCGAGTAATAGTCAACTGCACCGTATGTCACAGTCTAAAAGACAAA

ATCAAGCTAGTGAGATTAGGGGCAAAAAGAGGCTTTAGTTGAGAGGAAAG

TAGTTCGATCACTCTAATCCCCGTTTTTCTCCGAAATCAACTCTCCTTTC

TAATTAATACTATGGTCACCATCCAAGAGATTGGATCGGAGAATAAGCAT

ATTAATTATGATACCAGTGGTAGGTTCTCTAACCTAGCCTCTTATTCGTA

GAGTAGTTATTGAGATCTGGGTCTGACTGCAGGTAGCGTGGTCTTCTAGA

CTCATCAATAACTCTAGACCCAGACTGACGTCCATCGCACCAGAAGATCT

CGTTTAAGTGGGAGATTTGGAGGGGATGAGGAATGAAGGAACTTCAGGAT

GCAAATTCACCCTCTAAACCTCCCCTACTCCTTACTTCCTTGAAGTCCTA

AGAAAAGGGCTGAAGTCAAGTTCAGCTCCTAAAATGGATGTGGGAGCAAA

TCTTTTCCCGACTTCAGTTCAAGTCGAGGATTTTACCTACACCCTCGTTT

CTTTGAAGATAAACTGAATGACCCAGAGGATGAAACAGCGCAGATCAAAG

GAAACTTCTATTTGACTTA&TGGGTCTCCTACTTTGTCGCGTCTAGTTTC

AGGGGCCTAGAGCTCTGAGAAGAGAAGGAGACTCATCCGTGTTGAGTTTC -

TCCCCGGATCTCGAGACTCTTCTCTTCCTCTGAGTAGGCACAACTCAAAG

CACAAGTACTGTCTTGAGTTTTGCAATAAAAGTGGGATAGCAGAGTTGAG

GTGTTCATGACAGAACTCAAAACGTTATTTTCACCCTATCGTCTCAACTC

TGTNAGCCGTAGRSTAWRYTCTCTTTTGTCTCCTAAGATTTTTATGACTA

ACANTCGGCATCYSATVYRAGAGAAAACAGAGGATTCTAAAAATACTGAT

2

950

1000

1050

1100

1150
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CAAAAATCAGTAGTATGTCCTGAAATAATCATTAAGCTGTTTGAAAGTAT

GTTITTTAGTCATCATACAGGACTTTATTAGTAATTCGACAAACTTTCATA

GACTGCI‘TGCCATGTAGATACCATGGCTTGCTGAATRATCAGAAGAGGTG

CT GACGAACGGTACATCTA’IGGTACCGAACGACTTAYTAGTCTTCI‘CCAC

TGRCT CTTAT‘I‘ CTAAAATTTGTCACAAAATGTCAAAAIGAGAGACT C'I'GT

ACY GAGAATAAGATTTTAAACAGTGT’ITTACAGTTTTACTCICTGAGACA

AGGRACGAGTCCCTTGACAGACAGCT SMAAGGGGTTTITTTCCTITGTCT

TCCYTGCTCAGGGAACTGTCTGTCGASKTTCCCCAAAAAAAGGAAACACA

CATTTCTACATGAAAGTAAATTTGAAATGATCNTTTTITATTATAAGAGT

GTAAAGATGTACTTTCATTTAAACTTTACTAGNAAAAAATAATATTCTCA

AGAAATACAGTTGGGTTTGAACTATATGTTTTAATNGGCCNCACGGTTTT

TCTTTATGTCAACCCAAACTTGATATACAAAATTANCCGGNGTGCCAAAA

GTAAGACATTTGGTCCI'TTGTI"ITCCCAGTTATTACTCGATTGTAATTTT

CATTICT GTAAACCAGGAAACAAAAGGGTCAATAATGAGCTAACATTAAAA

ATATCGCCAGCAATGGV C[GAAACGGTCNNNNNCGCAACC'I‘CTTCG’I'I‘TA

TATAGCGGTCGTT ACCVGACTTTGCCAGNNNNNGCGTTGGAGAAGCAAAT

CTAACTGGGTGACCTYGCGGCTGTGCCAGCCATTTGGCGTTCACCCTGCS

GATTGACCCACTGGARCGCCGACACGGTCGGTAAACCGCAAGTGGGACGG

GCTAAGGGCCNATGWGAACCCCCGCGGTAGCATCCCTTGCTCCGCGTGGA

CGATTCCCGGNTACWCTTGGGGGCGCCATCGTAGGGAACGAGGCGCACCT

CCAC'['I'TCCTGAGGACACAGTGATAGGAACAGAGCCACTAATCI'GAAGAG

+ +

GGTGAAAGGACTCCTGTGTCACTATCCTTGTCICGGIGA'ITAGAC'I'I'CT C

22
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+

TTGTCTCTACACTGTCTGATGTGATTACACTCTTITTGTTCCTTTCCCAC

ACTTATTGGAGATTTCAGAAATAAAATGCATTTATTATTATATTCCCTTA

Y
+

TGAATAAC(.'i'CTAAAGTCTTTATTTTACGTAAATAATAATATAAGGGAAT

TTTTAATTTTCTATTAGGGAATTAGAAAGGGCATAAACTG CTTTATCCAG

+

AAAATTAAAAGATAATCCCTTAATC’I’TT CCCGTATTI'GACGAAATAGGTC

TGTTATATTAAAAGCTTAA

2

ACAATATAATTTTCGAATT

169

2050

2100

2150

TABLE 4
Reactivity Pattern of Chimeric-BMA 031 Antibodies Immunofluorescence Assay with Directly Labelled Antibodies
Calis Labelled with Lymphocytes Monocytas Granulocytes Erythrocytes
Medium 229 511 312 11
BMA 031 6918 6+ 3b 213b 111
BMA 031-G1 6919 61 2b 2+3b- 111
BMA 031-G4 69+8 5+3b 2+3b 141
&: mean values of 3 biood donors
b. unspecific binding by Fe-receptors was blocked
TABLE 5

T-cell Activation by Chimaric BMA 031 Antibadies Induction of y-Interferon Release
T-cell activation with T-cell supernatant
dia d2 d3
meadium <1b <1 <1
PHA 7 28 >100
(ng/ml)
BMA 030 500 1 7 76
{CD 3) 50 10 28 >100
5 65 30 >100
0,5 3 29 >100
BMA 031 500 <1 2 76
50 <1 1 2
5 <1 <1 <1
a: T-cell supematant was harvesied at day 1 after T-cell activation
b: v - Interferon (ng/mf) d by HLA-Dr ind an Colo 205-cells
/
23
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TABLE 5 (continued)

T-cell Activation by Chimeric BMA 031 Antibodies Induction of y-Interferon Release

T-cell activation with T-cell supernatant
die d2 d3

0,5 <1 <1 <1

BMA 031-G1 500 2 5 >100
50 4 28 . >100

5 2 6 >100

0,5 <1 <1 58

BMA 031-G4 - 500 6 28 >100
50 5 70 >100

5 3 28 >100

0,5 <1 <1 <1

a: T-cell supernatant was harvested at day 1 after T-cell activation
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TABLE 6A

- Amino Acid Sequences of Civilized BMA 031 VH

EU
BMA
CIV-1
CIV-2
CIV-3
CIV-4

EU
BMA
CIV-1
CIV-2
CIvV-3
CIV-4

EU

CIv-1
CIV-2
CIV-3
CIV-4

1

QVQLVQSGAE
EVQLQQSGPE
QVQLVQSGAE
QVQLVQSGAE
QVQLVQSGAE
QVQLVQSGAE

51
IVPMFGPPNY
INPYNDVTKY
INPYNDVTKY
INPYNDVTKY
INPYNDVTKY
INPYNDVTKY
CDR-2

VKKPGSSVKV
LVKPGASVKM
VKKPGSSVKV
VKKPGSSVKV
VKRKPGSSVKV
VKKPGSSVKV

AQKFQGRVTI
NEKFKGKATL
NEKFKGRVTI
NEKFKGRATI
NEKFKGKATL
NEKFKGKATL

101
YGIYSPEEY.
YYDYDGFVYW
YYDYDGFVYW
YYDYDGFVYV
YYDYDGFVYVW
YYDYDGFVYVW
-CDR-3-~/

-/

120
«NGGLVTVSS
GQGTLVIVSA
GQGTLVTVSS
GQGTLVTVSS
GQGTLVTVSS
GQGTLVTVSS

SCKASGGTFS RSAIIWVRQA
SCKASGYKFT SYVMHWVKQK
SCKASGGTFS SYVMHWVRQA
SCKASGYKFT .SYVMHWVRQA
SCKASGYKFT SYVMHWVKQA
SCKASGYKFT SYVMHWVKQK
|CDR1/

TADESTNTAY MELSSLRSED
TSDKSSSTAY MELSSLTSED
TADESTNTAY MELSSLRSED
TADESTNTAY MELSSLRSED
TADESTNTAY MELSSLRSED
TSDKSTSTAY MELSSLTSED

25

Regions

50
PGQGLEWMGG
PGQGLEVIGY
PGQGLEWMGY
PGQGLEWMGY
PGQGLEVIGY
PGQGLEVIGY

\

100
TAFYFCAGG.
SAVHYCARGS
TAFYFCAGGS
TAFYFCARGS
TAVHYCARGS
TAVHYCARGS
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EU

BMA
CIiv-1
CIv-2
CIV-3
CIV-4

EU
BMA
CIv-1
CIV-2
CIV-3
CIV-4

EU

CIv-1
CIvV-2
CIvV-3
CIv-4
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TABLE 6B -

Amino AcidASequehces of Civilized BMA 031 VL

1

DIQMTQSPST
QIVLTQSPAI
DIQMTQSPST
DIQMTQSPST
DIQMTQSPST
QIVLTQSPST

51
ASSLESGVPS
TSKLASGVPA
TSKLASGVPS
TSKLASGVPA
TSKLASGVPA
TSKLASGVPS
CDR-2/

101

GTKVEVK
GTKLELK
GTKVEIK
GIKVEIK
GTKVEIK
GTKVEIK

LSASVGDRVT
MSASPGEKVT
LSASVGDRVT
LSASVGDRVT
LSASVGDRVT
LSASVGDRVT

RFIGSGSGTE
RFSGSGSGTS
RFIGSGSGTE
RFIGSGSGTE
RFIGSGSGTE

ITCRASQSIN
MTCSATSSV.
ITCSATSSV.
ITCSATSSV.
MTCSATSSV.
ITCSATSSV.

v

TVLAVYQQKP
SYMHVYQQKS
SYMHVYQQKP
SYMHWYQQKP
SYMHWYQQKP
SYMHWYQQKP

\--CDR-1---/

FTLTISSLQP DDFATYYCQQ

YSLTISSMEA EDAATYYCQQ

FTLTISSLQP

FTLTISSLQP DDFATYYCQQ

DDFATYYCQQ

FTLTISSLQP DDFATYYCQQ
RFSGSGSGTS YTLTISSLQP EDFATYYCQQ WSSNPLTFGA
" \--CDR-3-/

Regions

50
GKAPKLLMYK
GTSPRRVIYD
GKAPKLLMYD
GKAPKRLMYD
GKAPKRVIYD
GTAPKRVIYD

\

100
YNSDSKMFGQ
WSSNPLTFGA
WSSNPLTFGG
WSSNPLTFGG
WSSNPLTFGG

BIOEPIS EX. 1002

Page 2140



10

15

20

25

30

35

40

45

50

55

EP 0 403 156 B1

TABLE 74

Comparison of BMA-EUCIVH]1 and BMA-031 by Computer Modelling

BMA-031

BMA-EUCIVHL

Amino Acid
Difference

1
5
9
11
12
16
20
27
28
30
38
40
48
67
68
70
72
74
76
77
87
91
93
94
95
98
120

10 0 50

EVQLQQSGPELVKPGASVKMSCKASGYKFTSYVMHWVKQKPGOGLEVIGY
PECRLE L BT e L L bR 11
QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYVMEVVRQAPGOGLEWHGY
\CDR/ A
1
70 90

INPYNDVTKYNEKFRGKATLTSDKSSSTAYMELSSLTSEDSAVEYCARGS

R e A AN A e
INPYNDVTKYNEKFKGRVTITADESTNTAYMELSSLRSEDTAFYFCAGGS

~====CDR-2-==—- / \-
110 :

YYDYDGFVYWGQGTLVTVSA

FERELEEULEL LR

YYDYDGFVYWGQGTLVIVSS

-CDR-3--/
BU ~ BMA Proximity

Amino Acid Amino Acid to CDRs
Gln Glu +/-
Val Gln -
Ala Pro -
Val Leu -
Lys Val -
Ser Ala -
Val Het +/ -
Gly Tyr oy
Thr ‘Lys ++4
Ser Thr +
Arg Lys +
Ala Lys ++4
Het Ile .+
Arg Lys +
Vval Ala +
Ile Leu +
Ala Ser ++4
Glu ] Lys ++4+
Thr Ser -
‘Asn Ser +
Arg Thr ++4
Thr Ser -
Fhe Val +/-
Tyr His +++
Phe Tyr . +/-
Gly Arg +/-
Ser Ala -
27
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TABLE 78

Comparison of BMA-EUCIVL1 énd BMA-031 by Computer Modelling

BMA-031

BMA-EUCIVL1

Amino Acid
Difference

O P

10

15
17
18
21
40
42
43
46
47
48
60

70
71
72
78
79
80
81
83
100

10 - 30 50

QIVLTQSPAIMSASPGEKVIMTCSATSSV, STMHWYQQRSGTSPRRVIYD

bl b T e 14
DIQMTQSPSTLSASVGDRVTITCSATSSV. SYNEWYQQRPGKAPRLLMYD

\--CDR-1--/ \
70 920
TSKLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQQWSSNPLTFGA

PRURPERET FE RRLERE TR 1 JH LT
TSKLASGVPSRFIGSGSGTEFTLTISSLQPDDFATYYCQQWSSNPLTFGG

-CDR2/ . \-CDR-3-/
107
GTKLELK
R
GTKVEIK
EU BMA Proximity
Amino Acid Amino Acid to CDRs
Asp ’ Gln 44
Gln Val - Fara,
Met Leu +4++
Ser Ala -
Thr Ile -
Leu Met - -
Val Pro -
Asp Glu -
. Arg o Lys -
Ile Met -
Pro Ser -
Lys Thr +
Ala Ser +/-
Leu Arg 4+
Leu . Trp ++4+
Met : Ile +
Ser Ala . +/-
Ile Ser +/-
Glu Ser +
Phe Tyr +4+
Thr Ser +/-
Leu Met ’ -
Gln Glu -
Pro Ala -
Asp Glu +/=
Phe . Ala -
Gly Ala e
28
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TABLE 8
Amino Acid Differences Between BMAC31 and EU and Their Consensus Sequences
Aminc Acid EU Human BMAO031 Mouse
Position AA AA AA AA.
Heavy Chain, EU Specific:
70 lle + Leu Leu
72 Ala Ser Val
74 Glu Lys Lys
93 Phe - Val Val Val
95 Phe Tyr Tyr Tyr
98 Gly Arg Arg Arg
Light Chain, EU Specific:
10 Thr Ser lie lie
48 Met lle lie lie
63 lte Ser Ser Ser
70 Glu Asp Ser Ser
81 Asp Glu Glu Glu
Heavy Chain, BMA Specific:
1 Gin Gin Gin Gin
7 Ser Ser Ser Pro
9 Ala Ala Pro Ala
20 Val Val Met Leu
40 Ala Ala Lys Arg
72 Ala + Ser Val
82 Glu Glu Glu Gin
94 Tyr Tyr His Tyr

Light Chain, BMA Specific: NONE

+, variable

Claims

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE

1.

A chimeric antibody specific for an epitope on the human alpha/beta T-cell receptor (TCR) which is recognised by
mAb BMA 031, the antibody comprising:

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in

Table 6A; and

{b) a light chain whose variable region comprises the sequence of residues 1 to 107 of ClVS as shown in

Table 6B.

An antibody as claimed in claim 1 wherein the heavy and light chains comprise less than the entire constant region.

An antibody as claimed in claim 1 or 2 which comprises a constant region derived from human antibodies.

An antibody as claimed in any preceding claim conjugated to a cytotoxic moiety, for example a toxin or a radioi-

sotope.

29
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An antibody as claimed in any preceding claim for use in medicine.

A pharmaceutical composition comprising an antibody according to any of claims 1 to 4 and a therapeutically
acceplable carrier. i

The use of an antibody as claimed in any of claims 1 to 4 in the preparation of an agent for:
(a) immunoregulation;
(b) immunosuppressive therapy;
(c) treating an autoimmune disease; and/or
(d) for mediating cytolysis, when conjugated to a cytotoxic agent.

An antibody as claimed in any of claims 1 to 4 which is conjugated, for example by bicchemical or molecular biology
techniques, to one or more isotopes and/or proteins. |

An antibody as claimed in claim 8 wherein at least one of the proteins is an enzyme.

10. A transfectoma cell line that produces an antibody as claimed in any of claims 1 to 3.

Claims for the following Contracting States : ES, GR

1.

A process for the production of a chimeric antibody specific for an epitope on the human alphatbeta T-cell receptor
(TCR) which is recognised by mAb BMA 031, the antibody comprising:

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in
Table 6A; and :

(b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CIV-3 as shown in
Table BB;

the process comprising harvesting the antibody from a cell producing the antibody.

A process as claimed in claim 1 wherein the heavy and light chains in the antibody comprise less than the entire
constant region.

A process as claimed in claim 1 or 2 wherein the antibody comprises a constant region derived from human anti-
bodies.

A process for producing an antibedy, the process comprising conjugating an antibody produceable by a process
as claimed in any preceding claim with a cytotoxic moisty.

A process as claimed in any of claims 1 to 4, wherein the cell is a hybridoma celi iine.

A process for producing a pharmaceutical composition comprisingan antibody produceable by a process according
to any of claims 1 to 4, the process comprising admixing the antibody with a pharmaceutically acceptable carrier.

The use of an antibedy producable by a process as claimed in any of claims 1 to 4 in the preparation of an agent for:
(&) immunoregulation;
'(b) immunosuppressive therapy;

(c) treating an autoimmune disease; and/or

30
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(d) for mediating cytolysis, when conjugated to a cytotoxic agent.

8. An antibody produceable by a process as claimed in any of claims 1 1o 4 for use in medicine.

9. A process for the production of an antibody conjugate, the process comprising conjugating, for example by bio-
chemical or molecular biology techniques, an antibody produceable by a process as c’atmed in any of claims 1 to
4 with ons or more isotopss and/or proteins.

10. A process as claimed in claim 9 wherein at least one of the proteins is an enzyme.

11. A process for the production of a DNA construct comprising at teast part of the nucleotide sequences encoding
an antibody or one or more parts of an antibody produceable by a process according to any of claims 1 to 4, the
process comprising coupling together successive nucleotides, and/or ligating oligo- and/or polynucleotides.

12. A transfectoma cell line that produces an antibody as described in any of claims 1 to 3.

Patentanspriche

Patentanspriche tir folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE

1.

8.

Ein fir eine antigene Determinante auf dem menschlichen Alpha/Beta-T-Zell-Rezeptor {TCR) spezifischer Rekom-
binationsantikorper, der vom monoklonalen Antikorper mAb BMA 031 erkannt wird, wobei der Antikérper sich aus
folgenden Bestandteilen zusammensetzt:

a) eine schwere Kette, deren variable Region eine Sequenz von CIV-3-Rasiduen 1 bis 120 wie in Tabelle 6A
gezeigt umfaBt; und

b) eine leichte Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 107 wie in Tabelle 6B
gezeigt umfait. .

Antikérper wie unter Patentanspruch 1, bei dem die schweren und die leichten Ketten weniger als die gesamte
konstante Region umfassen.

Antikérper wie unter Patentanspruch 1 oder 2, der eine von menschlichen Antikdrpern stammende konstante Re-
gion umfaBt.

Antikrper wie unter jedem beliebigen der vorhergehenden Patentanspriiche, der mit einem zwotoxlschen Teil
konjugiert ist, beispielsweise mit einem Toxin oder einem Radioisotop.

Antikorper wie unter jedem beliebigen der vorhergehenden Patehtansprﬂche zur Verwendung in der Medizin.

Pharmazeutische Zusammensetzung, bestehend aus einem Antikdrper laut jedem beliebigen der Patentanspril-
che 1 bis 4 und einem vom therapeutischen Gesichtspunkt her akzeptablen Trager.

Benutzung eines Antikdrpers laut jedem beliebigen der Patentanspriiche 1 bis 4 bei der Herstellung eines Mittels

- for:

a) Iimmunregulation;

b) immunsuppression;

c) Behandlung von Autoimmunerkrankungen; und/cder

‘d) zur Herbeifuhrung von Zellaufidsung bei Konjugation mit einem zytotoxischen Mittel.

Antikoérper wie unter jedem beliebigen der Patentanspriiche 1 bis 4, der beispielsweise durch biochemische oder

at
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molekularbiologische Techniken mit einem oder mehreren Isotopen und/oder Proteinen konjugiert ist.

9. Antikdrper wie unter Patentanspruch 8, bei dem mindestens eines der Proleine ein Enzym ist.

10. Transfectoma-Zellinie, die einen Antik&rper wie unter jedem beliebigen der Patentanspriiche 1 bis 3 beschrieben

produziert.

Patentanspriiche tiir folgende Vertragsstaaten : ES, GB

1.

Verfahren zur Produktion eines far eine antigene Determinante auf dem menschlichen Alpha/Beia-T—ZeIl-Hezeptor
(TCR) spezifischen Rekombinationsantikérpers, der vom monoklonalen Antikérper mAb BMA 031 erkannt wird,
wobei der Antikdrper sich aus folgenden Bestandteilen zusammensetzt:

a) eine schwere Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 120 wie in Tabelle 6A
gezeigt umfaft; und

b) eine leichte Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 107 wie in Tabelle 6B
gezeigt umfaft;

wobei das Verfahren die Emte des Antikérpers von einer den Antikdrper produzierenden Zelle umfait.

Verfahren wie unter Palem_anpsruch 1, bei dem die schweren und die leichten Ketten im Antikorper weniger als
die gesamte konstante Region umfassen.

Verfahren wie unter Patentanspruch 1 oder 2, bei dem der Antikérper eine von menschlichen Antikdrpern stam-
mende konstante Region umfant.

Verfahren zur Herstellung eines Antikorpers, wobei das Verfahren aus der Konjugation eines nach einem der unter
den vorherigen Patentanspriichen angemeldsten Verfahran herstellbaren Antikdrpers mit einem zytotoxischen Teil
begteht. :

Verfahren wie unter jedem beliebigen der Patentanspriiche 1 bis 4, bei dem die Zelle sine Hybridomzellinie ist.
Vertahren zur Herstellung einer pharmazeutischen Zusammensetzung, die einen Antikérper umiant, der sich nach
einem der unter Patentansprichen 1 bis 4 erwahnten Verfahren herstellen lant, wobei das Verfahren das Zumi-

schen des Antikérpers mit einem vom pharmazeutischen Gesichispunkt her akzeptablen Trager einschlieft.

Benutzung eines Antikdrpers, der sich nach einem der unter Anspriiche 1 bis 4 erwahnten Verfahren herstellen
lant, bei der Herstellung eines Mittels fur:

a) Immunregulation;

b) Immunsuppression;

¢) Behandlung von Autoimmunerkrankungen; und/oder

d) zur Herbeifuhrung von Zellaufiésung bei Konjugation mit einem zytoloxischen Mittel.
Nach sinem der Verfahren laut Ahsprﬁchen 1 bis 4 herstellbarer Antikérper zur Verwendung in der Medizin.
Verfahren zur Hersteliung eines Antikorperkonjugats, wobei das Verfahren die Konjugation - beispielsweise durch

biochemische oder molekularbiologische Techniken -eines nach einem der unter Anspriichen 1 bis 4 erwahnten
Verfahren herstelibaren Antikérpers mit einem oder mehreren Isotopen und/oder Proteinen einschliefit.

10. Verfahren wie unter 'Anspruch 9, bei dem mindestens eines der Proteine ein Enzym ist.

11. Verfahren zur Herstellung sines DNA-Gebildes, bestehend aus mindestens einem Teil der Nuklectidsequenzen,
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die einen Antikérper oder einen oder mehrere Teile eines Antikorpers kodieren, der sich durch eines der unter
Ansprichen 1 bis 4 erwahnten Verfahren herstellen 1aB3t, wobsi das Verfahren die Verbindung aufeinanderfoigen-

der Nukleotide und/oder die Ligierung von Oligo- und/oder Polynukleotiden einschlieBt.

Transfectoma-Zellinie, die einen Antikorper wie unter einem der Anspriiche 1 bis 3 beschrieben produziert.

Revendications

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE

1.

10.

Un anticorps chimérique spécifique a un épitope du récepteur des cellules en T humaines, alphatbeta (RCT),
reconnu par I'anticorps monoclonale (mAb) BMA 031, ['anticorps comprend:

(a) une chaine lourde dont {a région variable comprend une séquence de résidus 1 a 120 de CIV-3 comme le
montre le tableau 6A; et

(b) une chaine légére dont la région variable comprend une séquence de résidus 1 a 107de CIV-3 comme le
montre le tableau 6 B.

Un anticorps, selon la revendication 1, ou les chaines lourdes et légdres constituent moins que la totalité de la
région constante. .

Un anticorps, selon les revendications 1 ou 2, qui comprend une région constante dérivée d'anticorps humains.

Un anticorps, selon toutes les revendications précédentes, conjugué a une moitié cytotoxique, par exemple, une
toxine ou un radio-isotope.

Un anticorps, selon toutes les revendications précédentes, pour utilisation en médecine.

Une composition pharmaceutique comprenant un anticorps conforme a chacune des revendications 1 2 4 et un
porteur thérapeutique acceptable.

L'utilisation d'un anticorps, conforme a chacune des revendications 124, dans des préparations d'agents pour:
(a) la régulation immunitaire;
(b) la thérapie immunosuppressive;
(c) le traitement d'une maladie auto-immune; et/ou
d) pour la médiation de la cytolyse, quand il est conjugué a un agent cytotoxique

Un anticorps, conforme a chacune des revendications 1 & 4, qui est conjugué, par exemple par des techniques
biochimiques ou de biologie molécuiaire, & un ou plusisurs isotopes et/ou protéines.

Un anticorps, selon la revendication 8, ou au moins une des protéines est une enzyme.

Une lignée de cellules de transfectomes qui produit un anticorps conforme & chacune des revendications de 1a 3.

Revendications pour les Etats contraciants suivants : ES, GR

1.

Un procédé pour la production d'un anticorps chimérique spécifique a un isotope des récepteurs des cellules en

T humaines alpha beta (RCT) reconnu par I'anticorps monoclonale {mAb) BMA 031, cet anticorps comprenant:

a) une chaine lourde dont la région variable comprend une séquence de résidus 1 a 120 deCiV-3 comme le
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montre le tableau 6 A, et

b) une chaine légére dont la région variable comprend une séquence de résidus 1 a 107de CIV-3 comme le
monire le tableau 6 B; .

le procédé consiste a récolter des anticorps d'une cellule qui produit I'anticorps.

Un procédé, selon la revendication 1, par lequel dans I'anticorps, ies chaines lourdes et légéres constituent moins
que la totalité de la région constante. :

Un procédé, selon les revendications 1 et 2, par lequel les anticorps comprennent une région constante dérivée
d'anticorps humains.

Un procédé pour produire un anticorps, le procédé consistant & conjuguer un anticorps, que I'on peut produire par
le procédé conforme a toutes les revendications précédentes, avec une moitié cytotoxique.

Un procédé, conforme a chacune des revendications de 1 a 4, ou la cellule est une lignée de cellules d'hybrydomes.
Un procédé pour produire une composition pharmaceutique consistant d'un anticorps qui peut étre produit par un
procédé conforme & chacune des revendications 1 & 4, ce procédé comprenant l'ajout et le mélange de cet anti-

corps & un porteur pharmaceutique acceptable.

L'utifisation d'un anticorps, produit par un procédé conforme & chacune des revendications 1 & 4, dans la prépa-
ration d'un agent pour:

(a) la régulation immunitaire

(b) la thérapie immunosuppressive;

(c) le traitement d'une maladie auto-immune; et/ou

(d) pour la médiation de la cytolyse, quand il est conjugue & un agent cytotoxique

Un anticorps pour utilisation en médecine, qui peut &tre produit par un procedé conforme & chacune des revendi-
cations de 14 4.

Un procédé pour la production d'un conjugué d'anticorps, le procédé consistant & conjuguer, par exemple par des
techniques biochimigques ou de biologie moléculaire, un anticorps, qui peut étre preduit par un procédé a chacune
des revendications 1 & 4, & un ou plusieurs isotopes eV/ou protéines.

Un procédé, selon dans la revendication 9, ol au moins une des protéines est une enzyme.

Un procédé pour fa production d’une structure de 'ADN comportant au moins une portion de ségquences nucléotides
qui encodent un anticorps ou une ou plusieurs partie d'un anticorps produit par un procédé conforme & toutes les
revendicalions de 1 & 4, le procédé consistant en 'accouplement de nucléotides successifs, et/ou en la ligature

d'oligo et/ou de poly nucléotides.

Une lignée de cellules de transfectomes qui produit un anticorps conforme & chacune des revendications 1 3 3.
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FIGURE 1
Construction of BMA-031 Genomic Library

BAM HI

EMBL~3 Vector -
BMA-0313 Genomic DNA
v B8AM H1 DIGEST

Partial Digeslion
cos L 19 :’ R COS ) with Sau 3A
Left A T A e e
. ' . Purity Arms * S10 Froctioncls m ’
csL I R €OS 10 - 20 1b o
b L 8
, z
: Ligation , E
B/S s/8 8/S - s/B 8/s s/8 B
R
IR cos L [SS— 4 cos L beememermeemeee {RcosL feecmsemecnmees lR cos L
| | | | | | ! I
* In vitro packaging

Infect E.coli

H Phage stock for sc.reening

BIOEPIS EX. 1002
Page 2149



9¢

Probes Used in Screening BMA—031 Library

FIGURE 2
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FIGURE 3

Human Constont——Regidn Expression Vectors
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FITC-Positive Cells (%)

_ FIGURE 4A
100 - Competitive Immunofluorescence Assay
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METHOD #OR PRODUCING RECOMBINANT IMMUNOGLOBULINS

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Primers used to Isolate DNA encoding
murine kappa light chain variable region and murine
1gG2a heavy chaln variable reglon using PCR.

Figure 2. Diagram of antibody structure and PCR
products of murine heavy and light chain,

Figure 3. 1B4 amino acid sequence for heavy
chain varlable region and light chain variable regions
1 and 2 deduced from the nucleic acid sequence of
the cloned cDNAs.

Figure 4, Oligodeoxynucleotides used as primers
for PCR mutagenesis and amplification of the Rei light
chain variable region template so as to graft the CDRs
of 1B4 into the Rel light chain variable region.

Figure 5. PCR recombination strategy used in the
CDR-grafting of the Rei/1B4 light chain variable reg-
ion.

Figure 6. Outline of the insertion of light chain
variable and constant regions into the light chain exp-
ression vector.

Figure 7. Oligodeoxynucleotides used as PCR
primers to generate a shortened IgG4 heavy chain.
Oligedeoxynucieotide primers used in PCR to re-en-
gineer the thymidine kinase (TK) promotor to facilitate
the expression of the neomycin resistance gene.
Oligodeoxynucleotide primers used in PCR to clone
the igH enhancer sequence. Oligodeoxynucleotides
used as PCR primers to generate a human kappa light
chain constant region.

Figure 8. PCR recombination strategy used in the
fusing of human signal and intronic sequence to the
1B4 heavy chain variable region.

Figure 9. Oligodeoxynucleotides used as primers
for PCR recombination to fuse human signal and
intronic sequences onto the 1B4 heavy chain variable
region.

Figure 10. Outline of the construction of the
neomycin selectable expression vector.

Figure 11. Outline of the insertion of the
“"chimaeric* 184 heavy chain variable region and the

- shortened human IgG4 heavy chain constant region
into the heavy chain expression vector.

Figure 12. Levels of transient expression as
determined by trepping ELISA, of the 1B4 chimaeric
heavy chain : grafted Rei/1B4 tight chain recombinant
antibody in CV1, COS 7 and 293 cells.

Figure 13. Competitive binding assay of recom-
binant “chimeeric/RE! 1B4 (circles) and native

murine 1B4 MAb (diamonds) for CD18 on activated”

human PMNs.

Figure 14. Amino acid sequence composition of
the human heavy and light chain variable regions from
which framework regions were used to suppaort the
murine 1B4 CDRs.
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- Figure 15. Oligodeoxynucleotides used in the
construction of Gal/1B4 heavy chain variable region
and Jon/1B4 heavy chain variable region plus those
necessary to fuse the human signal and intronic sequ-
ences onto these variable regions.

Figure 16. PCR-recombination strategy used in
the CDR-grafting of the Gal/1B4 heavy chain and
Jor/1B4 heavy chain variable regions.

Figure 17. DNA sequence and deduced amino
acid sequence detenmined for murine 1B4 heavy
chain variable region.

Figure 18. Outline of the construction of the hyg-
romycin selectable expression vector.

Figure 19. Outline of the insertion of the Gal/1B4
heavy chain.and the Jon/1B4 heavy chain variable
regions into the heavy chain expression vector con-
taining the shortened IgG4 heavy chain constant reg-
lon.

Figure 20. Summary of the competitive binding
activities of murine MAb 1B4 and recombinant human
anti-CD18 antibody constructs.

Figure 21. Oligodeoxynucleotides used in the
construction of Len/1B4 light chain variable region
plus those necessary to fuse the human signal onto
the Len light chaln variable region.

Figure 22, PCR-recombination stratagy used In
the CDR-grafting of the Len/1B4 light chain variabie
region. ’

Figure 23. Qutline of the insertion of the Len/1B4
light chain variabie region into an interdemediate vec-
tor fotlowed by its insertion into the light chain expres-
sion vector.

Figure 24. DNA sequence and deduced amino
acid sequence determined for murine 1B4 light chain-
1 variable region.

Figure 25. DNA sequence and deduced amino
acld sequence detemmined for murine 1B4 light chain-
2 variable region. )

Figure 26. Oligodeoxynucleotides used in the
construction of Gal-m1/1B4 (mutant) heavy chain
variable region plus those necessary to fuse the

“human signal onto the Gal-m1 heavy chain variable

region.

Figure 27. PCR-recombination strategy used in
the CDR-grafting of the Gal-m1/1B4 (mutant) heavy
chain variable region. :

Figure 28. Compelitive binding assay of native
murine 1B4 (diaminds) and Gal/Rel humanized 1B4
(circles).

Figure 29. Competitive binding assay of New/Rei
racombinant h1B4 (closed diamonds) and Gal/Rei
recombinant h1B4 (open dilamonds).

Figure 30. Effects of native murine 1B4
(diamonds) and Gal/Rei recombinant humanized 1B4
(circles) on attachment of human PMNs to human
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unbilical vein endothelial cell monolaysrs in vitra.
Figure 31. Comparison of Gal/Rei h1B4 and
m1B4 in in vitro functional assays.

Figure 32. Immunofluorescence microscopic’
localization of m1B4 and Gal/Rei h1B4 staining in 5

um forzen sections of rabbit tissues.

Figure 33. Double label immunoflucrescence
microscopic ocalization of Gal/Rei h1B4 and m1B4 in
rabbit bone marrow cells.

Figure 34. Double label immunoelectron micros-
copic localization of Gal/Rei h1B4 and m1B4 in speci-
fic granuies of human PMNs.

Figure 35. Dose-dependet inhibition by of m1B4
and Gal/Rei h1B4 of C5a (100 pmol)-induced PMN
accumulation in rabbit skin.

Figure 36. Dose-dependent Inhibition by m1B4
and Gal/Rei h1B4 of C5a (100 pmol)-induced plasma
extravasation in rabbit skin.

Figure 37. Outline of the construction of expres-
sion system p8962 capable of producing large quan-
tities of recombinant CDR-grafted 1B4 antibodies.

Figure 38, Outline of the construction of expres-
sion systems p8968 and p8969 capable of praducing
large quantities of recombinant CDR-grafted 1B4 anti-
bodies.

BACKGROUND OF THE INVENTION

Murine derived monocional antibodies have been
utllized as diagnostic and therapeutic agents for
numerous human pathologic conditions including
acute Inflammatory responses associated with
numerous diseases. Administration of murine derived
monoclonal antibodies (mMAbs) as therapeutic
agents in man has been severely limited by the
development of antibody within the recipient to the
mouse antigens of the murine derived monoclonal
antibody. In attempts to circumvent this outcome
mMAbs have been restructured by recombinant DNA
technology in such a way as to decrease their
immunogenicity in humans. Immunoglobulins are well
defined both chemically and biologically with the gen-
eral structures illustrated in Molecular Cell Biology,
Darnell, Lodish, and Baltimore, Eds., Scientific Ameri-
can Books, inc., W.H. Freeman, New York, NY
(1986). Initially, this involved the construction of
chimaeric antibodies, Morrison et al., Proc. Natl.
Acad. Sci. USA 81 : 6851-6855 (1984). Recombinant
technology was employed to replace the murine
heavy and light chain constant regians with corre-
sponding human constant regions. Upon expression,
such interspecies antibody chimaeras ylelded
molecules with the antigen binding specificities of the
parent murine antibody. The foliowing references
generally describe chimaeric antibody technology :
Lobuglio et al., Proc. Natl. Acad. Sci. USA 86 : 4220-
4224 (1989) ; United States Patent 4,816,567 ; PCT
International Publicaion No. WO 87/02671,
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published May 7,1987 ; European Patent Publication
No. 255,694, published February 10, 1988 ; Euro-
pean Patent Publication No. 274,394, published July
13, 1988 ; European Patent Publication No. 323,806,
published July 12, 1989 ; PCT International Publi-
cation No. W0/89/00999, published February 9, 1989;
European Patent Publication No. 327,000, published
August 9, 1989 ; European Patent Publication No.
328,404, published August 16, 1989 ; and European
Patent Publication No. 332,424, published Septem-
ber 13, 1989.

The immunogenicity of chimaeric antibodies can
be further reduced by grafting rodent hypervariable
regions into the variabie region frameworks of human
light and heavy chains, Jones et al., Nature 321 : §22-
525 (1986). These hypervariable regions have also
been termed complementarity determining regions
{CDR). The technique involves the substitution or
recombinant grafting of antigen-specific murine CDR
saquences for those existent within "generic” human
heavy and light chain varlable regions, European
Patent Publication No. 239,400, published Septem-
ber 30, 1987. In this approach, little, if any, concem
Is shown for the variable region frameworks (FRs)
within which the murine CDRs are placed. The instant
invention llustrates that appropriate supportive struc-
tures for the CDRs are vital not only for the assembly
of the functional antibody maolecules but aiso for the
production of antibody molecules with avidities which
allow for the administration of therapeutic doses
(about 0.1-1mg/kg).

Recent studies by Queen et al., Proc. Natl. Acad.
Sci. USA 86 : 10028-10033 (1989), have shown the
CDRs from a murine anti-Tac monaclonal antibody
can be grafted into a human framework. The human
framework variable regions were chosen to maximize
identity with the murine sequence. The authors also
utilized a computer modetl of the mMAD to identify sev-
eral amino acids which, while outside the CDRs, are .
close enough to interact with the CDRs or antigen.
These residues were mutated to the residue found in
the murine sequence. The grafted anti-Tac antibody
had an affinity for the antigen which was only about
1/3 that of the murine anti-tac mMAb and mainte-
nance of the human character of this antibody was
probiematic.

Leukocyte infiltration Into an inflammatory site is
dependent on the adhesion of the leukocytes to the
endothelium prior to extravasation. The rapid binding
of polymorhonuciear leukocytes (PMN) to the
endathelium and diapedesis occurs within minutes
after the introduction of a chemotactic stimulus in tis-
sue, Cybulski et al., Am. J. Pathol. 124 : 367 (1988).
This rapid extravasation appears to depend on the
response of the PMNs to chemoaltractants and on the
presence of the CD11/CD18 famfly of glycoproteins
on the leukocyte surface. The family of glycoproteins
assoclated with PMNs are termed leukocyte Integrins
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and include LFA-1 (CD11a/CD18), Mac-1
(CD11b/CD18) and p150,95 (CD11¢/CD18). Each of
these heterodimers has a unique alpha chain (CD11
a, b, ¢) and an Invariant beta-2 chain (CD18). Stimu-
lation of PMNs with various chemotactic factors
causes Increased expression of leukocyte integrins
(CD11b/CD18) fostering strong adhesion to unstimu-
lated endothelium i