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SPECIFIC BINDING PROTEINS AND USES THEREOF

RELATED APPLICATION DATA

The present International PCT Patent Application claims priority to U.S. Patent
Application No. 12/388,504, filed February 18, 2009, the disclosure of which is hereby
incorporated by reference in its entirety. The present International PCT Patent Application also
incorporates by reference in its entirety the disclosure of each of U.S. Patent Application No.
10/145,598, filed May 13, 2002 (now U.S. Patent No. 7,589,180, issued September 15, 2009);
U.S. Provisional Patent Application No. 60/290,410, filed May 11, 2001; U.S. Provisional Patent
Application No. 60/326,019, filed September 28, 2001; U.S. Provisional Patent Application No.
60/342,258, filed December 21, 2001; International PCT Patent Application No.
PCT/US02/15185, filed May 13, 2002 (Published as WO 02/092771 on November 21, 2002);
International PCT Patent Application No. PCT/US2008/009771, filed August 14, 2008
(Published as WO 2009/023265 on February 19, 2009); and U.S. Provisional Patent Application
No. 60/964,715, filed August 14, 2007.

FIELD OF THE INVENTION

The present invention relates to specific binding members, particularly antibodies and
fragments thereof, which bind to amplified epidermal growth factor receptor (EGFR) and to the
in-frame deletion of exons 2 to 7 of EGFR, resulting in a truncated EGFR receptor missing 267
amino acids from the extracellular domain (de2-7 EGFR). In particular, the epitope recognized
by the specific binding members, particularly antibodies and fragments thereof, is enhanced or
evident upon aberrant post-translational modification. These specific binding members are
useful in the diagnosis and treatment of cancer. The binding members of the present invention
may also be used in therapy in combination with chemotherapeutics or anti-cancer agents and/or

with other antibodies or fragments thereof.

BACKGROUND OF RELATED TECHNOLOGY

The treatment of proliferative disease, particularly cancer, by chemotherapeutic means

often relies upon exploiting differences in target proliferating cells and other normal cells in the
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human or animal body. For example, many chemical agents are designed to be taken up by
rapidly replicating DNA so that the process of DNA replication and cell division is disrupted.
Another approach is to identify antigens on the surface of tumor cells or other abnormal cells
which are not normally expressed in developed human tissue, such as tumor antigens or
embryonic antigens. Such antigens can be targeted with binding proteins such as antibodies
which can block or neutralize the antigen. In addition, the binding proteins, including antibodies
and fragments thereof, may deliver a toxic agent or other substance which is capable of directly

or indirectly activating a toxic agent at the site of a tumor.

The EGFR is an attractive target for tumor-targeted antibody therapy because it is over-
expressed in many types of epithelial tumors (Voldborg et al. (1997). Epidermal growth factor
receptor (EGFR) and EGFR mutations, function and possible role in clinical trials. Ann Oncol. 8,
1197-206; den Eynde, B. and Scott, A. M. Tumor Antigens. In: P. J. Delves and 1. M. Roitt
(eds.), Encyclopedia of Immunology, Second Edition, pp. 2424-31. London: Academic Press
(1998)). Moreover, expression of the EGFR is associated with poor prognosis in a number of
tumor types including stomach, colon, urinary bladder, breast, prostate, endometrium, kidney and
brain (e.g., glioma). Consequently, a number of EGFR antibodies have been reported in the
literature with several undergoing clinical evaluation (Baselga et al. (2000) Phase I Studies of
Anti-Epidermal Growth Factor Receptor Chimeric Antibody C225 Alone and in Combination
With Cisplatin. J. Clin. Oncol. 18, 904; Faillot et al. (1996): A phase I study of an anti-epidermal
growth factor receptor monoclonal antibody for the treatment of malignant gliomas.
Neurosurgery. 39, 478-83; Seymour, L. (1999) Novel anti-cancer agents in development:
exciting prospects and new challenges. Cancer Treat. Rev. 25, 301-12)).

Results from studies using EGFR mAbs in patients with head and neck cancer, squamous
cell lung cancer, brain gliomas and malignant astrocytomas have been encouraging. The
antitumor activity of most EGFR antibodies is enhanced by their ability to block ligand binding
(Sturgis et al. (1994) Effects of antiepidermal growth factor receptor antibody 528 on the
proliferation and differentiation of head and neck cancer. Otolaryngol. Head Neck. Surg. 111,
633-43; Goldstein et al. (1995) Biological efficacy of a chimeric antibody to the epidermal
growth factor receptor in a human tumor xenograft model. Clin. Cancer Res. 1, 1311-8). Such
antibodies may mediate their efficacy through both modulation of cellular proliferation and

antibody dependent immune functions (e.g. complement activation). The use of these antibodies,
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however, may be limited by uptake in organs that have high endogenous levels of EGFR such as

the liver and skin (Baselga et al., 2000; Faillot et al., 1996).

A significant proportion of tumors containing amplifications of the EGFR gene (i.e.,
multiple copies of the EGFR gene) also co-express a truncated version of the receptor (Wikstrand
et al. (1998) The class III variant of the epidermal growth factor receptor (EGFR):
characterization and utilization as an immunotherapeutic target. J. Neurovirol. 4, 148-158)
known as de2-7 EGFR, AEGFR, or A2-7 (terms used interchangeably herein) (Olapade-Olaopa et
al. (2000) Evidence for the differential expression of a variant EGF receptor protein in human
prostate cancer. Br. J. Cancer. 82, 186-94). The rearrangement seen in the de2-7 EGFR results
in an in-frame mature mRNA lacking 801 nucleotides spanning exons 2-7 (Wong et al. (1992)
Structural alterations of the epidermal growth factor receptor gene in human gliomas. Proc. Natl.
Acad. Sci. U.S. A. 89, 2965-9; Yamazaki et al. (1990) A deletion mutation within the ligand
binding domain is responsible for activation of epidermal growth factor receptor gene in human
brain tumors. Jpn. J. Cancer Res. 81, 773-9; Yamazaki et al. (1988) Amplification of the
structurally and functionally altered epidermal growth factor receptor gene (c-erbB) in human
brain tumors. Mol. Cell Biol. 8, 1816-20; Sugawa et al. (1990) Identical splicing of aberrant
epidermal growth factor receptor transcripts from amplified rearranged genes in human
glioblastomas. Proc. Natl. Acad. Sci. U.S.A. 87, 8602-6). The corresponding EGFR protein has a
267 amino acid deletion comprising residues 6-273 of the extracellular domain and a novel
glycine residue at the fusion junction (Sugawa et al., 1990). This deletion, together with the
insertion of a glycine residue, produces a unique junctional peptide at the deletion interface

(Sugawa et al., 1990).

The de2-7 EGFR has been reported in a number of tumor types including glioma, breast,
lung, ovarian and prostate (Wikstrand et al. (1997) Cell surface localization and density of the
tumor-associated variant of the epidermal growth factor receptor, EGFRvVIII. Cancer Res. 57,
4130-40; Olapade-Olaopa et al. (2000) Evidence for the differential expression of a variant EGF
receptor protein in human prostate cancer. Br. J. Cancer. 82, 186-94; Wikstrand, et al. (1995)
Monoclonal antibodies against EGFRVIII in are tumor specific and react with breast and lung
carcinomas and malignant gliomas. Cancer Res. 55, 3140-8; Garcia de Palazzo et al. (1993)
Expression of mutated epidermal growth factor receptor by non-small cell lung carcinomas.

Cancer Res. 53, 3217-20). While this truncated receptor does not bind ligand, it possesses low
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constitutive activity and imparts a significant growth advantage to glioma cells grown as tumor
xenografts in nude mice (Nishikawa et al. (1994) A mutant epidermal growth factor receptor
common in human glioma confers enhanced tumorigenicity. Proc. Natl. Acad. Sci. U.S.A. 91,
7727-31) and is able to transform NIH3T3 cells (Batra et al. (1995) Epidermal growth factor
ligand independent, unregulated, cell-transforming potential of a naturally occurring human
mutant EGFRVIII gene. Cell Growth Differ. 6, 1251-9) and MCF-7 cells. The cellular
mechanisms utilized by the de2-7 EGFR in glioma cells are not fully defined but are reported to
include a decrease in apoptosis (Nagane et al. (1996) A common mutant epidermal growth factor
receptor confers enhanced tumorigenicity on human glioblastoma cells by increasing
proliferation and reducing apoptosis. Cancer Res. 56, 5079-86) and a small enhancement of

proliferation (Nagane et al., 1996).

As expression of this truncated receptor is restricted to tumor cells it represents a highly
specific target for antibody therapy. Accordingly, a number of laboratories have reported the
generation of both polyclonal (Humphrey et al. (1990) Anti-synthetic peptide antibody reacting
at the fusion junction of deletion mutant epidermal growth factor receptors in human
glioblastoma. Proc. Natl. Acad. Sci. U.S.A. 87, 4207-11) and monoclonal (Wikstrand et al.
(1995) Monoclonal antibodies against EGFRVIII are tumor specific and react with breast and
lung carcinomas and malignant gliomas; Okamoto et al. (1996) Monoclonal antibody against the
fusion junction of a deletion-mutant epidermal growth factor receptor. Br. J. Cancer. 73, 1366-
72; Hills et al. (1995) Specific targeting of a mutant, activated EGF receptor found in
glioblastoma using a monoclonal antibody. Int. J. Cancer. 63, 537-43) antibodies specific to the
unique peptide of de2-7 EGFR. A series of mouse mAbs, isolated following immunization with
the unique de2-7 peptide, all showed selectivity and specificity for the truncated receptor and
targeted de2-7 EGFR positive xenografts grown in nude mice (Wikstrand et al. (1995); Reist et
al. (1997) Improved targeting of an anti-epidermal growth factor receptor variant III monoclonal
antibody in tumor xenografts after labeling using N-succinimidyl 5-iodo-3-pyridinecarboxylate.
Cancer Res. 57, 1510-5; Reist et al. (1995) Tumor-specific anti-epidermal growth factor receptor
variant Il monoclonal antibodies: use of the tyramine-cellobiose radioiodination method

enhances cellular retention and uptake in tumor xenografts. Cancer Res. 55, 4375-82).

However, one potential shortcoming of de2-7 EGFR antibodies is that only a proportion

of tumors exhibiting amplification of the EGFR gene also express the de2-7EGFR (Ekstrand et
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al. (1992) Amplified and rearranged epidermal growth factor receptor genes in human
glioblastomas reveal deletions of sequences encoding portions of the N-and/or C-terminal tails.
Proc. Natl. Acad. Sci. U.S. A. 89, 4309-13). The exact percentage of tumors containing the de2-7
EGEFR is not completely established, because the use of different techniques (i.e. PCR versus
immunohistochemistry) and various antibodies, has produced a wide range of reported values for
the frequency of its presence. Published data indicates that approximately 25-30% of gliomas
express de2-7 EGFR with expression being lowest in anaplastic astrocytomas and highest in
glioblastoma multiforme (Wong et al. (1992); Wikstrand et al. (1998) The class III variant of the
epidermal growth factor receptor (EGFR): characterization and utilization as an
immunotherapeutic target. J. Neurovirol. 4, 148-58; Moscatello et al. (1995) Frequent expression
of a mutant epidermal growth factor receptor in multiple human tumors. Cancer Res. 55, 5536-
9). The proportion of positive cells within de2-7 EGFR expressing gliomas has been reported to
range from 37-86% (Wikstrand et al. (1997)). 27% of breast carcinomas and 17% of lung
cancers were found to be positive for the de2-7 EGFR (Wikstrand et al. (1997); Wikstrand et al.
(1995); Wikstrand et al.(1998); and Hills et al., 1995). Thus, de2-7 EGFR specific antibodies

would be expected to be useful in only a percentage of EGFR positive tumors.

Thus, while the extant evidence of activity of EGFR antibodies is encouraging, the
observed limitations on range of applicability and efficacy reflected above remain. Accordingly,
it would be desirable to develop antibodies and like agents that demonstrate efficacy with a broad
range of tumors, and it is toward the achievement of that objective that the present invention is

directed.

The citation of references herein shall not be construed as an admission that such is prior

art to the present invention.

SUMMARY OF THE INVENTION

The present invention provides isolated specific binding members, particularly antibodies
or fragment thereof, which recognizes an EGFR epitope which does not demonstrate any amino
acid sequence alterations or substitutions from wild-type EGFR and which is found in
tumorigenic, hyperproliferative or abnormal cells and is not generally detectable in normal or

wild type cells (the term "wild-type cell" as used herein contemplates a cell that expresses
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endogenous EGFR but not the de 2-7EGFR and the term specifically excludes a cell that over-
expresses the EGFR gene; the term "wild-type" refers to a genotype or phenotype or other
characteristic present in a normal cell rather than in an abnormal or tumorigenic cell). In a
further aspect, the present invention provides specific binding members, particularly antibodies
or fragments thereof, which recognizes an EGFR epitope which is found in tumorigenic,
hyperproliferative or abnormal cells and is not generally detectable in normal or wild type cells,
wherein the epitope is enhanced or evident upon aberrant post translational modification or
aberrant expression. In a particular non-limiting exemplification provided herein, the EGFR
epitope is enhanced or evident wherein post-translational modification is not complete or full to
the extent seen with normal expression of EGFR in wild type cells. In one aspect, the EGFR
epitope is enhanced or evident upon initial or simple carbohydrate modification or early
glycosylation, particularly high mannose modification, and is reduced or not evident in the

presence of complex carbohydrate modification.

The specific binding members, which may be antibodies or fragments thereof, such as
immunogenic fragments thereof, do not substantially bind to or recognize normal or wild type
cells containing normal or wild type EGFR epitope in the absence of aberrant expression and in

the presence of normal EGFR post-translational modification.

More particularly, the specific binding member of the invention, may be antibodies or
fragments thereof, which recognizes an EGFR epitope which is present in cells overexpressing
EGFR (e.g., EGFR gene is amplified) or expressing the de2-7 EGFR, particularly in the presence
of aberrant post-translational modification, and that is not generally detectable in cells expressing
EGFR under normal conditions, particularly in the presence of normal post-translational

modification.

The present inventors have discovered novel monoclonal antibodies, exemplified herein
by the antibodies designated mAb806, ch806, hu806, mAb175, mAb124, and mAb1133, which
specifically recognize aberrantly expressed EGFR. In particular, the antibodies of the present
invention recognize an EGFR epitope which is found in tumorigenic, hyperproliferative or
abnormal cells and is not generally detectable in normal or wild type cells, wherein the epitope is
enhanced or evident upon aberrant post-translational modification. The novel antibodies of the

invention also recognize amplified wild type EGFR and the de2-7 EGFR, yet bind to an epitope

6



10

15

20

25

30

distinct from the unique junctional peptide of the de2-7 EGFR mutation. The antibodies of the
present invention specifically recognize aberrantly expressed EGFR, including amplified EGFR
and mutant EGFR (exemplified herein by the de2-7 mutation), particularly upon aberrant post-
translational modification. Additionally, while these antibodies do not recognize the EGFR when
expressed on the cell surface of a glioma cell line expressing normal amounts of EGFR, they do
bind to the extracellular domain of the EGFR (sEGFR) immobilized on the surface of ELISA
plates, indicating the recognition of a conformational epitope. These antibodies bind to the
surface of A431 cells, which have an amplification of the EGFR gene but do not express the de2-
7 EGFR. Importantly, these antibodies did not bind significantly to normal tissues such as liver
and skin, which express levels of endogenous, wild type (wt) EGFR that are higher than in most

other normal tissues, but wherein EGFR is not aberrantly expressed or amplified.

The antibodies of the present invention can specifically categorize the nature of EGFR
tumors or tumorigenic cells, by staining or otherwise recognizing those tumors or cells wherein
aberrant EGFR expression, including EGFR amplification and/or EGFR mutation, particularly
de2-7EGFR, is present. Further, the antibodies of the present invention demonstrate significant in
VIVO anti-tumor activity against tumors containing amplified EGFR and against de2-7 EGFR

positive xenografts.

The unique specificity of these antibodies to bind to the de2-7 EGFR and amplified
EGFR, but not to the normal, wild type EGFR, provides diagnostic and therapeutic uses to
identify, characterize and target a number of tumor types, for example, head and neck, breast, or
prostate tumors and glioma, without the problems associated with normal tissue uptake that may

be seen with previously known EGFR antibodies.

Accordingly, the invention provides specific binding proteins, such as antibodies, which
bind to the de2-7 EGFR at an epitope which is distinct from the junctional peptide but which do
not substantially bind to EGFR on normal cells in the absence of amplification of the EGFR
gene. By amplification, it is meant to include that the cell comprises multiple copies of the EGFR

gene.

Preferably the epitope recognized by the inventive antibodies is located within the region

comprising residues 273-501 of the mature normal or wild type EGFR sequence, and preferably
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comprises residues 287-302 (SEQ ID NO:14) of the mature normal or wild type EGFR sequence.
Therefore, also provided are specific binding proteins, such as antibodies, which bind to the de2-
7 EGFR at an epitope located within the region comprising residues 273-501 and/or 287-302
(SEQ ID NO:14) of the EGFR sequence. The epitope may be determined by any conventional
epitope mapping techniques known to the person skilled in the art. Alternatively, the DNA
sequence encoding residues 273-501 and/or 287-302 (SEQ ID NO:14) could be digested, and the
resultant fragments expressed in a suitable host. Antibody binding could be determined as

mentioned above.

In a preferred aspect, the antibodies are ones which have the characteristics of the
antibodies which the inventors have identified and characterized, in particular recognizing

aberrantly expressed EGFR, as found in amplified EGFR and de2-7EGFR.

In another aspect, the invention provides antibodies capable of competing with the
inventive antibodies, under conditions in which at least 10% of an antibody having the VH and
VL chain sequences of the inventive antibodies are blocked from binding to de2-7EGFR by
competition with such an antibody in an ELISA assay. In particular, anti-idiotype antibodies are
contemplated and are exemplified herein. The anti-idiotype antibodies LMH-11, LMH-12 and
LMH-13 are provided herein.

The binding of an antibody to its target antigen is mediated through the complementarity-
determining regions(CDRs) of its heavy and light chains, with the role of CDR3 being of
particular importance. Accordingly, specific binding members based on the CDR3 regions of the
heavy or light chain, and preferably both, of the inventive antibodies will be useful specific

binding members for in vivo therapy.

Accordingly, specific binding proteins such as antibodies which are based on the
CDRs of the inventive antibodies identified, particularly the CDR3 regions, will be useful for
targeting tumors with amplified EGFR regardless of their de2-7 EGFR status. As the inventive
antibodies do not bind significantly to normal, wild type receptor, there would be no significant

uptake in normal tissue, a limitation of EGFR antibodies currently being developed.
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In another aspect, there is provided an isolated antibody capable of binding EGFR on
tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple
copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
de2-7, wherein the antibody does not bind to the de2-7 EGFR junctional peptide consisting of the
amino acid sequence of SEQ ID NO:13, wherein the antibody binds to an epitope within the
sequence of residues 287-302 (SEQ ID NO:14) of human wild-type EGFR, and wherein the
antibody does not comprise a heavy chain variable region sequence having the amino acid
sequence set forth in SEQ ID NO:2 and does not comprise a light chain variable region sequence

having the amino acid sequence set forth in SEQ ID NO:4.

In another aspect, there is provided an isolated antibody wherein the antibody comprises a
heavy chain and a light chain, the heavy chain having the amino acid sequence set forth in SEQ

ID NO:42, and the light chain having the amino acid sequence set forth in SEQ ID NO:47.

In another aspect, there is provided an isolated antibody wherein the antibody comprises a
heavy chain and a light chain, the heavy chain having the amino acid sequence set forth in SEQ

ID NO:129, and the light chain having the amino acid sequence set forth in SEQ ID NO:134.

In another aspect, there is provided an isolated antibody, wherein the antibody comprises
a heavy chain and a light chain, the heavy chain having the amino acid sequence set forth in SEQ

ID NO:22, and the light chain having the amino acid sequence set forth in SEQ ID NO:27.

In another aspect, there is provided an isolated antibody, wherein the antibody comprises
a heavy chain and a light chain, the heavy chain having the amino acid sequence set forth in SEQ

ID NO:32, and the light chain having the amino acid sequence set forth in SEQ ID NO:37.

In another aspect, there is provided an isolated antibody, wherein the antibody comprises
a heavy chain and a light chain, wherein the variable region of the heavy chain comprises
polypeptide binding domain regions having amino acid sequences highly homologous to the

amino acid sequences set forth in SEQ ID NOS:44, 45, and 46.

In another aspect, there is provided an isolated antibody, wherein the antibody comprises

a heavy chain and a light chain, wherein the variable region of the light chain comprises
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polypeptide binding domain regions having amino acid sequences highly homologous to the

amino acid sequences set forth in SEQ ID NOS:49, 50, and 51.

In another aspect, there is provided an isolated antibody, wherein the antibody comprises
a heavy chain and a light chain, wherein the variable region of the heavy chain comprises
polypeptide binding domain regions having amino acid sequences highly homologous to the

amino acid sequences set forth in SEQ ID NOS:130, 131, and 132.

In another aspect, there is provided an isolated antibody, wherein the antibody comprises
a heavy chain and a light chain, wherein the variable region of the light chain comprises
polypeptide binding domain regions having amino acid sequences highly homologous to the

amino acid sequences set forth in SEQ ID NOS:135, 136, and 137.

In another aspect, there is provided an isolated antibody, wherein the antibody comprises
a heavy chain and a light chain, wherein the variable region of the heavy chain comprises
polypeptide binding domain regions having amino acid sequences highly homologous to the

amino acid sequences set forth in SEQ ID NOS:23, 24, and 25.

In another aspect, there is provided an isolated antibody, wherein the antibody comprises
a heavy chain and a light chain, wherein the variable region of the light chain comprises
polypeptide binding domain regions having amino acid sequences highly homologous to the

amino acid sequences set forth in SEQ ID NOS:28, 29, and 30.

In another aspect, there is provided an isolated antibody, wherein the antibody comprises
a heavy chain and a light chain, wherein the variable region of the heavy chain comprises
polypeptide binding domain regions having amino acid sequences highly homologous to the

amino acid sequences set forth in SEQ ID NOS:33, 34, and 35.

In another aspect, there is provided an isolated antibody, wherein the antibody comprises
a heavy chain and a light chain, wherein the variable region of the light chain comprises
polypeptide binding domain regions having amino acid sequences highly homologous to the

amino acid sequences set forth in SEQ ID NOS:38, 39, and 40.
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In another aspect, there is provided an isolated antibody, wherein the isolated antibody is

the form of an antibody F(ab')2, scFv fragment, diabody, triabody or tetrabody.

In another aspect, there is provided an isolated antibody further comprising a detectable

or functional label.

In another aspect, the detectable or functional label is a covalently attached drug.

In another aspect, the label is a radiolabel.

In another aspect, there is provided an isolated antibody, wherein the isolated antibody is

peglyated.

In another aspect, there is provided an isolated nucleic acid which comprises a sequence

encoding an isolated antibody recited herein.

In another aspect, there is provided a method of preparing an isolated antibody,
comprising expressing a nucleic acid as recited above and herein under conditions to bring about

expression of the antibody, and recovering the antibody.

In another aspect, there is provided a method of treatment of a tumor in a human patient
which comprises administering to the patient an effective amount of an isolated antibody recited
herein.

In another aspect, there is provided a kit for the diagnosis of a tumor in which EGFR 1is
aberrantly expressed or in which EGFR is expressed in the form of a truncated protein,
comprising an isolated antibody recited herein.

In another aspect, the kit further comprises reagents and/or instructions for use.

In another aspect, there is provided a pharmaceutical composition comprising an isolated

antibody as recited herein.
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In another aspect, the pharmaceutical composition further comprises a pharmaceutically

acceptable vehicle, carrier or diluent.

In another aspect, the pharmaceutical composition further comprises an anti-cancer agent
selected from the group consisting of chemotherapeutic agents, anti-EGFR antibodies,

radioimmunotherapeutic agents, and combinations thereof.

In another aspect, the chemotherapeutic agents are selected from the group consisting of
tyrosine kinase inhibitors, phosphorylation cascade inhibitors, post-translational modulators, cell
growth or division inhibitors (e.g. anti-mitotics), signal transduction inhibitors, and combinations

thereof.

In another aspect, the tyrosine kinase inhibitors are selected from the group consisting of

AG1478, ZD1839,STI571, OSI-774, SU-6668, and combinations thereof.

In another aspect, the anti-EGFR antibodies are selected from the group consisting of the
anti-EGFR antibodies 528,225, SC-03,DR&. 3, L8A4, Y10, ICR62, ABX-EGF, and combinations
thereof.

In another aspect, there is provided a method of preventing and/or treating cancer in
mammals, comprising administering to a mammal a therapeutically effective amount of a

pharmaceutical composition as recited herein.

In another aspect, there is provided a method for the treatment of brain-resident cancers
that produce aberrantly expressed EGFR in mammals, comprising administering to a mammal a

therapeutically effective amount of a pharmaceutical composition as recited herein.

In another aspect, the brain-resident cancers are selected from the group consisting of
glioblastomas, medulloblastomas, meningiomas, neoplastic astrocytomas and neoplastic

arteriovenous malformations.

In another aspect, there is provided a unicellular host transformed with a recombinant

DNA molecule which encodes an isolated antibody recited herein.
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In another aspect, the unicellular host is selected from the group consisting of E. coli,
Pseudomonas, Bacillus, Streptomyces, yeasts, CHO, YB/20, NSO,SP2/0, RI1.1, B-W, L-M, COS
1, COS 7, BSC1, BSC40, and BMT10 cells, plant cells, insect cells, and human cells in tissue

culture.

In another aspect, there is provided a method for detecting the presence of amplified
EGFR, de2-7EGFR or EGFR with high mannose glycosylation wherein the EGFR is measured
by: (a) contacting a biological sample from a mammal in which the presence of amplified EGFR,
de2-7EGFR or EGFR with high mannose glycosylation is suspected with an isolated antibody of
claim 1 under conditions that allow binding of the EGFR to the isolated antibody to occur; and
(b) detecting whether binding has occurred between the EGFR from the sample and the isolated
antibody; wherein the detection of binding indicates that presence or activity of the EGFR in the

sample.

In another aspect of the method of detecting the presence of amplified EGFR, de2-
7EGFR or EGFR with high mannose glycosylation, the detection of the presence of the EGFR

indicates the existence of a tumor or cancer in the mammal.

In another aspect, there is provided an isolated antibody capable of binding EGFR on
tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple
copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
de2-7, wherein the antibody comprises a heavy chain and a light chain, the heavy chain having an
amino acid sequence that is substantially homologous to the amino acid sequence set forth in
SEQ ID NO:42, and the light chain having an amino acid sequence that is substantially
homologous to the amino acid sequence set forth in SEQ ID NO:47.

In another aspect, the heavy chain of the antibody comprises the amino acid sequence set
forth in SEQ ID NO:42, and wherein the light chain of the antibody comprises the amino acid
sequence set forth in SEQ ID NO:47.

In another aspect, there is provided an isolated antibody capable of binding EGFR on

tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple
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copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
de2-7, wherein the antibody comprises a heavy chain and a light chain, wherein the variable
region of the heavy chain comprises polypeptide binding domain regions having amino acid
sequences highly homologous to the amino acid sequences set forth in SEQ ID NOS:44, 45, and
46, and wherein the variable region of the light chain comprises polypeptide binding domain
regions having amino acid sequences highly homologous to the amino acid sequences set forth in

SEQ ID NOS:49, 50, and 51.

In another aspect, there is provided an isolated antibody capable of binding EGFR on
tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple
copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
de2-7, wherein the antibody comprises a heavy chain and a light chain, the heavy chain having an
amino acid sequence that is substantially homologous to the amino acid sequence set forth in
SEQ ID NO:129, and the light chain having an amino acid sequence that is substantially
homologous to the amino acid sequence set forth in SEQ ID NO:134.

In another aspect, the heavy chain of the antibody comprises the amino acid sequence set
forth in SEQ ID NO:129, and wherein the light chain of the antibody comprises the amino acid
sequence set forth in SEQ ID NO:134.

In another aspect, there is provided an isolated antibody capable of binding EGFR on
tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple
copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
de2-7, wherein the antibody comprises a heavy chain and a light chain, wherein the variable
region of the heavy chain comprises polypeptide binding domain regions having amino acid
sequences highly homologous to the amino acid sequences set forth in SEQ ID NOS:130, 131,
and 132, and wherein the variable region of the light chain comprises polypeptide binding
domain regions having amino acid sequences highly homologous to the amino acid sequences set

forth in SEQ ID NOS:135, 136, and 137.

In another aspect, there is provided an isolated antibody capable of binding EGFR on
tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple

copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
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de2-7, wherein the antibody comprises a heavy chain and a light chain, the heavy chain having an
amino acid sequence that is substantially homologous to the amino acid sequence set forth in
SEQ ID NO:22, and the light chain having an amino acid sequence that is substantially
homologous to the amino acid sequence set forth in SEQ ID NO:27.

In another aspect, the heavy chain of the antibody comprises the amino acid sequence set
forth in SEQ ID NO:22, and wherein the light chain of the antibody comprises the amino acid
sequence set forth in SEQ ID NO:27.

In another aspect, there is provided an isolated antibody capable of binding EGFR on
tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple
copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
de2-7, wherein the antibody comprises a heavy chain and a light chain, wherein the variable
region of the heavy chain comprises polypeptide binding domain regions having amino acid
sequences highly homologous to the amino acid sequences set forth in SEQ ID NOS:23, 24, and
25, and wherein the variable region of the light chain comprises polypeptide binding domain
regions having amino acid sequences highly homologous to the amino acid sequences set forth in

SEQ ID NOS:28, 29, and 30.

In another aspect, there is provided an isolated antibody capable of binding EGFR on
tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple
copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
de2-7, wherein the antibody comprises a heavy chain and a light chain, the heavy chain having an
amino acid sequence that is substantially homologous to the amino acid sequence set forth in
SEQ ID NO:32, and the light chain having an amino acid sequence that is substantially
homologous to the amino acid sequence set forth in SEQ ID NO:37.

In another aspect, the heavy chain of the antibody comprises the amino acid sequence set
forth in SEQ ID NO:32, and wherein the light chain of the antibody comprises the amino acid
sequence set forth in SEQ ID NO:37.

In another aspect, there is provided an isolated antibody capable of binding EGFR on tumors

containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple copies
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of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor de2-7,
wherein the antibody comprises a heavy chain and a light chain, wherein the variable region of
the heavy chain comprises polypeptide binding domain regions having amino acid sequences
highly homologous to the amino acid sequences set forth in SEQ ID NOS:33, 34, and 35, and
wherein the variable region of the light chain comprises polypeptide binding domain regions
having amino acid sequences highly homologous to the amino acid sequences set forth in SEQ

ID NOS:38, 39, and 40.

In another aspect, there is provided an isolated antibody capable of binding EGFR on
tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple
copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
de2-7, wherein the antibody does not bind to the de2-7 EGFR junctional peptide consisting of the
amino acid sequence of SEQ ID NO:13, wherein the antibody binds to an epitope within the
sequence of residues 287-302 of human wild-type EGFR,

the antibody comprising a light chain and a heavy chain, wherein the variable region of
the light chain comprises a first polypeptide binding domain region having an amino acid

sequence corresponding to the amino acid sequence set forth in Formula I:

HSSQDIXaa;SNIG (D),

wherein Xaa, is an amino acid residue having an uncharged polar R group (SEQ ID

NO:151);

a second polypeptide binding domain region having an amino acid sequence

corresponding to the amino acid sequence set forth in Formula II:

HGTNLXaa,D (II),

wherein Xaa; is an amino acid residue having a charged polar R group (SEQ ID NO:152);

and a third polypeptide binding domain region having an amino acid sequence

corresponding to the amino acid sequence set forth in Formula III:
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VQYXaa;QFPWT (III),

wherein Xaaj is selected from the group consisting of A, G, and an amino acid residue

which is conservatively substituted for A or G (SEQ ID NO:153); and

wherein the variable region of the heavy chain comprises a first polypeptide binding
domain region having an amino acid sequence corresponding to the amino acid sequence set
forth in Formula I'V:

SDXaa,AWN (IV),

wherein Xaay is selected from the group consisting of F, Y, and an amino acid residue

which is conservatively substituted for F or Y (SEQ ID NO:154);

a second polypeptide binding domain region having an amino acid sequence

corresponding to the amino acid sequence set forth in Formula V, Formula VI, or Formula VII:

YISYSGNTRYXaasPSLKS (V),

wherein Xaas is an amino acid residue having an uncharged polar R group (SEQ ID

NO:155),

YISYSXaagNTRYNPSLKS (VI),

wherein Xaag is selected from the group consisting of G, A, and an amino acid residue

which is conservatively substituted for G or A (SEQ ID NO:156),

YISYSGNTRYNPSLXaa;S (VII),

and Xaajs is a basic amino acid residue (SEQ ID NO:157); and

a third polypeptide binding domain region having an amino acid sequence corresponding

to the amino acid sequence set forth in Formula VIII:

17



10

15

20

25

30

XaagTAGRGFPY (VIII),
wherein Xaag is selected from the group consisting of V, A, and an amino acid residue
which is conservatively substituted for V or A (SEQ ID NO:158),
and wherein the antibody does not comprise a heavy chain variable region sequence
having the amino acid sequence set forth in SEQ ID NO:2 and does not comprise a light chain

variable region sequence having the amino acid sequence set forth in SEQ ID NO:4.

In another aspect, X118 N; Xqa0 18 D; Xpa3 1S A Xaaa 1S F; Xaas 1s an amino acid residue

having an uncharged polar R group; Xaa6 1s G; Xaa7 18 K; and Xp,g is V.

In another aspect, X,5 is N or Q.

In another aspect, X,,11s N or S.

In another aspect, X2 is D or E.

In another aspect, X3 is A or G.

In another aspect, X4 is For Y.

In another aspect, X,5 is N or Q.

In another aspect, Xu.6 1s G or A, and X,,7 1s independently K or R.

In another aspect, Xy, is V or A.

In another aspect, there is provided an isolated antibody capable of binding EGFR on

tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple

copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor

de2-7, wherein the antibody does not bind to the de2-7 EGFR junctional peptide consisting of the
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amino acid sequence of SEQ ID NO:13, wherein the antibody binds to an epitope within the
sequence of residues 273-501 of human wild-type EGFR,

the antibody comprising a light chain and a heavy chain, wherein the variable region of
the light chain comprises a first polypeptide binding domain region having the amino acid
sequence HSSQDINSNIG (SEQ ID NO:18); a second polypeptide binding domain region having
the amino acid sequence HGTNLDD (SEQ ID NO:19); and a third polypeptide binding domain
region having the amino acid sequence VQYAQFPWT (SEQ ID NO:20),

wherein the variable region of the heavy chain comprises a first polypeptide binding
domain region having the amino acid sequence SDFAWN (SEQ ID NO:15); a second
polypeptide binding domain region having an amino acid sequence corresponding to the amino

acid sequence set forth in Formula IX:

YISYSGNTRY X,,0PSLKS (IX)

wherein X,,9 1s an amino acid residue having an uncharged polar R group (SEQ ID

NO:159); and

a third polypeptide binding domain region having the amino acid sequence

VTAGRGFPY (SEQ ID NO:17).

In another aspect, the antibody binds to an epitope within the sequence of residues 287-

302 (SEQ ID NO:14) of human wild-type EGFR.

In another aspect, X9 is N or Q.

In another aspect, the binding domain regions are carried by a human antibody

framework.

In another aspect, the human antibody framework is a human IgG1 antibody framework.

In another aspect, there is provided an isolated antibody capable of binding EGFR on
tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple

copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
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de2-7, wherein the antibody comprises a heavy chain and a light chain, the heavy chain having an
amino acid sequence that is substantially homologous to the amino acid sequence set forth in
SEQ ID NO:2, and the light chain having an amino acid sequence that is substantially
homologous to the amino acid sequence set forth in SEQ ID NO:4.

In another aspect, the heavy chain of the antibody comprises the amino acid sequence set
forth in SEQ ID NO:2, and wherein the light chain of the antibody comprises the amino acid
sequence set forth in SEQ ID NO:4.

In another aspect, there is provided, an isolated antibody capable of binding EGFR on
tumors containing amplifications of the EGFR gene, wherein cells of the tumors contain multiple
copies of the EGFR gene, and on tumors that express the truncated version of the EGFR receptor
de2-7, wherein the antibody comprises a heavy chain and a light chain, wherein the variable
region of the heavy chain comprises polypeptide binding domain regions having amino acid
sequences highly homologous to the amino acid sequences set forth in SEQ ID NOS:15, 16, and
17, and wherein the variable region of the light chain comprises polypeptide binding domain
regions having amino acid sequences highly homologous to the amino acid sequences set forth in

SEQ ID NOS:18, 19, and 20.
Other objects and advantages will become apparent to those skilled in the art from a
review of the ensuing detailed description, which proceeds with reference to the following

illustrative drawings, and the attendant claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 presents the results of flow cytometric analysis of glioma cell lines. US7MG (light
gray histograms) and U87MG.A2-7 (dark gray histograms) cells were stained with either an
irrelevant IgG2b antibody (open histograms), DHS8.3 (specific for de2-7 EGFR), mAb806 or 528
(binds both wild type and de2-7 EGFR) as indicated.

FIGS.2A-D present the results of ELISA of mAb806, mAbDHS.3 and mAb528. (A)
binding of increasing concentrations of mAb806 (A) DHS8.3 (®) or 528 (W) antibody to sSEGFR
coated ELISA plates. (B) inhibition of mAb806 and mAb528 binding to SEGFR coated ELISA
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plates by increasing concentrations of soluble EGFR (sEGFR) in solution. (C) binding of
increasing concentrations of DHS.3 to the de2-7 junctional peptide illustrates binding curves for

mAb806 and mAb528 to immobilized wild-type sEGFR (D).

FIGS.2E and 2F graphically present the results of BIAcore binding studies using
C-terminal biotinylated peptide and including a monoclonal antibody of the invention, along with
other known antibodies, among them the L8 A4 antibody which recognizes the junction peptide

of the de2-7 EGFR mutant, and controls.

FIG.3 depicts the internalization of mAb806 and the DH8.3 antibody. U887MG.A2-7 cells
were pre-incubated with mAb806 (A) or DHS8.3 (e) at 4°C, transferred to 37°C and

internalization determined by FACS. Data represents mean internalization at each time point +

SE of 3 (DH8.3) or 4 (mAb806) separate experiments.

FIGS.4A and 4B illustrate biodistribution (% ID/g tumor tissue) of radiolabeled (a) 1251
mAb806 and (b) *'I-DHS.3 in nude mice bearing US7MG and US7MG.A2-7 xenografts. Each

point represents the mean of 5 mice + SE except for 1 hr where n = 4.

FIGS.5A and 5B illustrate biodistribution of radiolabeled *’I-mAb806 (open bar) and
B11_DHS.3 (filled bar) antibodies expressed as (a) tumor:blood or (b) tumor:liver ratios in nude
mice bearing US§7MG.A2-7 xenografts. Each bar represents the mean of 5 mice + SE except for

1 hr wheren =4

FIGS.6A-C illustrate flow cytometric analysis of cell lines containing amplification of the
EGFR gene. A431 cells were stained with either mAb806, DHS8.3 or 528 (black histograms) and

compared to an irrelevant [gG2b antibody (open histogram).

FIGS.7A and 7B illustrate biodistribution (% ID/g tumor tissue) of radiolabeled (a) 1257
mAb806 and (b) "*'I-528 in nude mice bearing US7MG.A2-7 and A431 xenografts.

FIGS.8A-D illustrate biodistribution of radiolabeled '*’I-mAb806 (open bar) and "*'1-528
(filled bar) and antibodies expressed as (A, B) tumor:blood or (C, D) tumor:liver ratios in nude

mice bearing (A, C) US87MG.A2-7 and (B, D) A431 xenografts.
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FIGS.9A and 9B illustrate anti-tumor effect of mAb806 on (A) US7MG and (B)
U87MG.A2- 7 xenograft growth rates in a preventative model. 3 x 10° U87MG or US7MG.A2-7
cells were injected s.c. into both flanks of 4 - 6 week old BALB/c nude mice, (n = 5) at day 0.
Mice were injected i.p. with either 1 mg of mAb806 (e); 0.1 mg of mAb806 (A) ; or vehicle (0)
starting one day prior to tumor cell inoculation. Injections were given three times per week for

two weeks as indicated by the arrows. Data are expressed as mean tumor volume + S.E.

FIGS.10A, 10B, and 10C illustrate the anti-tumor effect of mAb806 on (A) US7MG, (B)
U87MG.A2-7 and (C) U87MG.wtEGFR xenografts in an established model. 3 x 10° US7MG,
U87MG.A2-7, or US7MG.WtEGFR cells, were injected s.c. into both flanks of 4 - 6 week old
BALB/c nude mice, (n = 5). Mice were injected i.p. with either 1 mg doses of mAb806 (e); 0.1
mg doses of mAb806 (A); or vehicle (o) starting when tumors had reached a mean tumor

volume of 65 — 80 mm’. Injections were given three times per week for two weeks as indicated

by the arrows. Data are expressed as mean tumor volume + S.E.

FIGS.11A and 11B illustrate anti-tumor effect of mAb806 on A431 xenografts in (A)
preventative and (B) established models. 3 x 10° A431 cells were injected s.c. into both flanks of
4 - 6 week old BALB/c nude mice (n =5). Mice were injected i.p. with either 1 mg doses of
mAb806 (e); or vehicle (0), starting one day prior to tumor cell inoculation in the preventative
model, or when tumors had reached a mean tumor volume of 200 mm’. Injections were given
three times per week for two weeks as indicated by the arrows. Data are expressed as mean

tumor volume + S.E.

FIG.12 illustrates the anti-tumor effect of treatment with mAb806 combined with
treatment with AG1478 on A431 xenografts in a preventative model. Data are expressed as

mean tumor volume + S.E.

FIG.13 depicts mAb806 binding to A431 cells in the presence of increasing
concentrations of AG1478 (0.5uM and 5uM).

FIGS.14A and 14B illustrate the (A) nucleic acid sequence and the (B) amino acid

translation thereof of the 806 VH chain gene (SEQ ID NO:1 and SEQ ID NO:2, respectively).
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FIGS.15A and 15B illustrate the (A) nucleic acid sequence and the (B) amino acid
translation thereof of the 806 VL chain gene (SEQ ID NO:3 and SEQ ID NO:4, respectively).

FIG.16 shows the VH chain sequence (SEQ ID NO:2) numbered according to Kabat, with
the CDRs (SEQ ID NOS:15, 16 and 17) underlined. Key residues of the VH chain sequence
(SEQ ID NO:2) are 24, 37, 48, 67 and 78.

FIG.17 shows the VL chain sequence (SEQ ID NO:4) numbered according to Kabat, with
the CDRs (SEQ ID NOS:18, 19 and 20) underlined. Key residues of the VL chain sequence
(SEQ ID NO:4) are 36, 46, 57 and 71.

FIGS.18A-18D show the results of in vivo studies designed to determine the therapeutic
effect of combination antibody therapy, particularly mAb806 and the 528 antibody. Mice
received inoculations of U§7MG.D2-7 (A and B),U87MG.DK (C), or A431 (D) cells.

FIGS.19 A-D show analysis of internalization by electron microscopy. U87MG.A2-7
cells were pre-incubated with mAb806 or DH8.3 followed by gold conjugated anti-mouse IgG at
4°C, transferred to 37°C and internalization examined at various time points by electron
microscopy. (A) localization of the DH8.3 antibody to a coated pit (arrow) after 5 min; (B)
internalization of mAb806 by macropinocytosis (arrow) after 2 min; (C) localization of DHS8.3 to
lysosomes (arrow) after 20 min; (D) localization of mAb806 to lysosomes (arrow) after 30 min.

Original magnification for all images is X30,000.

FIG.20 shows autoradiography of a U§7MG.A2-7 xenograft section collected 8 hr after
injection of '*I-mAb806.

FI1G.21 shows flow cytometric analysis of cell lines containing amplification of the
EGFR gene. HNS5 and MDA-468 cells were stained with an irrelevant IgG2b antibody (open
histogram with dashed line), mAb806 (black histogram) or 528 (open histogram with closed
lines). The DHS.3 antibody was completely negative on both cell lines (data not shown).
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FIG.22 shows immunoprecipitation of EGFR from cell lines. The EGFR was
immunoprecipitated from **S-labeled U87MG.A2-7 or A431 cells with mAb806, sc-03 antibody
or a IgG2b isotype control. Arrows at the side indicate the position of the de2-7 and wt EGFR.

Identical banding patterns were obtained in 3 independent experiments.

FIG.23 shows autoradiography of an A431 xenograft section collected 24 hr after

2-mAb806, areas of localization to viable tissue are indicated (arrows).

injection of

FIGS.24A and 24B show extended survival of nude mice bearing intracranial
U87MG.AEGFR (A) and LN-Z308.AEGFR (B) xenografts with systemic mAb806 treatment.
US7MG.EGFR cells (1 x 10°) or LN-Z308.AEGFR cells (5 x 10°) were implanted into nude mice
brains, and the animals were treated with either mAb806, PBS, or isotype IgG from post-
implantation days 0 through 14.

FIGS.24C and 24D show growth inhibition of intracranial tumors by mAb806 treatment.
Nude mice (five per group), treated with either mAb806 or the isotype IgG control, were
euthanized on day 9 for US7MG.EGFR (C) and on day 15 for LN-Z308.AEGFR (D), and their
brains were harvested, fixed, and sectioned. Data were calculated by taking the tumor volume of
control as 100%. Values are mean + SD. «x, P <0.001; control versus mAb806. Arrowheads,

tumor tissue.

FIG.24E shows extended survival of nude mice bearing intracranial U87MG.AEGFR
xenografts with intratumoral mAb806 treatment. U87MG.AEGFR cells were implanted as
described. 10mg of mAb806 or isotype IgG control in a volume of Sul were injected at the

tumor-injection site every other day starting at day 1 for five times.

FIGS.25A, 25B, and 25C show that mAb806 extends survival of mice with
U87MG.wtEGFR brain tumors but not with U§7MG.DK. or U87MG brain tumors. US7MG (A),
U87MG.DK (B), or US7MG.wtEGFR (C) cells (5 x 10°) were implanted into nude mice brains,
and the animals were treated with mAb806 from post-implantation days 0 through 14 followed

by observation after discontinuation of therapy.
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FIG.26A shows FACS analysis of mAb806 reactivity with US7MG cell lines. US7TMG,
U87MG.AEGFR, U87MG.DK, and U87MG.wtEGFR cells were stained with anti-EGFR mAbs
528, EGFR.1, and anti-AEGFR antibody, mAb806. Monoclonal EGFR. 1 antibody recognized
wtEGFR exclusively and monoclonal 528 antibody reacted with both wtEGFR and AEGFR.
mAb806 reacted intensively with U87MG.AEGFR and U87MG.DK and weakly with
U87MG.wtEGFR. Bars on the abscissa, maximum staining of cells in the absence of primary

antibody. Results were reproduced in three independent experiments.

FI1G.26B shows mAb806 immunoprecipitation of EGFR forms. Mutant and wtEGFR
were immunoisolated with anti-EGFR antibodies, 528, EGFR. 1, or anti-AEGFR antibody,
mAb806, from (Lane 1) US7MG, (Lane 2) US7A.EGFR, (Lane 3) US7MG.DK, and (Lane 4)
U87MG.wtEGFR cells, and were then detected by Western blotting with anti-pan EGFR
antibody, C13.

FIGS.27A and 27B show that systemic treatment with mAb806 decreases the
phosphorylation of AEGFR and Bel-XL expression in US7MG.AEGFR brain tumors.
US7MG.AEGFR tumors were resected at day 9 of mAb806 treatment, immediately frozen in
liquid nitrogen and stored at -80°C before tumor lysate preparation.

(A) Western blot analysis of expression and the degree of autophosphorylation of
AEGFR. Thirty png of tumor lysates were subjected to SDS-polyacrylamide gels, transferred to
nitrocellulose membranes, and probed with anti-phosphotyrosine mAb, then were stripped and
re-probed with anti-EGFR antibody, C13.

(B) Western blotting of Bcl-XL by using the same tumor lysates as in (A). Membranes
were probed with anti-human Bcl-X polyclonal antibody. Lanes 1 and 2, U§7MG.AEGFR brain
tumors treated with isotype control; Lanes 3 and 4, U87MG.AEGFR brain tumors treated with
mAb806.

FI1G.28 shows mADb806 treatment leads to a decrease in growth and vasculogenesis and to
increases in apoptosis and accumulating macrophages in U87MG.AEGFR tumors. Tumor
sections were stained for Ki-67. Cell proliferative index was assessed by the percentage of total
cells that were Ki-67 positive from four randomly selected high power fields (X400) in

intracranial tumors from four mice of each group. Data are the mean + SE. Apoptotic cells were
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detected by TUNEL assay. Apoptotic index was assessed by the ratio of TUNEL-positive cells:
total number of cells from four randomly selected high-power fields (X400) in intracranial
tumors from four mice of each group. Data are the mean = SE. Tumor sections were
immunostained with anti-CD31 antibody. MV As were analyzed by computerized image analysis
from four randomly selected fields (X200) from intracranial tumors from four mice of each
group. Peritumoral infiltrates of macrophages in mAb806-treated U87MG.AEGFR tumors.

Tumor sections were stained with anti-F4/80 antibody.

FI1G.29 shows flow cytometric analysis of parental and transfected US7MG glioma cell
lines. Cells were stained with either an irrelevant IgG2b antibody (open histograms) or the 528

antibody or mAb806 (filled histograms) as indicated.

FI1G.30 shows immunoprecipitation of EGFR from cell lines. The EGFR was
immunoprecipitated from *°S-labeled U87MG.wtEGFR, US7MG.A2-7, and A431 cells with
mADb806 (806), sc-03 antibody (c-term), or a IgG2b isotype control (con). Arrows, position of
the de2-7 and wt EGFR.

FIG.31 shows representative H&E-stained paraffin sections of U§7MG.A2-7 and
U87MG.wtEGFR xenografts. U87MG.A2-7 (collected 24 days after tumor inoculation) and
U87MG.wtEGFR (collected 42 days after tumor inoculation) xenografts were excised from mice
treated as described in FIG.10 above, and stained with H&E. Vehicle-treated US7TMG.A2-7
(collected 18 days after tumor inoculation) and U§7MG.wtEGFR (collected 37 days after tumor
inoculation) xenografts showed very few areas of necrosis (left panel), whereas extensive
necrosis (arrows) was observed in both U§7MG.A2-7 and US7MG.wtEGFR xenografts treated
with mAb806 (right panel).

FIG.32 shows immunohistochemical analysis of EGFR expression in frozen sections
derived from U87MG, US7MG.A2-7, and US7MG.wtEGFR xenografts. Sections were collected
at the time points described in FIG.31 above. Xenograft sections were immunostained with the
528 antibody (left panel) and mAb806 (right panel). No decreased immunoreactivity to either
wtEGFR, amplified EGFR, or de2-7 EGFR was observed in xenografts treated with mAb806.
Consistent with the in vitro data, parental U§7MG xenografts were positive for 528 antibody but

were negative for mAb806 staining.
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FI1G.33 shows a schematic representation of generated bicistronic expression constructs.
Transcription of the chimeric antibody chains is initiated by Elongation Factor-1 promoter and
terminated by a strong artificial termination sequence. IRES sequences were introduced between

coding regions of light chain and NeoR and heavy chain and dhfr gene.

FIGS.34A and 34B show biodistribution analysis of the ch806 radiolabeled with either
(A) "I or (B) ""'In was performed in BALB/c nude mice bearing U§7MG-de2-7 xenograft
tumors. Mice were injected with 5 pg of radiolabeled antibody and in groups of 4 mice per time
point, sacrificed at either 8, 28, 48 or 74 hours. Organs were collected, weighed and radioactivity

measured in a gamma counter.

FIGS.35A and 35B depict (A) the % ID gram tumor tissue and (B) the tumor to blood
ratio. Indium-111 antibody shows approximately 30% ID/gram tissue and a tumor to blood ratio

of 4.0.

FI1G.36 depicts the therapeutic efficacy of chimeric antibody ch806 in an established
tumor model. 3 x 10° U§7MG.A2-7 cells in 100 pul of PBS were inoculated s.c. into both flanks
of 4 — 6 week old female nude mice. mAb806 was included as a positive control. Treatment was
started when tumors had reached a mean volume of 50 mm’ and consisted of 1 mg of ch806 or
mADb8O06 given i.p. for a total of 5 injections on the days indicated. Data was expressed as mean

tumor volume + S.E. for each treatment group.

FI1G.37 shows CDC Activity on Target (A) US7MG.de2-7 and (B) A431 cells for anti-
EGFR chimeric IgGI antibodies ch806 and control cG250. Mean (bars; + SD) percent

cytotoxicity of triplicate determinations are presented.

FI1G.38 shows ADCC on target (A) US7MG.de2-7 and (B) A431 cells at Effector:Target
cell ratio of 50:1 mediated by ch806 and isotype control cG250 (0-10 pg/ml). Results are

expressed as mean (bars; + SD) percent cytotoxicity of triplicate determinations.

FI1G.39 shows ADCC mediated by 1 pg/ml parental mAb806 and ch806 on target
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US87MG.de2-7 cells over a range of Effector:Target ratios. Mean (bars; + SD) of triplicate

determinations are presented.

FIG. 40 shows twenty-five hybridomas producing antibodies that bound ch806 but not
hulgG were initially selected. Four of these anti-ch806 hybridomas with high affinity binding
(clones 3E3, 5B8, 9D6 and 4D8) were subsequently pursued for clonal expansion from single
cells by limiting dilution and designated Ludwig Institute for Cancer Research Melbourne
Hybridoma (LMH) -11, -12, -13 and -14, respectively. In addition, two hybridomas that
produced mAbs specific for hulgG were also cloned and characterized further: clones 2C10

(LMH-15) and 2B8 (LMH-16).

FIGS.41A, 41B, and 41C show that after clonal expansion, the hybridoma culture
supernatants were examined in triplicate by ELISA for the ability to neutralize ch806 or mAb806
antigen binding activity with sSEGFR621. Mean (+ SD) results demonstrated the antagonist
activity of anti-idiotype mAbs LMH -11, -12, -13 and -14 with the blocking in solution of both
ch806 and murine mAb806 binding to plates coated with sSEGFR (LMH-14 not shown).

FIGS.42A, 42B, and 42C show microtitre plates that were coated with 10 pg/ml purified
(A) LMH-11, (B) LMH -12 and (C) LMH-13. The three purified clones were compared for their
ability to capture ch806 or mAb806 in sera or 1% FCS/Media and then detect bound ch806 or
mADb806. Isotype control antibodies hu3S193 and m3S193 in serum and 1% FCS/Media were
included in addition to controls for secondary conjugate avidin-HRP and ABTS substrate.
Results are presented as mean (+ SD) of triplicate samples using biotinylated-LMH-12 (10
pg/ml) for detection and indicate LMH-12 used for capture and detection had the highest
sensitivity for ch806 in serum (3 ng/ml) with negligible background binding.

FIG.43 shows validation of the optimal pharmacokinetic ELISA conditions using 1 pg/ml
anti-idiotype LMH-12 and 1 pg/ml biotinylated LMH-12 for capture and detection, respectively.
Three separate ELISAs were performed in quadruplicate to measure ch806 in donor serum (@)
from three healthy donors or 1% BSA/media (®) with isotype control hu3S193 in serum (A) or
1% BSA/media (V). Controls for secondary conjugate avidin-HRP () and ABTS substrate
(hexagon) alone were also included with each ELISA. Mean (£ SD) results demonstrate highly

reproducible binding curves for measuring ch806 (2 pg/ml — 1.6 ng/ml) in sera with a 3 ng/ml
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limit of detection. (n = 12; 1 — 100 ng/ml, Coefficient of Variation < 25%; 100 ng/ml — 5 pg/ml,
Coefficient of Variation < 15%). No background binding was evident with any of the three sera

tested and negligible binding was observed with isotype control hu3S193.

F1G.44 depicts an immunoblot of recombinant SEGFR expressed in CHO cells, blotted
with mAb806. Recombinant SEGFR was treated with PNGaseF to remove N-linked
glycosylation (deglycosylated), or untreated (untreated), the protein was run on SDS-PAGE,

transferred to membrane and immunoblotted with mAb806.

FIG.45 depicts immunoprecipitation of EGFR from *°S-labelled cell lines (US7MG.A2-7,
US7MG-wtEGFR, and A431) with different antibodies (SC-03, 806 and 528 antibodies).

FI1G.46 depicts immunoprecipitation of EGFR from different cells (A431 and
U87MG.A2-7) at different time points (time 0 to 240 minutes) after pulse-labeling with *>S

methionine/cysteine. Antibodies 528 and 806 are used for immunoprecipitation.

FI1G.47 depicts immunoprecipitation of EGFR from various cell lines (U87MGA2-7,
U87MG-wtEGFR andA431) with various antibodies (SC-03, 806 and 528) in the absence of (-)

and after Endo H digestion (+) to remove high mannose type carbohydrates.

FIG.48 depicts cell surface iodination of the A431 and U87MG.A2-7 cell lines followed
by immunoprecipitation with the 806 antibody, and with or without Endo H digestion,
confirming that the EGFR bound by mAb806 on the cell surface of A431 cells is an EndoH
sensitive form.

F1G.49 shows the pREN ch806 LC Neo Vector (SEQ ID NO:7).

FI1G.50 shows the pPREN ch806 HC DHFR Vector (SEQ ID NO:8).

FIGS.51A-D shows the mAb124 VH and VL chain nucleic acid sequences (SEQ ID
NOS:21 and 26, respectively) and amino acid sequences (SEQ ID NOS:22 and 27, respectively).
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FIGS.52A-D shows the mAb1133 VH and VL chain nucleic acid sequences (SEQ ID
NO:31 and 36, respectively) and amino acid sequences (SEQ ID NOS:32 and 37, respectively).

FIG.53 shows a DNA plasmid graphic of the combined, double gene Lonza plasmid
including pEE12.4 containing the huS806H (VH + CH) expression cartridge, and pEE6.4
containing the hu806L (VL + CL) expression cartridge.

FI1G.54 shows the DNA sequence (SEQ ID NO:41; complement SEQ ID NO:162) of the
combined Lonza plasmid described in FIG.53. This sequence also shows all translations (SEQ
ID NOS:42-51 and 163-166) relevant to the hu806 antibody. The plasmid has been sequence-
verified, and the coding sequence and translation checked. Sections of the sequence have been
shaded to identify regions of interest; the shaded regions correspond to actual splice junctions.
The color code is as follows:

(gray): signal region, initial coding sequences found at both the heavy and light-chain
variable regions;

(lavender): hu806 VH chain, veneered heavy-chain variable region;

(pink): hu806 CH chain , codon-optimized heavy-chain constant region;

(green): hu806 VL chain, veneered light-chain variable region; and

(yellow): hu806 CL chain, codon-optimized light-chain constant region.

FIGS.55A and 55B show the hu806 translated amino acid sequences (VH and VL chains
of SEQ ID NOS:164 and 166 and their respective signal peptides of SEQ ID NOS:163 and 165;
CH and CL chains of SEQ ID NOS:43 and 48), and give the Kabat numbers for the VH and VL
chains (SEQ ID NOS:164 and 165, respectively), with CDRs (SEQ ID NOS:44-46 and 49-51)

underlined.

FIGS.56A, 56B, 56C, 57A, 57B, and 57C show the initial step in veneering design, the
grading of amino acid residues in the mAb806 sequence (VH chain of SEQ ID NO:167 and VL
chain of SEQ ID NO:12) for surface exposure. Grades are given in the number of asterisks (*)
above each residue, with the most exposed residues having three asterisks. These figures include
a design indicating how the initial oligonucleotides (VH chain: FIG.56C and SEQ ID NOS:52
and 169-177; VL chain: FIG.57C and SEQ ID NOS: 62, 66, 68 and 181-187) overlapped to form
the first veneered product (VH chain of SEQ ID NO:168 and VL chain of SEQ ID NO:180).
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FI1G.58 shows a map of codon optimized hulgG1 heavy chain DNA sequence (SEQ ID
NO:80; complement SEQ ID NO:178) and amino acid translation (SEQ ID NO:43).

FIG.59 shows the protein alignment comparing the hu806 VH + CH amino acid sequence
(8C65AAG huB06 VH + CH; SEQ ID NO:81) to the original reference file for the mAb806 VH
chain (SEQ ID NO:167). Highlighted regions indicate conserved amino acid sequences in the
VH chain. The CDRs are underlined. Asterisks reflect changes that were planned and carried

out in the initial veneering process. The numbered sites are references to later modifications.

FIG. 60 shows the corresponding alignment for the hu806 VL + CL amino acid sequence
(8C65AAG hu806 signal + VL + CL; SEQ ID NO:83) to the original reference file for the
mADb806 VL chain (SEQ ID NO:179). It contains an additional file (r2vk1 hu806 signal + VL +
CL; SEQ ID NO:82), a precursor construct, which was included to illustrate the change made at

modification #7.

FIG.61 shows a nucleotide and amino acid alignment of the hu806 signal+VL and CL
sequences (8C65AAG hu806 VI+ CI; SEQ ID NOS:190 and 188) with the corresponding ch806
sequences (pREN ch806 LC Neo; LICR; SEQ ID NO:189). It has been modified and annotated
as described in FIG.62.

FIG.62 shows the nucleotide alignment of the hu806 signal+VH sequence (8C65AAG
hu806 VH chain; SEQ ID NO:192) with the corresponding mAb806 sequence [mAb806 VH
chain before codon change (cc) and veneering (ven); SEQ ID NO:191]. The nucleotide changes
behind the amino acid changes of FIGS.59 and 60 are illustrated, as well as showing conservative
nucleic acid changes that led to no change in amino acid. The intron between the signal and the
VH chain in hu806 has been removed for easier viewing. The signal sequence and CDRs are
underlined. The corresponding amino acid sequence (SEQ ID NO:42) has been superimposed on

the alignment.

FIG.63 shows binding of purified hu806 antibody obtained from transient transfectant
293 cells to recombinant EGFR-ECD as determined by Biacore. No binding to the EGFR-ECD

was observed with purified control human IgG1 antibody.
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FI1G.64 shows the GenBank formatted text document of the sequence (SEQ ID NO:41)
and annotations of plasmid 8C65AAG encoding the IgG1 hu806.

FIG.65 shows the alignment of amino acid sequences for CDRs from mAb806 (SEQ ID
NOS:15-18, 20 and 193) and mAb175 (SEQ ID NOS:130-132, 135 and 194-195). Sequence

differences between the two antibodies are bolded.

FIGS.66A and 66B show immunohistochemical staining of cell lines and normal human
liver with mAb175. (A) Biotinylated mAb175 was used to stain sections prepared from blocks
containing A431 cells (over-express the wtEGFR), U87MG.A2-7 cells (express the A2-7TEGFR)
and US7MG cells (express the wtEGFR at modest levels). (B) Staining of normal human liver
(400x) with mAb175 (left panel), isotype control (centre panel) and secondary antibody control

(right panel). No specific sinusoidal or hepatocyte staining was observed.

FIGS.67A, 67B, and 67C show the reactivity of mAb806 and mAb175 with fragments of
the EGFR displayed on yeast. (A) Representative flow cytometry histograms depicting the mean
fluorescence signal of mAb175 and mAb806-labeling of yeast-displayed EGFR fragments. With
yeast display a percentage of cells do not express protein on their surface resulting in 2 histogram
peaks. The 9E10 antibody is used as a positive control as all fragments contain a linear C-
terminal c-myc tag. (B) Summary of antibody binding to various EGFR fragments. (C) The
EGFR fragments were denatured by heating yeast pellets to 800°C for 30 min. The c-myc tag
was still recognized by the 9E10 anti-myc antibody in all cases, demonstrating that heat
treatment does not compromise the yeast surface displayed protein. The conformation sensitive

EGFR antibody mAb225 was used to confirm denaturation.

FIGS.68A, 68B, 68C, and 68D show the antitumor effects of mAb175 on brain and
prostate cancer xenografts. (A) Mice (n = 5) bearing U87MG.A2-7 xenografts were injected i.p.
with PBS, 1 mg of mAb175 or mAb806 (positive control), three times weekly for two weeks on
days 6, 8, 10, 13, 15 and 17 when the starting tumor volume was 100 mm®. Data are expressed
as mean tumor volume = SE. (B) Cells were stained with two irrelevant antibodies (blue, solid
and green, hollow), mAb 528 for total EGFR (pink, solid), mAb806 (light blue, hollow) and
mAb175 (orange, hollow) and then analyzed by FACS. (C) DU145 cells were lysed, subjected
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to IP with mAb 528, mAb806, mAb175 or two independent irrelevant antibodies and then
immunoblotted for EGFR. (D) Mice (n = 5) bearing DU145 xenografts were injected i.p. with
PBS, 1 mg of mAb175 or mAb806, daily on days 18-22, 25-29 and 39-43 when the starting

3
tumor volume was 85 mm’. Data are expressed as mean tumor volume + SE.

FIG.69A, 69B, 69C, 69D, 69E, and 69F show the crystal structures of EGFR peptide 287-
302 bound to the Fab fragments (A) Cartoon of Fab 806, with the light chain, red; heavy chain,
blue; bound peptide, yellow; and the superposed EGFRyg7.302 from EGFR, purple. (B) Cartoon of
Fab 175 with the light chain, yellow; heavy chain, green; bound peptide, lilac; and EGFR2g7.302
from EGFR(DI-3), purple. (C) Detail from (B) showing the similarity of EGFRyg7.302 in the
receptor to the peptide bound to FAb 175. Peptides backbones are shown as Ca. traces and the
interacting side chains as sticks. O atoms are colored red; N, blue; S, orange and C, as for the
main chain. (D) Superposition of EGFR with the Fabl75:peptide complex showing spacial
overlap. Coloring as in (C) with the surface of EGFR187-286 colored turquoise. (E) Orthogonal
view to (D) with EGFR187-286 shown in opaque blue and the surface of the light (orange) and
heavy (green) chains transparent. (F) Detailed stereoview of 175 Fab complex looking into the
antigen-binding site. Coloring as in (C) and side chain hydrogen bonds dotted in black. Water
molecules buried upon complex

formation are shown as red spheres.

FIGS.70A, 70B, 70C, and 70D show the influence of the 271-283 cysteine bond on
mADb8O06 binding to the EGFR. (A) Cells transfected with wtEGFR, EGFR-C271A, EGFR-
C283A or the C271A/C283 A mutant were stained with mAb528 (solid pink histogram), mAb806
(blue line) or only the secondary antibody (purple) and then analyzed by FACS. The gain was
set up using a class-matched irrelevant antibody. (B) BaF3 cells expressing the EGFR- C271A
or C271/283A EGFR were examined for their response to EGF in an MTT assay as described.
ECsos were derived using the Bolzman fit of the data points. Data represent mean and sd of
triplicate measurements. (C) BaF3 cells expressing the wild-type or the EGFR- C271A/C283A
were IL-3 and serum starved, then exposed to EGF or vehicle control. Whole cell lysates were
separated by SDS-PAGE and immunoblotted with anti-phosphotyrosine antibody (top panel) or
anti-EGFR antibody (bottom panel). (D) BaF3 cells expressing the wild-type (left panel) or the
C271A/C283A (right panel) EGFR were stimulated with increasing concentrations of EGF in the
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presence of no antibody (open symbols), mAb 528 (grey circles) or mAb806 (black triangles),

both at 10 pg/ml. Data are expressed as mean and sd of triplicate measurements.

FIGS.71A, 71B, and 71C show: (A) Whole body gamma camera image of the
biodistribution of '''In ch806 in a patient with metastatic squamous cell carcinoma of the vocal
cord, showing quantitative high uptake in tumor in the right neck (arrow). Blood pool activity,

and minor catabolism of free '!!

In in liver, is also seen. (B) Single Photon Computed
Tomography (SPECT) image of the neck of this patient, showing uptake of '''In-ch806 in viable
tumor (arrow), with reduced central uptake indicating necrosis. (C) Corresponding CT scan of

the neck demonstrating a large right neck tumor mass (arrow) with central necrosis.

FIGS.72A and 72B show a stereo model of the structure of the untethered EGFRI-621.
The receptor backbone is traced in blue and the ligand TGF-a in red. The mAb806/175 epitope
is drawn in turquoise and the disulfide bonds in yellow. The atoms of the disulfide bond which
ties the epitope back into the receptor are shown in space-filling format. The model was
constructed by docking the EGFR-ECD CR2 domain from the tethered conformation onto the

structure of an untethered EGFR monomer in the presence of its ligand.

FIG.73 shows the reactivity of mAb806 with fragments of the EGFR. Lysates from 293T
cells transfected with vectors expressing the soluble 1-501 EGFR fragment or GH/EGFR
fragment fusion proteins (GH-274-501, GH-282-501, GH-290-501 and GH-298-501) were
resolved by SDS-PAGE, transferred to membrane and immunoblotted with mAb806 (left panel)
or the anti-myc antibody 9B11 (right panel).

FIGS.74A and 74B show the mAb175 VH chain nucleic acid sequence (SEQ ID NO:128)
and amino acid sequence[[s]] (SEQ ID NO:129), respectively.

FIGS.75A and 75B show the mAb175 VL chain nucleic acid sequence (SEQ ID NO:133)
and amino acid sequence[[s]] (SEQ ID NO:134), respectively.

FIGS.76A, 76B, and 76C show: (A) Volumetric product concentration and (B) viable
cell concentration of GS-CHO (14D8, 15B2 and 40A10) and GS-NSO (36) hu806 transfectants in

small scale (100 mL) shake flasks cultures. Product concentration was estimated by ELISA
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using the 806 anti-idiotype as coating antibody and ch806 Clinical Lot: J06024 as standard; (C)
GS-CHO 40A10 transfectant cell growth and volumetric production in a 15L stirred tank
bioreactor. Viable cell density (4 x 10° cell/mL), cell viability (M) and production (“mg/L).

FIGS.77A, 77B, 77C, 77D, and 77E show Size Exclusion Chromatography (Biosep SEC-
S3000) Analysis of Protein-A purified hu806 antibody constructs produced by small scale culture
and control ch806 and mAb 806. Chromatograms at A214nm are presented in the upper panels

and at A280nm in the lower panel of each Figure.

FI1G.78 shows Size Exclusion Chromatography (Biosep SEC-S3000) Analysis of Protein-
A purified hu806 antibody construct 40A 10 following large scale production and Protein-A
purification. Chromatogram at A214nm is presented indicating 98.8% purity with 1.2%

aggregate present.

FI1G.79 shows that precast 4-20% Tris/Glycine Gels from Novex, USA were used under
standard SDS-PAGE conditions to analyze purified transfectant hu806 preparations (5 pg) GS
CHO (14D8, 15B2 and 40A10) and GS-NSO (36) hu806 under reduced conditions. Proteins

detected by Coomassie Blue Stain.

FIG.80 shows that precast 4-20% Tris/Glycine Gels were used under standard SDS-
PAGE conditions to analyze purified transfectant hu806 preparations (5 pg) GS CHO (14D8,
15B2 and 40A10) and GS-NSO (36) under non-reduced conditions. Proteins detected by

Coomassie Blue Stain.

FIG.81 shows that precast 4-20% Tris/Glycine Gels were used under standard SDS-
PAGE conditions to analyze purified transfectant hu806 GS CHO 40A10 (5 pg) following large

scale production. Proteins detected by Coomassie Blue Stain.
FIG.82 shows Isoelectric Focusing gel analysis of purified transfectant hu806 GS CHO

40A10 (5 pg) following 15L production. Proteins detected by Coomassie Blue Stain. Lane 1, pl
markers; Lane 2, hu806 (three isoforms, pl 8.66 to 8.82); Lane 3, pI markers.
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FIG.83 shows binding to A431 cells: Flow Cytometry analysis of Protein-A purified
hu806 antibody preparations (20 pg/ml), and isotype control huA33 (20 pg/ml). Controls
include secondary antibody alone (green) and ch806 (red). Hu806 constructs were produced by

small scale culture.

FIG.84 shows binding to A431 cells: Flow Cytometry analysis of purified mAb806,
ch806 and hu806 40A10 antibody preparations (20 pg/ml) that bind ~ 10% of wild type EGFR
on cell surface, 528 (binds both wild type and de2-7 EGFR) and irrelevant control antibody (20
pg/ml) as indicated.

FIG.85 shows binding to U§7MG.de2-7 glioma cells. Flow Cytometry analysis of
purified mAb806, ch806 and hu806 40A 10 antibody preparations (20 pg/ml) and 528 anti-EGFR

and irrelevant control antibody (20 pg/ml).

FIG.86 shows specific binding of '*I-radiolabelled 806 antibody constructs to: (A)
U87MG.de2-7 glioma cells and (B) A431 carcinoma cells.

FIG.87 shows Scatchard Analyses: '*’I- radiolabelled (A) ch806 and (B) hu806 antibody
constructs binding to U87MG.de2-7 cells.

FIG.88 shows Scatchard Analyses: '“’I-radiolabelled (A) ch806 and (B) hu806 antibody
constructs binding to A431 cells.

FIGS.89A and 89B shows BIAcore analysis of binding to 287-302 EGFR 806 peptide
epitope by (A) hu806 and (B) ch806 passing over the immobilized peptide in increasing
concentrations of 50nM, 100nM, 150nM, 200 nM, 250 nM and 300 nM.

FIGS.90A and 90B shows ch806- and hu806- mediated Antibody Dependant Cellular
Cytotoxicity on target A431 cells determined at (A) 1 pg/ml each antibody over a range of
effector to target cell ratios (E:T = 0.78:1 to 100:1); (B) at E:T = 50:1 over a concentration range
of each antibody (3.15 ng/ml - 10 pg/ml).a on target A431.
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FIG.91 shows treatment of established A431 xenografts in BALB/c nude mice. Groups
of 5 mice received 6 X 1 mg dose over 2 weeks antibody therapy as indicated (arrows). Mean +

SEM tumor volume is presented until study termination.

FI1G.92 shows treatment of established U§7MG.de2-7 xenografts in BALB/c nude mice.
Groups of 5 mice received 6 x 1 mg dose over 2 weeks antibody therapy as indicated (arrows).

Mean + SEM tumor volume is presented until study termination.

FI1G.93 shows deviations from random coil chemical shift values for the mAb806 peptide
(A) N, (B) HN and (C) HA. Peptide was prepared in H,O solution containing 5% ,H,0, 70 mM
NaCl and 50 mM NaPOy, at pH 6.8. All spectra used for sequential assignments were acquired at
298K on a Bruker Avance500.

FIGS. 94A, 94B, 94C, 94D, 94E, and 94F show whole body gamma camera images of
Patient 7 A) Anterior, and B) Posterior, Day 5 post infusion of '''In-ch806. High uptake of '''In-
ch806 in metastatic lesions in the lungs (arrows) is evident. C) and D) show metastatic lesions
(arrows) on CT scan. E) 3D SPECT images of the chest, and F) co-registered transaxial images

of SPECT and CT showing specific uptake of '''In-ch806 in metastatic lesions.

FIGS. 95A, 95B, 95C, 95D, 95E, and 95F show planar images of the head and neck of
Patient 8 obtained A) Day 0, B) Day 3 and C) Day 7 post infusion of '''In-ch806. Initial blood

pool activity is seen on Day 0, and uptake of '

In-ch806 in an anaplastic astrocytoma in the right
frontal lobe is evident by Day 3 (arrow), and increases by Day 7. Specific uptake of '''In-ch806
is confirmed in D) SPECT image of the brain (arrow), at the site of tumor (arrow) evident in E)

'"E_FDG PET, and F) MRI.

FIGS.96A, 96B, 96C, and 96D show similar uptake of 111In-ch806 in tumor is evident in

Patient 3 compared to Patient 4, despite differences in 806 antigen expression in screened tumor

111

samples. A) ~* In-ch806 localization in lung metastasis (arrow) on SPECT transaxial image in

Patient 4, with cardiac blood pool activity (B) evident. B) corresponding CT scan. Archived

""In-ch806 localization in lung

tumor was shown to have <10% positivity for 806 expression. C)
metastasis (arrow) in Patient 3, with cardiac blood pool activity (B) evident. D) corresponding

CT scan. Archived tumor was shown to have 50-75% positivity for 806 expression.
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FI1G.97 shows pooled population pharmacokinetics of ch806 protein measured by ELISA.
Observed and predicted ch806 (%ID/L) vs. time post infusion (hrs).

FIGS.98A and 98B show individual patient results for A) Normalised Whole Body
Clearance and B) Hepatic Clearance of '''In-ch806 at the 5 mg/m* (W), 10 mg/m*(A), 20 mg/m*
(V), and 40 mg/m” (@) dose levels. Linear regression for data sets indicated in each panel [A)

= 0.9595; B) I’ = 0.9415].
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DETAILED DESCRIPTION

In accordance with the present invention there may be employed conventional molecular
biology, microbiology, and recombinant DNA techniques within the skill of the art. Such
techniques are explained fully in the literature. See, for example, Sambrook et al., "Molecular
Cloning: A Laboratory Manual" (1989); "Current Protocols in Molecular Biology" Volumes I-E
[Ausubel, R. M., ed. (1994)]; "Cell Biology: A Laboratory Handbook" Volumes I-III [J. E. Celis,
ed. (1994))]; "Current Protocols in Immunology" Volumes I-III [Coligan, J. E., ed. (1994)];
"Oligonucleotide Synthesis" (M. J. Gait ed. 1984); "Nucleic Acid Hybridization" [B. D. Hames
& S. J. Higgins eds. (1985)]; "Transcription And Translation" [B. D. Hames & S. J. Higgins, eds.
(1984)]; "Animal Cell Culture" [R. I. Freshney, ed. (1986)]; "Immobilized Cells And Enzymes"
[IRL Press, (1986)]; B. Perbal, "A Practical Guide To Molecular Cloning" (1984).

As used herein, the following terms are deemed to have, without limitation, the provided

definitions.

The term "specific binding member" describes a member of a pair of molecules which
have binding specificity for one another. The members of a specific binding pair may be
naturally derived or wholly or partially synthetically produced. One member of the pair of
molecules has an area on its surface, or a cavity, which specifically binds to and is therefore
complementary to a particular spatial and polar organization of the other member of the pair of
molecules. Thus the members of the pair have the property of binding specifically to each other.
Examples of types of specific binding pairs are antigen-antibody, biotin-avidin, hormone-
hormone receptor, receptor-ligand, enzyme-substrate. This application is concerned with antigen-

antibody type reactions.

The term "aberrant expression" in its various grammatical forms may mean and include
any heightened or altered expression or overexpression of a protein in a tissue, €.g. an increase in
the amount of a protein, caused by any means including enhanced expression or translation,
modulation of the promoter or a regulator of the protein, amplification of a gene for a protein, or
enhanced half-life or stability, such that more of the protein exists or can be detected at any one
time, in contrast to a nonoverexpressed state. Aberrant expression includes and contemplates any

scenario or alteration wherein the protein expression or post-translational modification machinery
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in a cell is taxed or otherwise disrupted due to enhanced expression or increased levels or
amounts of a protein, including wherein an altered protein, as in mutated protein or variant due to

sequence alteration, deletion or insertion, or altered folding is expressed.

It is important to appreciate that the term "aberrant expression" has been specifically
chosen herein to encompass the state where abnormal (usually increased) quantities/levels of the
protein are present, irrespective of the efficient cause of that abnormal quantity or level. Thus,
abnormal quantities of protein may result from overexpression of the protein in the absence of
gene amplification, which is the case e.g. in many cellular/tissue samples taken from the head
and neck of subjects with cancer, while other samples exhibit abnormal protein levels attributable

to gene amplification.

In this latter connection, certain of the work of the inventors that is presented herein to
illustrate the invention includes the analysis of samples certain of which exhibit abnormal protein
levels resulting from amplification of EFGR. This therefore accounts for the presentation herein
of experimental findings where reference is made to amplification and for the use of the terms
"amplification/amplified" and the like in describing abnormal levels of EFGR. However, it is the
observation of abnormal quantities or levels of the protein that defines the environment or
circumstance where clinical intervention as by resort to the binding members of the invention is
contemplated, and for this reason, the present specification considers that the term "aberrant
expression" more broadly captures the causal environment that yields the corresponding

abnormality in EFGR levels.

Accordingly, while the terms "overexpression" and "amplification" in their various
grammatical forms are understood to have distinct technical meanings, they are to be considered
equivalent to each other, insofar as they represent the state where abnormal EFGR protein levels
are present in the context of the present invention. Consequently, the term "aberrant expression"
has been chosen as it is believed to subsume the terms "overexpression" and "amplification"
within its scope for the purposes herein, so that all terms may be considered equivalent to each

other as used herein.

The term "antibody" describes an immunoglobulin whether natural or partly or wholly

synthetically produced. The term also covers any polypeptide or protein having a binding
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domain which is, or is homologous to, an antibody binding domain. CDR grafted antibodies are

also contemplated by this term.

As antibodies can be modified in a number of ways, the term "antibody" should be
construed as covering any specific binding member or substance having a binding domain with
the required specificity. Thus, this term covers antibody fragments, derivatives, functional
equivalents and homologues of antibodies, including any polypeptide comprising an
immunoglobulin binding domain, whether natural or wholly or partially synthetic. Chimeric
molecules comprising an immunoglobulin binding domain, or equivalent, fused to another
polypeptide are therefore included. Cloning and expression of chimeric antibodies are described

in EP-A-0120694 and EP-A-0125023 and U.S. Patent Nos. 4,816,397 and 4,816,567.

It has been shown that fragments of a whole antibody can perform the function of binding
antigens. Examples of binding fragments are (i) the Fab fragment consisting of VL, VH, CL and
CH1 domains; (ii) the Fd fragment consisting of the VH and CH1 domains; (iii) the Fv fragment
consisting of the VL and VH domains of a single antibody; (iv) the dAb fragment (Ward, E.S. et
al. (1989) Nature 341,544-546) which consists of a VH domain; (v) isolated CDR regions; (vi) F
(ab") 2 fragments, a bivalent fragment comprising two linked Fab fragments (vii) single chain Fv
molecules (scFv), wherein a VH domain and a VL domain are linked by a peptide linker which
allows the two domains to associate to form an antigen binding site (Bird et al. (1988) Science.
242.,423-426; Huston et al. (1988) PNAS USA. 85,5879-5883); (viii) multivalent antibody
fragments (scFv dimers, trimers and/or tetramers (Power and Hudson (2000) J. Immunol.
Methods 242, 193-204) (ix) bispecific single chain Fv dimers (PCT/US92/09965) and (x)
"diabodies", multivalent or multispecific fragments constructed by gene fusion (W094/13804; P.

Holliger et al. (1993) Proc. Natl. Acad. Sci. USA 90,6444-6448).

An "antibody combining site" is that structural portion of an antibody molecule
comprised of light chain or heavy and light chain variable and hypervariable regions that

specifically binds antigen.

The phrase "antibody molecule" in its various grammatical forms as used herein
contemplates both an intact immunoglobulin molecule and an immunologically active portion of

an immunoglobulin molecule.
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Exemplary antibody molecules are intact immunoglobulin molecules, substantially intact
immunoglobulin molecules and those portions of an immunoglobulin molecule that contains the
paratope, including those portions known in the art as Fab, Fab', F (ab') Z and F (v), which

portions are preferred for use in the therapeutic methods described herein.

Antibodies may also be bispecific, wherein one binding domain of the antibody is a
specific binding member of the invention, and the other binding domain has a different
specificity, e.g. to recruit an effector function or the like. Bispecific antibodies of the present
invention include wherein one binding domain of the antibody is a specific binding member of
the present invention, including a fragment thereof, and the other binding domain is a distinct
antibody or fragment thereof, including that of a distinct anti-EGFR antibody, for instance
antibody 528 (U.S. Patent No. 4,943,533), the chimeric and humanized 225 antibody (U.S. Patent
No. 4,943,533 and WO/9640210), an anti-de2-7 antibody such as DHS8.3 (Hills, D. et al (1995)
Int. J. Cancer. 63(4), 537-543), antibody L8A4 and Y10 (Reist, CJ et al. (1995) Cancer Res. 55
(19):4375-4382; Foulon CF et al. (2000) Cancer Res. 60 (16):44534460), ICR62 (Modjtahedi H
et al. (1993) Cell Biophys. Jan-Jun; 22 (1-3):129-46; Modjtahedi et al. (2002) P. A. A. C. R. 55
(14):3140-3148, or the antibody of Wikstrand et al (Wikstrand C. et al (1995) Cancer Res. 55
(14):3140-3148). The other binding domain may be an antibody that recognizes or targets a
particular cell type, as in a neural or glial cell-specific antibody. In the bispecific antibodies of
the present invention the one binding domain of the antibody of the invention may be combined
with other binding domains or molecules which recognize particular cell receptors and/or
modulate cells in a particular fashion, as for instance an immune modulator (e.g., interleukin (s)),
a growth modulator or cytokine (e.g. tumor necrosis factor (TNF), and particularly, the TNF
bispecific modality demonstrated in U.S.S.N. 60/355,838 filed February 13,2002, incorporated

herein in its entirety) or a toxin (e.g., ricin) or anti-mitotic or apoptotic agent or factor.

Fab and F(ab'), portions of antibody molecules may be prepared by the proteolytic
reaction of papain and pepsin, respectively, on substantially intact antibody molecules by
methods that are well-known. See, for example, U.S. Patent No. 4,342,566 to Theofilopolous et
al. Fab'antibody molecule portions are also well-known and are produced from F (ab') 2
portions followed by reduction of the disulfide bonds linking the two heavy chain portions as

with mercaptoethanol, and followed by alkylation of the resulting protein mercaptan with a
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reagent such as iodoacetamide. An antibody containing intact antibody molecules is preferred

herein.

The phrase "monoclonal antibody" in its various grammatical forms refers to an antibody
having only one species of antibody combining site capable of immunoreacting with a particular
antigen. A monoclonal antibody thus typically displays a single binding affinity for any antigen
with which it immunoreacts. A monoclonal antibody may also contain an antibody molecule
having a plurality of antibody combining sites, each immunospecific for a different antigen; e.g.,

a bispecific (chimeric) monoclonal antibody.

The term "antigen binding domain" describes the part of an antibody which comprises the
area which specifically binds to and is complementary to part or all of an antigen. Where an
antigen is large, an antibody may bind to a particular part of the antigen only, which part is
termed an epitope. An antigen binding domain may be provided by one or more antibody
variable domains. Preferably, an antigen binding domain comprises an antibody light chain

variable region (VL) and an antibody heavy chain variable region (VH).

"Post-translational modification" may encompass any one of or combination of
modification (s), including covalent modification, which a protein undergoes after translation is
complete and after being released from the ribosome or on the nascent polypeptide co-
translationally. Post-translational modification includes but is not limited to phosphorylation,
myristylation, ubiquitination, glycosylation, coenzyme attachment, methylation and acetylation.
Post-translational modification can modulate or influence the activity of a protein, its
intracellular or extracellular destination, its stability or half-life, and/or its recognition by ligands,
receptors or other proteins. Post-translational modification can occur in cell organelles, in the

nucleus or cytoplasm or extracellularly.

The term "specific" may be used to refer to the situation in which one member of a
specific binding pair will not show any significant binding to molecules other than its specific
binding partner (s). The term is also applicable where e.g. an antigen binding domain is specific
for a particular epitope which is carried by a number of antigens, in which case the specific
binding member carrying the antigen binding domain will be able to bind to the various antigens

carrying the epitope.
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The term "comprise" generally used in the sense of include, that is to say permitting the

presence of one or more features or components.

The term "consisting essentially of” refers to a product, particularly a peptide sequence,
of a defined number of residues which is not covalently attached to a larger product. In the case
of the peptide of the invention referred to above, those of skill in the art will appreciate that
minor modifications to the N-or C-terminal of the peptide may however be contemplated, such as
the chemical modification of the terminal to add a protecting group or the like, e.g. the amidation

of the C-terminus.

The term "isolated" refers to the state in which specific binding members of the invention,
or nucleic acid encoding such binding members will be, in accordance with the present invention.
Members and nucleic acid will be free or substantially free of material with which they are
naturally associated such as other polypeptides or nucleic acids with which they are found in
their natural environment, or the environment in which they are prepared (e.g. cell culture) when
such preparation is by recombinant DNA technology practiced in vitro or in vivo. Members and
nucleic acid may be formulated with diluents or adjuvants and still for practical purposes be
isolated-for example the members will normally be mixed with gelatin or other carriers if used to
coat microtitre plates for use in immunoassays, or will be mixed with pharmaceutically
acceptable carriers or diluents when used in diagnosis or therapy. Specific binding members may
be glycosylated, either naturally or by systems of heterologous eukaryotic cells, or they may be

(for example if produced by expression in a prokaryotic cell) unglycosylated.

Also, as used herein, the terms "glycosylation" and "glycosylated" includes and
encompasses the post-translational modification of proteins, termed glycoproteins, by addition of
oligosaccarides. Oligosaccharides are added at glycosylation sites in glycoproteins, particularly
including N-linked oligosaccharides and 0-linked oligosaccharides. N-linked oligosaccharides
are added to an Asn residue, particularly wherein the Asn residue is in the sequence N-X-S/T,
where X cannot be Pro or Asp, and are the most common ones found in glycoproteins. In the
biosynthesis of N-linked glycoproteins, a high mannose type oligosaccharide (generally
comprised of dolichol, N-Acetylglucosamine, mannose and glucose is first formed in the

endoplasmic reticulum (ER). The high mannose type glycoproteins are then transported from the
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ER to the Golgi, where further processing and modification of the oligosaccharides occurs. 0-
linked oligosaccharides are added to the hydroxyl group of Ser or Thr residues. In 0-linked
oligosaccharides, N-Acetylglucosamine is first transferred to the Ser or Thr residue by N-
Acetylglucosaminyltransferase in the ER. The protein then moves to the Golgi where further
modification and chain elongation occurs. O-linked modifications can occur with the simple
addition of the OGIcNAc monosaccharide alone at those Ser or Thr sites which can also under

different conditions be phosphorylated rather than glycosylated.

As used herein, "pg" means picogram, "ng" means nanogram, "ug" or “ug” mean
microgram, "mg" means milligram, “ul" or “ul” mean microliter, “ml" means milliliter, "1"

means liter.

The terms "806 antibody", "mAb806", "ch806", and any variants not specifically listed,
may be used herein interchangeably, and as used throughout the present application and claims
refer to proteinaceous material including single or multiple proteins, and extends to those
proteins having the amino acid sequence data described herein and presented in SEQ ID NO:2
and SEQ ID NO:4, and the chimeric antibody ch806 which is incorporated in and forms a part of
SEQ ID NOS:7 and 8, and the profile of activities set forth herein and in the Claims.
Accordingly, proteins displaying substantially equivalent or altered activity are likewise
contemplated. These modifications may be deliberate, for example, such as modifications
obtained through site-directed mutagenesis, or may be accidental, such as those obtained through
mutations in hosts that are producers of the complex or its named subunits. Also, the terms "806
antibody", "mAb806" and "ch806" are intended to include within their scope proteins specifically

recited herein as well as all substantially homologous analogs and allelic variations.

The terms “humanized 806 antibody”, “hu806”, and "veneered 806 antibody" and any
variants not specifically listed, may be used herein interchangeably, and as used throughout the
present application and claims refer to proteinaceous material including single or multiple
proteins, and extends to those proteins having the amino acid sequence data described herein and
presented in SEQ ID NO:42 and SEQ ID NO:47, and the profile of activities set forth herein and
in the Claims. Accordingly, proteins displaying substantially equivalent or altered activity are
likewise contemplated. These modifications may be deliberate, for example, such as

modifications obtained through site-directed mutagenesis, or may be accidental, such as those
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obtained through mutations in hosts that are producers of the complex or its named subunits.
Also, the terms "humanized 806 antibody”, “hu806”, and “veneered 806 antibody" are intended
to include within their scope proteins specifically recited herein as well as all substantially

homologous analogs and allelic variations.

The terms "175 antibody" and "mAb175", and any variants not specifically listed, may be
used herein interchangeably, and as used throughout the present application and claims refer to
proteinaceous material including single or multiple proteins, and extends to those proteins having
the amino acid sequence data described herein and presented in SEQ ID NO:129 and SEQ ID
NO:134, and the profile of activities set forth herein and in the Claims. Accordingly, proteins
displaying substantially equivalent or altered activity are likewise contemplated. These
modifications may be deliberate, for example, such as modifications obtained through site-
directed mutagenesis, or may be accidental, such as those obtained through mutations in hosts
that are producers of the complex or its named subunits. Also, the terms "175 antibody" and
"mAb175" are intended to include within their scope proteins specifically recited herein as well

as all substantially homologous analogs and allelic variations.

The terms "124 antibody" and "mAb124", and any variants not specifically listed, may be
used herein interchangeably, and as used throughout the present application and claims refer to
proteinaceous material including single or multiple proteins, and extends to those proteins having
the amino acid sequence data described herein and presented in SEQ ID NO:22 and SEQ ID
NO:27, and the profile of activities set forth herein and in the Claims. Accordingly, proteins
displaying substantially equivalent or altered activity are likewise contemplated. These
modifications may be deliberate, for example, such as modifications obtained through site-
directed mutagenesis, or may be accidental, such as those obtained through mutations in hosts
that are producers of the complex or its named subunits. Also, the terms "124 antibody" and
"mAb124" are intended to include within their scope proteins specifically recited herein as well

as all substantially homologous analogs and allelic variations.

The terms "1133 antibody" and "mAb1133", and any variants not specifically listed, may
be used herein interchangeably, and as used throughout the present application and claims refer
to proteinaceous material including single or multiple proteins, and extends to those proteins

having the amino acid sequence data described herein and presented in SEQ ID NO:32 and SEQ
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ID NO:37, and the profile of activities set forth herein and in the Claims. Accordingly, proteins
displaying substantially equivalent or altered activity are likewise contemplated. These
modifications may be deliberate, for example, such as modifications obtained through site-
directed mutagenesis, or may be accidental, such as those obtained through mutations in hosts
that are producers of the complex or its named subunits. Also, the terms "11133 antibody" and
"mAb1133" are intended to include within their scope proteins specifically recited herein as well

as all substantially homologous analogs and allelic variations.

The amino acid residues described herein are preferred to be in the "L" isomeric form.
However, residues in the "D" isomeric form can be substituted for any L-amino acid residue, as
long as the desired functional property of immunoglobulin-binding is retained by the
polypeptide. NH; refers to the free amino group present at the amino terminus of a polypeptide.
COOH refers to the free carboxy group present at the carboxy terminus of a polypeptide. In
keeping with standard polypeptide nomenclature, J. Biol. Chem., 243:3552-59 (1969),

abbreviations for amino acid residues are shown in the following Table of Correspondence:

Table of Correspondence

Symbol Amino Acid
1-Letter 3-Letter

Y Tyr tyrosine
G Gly glycine

F Phe phenylalanine
M Met methionine
A Ala alanine

S Ser serine

I Ile isoleucine
L Leu leucine

T Thr threonine
\Y Val valine

P Pro proline

K Lys lysine

H His histidine
Q GIn glutamine
E Glu glutamic acid
w Trp tryptophan
R Arg arginine
D Asp aspartic acid
N Asn aspargine
C Cys cysteine
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It should be noted that all amino-acid residue sequences are represented herein by
formulae whose left and right orientation is in the conventional direction of amino terminus to
carboxy-terminus. Furthermore, it should be noted that a dash at the beginning or end of an
amino acid residue sequence indicates a peptide bond to a further sequence of one or more
amino-acid residues. The above Table is presented to correlate the three-letter and one-letter

notations which may appear alternately herein.

A "replicon" is any genetic element (e.g., plasmid, chromosome, virus) that functions as

an autonomous unit of DNA replication in vivo; i.e., capable of replication under its own control.

A "vector" is a replicon, such as plasmid, phage or cosmid, to which another DNA

segment may be attached so as to bring about the replication of the attached segment.

A "DNA molecule" refers to the polymeric form of deoxyribonucleotides (adenine,
guanine, thymine, or cytosine) in its either single stranded form, or a double-stranded helix. This
term refers only to the primary and secondary structure of the molecule, and does not limit it to
any particular tertiary forms. Thus, this term includes double-stranded DNA found, inter alia, in
linear DNA molecules (e.g., restriction fragments), viruses, plasmids, and chromosomes. In
discussing the structure of particular double-stranded DNA molecules, sequences may be
described herein according to the normal convention of giving only the sequence in the 5' to 3'
direction along the non-transcribed strand of DNA (i.e., the strand having a sequence

homologous to the mRNA).

An "origin of replication" refers to those DNA sequences that participate in DNA

synthesis.

A DNA "coding sequence" is a double-stranded DNA sequence which is transcribed and
translated into a polypeptide in vivo when placed under the control of appropriate regulatory
sequences. The boundaries of the coding sequence are determined by a start codon at the 5'
(amino) terminus and a translation stop codon at the 3' (carboxyl) terminus. A coding sequence
can include, but is not limited to, prokaryotic sequences, cDNA from eukaryotic mRNA,

genomic DNA sequences from eukaryotic (e.g., mammalian) DNA, and even synthetic DNA
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sequences. A polyadenylation signal and transcription termination sequence will usually be

located 3' to the coding sequence.

Transcriptional and translational control sequences are DNA regulatory sequences, such
as promoters, enhancers, polyadenylation signals, terminators, and the like, that provide for the

expression of a coding sequence in a host cell.

A "promoter sequence" is a DNA regulatory region capable of binding RNA polymerase
in a cell and initiating transcription of a downstream (3'direction) coding sequence. For purposes
of defining the present invention, the promoter sequence is bounded at its 3'terminus by the
transcription initiation site and extends upstream (5' direction) to include the minimum number of
bases or elements necessary to initiate transcription at levels detectable above background.
Within the promoter sequence will be found a transcription initiation site (conveniently defined
by mapping with nuclease S1), as well as protein binding domains (consensus sequences)
responsible for the binding of RNA polymerase. Eukaryotic promoters will often, but not
always, contain "TATA" boxes and "CAT" boxes. Prokaryotic promoters contain Shine

Dalgarno sequences in addition to the -10 and -35 consensus sequences.

An "expression control sequence" is a DNA sequence that controls and regulates the
transcription and translation of another DNA sequence. A coding sequence is "under the control"
of transcriptional and translational control sequences in a cell when RNA polymerase transcribes
the coding sequence into mRNA, which is then translated into the protein encoded by the coding

sequence.

A "signal sequence" can be included before the coding sequence. This sequence encodes
a signal peptide, N-terminal to the polypeptide, that communicates to the host cell to direct the
polypeptide to the cell surface or secrete the polypeptide into the media, and this signal peptide is
clipped off by the host cell before the protein leaves the cell. Signal sequences can be found

associated with a variety of proteins native to prokaryotes and eukaryotes.

The term "oligonucleotide," as used herein in referring to the probe of the present

invention, is defined as a molecule comprised of two or more ribonucleotides, preferably more
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than three. Its exact size will depend upon many factors which, in turn, depend upon the ultimate

function and use of the oligonucleotide.

The term "primer" as used herein refers to an oligonucleotide, whether occurring naturally
as in a purified restriction digest or produced synthetically, which is capable of acting as a point
of initiation of synthesis when placed under conditions in which synthesis of a primer extension
product, which is complementary to a nucleic acid strand, is induced, i.e., in the presence of
nucleotides and an inducing agent such as a DNA polymerase and at a suitable temperature and
pH. The primer may be either single-stranded or double-stranded and must be sufficiently long
to prime the synthesis of the desired extension product in the presence of the inducing agent. The
exact length of the primer will depend upon many factors, including temperature, source of
primer and use of the method. For example, for diagnostic applications, depending on the
complexity of the target sequence, the oligonucleotide primer typically contains 15-25 or more

nucleotides, although it may contain fewer nucleotides.

The primers herein are selected to be "substantially" complementary to different strands
of a particular target DNA sequence. This means that the primers must be sufficiently
complementary to hybridize with their respective strands. Therefore, the primer sequence need
not reflect the exact sequence of the template. For example, a non-complementary nucleotide
fragment may be attached to the 5'end of the primer, with the remainder of the primer sequence
being complementary to the strand. Alternatively, non-complementary bases or longer sequences
can be interspersed into the primer, provided that the primer sequence has sufficient
complementarity with the sequence of the strand to hybridize therewith and thereby form the

template for the synthesis of the extension product.

As used herein, the terms "restriction endonucleases" and "restriction enzymes" refer to
bacterial enzymes, each of which cut double-stranded DNA at or near a specific nucleotide

sequence.

A cell has been "transformed" by exogenous or heterologous DNA when such DNA has
been introduced inside the cell. The transforming DNA may or may not be integrated (covalently
linked) into chromosomal DNA making up the genome of the cell. In prokaryotes, yeast, and

mammalian cells for example, the transforming DNA may be maintained on an episomal element
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such as a plasmid. With respect to eukaryotic cells, a stably transformed cell is one in which the
transforming DNA has become integrated into a chromosome so that it is inherited by daughter
cells through chromosome replication. This stability is demonstrated by the ability of the
eukaryotic cell to establish cell lines or clones comprised of a population of daughter cells
containing the transforming DNA. A "clone" is a population of cells derived from a single cell or
common ancestor by mitosis. A “cell line" is a clone of a primary cell that is capable of stable

growth in vitro for many generations.

Two DNA sequences are "substantially homologous" when at least about 75% (preferably
at least about 80%, and most preferably at least about 90 or 95%) of the nucleotides match over
the defined length of the DNA sequences. Sequences that are substantially homologous can be
identified by comparing the sequences using standard software available in sequence data banks,
or in a Southern hybridization experiment under, for example, stringent conditions as defined for
that particular system. Defining appropriate hybridization conditions is within the skill of the art.
See, e.g., Maniatis et al., supra; DNA Cloning, Vols. I & II, supra; Nucleic Acid Hybridization,

supra.

It should be appreciated that also within the scope of the present invention are DNA
sequences encoding specific binding members (antibodies) of the invention which code for
antibodies having the disclosed sequences but which are degenerate to such sequences. By
"degenerate to" is meant that a different three-letter codon is used to specify a particular amino
acid. It is well known in the art that the following codons can be used interchangeably to code for

each specific amino acid:

Phenylalanine (Phe or F) UUU or UUC

Leucine (Leu or L) UUA or UUG or CUU or CUC or CUA or
CuG

Isoleucine (He or I) AUU or AUC or AUA

Methionine (Met or M) AUG

Valine (Valor V) GUU or GUC of GUA or GUG

Serine (Ser or S) UCU or UCC or UCA or UCG or AGU or
AGC

Proline (Pro or P) CCU or CCC or CCA or CCG
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Threonine (Thr or T) ACU or ACC or ACA or ACG

Alanine (Ala or A) GCU or GCG or GCA or GCG

Tyrosine (Tyr or Y) UAU or UAC

Histidine (His or H) CAU or CAC

Glutamine (Gln or Q) CAA or CAG

Asparagine (Asn or N) AAU or AAC

Lysine (Lys or K) AAA or AAG

Aspartic Acid (Asp or D) GAU or GAC

Glutamic Acid (Glu or E) GAA or GAG

Cysteine (Cys or C) UGU or UGC

Arginine (Arg or R) CGU or CGC or CGA or CGG or AGA or
AGG

Glycine (Gly or G) GGU or GGC or GGA or GGG

Tryptophan (Trp or W) UGG

Termination codon UAA (ochre) or UAG (amber) or UGA (opal)

It should be understood that the codons specified above are for RNA sequences. The
corresponding codons for DNA have a T substituted for U.

Mutations can be made in, for example, the disclosed sequences of antibodies of the
present invention, such that a particular codon is changed to a codon which codes for a different
amino acid. Such a mutation is generally made by making the fewest nucleotide changes
possible. A substitution mutation of this sort can be made to change an amino acid in the
resulting protein in a non-conservative manner (i.e., by changing the codon from an amino acid
belonging to a grouping of amino acids having a particular size or characteristic to an amino acid
belonging to another grouping) or in a conservative manner (i.e., by changing the codon from an
amino acid belonging to a grouping of amino acids having a particular size or characteristic to an
amino acid belonging to the same grouping). Such a conservative change generally leads to less
change in the structure and function of the resulting protein. A non-conservative change is more
likely to alter the structure, activity or function of the resulting protein. The present invention
should be considered to include sequences containing conservative changes which do not

significantly alter the activity or binding characteristics of the resulting protein.
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The following is one example of various groupings of amino acids:

Amino acids with nonpolar R groups

Alanine, Valine, Leucine, Isoleucine, Proline, Phenylalanine, Tryptophan, Methionine

Amino acids with uncharged polar R groups

Glycine, Serine, Threonine, Cysteine, Tyrosine, Asparagine, Glutamine

Amino acids with charged polar R groups (negatively charged at Ph 6.0)

Aspartic acid, Glutamic acid

Basic amino acids (positively charged at pH 6.0)

Lysine, Arginine, Histidine (at pH 6.0)

Another grouping may be those amino acids with phenyl groups:

Phenylalanine, Tryptophan, Tyrosine

Another grouping may be according to molecular weight (i.e., size of R groups):

Glycine 75

Alanine 89

Serine 105
Proline 115
Valine 117
Threonine 119
Cysteine 121
Leucine 131
Isoleucine 131
Asparagine 132
Aspartic acid 133
Glutamine 146
Lysine 146
Glutamic acid 147
Methionine 149
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Histidine (at pH 6.0) 155

Phenylalanine 165
Arginine 174
Tyrosine 181
Tryptophan 204

Particularly preferred substitutions are:
- Lys for Arg and vice versa such that a positive charge may be maintained;
- Glu for Asp and vice versa such that a negative charge may be maintained;
- Ser for Thr such that a free -OH can be maintained; and

- Gin for Asn such that a free NH2 can be maintained.

Amino acid substitutions may also be introduced to substitute an amino acid with a
particularly preferable property. For example, a Cys may be introduced a potential site for
disulfide bridges with another Cys. A His may be introduced as a particularly "catalytic" site (i.e.,
His can act as an acid or base and is the most common amino acid in biochemical catalysis). Pro
may be introduced because of its particularly planar structure, which induces. (3-turns in the

protein's structure.

Two amino acid sequences are "substantially homologous" when at least about 70% of
the amino acid residues (preferably at least about 80%, and most preferably at least about 90 or

95%) are identical, or represent conservative substitutions.

A "heterologous" region of the DNA construct is an identifiable segment of DNA within
a larger DNA molecule that is not found in association with the larger molecule in nature. Thus,
when the heterologous region encodes a mammalian gene, the gene will usually be flanked by
DNA that does not flank the mammalian genomic DNA in the genome of the source organism.
Another example of a heterologous coding sequence is a construct where the coding sequence
itself is not found in nature (e.g., a cDNA where the genomic coding sequence contains introns,
or synthetic sequences having codons different than the native gene). Allelic variations or
naturally-occurring mutational events do not give rise to a heterologous region of DNA as

defined herein.
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The phrase "pharmaceutically acceptable" refers to molecular entities and compositions
that are physiologically tolerable and do not typically produce an allergic or similar untoward

reaction, such as gastric upset, dizziness and the like, when administered to a human.

The phrase "therapeutically effective amount” is used herein to mean an amount sufficient
to prevent, and preferably reduce by at least about 30 percent, preferably by at least 50 percent,
preferably by at least 70 percent, preferably by at least 80 percent, preferably by at least 90%, a
clinically significant change in the growth or progression or mitotic activity of a target cellular
mass, group of cancer cells or tumor, or other feature of pathology. For example, the degree of
EGFR activation or activity or amount or number of EGFR positive cells, particularly of

antibody or binding member reactive or positive cells may be reduced.

A DNA sequence is "operatively linked" to an expression control sequence when the
expression control sequence controls and regulates the transcription and translation of that DNA
sequence. The term "operatively linked" includes having an appropriate start signal (e.g., ATG)
in front of the DNA sequence to be expressed and maintaining the correct reading frame to
permit expression of the DNA sequence under the control of the expression control sequence and
production of the desired product encoded by the DNA sequence. If a gene that one desires to
insert into a recombinant DNA molecule does not contain an appropriate start signal, such a start

signal can be inserted in front of the gene.

The term "standard hybridization conditions" refers to salt and temperature conditions
substantially equivalent to 5 x SSC and 65°C for both hybridization and wash. However, one
skilled in the art will appreciate that such "standard hybridization conditions" are dependent on
particular conditions including the concentration of sodium and magnesium in the buffer,
nucleotide sequence length and concentration, percent mismatch, percent formamide, and the
like. Also important in the determination of "standard hybridization conditions" is whether the
two sequences hybridizing are RNA-RNA, DNA-DNA or RNA-DNA. Such standard
hybridization conditions are easily determined by one skilled in the art according to well known
formulae, wherein hybridization is typically 10-20°C below the predicted or determined Tm with

washes of higher stringency, if desired.
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The present invention provides a novel specific binding member, particularly an antibody
or fragment thereof, including immunogenic fragments, which recognizes an EGFR epitope
which is found in tumorigenic, hyperproliferative or abnormal cells wherein the epitope is
enhanced or evident upon aberrant post-translational modification and not detectable in normal or
wild-type cells. In a particular but nonlimiting embodiment, the binding member, such as the
antibody, recognizes an EGFR epitope which is enhanced or evident upon simple carbohydrate
modification or early glycosylation and is reduced or not evident in the presence of complex
carbohydrate modification or glycosylation. The specific binding member, such as the antibody
or fragment thereof, does not bind to or recognize normal or wild-type cells containing normal or
wild-type EGFR epitope in the absence of overexpression and in the presence of normal EGFR

post-translational modification.

The present invention further provides novel antibodies 806, 175, 124, 1133, ch806, and
hu806 and fragment thereof, including immunogenic fragments, which recognizes an EGFR
epitope, particularly the EGFR peptide (,37CGADSYEMEEDGVRKCs; (SEQ ID NO:14)),
which is exposed in tumorigenic, hyperproliferative or abnormal cells wherein the epitope is
enhanced, revealed, or evident and not detectable in normal or wild-type cells. In a particular but
non-limiting embodiment, the antibody recognizes an EGFR epitope which is enhanced or
evident upon simple carbohydrate modification or early glycosylation and is reduced or not
evident in the presence of complex carbohydrate modification or glycosylation. The antibody or
fragment thereof does not bind to or recognize normal or wild-type cells containing normal or

wild-type EGFR epitope in the absence of overexpression, amplification, or a tumorigenic event.

In a particular aspect of the invention and as stated above, the present inventors
have discovered the novel monoclonal antibodies 806, 175, 124, 1133, ch806, and hu806 which
specifically recognize amplified wild-type EGFR and the de2-7 EGFR, yet bind to an epitope
distinct from the unique junctional peptide of the de2-7 EGFR mutation. Additionally, while
mAb806, mAb175, mAb124, mAbl1133, and hu806 do not recognize the normal, wild-type
EGEFR expressed on the cell surface of glioma cells, they do bind to the extracellular domain of
the EGFR immobilized on the surface of ELISA plates, indicating a conformational epitope with

a polypeptide aspect.
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Importantly, mAb806, mAb175, mAb124, mAb1133, ch806, and hu806 do not bind
significantly to normal tissues such as liver and skin, which express levels of endogenous
wtEGFR that are higher than in most other normal tissues, but wherein EGFR is not
overexpressed or amplified. Thus, mAb806, mAb175, mAb124, mAb1133, and hu806
demonstrate novel and useful specificity, recognizing de2-7 EGFR and amplified EGFR, while
not recognizing normal, wild-type EGFR or the unique junctional peptide which is characteristic
of de2-7 EGFR. In a preferred aspect mAb806, mAb175, mAb124, mAb1133, and hu806 of the
present invention comprises the VH and VL chain CDR domain amino acid sequences depicted
in FIGS. 14B and 15B; 74B and 75B; 51B and 51D; 52B and 52D; and 55A and 55B,
respectively (SEQ ID NOS:2 and 4; 129 and 134; 22 and 27; 32 and 37; and 42 and 47,
respectively; SEQ ID NO:42 including the hu806 VH chain signal peptide and VH chain
sequences of SEQ ID NOS:163 and 164, respectively, and SEQ ID NO:47 including the hu806
VL chain signal peptide and VL chain sequences of SEQ ID NOS: 165 and 166, respectively).

In another aspect, the invention provides an antibody capable of competing with the 175
antibody, under conditions in which at least 10% of an antibody having the VH and VL chain
sequences of the 175 antibody (SEQ ID NOS:129 and 134, respectively) is blocked from binding
to de2-7EGFR by competition with such an antibody in an ELISA assay. As set forth above,

anti-idiotype antibodies are contemplated herein.

The present invention relates to specific binding members, particularly antibodies or
fragments thereof, which recognizes an EGFR epitope which is present in cells expressing
amplified EGFR or expressing the de2-7 EGFR and not detectable in cells expressing normal or

wild-type EGFR, particularly in the presence of normal posttranslational modification.

It is further noted and herein demonstrated that an additional non-limiting observation or
characteristic of the antibodies of the present invention is their recognition of their epitope in the
presence of high mannose groups, which is a characteristic of early glycosylation or simple
carbohydrate modification. Thus, altered or aberrant glycosylation facilitates the presence and/or

recognition of the antibody epitope or comprises a portion of the antibody epitope.

Glycosylation includes and encompasses the post-translational modification of proteins,

termed glycoproteins, by addition of oligosaccarides. Oligosaccharides are added at glycosylation
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sites in glycoproteins, particularly including N-linked oligosaccharides and 0-linked
oligosaccharides. N-linked oligosaccharides are added to an Asn residue, particularly wherein the
Asn residue is in the sequence N-X-S/T, where X cannot be Pro or Asp, and are the most
common ones found in glycoproteins. In the biosynthesis of N-linked glycoproteins, a high
mannose type oligosaccharide (generally comprised of dolichol, N-Acetylglucosamine, mannose
and glucose is first formed in the endoplasmic reticulum (ER). The high mannose type
glycoproteins are then transported from the ER to the Golgi, where further processing and
modification of the oligosaccharides normally occurs. 0-linked oligosaccharides are added to the
hydroxyl group of Ser or Thr residues. In 0-linked oligosaccharides, N Acetylglucosamine is first
transferred to the Ser or Thr residue by N Acetylglucosaminyltransferase in the ER. The protein

then moves to the Golgi where further modification and chain elongation occurs.

In a particular aspect of the invention and as stated above, the present inventors have
discovered novel monoclonal antibodies, exemplified herein by the antibodies designated
mADb806 (and its chimeric ch806), mAb175, mAb124, mAbl1133, and hu806 which specifically
recognize amplified wild-type EGFR and the de2-7 EGFR, yet bind to an epitope distinct from
the unique junctional peptide of the de2-7 EGFR mutation. The antibodies of the present
invention specifically recognize overexpressed EGFR, including amplified EGFR and mutant
EGFR (exemplified herein by the de2-7 mutation), particularly upon aberrant post-translational
modification. Additionally, while these antibodies do not recognize the normal, wild-type EGFR
expressed on the cell surface of glioma cells, they do bind to the extracellular domain of the
EGFR immobilized on the surface of ELISA plates, indicating a conformational epitope with a
polypeptide aspect. Importantly, these antibodies do not bind significantly to normal tissues such
as liver and skin, which express levels of endogenous wtEGFR that are higher than in most other
normal tissues, but wherein EGFR is not overexpressed or amplified. Thus, these antibodies
demonstrate novel and useful specificity, recognizing de2-7 EGFR and amplified EGFR, while
not recognizing normal, wild-type EGFR or the unique junctional peptide which is characteristic

of de2-7 EGFR.

In a preferred aspect, the antibodies are ones which have the characteristics of the
antibodies which the inventors have identified and characterized, in particular recognizing
amplified EGFR and de2-7EGFR. In particularly preferred aspects, the antibodies are mAb806,
mADb175, mAb124, mAb1133, and hu806 or active fragments thereof. In a further preferred
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aspect the antibody of the present invention comprises the VH and VL chain amino acid
sequences depicted FIGS.16 and 17; 74B and 75B; 51B and 51D; 52B and 52D; and 55A and
55B, respectively.

Preferably the epitope of the specific binding member or antibody is located within the
region comprising residues 273-501 of the mature normal or wild-type EGFR sequence, and
preferably the epitope comprises residues 287-302 of the mature normal or wild-type EGFR
sequence (SEQ ID NO:14). Therefore, also provided are specific binding proteins, such as
antibodies, which bind to the de2-7 EGFR at an epitope located within the region comprising
residues 273-501 of the EGFR sequence, and comprising residues 287-302 of the EGFR
sequence (SEQ ID NO:14). The epitope may be determined by any conventional epitope
mapping techniques known to the person skilled in the art. Alternatively, the DNA sequences
encoding residues 273-501 and 287-302 (SEQ ID NO:14) could be digested, and the resultant
fragments expressed in a suitable host. Antibody binding could be determined as mentioned

above.

In particular, the member will bind to an epitope comprising residues 273-501, and more
specifically comprising residues 287-302 (SEQ ID NO:14), of the mature normal or wild-type
EGFR. However other antibodies which show the same or a substantially similar pattern of
reactivity also form an aspect of the invention. This may be determined by comparing such
members with an antibody comprising the VH and VL chain domains shown in SEQ ID NOS:2
and 4; 129 and 134; 22 and 27; 32 and 37; and 42 and 47, respectively. The comparison will
typically be made using a Western blot in which binding members are bound to duplicate blots
prepared from a nuclear preparation of cells so that the pattern of binding can be directly

compared.

In another aspect, the invention provides an antibody capable of competing with mAb806
under conditions in which at least 10% of an antibody having the VH and VL chain sequences of
one of such antibodies is blocked from binding to de2-7EGFR by competition with such an
antibody in an ELISA assay. As set forth above, anti-idiotype antibodies are contemplated and

are illustrated herein.
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In another aspect, the invention provides an antibody capable of competing with mAb175,
mADb124, and/or mAb1133 under conditions in which at least 10% of an antibody having the VH
and VL chain sequences of one of such antibodies is blocked from binding to de2-7EGFR by
competition with such an antibody in an ELISA assay. As set forth above, anti-idiotype

antibodies are contemplated and are illustrated herein.

In another aspect, the invention provides an antibody capable of competing with mAb806,
mAb175, mAb124, mAb1133 and/or hu806, under conditions in which at least 10% of an
antibody having the VH and VL chain sequences of one of such antibodies is blocked from
binding to de2-7EGFR by competition with such an antibody in an ELISA assay. As set forth

above, anti-idiotype antibodies are contemplated and are illustrated herein.

An isolated polypeptide consisting essentially of the epitope comprising residues 273-501
and more specifically comprising residues 287-302 (SEQ ID NO:14) of the mature wild-type
EGFR forms another aspect of the present invention. The peptide of the invention is particularly
useful in diagnostic assays or kits and therapeutically or prophylactically, including as an anti-
tumor or anti-cancer vaccine. Thus compositions of the peptide of the present invention include

pharmaceutical composition and immunogenic compositions.

Diagnostic and Therapeutic Uses

The unique specificity of the specific binding members, particularly antibodies or
fragments thereof, of the present invention, whereby the binding member (s) recognize an EGFR
epitope which is found in tumorigenic, hyperproliferative or abnormal cells and not detectable in
normal or wild-type cells and wherein the epitope is enhanced or evident upon aberrant post-
translational modification and wherein the member (s) bind to the de2-7 EGFR and amplified
EGEFR but not the wtEGFR, provides diagnostic and therapeutic uses to identify, characterize,
target and treat, reduce or eliminate a number of tumorigenic cell types and tumor types, for
example head and neck, breast, lung, bladder or prostate tumors and glioma, without the
problems associated with normal tissue uptake that may be seen with previously known EGFR
antibodies. Thus, cells overexpressing EGFR (e.g. by amplification or expression of a mutant or
variant EGFR), particularly those demonstrating aberrant post-translational modification may be
recognized, isolated, characterized, targeted and treated or eliminated utilizing the binding

member (s), particularly antibody (ies) or fragments thereof of the present invention.
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In a further aspect of the invention, there is provided a method of treatment of a tumor, a
cancerous condition, a precancerous condition, and any condition related to or resulting from
hyperproliferative cell growth comprising administration of mAb806, mAb175, mAb124,
mAb1133, and/or hu806.

The antibodies of the present invention can thus specifically categorize the nature of
EGFR tumors or tumorigenic cells, by staining or otherwise recognizing those tumors or cells
wherein EGFR overexpression, particularly amplification and/or EGFR mutation, particularly
de2-7EGFR, is present. Further, the antibodies of the present invention, as exemplified by
mAb806 (and chimeric antibody ch806), mAb175, mAb124, mAbl1133, and hu806, demonstrate
significant in vivo anti-tumor activity against tumors containing amplified EGFR and against

de2-7 EGFR positive xenografts.

As outlined above, the inventors have found that the specific binding member of the
invention recognizes tumor-associated forms of the EGFR (de2-7 EGFR and amplified EGFR)
but not the normal, wild-type receptor when expressed in normal cells. It is believed that
antibody recognition is dependent upon an aberrant posttranslational modification (e.g., a unique
glycosylation, acetylation or phosphorylation variant) of the EGFR expressed in cells exhibiting

overexpression of the EGFR gene.

As described below, antibodies of the present invention have been used in therapeutic
studies and shown to inhibit growth of overexpressing (e.g. amplified) EGFR xenografts and
human de2-7 EGFR expressing xenografts of human tumors and to induce significant necrosis

within such tumors.

Moreover, the antibodies of the present invention inhibit the growth of intracranial tumors
in a preventative model. This model involves injecting glioma cells expressing de2-7 EGFR into
nude mice and then injecting the antibody intracranially either on the same day or within 1 to 3
days, optionally with repeated doses. The doses of antibody are suitably about 10 pg. Mice
injected with antibody are compared to controls, and it has been found that survival of the treated

mice is significantly increased.
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Therefore, in a further aspect of the invention, there is provided a method of treatment of
a tumor, a cancerous condition, a precancerous condition, and any condition related to or
resulting from hyperproliferative cell growth comprising administration of a specific binding

member of the invention.

Antibodies of the present invention are designed to be used in methods of diagnosis and
treatment of tumors in human or animal subjects, particularly epithelial tumors. These tumors
may be primary or secondary solid tumors of any type including, but not limited to, glioma,

breast, lung, prostate, head or neck tumors.

Binding Member and Antibody Generation

The general methodology for making monoclonal antibodies by hybridomas is well
known. Immortal, antibody-producing cell lines can also be created by techniques other than
fusion, such as direct transformation of B lymphocytes with oncogenic DNA, or transfection with
Epstein-Barr virus. See, e.g., M. Schreier et al., "Hybridoma Techniques" (1980); Hammering et
al., "Monoclonal Antibodies And T cell Hybridomas" (1981); Kennett et al., "Monoclonal
Antibodies" (1980); see also U.S. Patent Nos. 4,341,761; 4,399,121, 4,427,783 4,444,887,
4,451,570; 4,466,917; 4,472,500, 4,491,632; and 4,493,890.

Panels of monoclonal antibodies produced against EFGR can be screened for various
properties; i.e., isotype, epitope, affinity, etc. Of particular interest are monoclonal antibodies
that mimic the activity of EFGR or its subunits. Such monoclonals can be readily identified in
specific binding member activity assays. High affinity antibodies are also useful when

immunoaffinity purification of native or recombinant specific binding member is possible.

Methods for producing polyclonal anti-EFGR antibodies are well-known in the art. See
U.S. Patent No. 4,493,795 to Nestor et al. A monoclonal antibody, typically containing Fab
and/or F (ab') 2 portions of useful antibody molecules, can be prepared using the hybridoma
technology described in Antibodies-A Laboratory Manual, Harlow and Lane, eds., Cold Spring
Harbor Laboratory, New York (1988), which is incorporated herein by reference. Briefly, to
form the hybridoma from which the monoclonal antibody composition is produced, a myeloma
or other self-perpetuating cell line is fused with lymphocytes obtained from the spleen of a

mammal hyperimmunized with an appropriate EGFR.
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Splenocytes are typically fused with myeloma cells using polyethylene glycol (PEG)
6000. Fused hybrids are selected by their sensitivity to HAT. Hybridomas producing a
monoclonal antibody useful in practicing this invention are identified by their ability to
immunoreact with the present antibody or binding member and their ability to inhibit specified

tumorigenic or hyperproliferative activity in target cells.

A monoclonal antibody useful in practicing the present invention can be produced by
initiating a monoclonal hybridoma culture comprising a nutrient medium containing a hybridoma
that secretes antibody molecules of the appropriate antigen specificity. The culture is maintained
under conditions and for a time period sufficient for the hybridoma to secrete the antibody
molecules into the medium. The antibody-containing medium is then collected. The antibody

molecules can then be further isolated by well-known techniques.

Media useful for the preparation of these compositions are both well-known in the art and
commercially available and include synthetic culture media, inbred mice and the like. An
exemplary synthetic medium is Dulbecco's minimal essential medium (DMEM; Dulbecco et al.,
Virol. 8:396 (1959)) supplemented with 4.5 gm/1 glucose, 20 mm glutamine, and 20% fetal calf

serum. An exemplary inbred mouse strain is the Balb/c.

Methods for producing monoclonal anti-EGFR antibodies are also well-known in the art.
See Niman et al., Proc. Natl. Acad. Sci. USA, 80:4949-4953 (1983). Typically, the EGFR or a
peptide analog is used either alone or conjugated to an immunogenic carrier, as the immunogen
in the before described procedure for producing anti-EGFR monoclonal antibodies. The
hybridomas are screened for the ability to produce an antibody that immunoreacts with the EGFR
present in tumorigenic, abnormal or hyperproliferative cells. Other anti-EGFR antibodies
include but are not limited to the HuMAX-EGFr antibody from Genmab/Medarex, the 108
antibody (ATCC HB9764) and U.S. Patent No. 6,217,866, and antibody 14E1 from Schering AG
(U.S. Patent No. 5,942,602).

Recombinant Binding Members, Chimerics, Bispecifics and Fragments

In general, the CDR1 regions, comprising amino acid sequences substantially as set out as

the CDR1 regions of SEQ ID NOS:2 and 4; 129 and 134; 22 and 27; 32 and 37; and 42 and 47,
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respectively, will be carried in a structure which allows for binding of the CDR1 regions to an
tumor antigen. In the case of the CDR1 region of SEQ ID NO:4, for example, this is preferably
carried by the VL chain region of SEQ ID NO:4 (and similarly for the other recited sequences).

In general, the CDR2 regions, comprising amino acid sequences substantially as set out as
the CDR2 regions of SEQ ID NOS:2 and 4; 129 and 134; 22 and 27; 32 and 37; and 42 and 47,
respectively, will be carried in a structure which allows for binding of the CDR2 regions to an
tumor antigen. In the case of the CDR2 region of SEQ ID NO:4, for example, this is preferably
carried by the VL chain region of SEQ ID NO:4 (and similarly for the other recited sequences).

In general, the CDR3 regions, comprising amino acid sequences substantially as set out as
the CDR3 regions of SEQ ID NOS:2 and 4; 129 and 134; 22 and 27; 32 and 37; and 42 and 47,
respectively, will be carried in a structure which allows for binding of the CDR3 regions to an
tumor antigen. In the case of the CDR3 region of SEQ ID NO:4, for example, this is preferably
carried by the VL chain region of SEQ ID NO:4 (and similarly for the other recited sequences).

By "substantially as set out" it is meant that that CDR regions, for example CDR3
regions, of the invention will be either identical or highly homologous to the specified regions of
SEQ ID NOS:2 and 4; 129 and 134; 22 and 27; 32 and 37; and 42 and 47, respectively. By
"highly homologous" it is contemplated that only a few substitutions, preferably from 1 to 8§,
preferably from 1 to 5, preferably from 1 to 4, or from 1 to 3 or 1 or 2 substitutions may be made
in one or more of the CDRs. It is also contemplated that such terms include truncations to the
CDRs, so long as the resulting antibody exhibits the unique properties of the class of antibodies
discussed herein, as exhibited by mAb806, mAb175, mAb124, mAb1133 and hu806.

The structure for carrying the CDRs of the invention, in particular CDR3, will generally
be of an antibody heavy or light chain sequence or substantial portion thereof in which the CDR
regions are located at locations corresponding to the CDR region of naturally occurring VH and
VL chain antibody variable domains encoded by rearranged immunoglobulin genes. The
structures and locations of immunoglobulin variable domains may be determined by reference to
Kabat, E. A. et al, Sequences of Proteins of Immunological Interest. 4th Edition. US Department
of Health and Human Services. 1987, and updates thereof, now available on the Internet

(http://immuno.bme.nwu.edu)). Moreover, as is known to those of skill in the art, CDR
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determinations can be made in various ways. For example, Kabat, Chothia and combined
domain determination analyses may be used. In this regard, see for example

http://www.bioinf.org.uk/abs/#cdrid.

Preferably, the amino acid sequences substantially as set out as the VH chain CDR
residues in the inventive antibodies are in a human heavy chain variable domain or a substantial
portion thereof, and the amino acid sequences substantially as set out as the VL chain CDR
residues in the inventive antibodies are in a human light chain variable domain or a substantial

portion thereof.

The variable domains may be derived from any germline or rearranged human variable
domain, or may be a synthetic variable domain based on consensus sequences of known human
variable domains. The CDR3-derived sequences of the invention, for example, as defined in the
preceding paragraph, may be introduced into a repertoire of variable domains lacking CDR3

regions, using recombinant DNA technology.

For example, Marks et al (Bio/Technology, 1992,10:779-783) describe methods of
producing repertoires of antibody variable domains in which consensus primers directed at or
adjacent to the 5'end of the variable domain area are used in conjunction with consensus primers
to the third framework region of human VH genes to provide a repertoire of VH variable
domains lacking a CDR3. Marks et al further describe how this repertoire may be combined with
a CDR3 of a particular antibody. Using analogous techniques, the CDR3-derived sequences of
the present invention may be shuffled with repertoires of VH or VL domains lacking a CDR3,
and the shuffled complete VH or VL domains combined with a cognate VL or VH domain to
provide specific binding members of the invention. The repertoire may then be displayed in a
suitable host system such as the phage display system of W092/01047 so that suitable specific
binding members may be selected. A repertoire may consist of from anything from 10*

individual members upwards, for example from 10° to 10° or 10'® members.
Analogous shuffling or combinatorial techniques are also disclosed by Stemmer (Nature,

1994,370:389-391), who describes the technique in relation to a p-lactamase gene but observes

that the approach may be used for the generation of antibodies.
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A further alternative is to generate novel VH or VL regions carrying the CDR3derived
sequences of the invention using random mutagenesis of, for example, the mAb806 VH or VL
genes to generate mutations within the entire variable domain. Such a technique is described by

Gram et al (1992, Proc. Natl. Acad. Sci., USA, 89:3576-3580), who used error-prone PCR.

Another method which may be used is to direct mutagenesis to CDR regions of VH or VL
genes. Such techniques are disclosed by Barbas et al, (1994, Proc. Natl. Acad. Sci., USA,
91:3809-3813) and Schier et al. (1996, J. Mol. Biol. 263:551-567).

All the above described techniques are known as such in the art and in themselves do not
form part of the present invention. The skilled person will be able to use such techniques to

provide specific binding members of the invention using routine methodology in the art.

A substantial portion of an immunoglobulin variable domain will comprise at least the
three CDR regions, together with their intervening framework regions. Preferably, the portion
will also include at least about 50% of either or both of the first and fourth framework regions,
the 50% being the C-terminal 50% of the first framework region and the N-terminal 50% of the
fourth framework region. Additional residues at the N-terminal or C-terminal end of the
substantial part of the variable domain may be those not normally associated with naturally
occurring variable domain regions. For example, construction of specific binding members of
the present invention made by recombinant DNA techniques may result in the introduction of N-
or C-terminal residues encoded by linkers introduced to facilitate cloning or other manipulation
steps. Other manipulation steps include the introduction of linkers to join variable domains of
the invention to further protein sequences including immunoglobulin heavy chains, other variable
domains (for example in the production of diabodies) or protein labels as discussed in more detail

below.

Although in a preferred aspect of the invention specific binding members comprising a
pair of binding domains based on sequences substantially set out in SEQ ID NOS:2 and 4; 129
and 134; 22 and 27; 32 and 37; and 42 and 47, respectively, are preferred, single binding domains
based on these sequences form further aspects of the invention. In the case of the binding

domains based on the sequence substantially set out in VH chains, such binding domains may be

66



10

15

20

25

30

used as targeting agents for tumor antigens since it is known that immunoglobulin VH domains

are capable of binding target antigens in a specific manner.

In the case of either of the single chain specific binding domains, these domains may be
used to screen for complementary domains capable of forming a two-domain specific binding
member which has in vivo properties as good as or equal to the mAb806, ch806, mAb175,
mADb124, mAbl133 and hu806 antibodies disclosed herein.

This may be achieved by phage display screening methods using the so-called
hierarchical dual combinatorial approach as disclosed in U.S. Patent 5,969,108 in which an
individual colony containing either an H or L chain clone is used to infect a complete library of
clones encoding the other chain (L or H) and the resulting two-chain specific binding member is
selected in accordance with phage display techniques such as those described in that reference.

This technique is also disclosed in Marks et al, ibid.

Specific binding members of the present invention may further comprise antibody
constant regions or parts thereof. For example, specific binding members based on VL chain
sequences may be attached at their C-terminal end to antibody light chain constant domains
including human Ck of CA chains, preferably CA chains. Similarly, specific binding members
based on VH chain sequences may be attached at their C-terminal end to all or part of an
immunoglobulin heavy chain derived from any antibody isotype, e.g. IgG, IgA, IgE, IgD and
IgM and any of the isotype sub-classes, particularly IgGl, IgG2b, and 1gG4. IgGl is preferred.

The advent of monoclonal antibody (mAb) technology 25 years ago has provide an
enormous repertoire of useful research reagents and created the opportunity to use antibodies as
approved pharmaceutical reagents in cancer therapy, autoimmune disorders, transplant rejection,
antiviral prophylaxis and as anti-thrombotics (Glennie and Johnson, 2000). The application of
molecular engineering to convert murine mAbs into chimeric mAbs (mouse V-region, human C-
region) and humanized reagents where only the mAb complementarity-determining regions
(CDR) are of murine origin has been critical to the clinical success of mAb therapy. The
engineered mAbs have markedly reduced or absent immunogenicity, increased serum half-life
and the human Fc portion of the mAb increases the potential to recruit the immune effectors of

complement and cytotoxic cells (Clark 2000). Investigations into the biodistribution,
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pharmacokinetics and any induction of an immune response to clinically administered mAbs
requires the development of analyses to discriminate between the pharmaceutical and

endogenous proteins.

The antibodies, or any fragments thereof, may also be conjugated or recombinantly fused
to any cellular toxin, bacterial or other, e.g. pseudomonas exotoxin, ricin, or diphtheria toxin.
The part of the toxin used can be the whole toxin, or any particular domain of the toxin. Such
antibody-toxin molecules have successfully been used for targeting and therapy of different kinds
of cancers, see e.g. Pastan, Biochim Biophys Acta. 1997 Oct 24; 1333 (2):C1-6; Kreitman et al.,
N. Engl. J. Med. 2001 Jul 26; 345 (4):241-7; Schnell et al., Leukemia. 2000 Jan; 14 (1):129-35;
Ghetie et al., Mol. Biotechnol. 2001 Jul; 18 (3):251-68.

Bi-and tri-specific multimers can be formed by association of different scFv molecules
and have been designed as cross-linking reagents for T-cell recruitment into tumors
(immunotherapy), viral retargeting (gene therapy) and as red blood cell agglutination reagents
(immunodiagnostics), see e.g. Todorovska et al., J. Immunol. Methods. 2001 Feb 1; 248 (1-2):47-
66; Tomlinson et al., Methods Enzymol. 2000; 326:461-79; McCall et al., J. Immunol. 2001 May
15; 166 (10):6112-7.

Fully human antibodies can be prepared by immunizing transgenic mice carrying large
portions of the human immunoglobulin heavy and light chains. These mice, examples of such
mice are the Xenomouse' ™ (Abgenix, Inc.) (U.S. Patent Nos. 6,075,181 and 6,150,584), the
HuMAb-Mouse™ (Medarex, Inc./GenPharm) (U.S. patent 5,545,806 and 5,569,825), the

TransChromo Mouse (Kirin) and the KM Mouse (Medarex/Kirin), are well known within the art.

Antibodies can then be prepared by, e.g. standard hybridoma technique or by phage

display. These antibodies will then contain only fully human amino acid sequences.

Fully human antibodies can also be generated using phage display from human libraries.
Phage display may be performed using methods well known to the skilled artisan, as in
Hoogenboom et al. and Marks et al. (Hoogenboom HR and Winter G. (1992) J. Mol. Biol. 227
(2):381-8; Marks JD et al. (1991) J. Mol. Biol. 222 (3):581-97; and also U.S. Patents 5,885,793
and 5,969,108).
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Therapeutic Antibodies and Uses

The in vivo properties, particularly with regard to tumor:blood ratio and rate of clearance,
of specific binding members of the invention will be at least comparable to mAb806. Following
administration to a human or animal subject such a specific binding member will show a peak
tumor to blood ratio of > 1:1. Preferably at such a ratio the specific binding member will also
have a tumor to organ ratio of greater than 1:1, preferably greater than 2:1, more preferably
greater than 5:1. Preferably at such a ratio the specific binding member will also have an organ
to blood ratio of < 1:1 in organs away from the site of the tumor. These ratios exclude organs of
catabolism and secretion of the administered specific binding member. Thus in the case of scFvs
and Fabs (as shown in the accompanying examples), the binding members are secreted via the
kidneys and there is greater presence here than other organs. In the case of whole IgGs,
clearance will be at least in part, via the liver. The peak localization ratio of the intact antibody
will normally be achieved between 10 and 200 hours following administration of the specific
binding member. More particularly, the ratio may be measured in a tumor xenograft of about

0.2-1.0 g formed subcutaneously in one flank of an athymic nude mouse.

Antibodies of the invention may be labelled with a detectable or functional label.
Detectable labels include, but are not limited to, radiolabels such as the isotopes SH, ¢, ¥p, ¥S,
36¢1, SCr, 7Co, FCo, PFe, 0y, 1217, 1247, 1257, 131 11y 21 A¢ 198y 67CU, 25Ac, 213Bi, PTe and
'%Re, which may be attached to antibodies of the invention using conventional chemistry known
in the art of antibody imaging. Labels also include fluorescent labels and labels used
conventionally in the art for MRI-CT imagine. They also include enzyme labels such as
horseradish peroxidase. Labels further include chemical moieties such as biotin which may be

detected via binding to a specific cognate detectable moiety, e.g. labeled avidin.

Functional labels include substances which are designed to be targeted to the site of a
tumor to cause destruction of tumor tissue. Such functional labels include cytotoxic drugs such
as 5-fluorouracil or ricin and enzymes such as bacterial carboxypeptidase or nitroreductase,

which are capable of converting prodrugs into active drugs at the site of a tumor.

Also, antibodies including both polyclonal and monoclonal antibodies, and drugs that

modulate the production or activity of the specific binding members, antibodies and/or their
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subunits may possess certain diagnostic applications and may for example, be utilized for the
purpose of detecting and/or measuring conditions such as cancer, precancerous lesions,
conditions related to or resulting from hyperproliferative cell growth or the like. For example, the
specific binding members, antibodies or their subunits may be used to produce both polyclonal
and monoclonal antibodies to themselves in a variety of cellular media, by known techniques
such as the hybridoma technique utilizing, for example, fused mouse spleen lymphocytes and
myeloma cells. Likewise, small molecules that mimic or antagonize the activity (ies) of the
specific binding members of the invention may be discovered or synthesized, and may be used in

diagnostic and/or therapeutic protocols.

The radiolabeled specific binding members, particularly antibodies and fragments thereof,
are useful in in vitro diagnostics techniques and in in vivo radioimaging techniques and in
radioimmunotherapy. In the instance of in vivo imaging, the specific binding members of the
present invention may be conjugated to an imaging agent rather than a radioisotope (s), including
but not limited to a magnetic resonance image enhancing agent, wherein for instance an antibody
molecule is loaded with a large number of paramagnetic ions through chelating groups.
Examples of chelating groups include EDTA, porphyrins, polyamines crown ethers and
polyoximes. Examples of paramagnetic ions include gadolinium, iron, manganese, rhenium,
europium, lanthanium, holmium and erbium. In a further aspect of the invention, radiolabeled
specific binding members, particularly antibodies and fragments thereof, particularly
radioimmunoconjugates, are useful in radioimmunotherapy, particularly as radiolabeled
antibodies for cancer therapy. In a still further aspect, the radiolabelled specific binding
members, particularly antibodies and fragments thereof, are useful in radioimmuno-guided
surgery techniques, wherein they can identify and indicate the presence and/or location of cancer
cells, precancerous cells, tumor cells, and hyperproliferative cells, prior to, during or following

surgery to remove such cells.

Immunoconjugates or antibody fusion proteins of the present invention, wherein the
specific binding members, particularly antibodies and fragments thereof, of the present invention
are conjugated or attached to other molecules or agents further include, but are not limited to
binding members conjugated to a chemical ablation agent, toxin, immunomodulator, cytokine,

cytotoxic agent, chemotherapeutic agent or drug.
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Radioimmunotherapy (RAIT) has entered the clinic and demonstrated efficacy using
various antibody immunoconjugates. "'l labeled humanized anti-carcinoembryonic antigen
(anti-CEA) antibody hMN-14 has been evaluated in colorectal cancer (Behr TM et al (2002)
Cancer 94 (4Suppl):1373-81) and the same antibody with 90Y label has been assessed in
medullary thyroid carcinoma (Stein R et al (2002) Cancer 94 (1):51-61). Radioimmunotherapy
using monoclonal antibodies has also been assessed and reported for non-Hodgkin's lymphoma
and pancreatic cancer (Goldenberg DM (2001) Crit. Rev. Oncol. Hematol. 39 (1-2):195-201;
Gold DV et al. (2001) Crit. Rev. Oncol. Hematol. 39 (1-2) 147-54). Radioimmunotherapy
methods with particular antibodies are also described in U.S. Patent Nos. 6,306,393 and
6,331,175. Radioimmunoguided surgery (RIGS) has also entered the clinic and demonstrated
efficacy and usefulness, including using anti-CEA antibodies and antibodies directed against
tumor-associated antigens (Kim JC et al (2002) Jut. J. Cancer 97(4):542-7; Schneebaum, S. et al.
(2001) World J. Surg. 25(12):1495-8; Avital, S. et al. (2000) Cancer 89(8):1692-8; Mclntosh DG
et al (1997) Cancer Biother. Radiopharm. 12 (4):287-94).

Antibodies of the present invention may be administered to a patient in need of treatment
via any suitable route, usually by injection into the bloodstream or CSF, or directly into the site
of the tumor. The precise dose will depend upon a number of factors, including whether the
antibody is for diagnosis or for treatment, the size and location of the tumor, the precise nature of
the antibody (whether whole antibody, fragment, diabody, etc), and she nature of the detectable
or functional label attached to the antibody. Where a radionuclia is used for therapy, a suitable
maximum single dose is about 45 mCi/m? to a maximum of about 250 mCi/m>. Preferable
dosage is in the range of 15 to 40 mCi, with a further preferred dosage range of 20 to 30 mCi, or
10 to 30 mCi. Such therapy may require bone marrow or stem cell replacement. A typical
antibody dose for either tumor imaging or tumor treatment will be in the range of from 0.5 to 40
mg, preferably from 1 to 4 mg of antibody in F(ab')2 form. Naked antibodies are preferable
administered in doses of 20 to 1000 mg protein per dose, or 20 to 500 mg protein per dose, or 20
to 100 mg protein per dose. This is a dose for a single treatment of an adult patient, which may
be proportionally adjusted for children and infants, and also adjusted for other antibody formats
in proportion to molecular weight. Treatments may be repeated at daily, twice-weekly, weekly

or monthly intervals, at the discretion of the physician.
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These formulations may include a second binding protein, such as the EGPR binding
proteins described supra. In an especially preferred form, this second binding protein is a

monoclonal antibody such as 528 or 225, discussed infra.

Pharmaceutical and Therapeutic Compositions

Specific binding members of the present invention will usually be administered in the
form of a pharmaceutical composition, which may comprise at least one component in addition

to the specific binding member.

Thus pharmaceutical compositions according to the present invention, and for use in
accordance with the present invention, may comprise, in addition to active ingredient, a
pharmaceutically acceptable excipient, carrier, buffer, stabilizer or other materials well known to
those skilled in the art. Such materials should be non-toxic and should not interfere with the
efficacy of the active ingredient. The precise nature of the carrier or other material will depend

on the route of administration, which may be oral, or by injection, e.g. intravenous.

Pharmaceutical compositions for oral administration may be in tablet, capsule, powder or
liquid form. A tablet may comprise a solid carrier such as gelatin or an adjuvant. Liquid
pharmaceutical compositions generally comprise a liquid carrier such as water, petroleum,
animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution, dextrose or
other saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethylene
glycol may be included.

For intravenous, injection, or injection at the site of affliction, the active ingredient will
be in the form of a parenterally acceptable aqueous solution which is pyrogen-free and has
suitable pH, isotonicity and stability. Those of relevant skill in the art are well able to prepare
suitable solutions using, for example, isotonic vehicles such as Sodium Chloride Injection,
Ringer's Injection, Lactated Ringer's Injection. Preservatives, stabilizers, buffers, antioxidants

and/or other additives may be included, as required.

A composition may be administered alone or in combination with other treatments,
therapeutics or agents, either simultaneously or sequentially dependent upon the condition to be

treated. In addition, the present invention contemplates and includes compositions comprising
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the binding member, particularly antibody or fragment thereof, herein described and other agents
or therapeutics such as anti-cancer agents or therapeutics, hormones, anti-EGFR agents or
antibodies, or immune modulators. More generally these anti-cancer agents may be tyrosine
kinase inhibitors or phosphorylation cascade inhibitors, post-translational modulators, cell
growth or division inhibitors (e.g. anti-mitotics), or signal transduction inhibitors. Other
treatments or therapeutics may include the administration of suitable doses of pain relief drugs
such as non-steroidal anti-inflammatory drugs (e.g., aspirin, paracetamol, ibuprofen or
ketoprofen) or opiates such as morphine, or anti-emetics. The composition can be administered
in combination (either sequentially (i.e. before or after) or simultaneously) with tyrosine kinase
inhibitors (including, but not limited to AG1478 and ZD1839, STI571, OSI-774, SU-6668),
doxorubicin, temozolomide, cisplatin, carboplatin, nitrosoureas, procarbazine, vincristine,
hydroxyurea, 5-fluoruracil, cytosine arabinoside, cyclophosphamide, epipodophyllotoxin,
carmustine, lomustine, and/or other chemotherapeutic agents. Thus, these agents may be anti-
EGFR specific agents, or tyrosine kinase inhibitors such as AG1478, ZD1839, STI571, OSI-774,
or SU-6668 or may be more general anti-cancer and anti-neoplastic agents such as doxorubicin,
cisplatin, temozolomide, nitrosoureas, procarbazine, vincristine, hydroxyurea, 5-fluoruracil,
cytosine arabinoside, cyclophosphamide, epipodophyllotoxin, carmustine, or lomustine. In
addition, the composition may be administered with hormones such as dexamethasone, immune
modulators, such as interleukins, tumor necrosis factor (TNF) or other growth factors or
cytokines which stimulate the immune response and reduction or elimination of cancer cells or

tumors.

An immune modulator such as TNF may be combined together with a member of the
invention in the form of a bispecific antibody recognizing the EGFR epitope recognized by the
inventive antibodies, as well as binding to TNF receptors. The composition may also be
administered with, or may include combinations along with other anti-EGFR antibodies,
including but not limited to the anti-EGFR antibodies 528, 225, SC-03, DRS. 3, L8A4, Y10,
ICR62 and ABX-EGF.

Previously the use of agents such as doxorubicin and cisplatin in conjunction with anti-
EGFR antibodies have produced enhanced anti-tumor activity (Fan et al, 1993; Baselga et al,
1993). The combination of doxorubicin and mAb 528 resulted in total eradication of established

A431 xenografts, whereas treatment with either agent alone caused only temporary in vivo
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growth inhibition (Baselga et al, 1993). Likewise, the combination of cisplatin and either
mADbS528 or 225 also led to the eradication of well established A431 xenografts, which was not

observed when treatment with either agent was used (Fan et al, 1993).

Conventional Radiotherapy

In addition, the present invention contemplates and includes therapeutic compositions for
the use of the binding member in combination with conventional radiotherapy. It has been
indicated that treatment with antibodies targeting EGF receptors can enhance the effects of
conventional radiotherapy (Milas et al., Clin. Cancer Res. 2000 Feb:6 (2):701, Huang et al., Clin.
Cancer Res. 2000 Jun:6 (6):2166).

As demonstrated herein, combinations of the binding member of the present invention,
particularly an antibody or fragment thereof, preferably the mAb806, ch806, mAb175, mAb124,
mAb1133 or hu806 or a fragment thereof, and anti-cancer therapeutics, particularly anti-EGFR
therapeutics, including other anti-EGFR antibodies, demonstrate effective therapy, and
particularly synergy, against xenografted tumors. In the Examples, it is demonstrated, for
example, that the combination of AG1478 and mAb806 results in significantly enhanced
reduction of A431 xenograft tumor volume in comparison with treatment with either agent alone.
AG1478 (4- (3-chloroanilino)-6, 7-dimethoxyquinazoline) is a potent and selective inhibitor of
the EGF receptor kinase and is particularly described in United States Patent No. 5,457,105,
incorporated by reference herein in its entirety (see also, Liu, W. et al (1999) J. Cell Sci.
112:2409; Eguchi, S. et al. (1998) J. Biol. Chem. 273:8890; Levitsky, A. and Gazit, A. (1995)
Science 267:1782). The Specification Examples further demonstrate therapeutic synergy of
antibodies of the present invention with other anti-EGFR antibodies, particularly with the 528
anti-EGFR antibody.

The present invention further contemplates therapeutic compositions useful in practicing
the therapeutic methods of this invention. A subject therapeutic composition includes, in
admixture, a pharmaceutically acceptable excipient (carrier) and one or more of a specific
binding member, polypeptide analog thereof or fragment thereof, as described herein as an active
ingredient. In a preferred embodiment, the composition comprises an antigen capable of

modulating the specific binding of the present binding member/antibody with a target cell.
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The preparation of therapeutic compositions which contain polypeptides, analogs or
active fragments as active ingredients is well understood in the art. Typically, such compositions
are prepared as injectables, either as liquid solutions or suspensions. However, solid forms
suitable for solution in, or suspension in, liquid prior to injection can also be prepared. The
preparation can also be emulsified. The active therapeutic ingredient is often mixed with
excipients which are pharmaceutically acceptable and compatible with the active ingredient.
Suitable excipients are, for example, water, saline, dextrose, glycerol, ethanol, or the like and
combinations thereof. In addition, if desired, the composition can contain minor amounts of
auxiliary substances such as wetting or emulsifying agents, pH buffering agents which enhance

the effectiveness of the active ingredient.

A polypeptide, analog or active fragment can be formulated into the therapeutic
composition as neutralized pharmaceutically acceptable salt forms. Pharmaceutically acceptable
salts include the acid addition salts (formed with the free amino groups of the polypeptide or
antibody molecule) and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and
the like. Salts formed from the free carboxyl groups can also be derived from inorganic bases
such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such
organic bases as isopropylamine, trimethylamine, 2-ethylamino ethanol, histidine, procaine, and

the like.

The therapeutic polypeptide-, analog-or active fragment-containing compositions are
conventionally administered intravenously, as by injection of a unit dose, for example. The term
"unit dose" when used in reference to a therapeutic composition of the present invention refers to
physically discrete units suitable as unitary dosage for humans, each unit containing a
predetermined quantity of active material calculated to produce the desired therapeutic effect in

association with the required diluent; i.e., carrier, or vehicle.

The compositions are administered in a manner compatible with the dosage formulation,
and in a therapeutically effective amount. The quantity to be administered depends on the
subject to be treated, capacity of the subject's immune system to utilize the active ingredient, and
degree of EFGR binding capacity desired. Precise amounts of active ingredient required to be

administered depend on the judgment of the practitioner and are peculiar to each individual.
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However, suitable dosages may range from about 0.1 to 20, preferably about 0.5 to about 10, and
more preferably one to several, milligrams of active ingredient per kilogram body weight of
individual per day and depend on the route of administration. Suitable regimes for initial
administration and booster shots are also variable, but are typified by an initial administration
followed by repeated doses at one or more hour intervals by a subsequent injection or other
administration. Alternatively, continuous intravenous infusion sufficient to maintain

concentrations of ten nanomolar to ten micromolar in the blood are contemplated.

Pharmaceutical compositions for oral administration may be in tablet, capsule, powder or
liquid form. A tablet may comprise a solid carrier such as gelatin or an adjuvant. Liquid
pharmaceutical compositions generally comprise a liquid carrier such as water, petroleum,
animal or vegetable oils, mineral oil or synthetic oil. Physiological saline solution, dextrose or
other saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethylene

glycol may be included.

For intravenous, injection, or injection at the site of affliction, the active ingredient will
be in the form of a parenterally acceptable aqueous solution which is pyrogen-free and has
suitable pH, isotonicity and stability. Those of relevant skill in the art are well able to prepare
suitable solutions using, for example, isotonic vehicles such as Sodium Chloride Injection,
Ringer's Injection, Lactated Ringer's Injection. Preservatives, stabilizers, buffers, antioxidants

and/or other additives may be included, as required.

Diagnostic Assays

The present invention also relates to a variety of diagnostic applications, including
methods for detecting the presence of stimuli such as aberrantly expressed EGFR, by reference to
their ability to be recognized by the present specific binding member. As mentioned earlier, the
EGFR can be used to produce antibodies to itself by a variety of known techniques, and such
antibodies could then be isolated and utilized as in tests for the presence of particular EGFR

activity in suspect target cells.

Diagnostic applications of the specific binding members of the present invention,
particularly antibodies and fragments thereof, include in vitro and in vivo applications well

known and standard to the skilled artisan and based on the present description. Diagnostic assays
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and kits for in vitro assessment and evaluation of EGFR status, particularly with regard to
aberrant expression of EGFR, may be utilized to diagnose, evaluate and monitor patient samples
including those known to have or suspected of having cancer, a precancerous condition, a
condition related to hyperproliferative cell growth or from a tumor sample. The assessment and
evaluation of EGFR status is also useful in determining the suitability of a patient for a clinical
trial of a drug or for the administration of a particular chemotherapeutic agent or specific binding
member, particularly an antibody, of the present invention, including combinations thereof,
versus a different agent or binding member. This type of diagnostic monitoring and assessment is
already in practice utilizing antibodies against the HER2 protein in breast cancer (Hercep Test,
Dako Corporation), where the assay is also used to evaluate patients for antibody therapy using
Herceptin. In vivo applications include imaging of tumors or assessing cancer status of

individuals, including radioimaging.

As suggested previously, the diagnostic method of the present invention comprises
examining a cellular sample or medium by means of an assay including an effective amount of an
antagonist to an EFGR/protein, such as an anti-EFGR antibody, preferably an affinity-purified
polyclonal antibody, and more preferably a mAb. In addition, it is preferable for the anti-EFGR
antibody molecules used herein be in the form of Fab, Fab', F (ab'), or F (v) portions or whole
antibody molecules. As previously discussed, patients capable of benefiting from this method
include those suffering from cancer, a pre-cancerous lesion, a viral infection, pathologies
involving or resulting from hyperproliferative cell growth or other like pathological derangement.
Methods for isolating EFGR and inducing anti-EFGR antibodies and for determining and
optimizing the ability of anti-EFGR antibodies to assist in the examination of the target cells are

all well-known in the art.

Preferably, the anti-EFGR antibody used in the diagnostic methods of this invention is an
affinity purified polyclonal antibody. More preferably, the antibody is a monoclonal antibody
(mAD). In addition, the anti-EFGR antibody molecules used herein can be in the form of Fab,
Fab', F (ab'), or F (v) portions of whole antibody molecules.

As described in detail above, antibody (ies) to the EGFR can be produced and isolated by

standard methods including the well known hybridoma techniques. For convenience, the
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antibody (ies) to the EGFR will be referred to herein as Ab; and antibody (ies) raised in another

species as Ab,.

The presence of EGFR in cells can be ascertained by the usual in vitro or in vivo
immunological procedures applicable to such determinations. A number of useful procedures are
known. Three such procedures which are especially useful utilize either the EGFR labeled with a
detectable label, antibody Ab, labeled with a detectable label, or antibody Ab2 labeled with a
detectable label. The procedures may be summarized by the following equations wherein the
asterisk indicates that the particle is labeled, and "R" stands for the EGFR:

A. R* + Ab; = R*Ab,,
B. R + Ab* = RAb;*
C. R + Ab; + Ab,* = RAb;Ab,*

The procedures and their application are all familiar to those skilled in the art and
accordingly may be utilized within the scope of the present invention. The "competitive"
procedure, Procedure A, is described in U.S. Patent Nos. 3,654,090 and 3,850,752. Procedure C,
the "sandwich" procedure, is described in U.S. Patent Nos. RE 31,006 and 4,016,043. Still other

procedures are known such as the "double antibody," or "DASP" procedure.

In each instance above, the EGFR forms complexes with one or more antibody (ies) or
binding partners and one member of the complex is labeled with a detectable label. The fact that
a complex has formed and, if desired, the amount thereof, can be determined by known methods

applicable to the detection of labels.

It will be seen from the above, that a characteristic property of Ab; is that it will react
with Ab;. This is because Ab; raised in one mammalian species has been used in another species
as an antigen to raise the antibody Ab,. For example, Ab, may be raised in goats using rabbit
antibodies as antigens. Ab, therefore would be anti-rabbit antibody raised in goats. For purposes
of this description and claims, Ab; will be referred to as a primary or anti-EGFR antibody, and

Ab, will be referred to as a secondary or anti-Ab,; antibody.

The labels most commonly employed for these studies are radioactive elements, enzymes,

chemicals which fluoresce when exposed to ultraviolet light, and others.
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A number of fluorescent materials are known and can be utilized as labels. These include,
for example, fluorescein, rhodamine, auramine, Texas Red, AMCA blue and Lucifer Yellow. A
particular detecting material is anti-rabbit antibody prepared in goats and conjugated with

fluorescein through an isothiocyanate.

The EGFR or its binding partner (s) such as the present specific binding member, can also
be labeled with a radioactive element or with an enzyme. The radioactive label can be detected
by any of the currently available counting procedures. The preferred isotope may be selected
from *H. "C. 32p. 35S 3¢ 5'Cr. S Co. 8Co. PFe, 90y 121] 124] 1257 131 11y, 211a¢ 1984 670y

225Ac, 2BBi, PTc and "*Re.

Enzyme labels are likewise useful, and can be detected by any of the presently utilized
colorimetric, spectrophotometric, fluorospectrophotometric, amperometric or gasometric
techniques. The enzyme is conjugated to the selected particle by reaction with bridging
molecules such as carbodiimides, diisocyanates, glutaraldehyde and the like. Many enzymes
which can be used in these procedures are known and can be utilized. The preferred are
peroxidase, B-glucuronidase, f-D-glucosidase, B-D- galactosidase, urease, glucose oxidase plus
peroxidase and alkaline phosphatase. U.S. Patent Nos. 3,654,090; 3,850,752; and 4,016,043 are

referred to by way of example for their disclosure of alternate labeling material and methods.

A particular assay system that may be advantageously utilized in accordance with the
present invention, is known as a receptor assay. In a receptor assay, the material to be assayed
such as the specific binding member, is appropriately labeled and then certain cellular test
colonies are inoculated with a quantity of both the labeled and unlabeled material after which
binding studies are conducted to determine the extent to which the labeled material binds to the

cell receptors. In this way, differences in affinity between materials can be ascertained.

Accordingly, a purified quantity of the specific binding member may be radiolabeled and
combined, for example, with antibodies or other inhibitors thereto, after which binding studies
would be carried out. Solutions would then be prepared that contain various quantities of labeled
and unlabeled uncombined specific binding member, and cell samples would then be inoculated

and thereafter incubated. The resulting cell monolayers are then washed, solubilized and then
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counted in a gamma counter for a length of time sufficient to yield a standard error of < 5%.

These data are then subjected to Scatchard analysis after which observations and conclusions
regarding material activity can be drawn. While the foregoing is exemplary, it illustrates the
manner in which a receptor assay may be performed and utilized, in the instance where the

cellular binding ability of the assayed material may serve as a distinguishing characteristic.

An assay useful and contemplated in accordance with the present invention is known as a
"cis/trans" assay. Briefly, this assay employs two genetic constructs, one of which is typically a
plasmid that continually expresses a particular receptor of interest when transfected into an
appropriate cell line, and the second of which is a plasmid that expresses a reporter such as
luciferase, under the control of a receptor/ligand complex. Thus, for example, if it is desired to
evaluate a compound as a ligand for a particular receptor, one of the plasmids would be a
construct that results in expression of the receptor in the chosen cell line, while the second
plasmid would possess a promoter linked to the luciferase gene in which the response element to
the particular receptor is inserted. If the compound under test is an agonist for the receptor, the
ligand will complex with the receptor, and the resulting complex will bind the response element
and initiate transcription of the luciferase gene. The resulting chemiluminescence is then
measured photometrically, and dose response curves are obtained and compared to those of
known ligands. The foregoing protocol is described in detail in U.S. Patent No. 4,981,784 and
PCT International Publication No. WO 88/03168, for which purpose the artisan is referred.

In a further embodiment of this invention, commercial test kits suitable for use by a
medical specialist may be prepared to determine the presence or absence of aberrant expression
of EGFR, including but not limited to amplified EGFR and/or an EGFR mutation, in suspected
target cells. In accordance with the testing techniques discussed above, one class of such kits
will contain at least the labeled EGFR or its binding partner, for instance an antibody specific
thereto, and directions, of course, depending upon the method selected, e.g., "competitive,"
"sandwich," "DASP" and the like. The kits may also contain peripheral reagents such as buffers,

stabilizers, etc.

Accordingly, a test kit may be prepared for the demonstration of the presence or
capability of cells for aberrant expression or post-translational modification of EGFR,

comprising:
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(a) a predetermined amount of at least one labeled immunochemically reactive
component obtained by the direct or indirect attachment of the present specific binding member
or a specific binding partner thereto, to a detectable label;

(b) other reagents; and

(c) directions for use of said kit.

More specifically, the diagnostic test kit may comprise:

(a) a known amount of the specific binding member as described above (or a binding
partner) generally bound to a solid phase to form an immunosorbent, or in the alternative, bound
to a suitable tag, or plural such end products, etc. (or their binding partners) one of each;

(b) if necessary, other reagents; and

(c) directions for use of said test kit.

In a further variation, the test kit may be prepared and used for the purposes stated above,

nn

which operates according to a predetermined protocol (e.g., "competitive," "sandwich," "double
antibody," etc.), and comprises:
(a) a labeled component which has been obtained by coupling the specific binding
member to a detectable label;
(b) one or more additional immunochemical reagents of which at least one reagent is a
ligand or an immobilized ligand, which ligand is selected from the group consisting of:
(1) a ligand capable of binding with the labeled component (a);
(i1) a ligand capable of binding with a binding partner of the labeled component
(a);
(ii1) a ligand capable of binding with at least one of the component (s) to be
determined; and
(iv) a ligand capable of binding with at least one of the binding partners of at least
one of the component (s) to be determined; and
(c) directions for the performance of a protocol for the detection and/or determination of
one or more components of an immunochemical reaction between the EFGR, the specific binding

member, and a specific binding partner thereto.

In accordance with the above, an assay system for screening potential drugs effective to

modulate the activity of the EFGR, the aberrant expression or post-translational modification of
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the EGFR, and/or the activity or binding of the specific binding member may be prepared. The
receptor or the binding member may be introduced into a test system, and the prospective drug
may also be introduced into the resulting cell culture, and the culture thereafter examined to
observe any changes in the S-phase activity of the cells, due either to the addition of the

prospective drug alone, or due to the effect of added quantities of the known agent (s).

Nucleic Acids

The present invention further provides an isolated nucleic acid encoding a specific
binding member of the present invention. Nucleic acid includes DNA and RNA. In a preferred
aspect, the present invention provides a nucleic acid which codes for a polypeptide of the
invention as defined above, including a polypeptide as set out as the CDR residues of the VH and

VL chains of the inventive antibodies.

The present invention also provides constructs in the form of plasmids, vectors,

transcription or expression cassettes which comprise at least one polynucleotide as above.

The present invention also provides a recombinant host cell which comprises one or more
constructs as above. A nucleic acid encoding any specific binding member as provided itself
forms an aspect of the present invention, as does a method of production of the specific binding
member which method comprises expression from encoding nucleic acid therefor. Expression
may conveniently be achieved by culturing under appropriate conditions recombinant host cells
containing the nucleic acid. Following production by expression a specific binding member may

be isolated and/or purified using any suitable technique, then used as appropriate.

Specific binding members and encoding nucleic acid molecules and vectors according to
the present invention may be provided isolated and/or purified, e.g. from their natural
environment, in substantially pure or homogeneous form, or, in the case of nucleic acid, free or
substantially free of nucleic acid or genes origin other than the sequence encoding a polypeptide
with the required function. Nucleic acid according to the present invention may comprise DNA

or RNA and may be wholly or partially synthetic.

Systems for cloning and expression of a polypeptide in a variety of different host cells are

well known. Suitable host cells include bacteria, mammalian cells, yeast and baculovirus
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systems. Mammalian cell lines available in the art for expression of a heterologous polypeptide
include Chinese hamster ovary cells, HeLa cells, baby hamster kidney cells, NSO mouse

melanoma cells and many others. A common, preferred bacterial host is E. coli.

The expression of antibodies and antibody fragments in prokaryotic cells such as E. coli
is well established in the art. For a review, see for example Pluckthun, A. Bio/Technology 9:545-
551 (1991). Expression in eukaryotic cells in culture is also available to those skilled in the art as
an option for production of a specific binding member, see for recent reviews, for example Raff,
M. E. (1993) Curr. Opinion Biotech. 4:573-576; Trill J. J. et al. (1995) Curr. Opinion Biotech
6:553-560.

Suitable vectors can be chosen or constructed, containing appropriate regulatory
sequences, including promoter sequences, terminator sequences, polyadenylation sequences,
enhancer sequences, marker genes and other sequences as appropriate. Vectors may be plasmids,
viral e.g. 'phage, or phagemid, as appropriate. For further details see, for example, Molecular
Cloning: a Laboratory Manual: 2nd edition, Sambrook et al., 1989, Cold Spring Harbor
Laboratory Press. Many known techniques and protocols for manipulation of nucleic acid, for
example in preparation of nucleic acid constructs, mutagenesis, sequencing, introduction of DNA
into cells and gene expression, and analysis of proteins, are described in detail in Short Protocols
in Molecular Biology, Second Edition, Ausubel et al. eds., John Wiley & Sons, 1992. The

disclosures of Sambrook et al. and Ausubel et al. are incorporated herein by reference.

Thus, a further aspect of the present invention provides a host cell containing nucleic acid
as disclosed herein. A still further aspect provides a method comprising introducing such nucleic
acid into a host cell. The introduction may employ any available technique. For eukaryotic cells,
suitable techniques may include calcium phosphate transfection, DEAE-Dextran, electroporation,
liposome-mediated transfection and transduction using retrovirus or other virus, €.g. vaccinia or,
for insect cells, baculovirus. For bacterial cells, suitable techniques may include calcium

chloride transformation, electroporation and transfection using bacteriophage.

The introduction may be followed by causing or allowing expression from the nucleic

acid, e.g. by culturing host cells under conditions for expression of the gene.
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In one embodiment, the nucleic acid of the invention is integrated into the genome (e.g.
chromosome) of the host cell. Integration may be promoted by inclusion of sequences which

promote recombination with the genome, in accordance with standard techniques.

The present invention also provides a method which comprises using a construct as stated
above in an expression system in order to express a specific binding member or polypeptide as

above.

As stated above, the present invention also relates to a recombinant DNA molecule or
cloned gene, or a degenerate variant thereof, which encodes a specific binding member,
particularly antibody or a fragment thereof, that possesses an amino acid sequence set forth in
SEQ ID NOS:2 and 4; 129 and 134; 22 and 27; 32 and 37; and/or 42 and 47, preferably a nucleic
acid molecule, in particular a recombinant DNA molecule or cloned gene, encoding the binding
member or antibody has a nucleotide sequence or is complementary to a DNA sequence

encoding one of such sequences.

Another feature of this invention is the expression of the DNA sequences disclosed
herein. As is well known in the art, DNA sequences may be expressed by operatively linking
them to an expression control sequence in an appropriate expression vector and employing that

expression vector to transform an appropriate unicellular host.

Such operative linking of a DNA sequence of this invention to an expression control
sequence, of course, includes, if not already part of the DNA sequence, the provision of an

initiation codon, ATG, in the correct reading frame upstream of the DNA sequence.

A wide variety of host/expression vector combinations may be employed in expressing
the DNA sequences of this invention. Useful expression vectors, for example, may consist of
segments of chromosomal, non-chromosomal and synthetic DNA sequences. Suitable vectors
include derivatives of SV40 and known bacterial plasmids, e.g., E. coli plasmids col El, pCRI,
pBR322, pMBY and their derivatives, plasmids such as RP4; phage DNAs, e.g., the numerous
derivatives of phage X, e.g., NM989, and other phage DNA, e.g., M13 and filamentous single
stranded phage DNA; yeast plasmids such as the 2u plasmid or derivatives thereof; vectors useful

in eukaryotic cells, such as vectors useful in insect or mammalian cells; vectors derived from
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combinations of plasmids and phage DNAs, such as plasmids that have been modified to employ

phage DNA or other expression control sequences; and the like.

Any of a wide variety of expression control sequences - sequences that control the
expression of a DNA sequence operatively linked to it - may be used in these vectors to express
the DNA sequences of this invention. Such useful expression control sequences include, for
example, the early or late promoters of SV40, CMV, vaccinia, polyoma or adenovirus, the lac
system, the trp system, the TAC system, the TRC system, the LTR system, the major operator and
promoter regions of phage A, the control regions of fd coat protein, the promoter for 3-
phosphoglycerate kinase or other glycolytic enzymes, the promoters of acid phosphatase (e.g.,
Pho5), the promoters of the yeast-mating factors, and other sequences known to control the
expression of genes of prokaryotic or eukaryotic cells or their viruses, and various combinations

thereof.

A wide variety of unicellular host cells are also useful in expressing the DNA sequences
of this invention. These hosts may include well known eukaryotic and prokaryotic hosts, such as
strains of E. coli, Pseudomonas, Bacillus, Streptomyces, fungi such as yeasts, and animal cells,
such as CHO, YB/20, NSO, SP2/0, R1.1, B-W and L-M cells, African Green Monkey kidney cells
(e.g., COS 1, COS 7, BSC1, BSC40, and BMT10), insect cells (e.g., S9), and human cells and

plant cells in tissue culture.

It will be understood that not all vectors, expression control sequences and hosts will
function equally well to express the DNA sequences of this invention. Neither will all hosts
function equally well with the same expression system. However, one skilled in the art will be
able to select the proper vectors, expression control sequences, and hosts without undue
experimentation to accomplish the desired expression without departing from the scope of this
invention. For example, in selecting a vector, the host must be considered because the vector
must function in it. The vector's copy number, the ability to control that copy number, and the
expression of any other proteins encoded by the vector, such as antibiotic markers, will also be

considered.

In selecting an expression control sequence, a variety of factors will normally be

considered. These include, for example, the relative strength of the system, its controllability,
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and its compatibility with the particular DNA sequence or gene to be expressed, particularly as
regards potential secondary structures. Suitable unicellular hosts will be selected by
consideration of, e.g., their compatibility with the chosen vector, their secretion characteristics,
their ability to fold proteins correctly, and their fermentation requirements, as well as the toxicity
to the host of the product encoded by the DNA sequences to be expressed, and the ease of

purification of the expression products.

Considering these and other factors a person skilled in the art will be able to construct a
variety of vector/expression control sequence/host combinations that will express the DNA

sequences of this invention on fermentation or in large scale animal culture.

It is further intended that specific binding member analogs may be prepared from
nucleotide sequences of the protein complex/subunit derived within the scope of the present
invention. Analogs, such as fragments, may be produced, for example, by pepsin digestion of
specific binding member material. Other analogs, such as muteins, can be produced by standard
site-directed mutagenesis of specific binding member coding sequences. Analogs exhibiting
"specific binding member activity" such as small molecules, whether functioning as promoters or

inhibitors, may be identified by known in vivo and/or in vitro assays.

As mentioned above, a DNA sequence encoding a specific binding member can be
prepared synthetically rather than cloned. The DNA sequence can be designed with the
appropriate codons for the specific binding member amino acid sequence. In general, one will
select preferred codons for the intended host if the sequence will be used for expression. The
complete sequence is assembled from overlapping oligonucleotides prepared by standard
methods and assembled into a complete coding sequence. See, e.g., Edge, Nature, 292:756
(1981); Nambair et al., Science, 223:1299 (1984); Jay et al., J. Biol. Chem., 259:6311 (1984).

Synthetic DNA sequences allow convenient construction of genes which will express
specific binding member analogs or "muteins". Alternatively, DNA encoding muteins can be
made by site-directed mutagenesis of native specific binding member genes or cDNAs, and

muteins can be made directly using conventional polypeptide synthesis.
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A general method for site-specific incorporation of unnatural amino acids into proteins is
described in Christopher J. Noren, Spencer J. Anthony-Cabhill, Michael C. Griffith, Peter G.
Schultz, Science, 244:182-188 (April 1989). This method may be used to create analogs with

unnatural amino acids.

The present invention extends to the preparation of antisense oligonucleotides and
ribozymes that may be used to interfere with the expression of the EGFR at the translational
level. This approach utilizes antisense nucleic acid and ribozymes to block translation of a
specific mRNA, either by masking that mRNA with an antisense nucleic acid or cleaving it with

a ribozyme.

Antisense nucleic acids are DNA or RNA molecules that are complementary to at least a
portion of a specific mRNA molecule (See Weintraub, 1990; Marcus-Sekura, 1988.). In the cell,
they hybridize to that mRNA, forming a double stranded molecule. The cell does not translate an
mRNA in this double-stranded form. Therefore, antisense nucleic acids interfere with the
expression of mRNA into protein. Oligomers of about fifteen nucleotides and molecules that
hybridize to the AUG initiation codon will be particularly efficient, since they are easy to
synthesize and are likely to pose fewer problems than larger molecules when introducing them
into producing cells. Antisense methods have been used to inhibit the expression of many genes

in vitro (Marcus-Sekura, 1988; Hambor et al., 1988).

Ribozymes are RNA molecules possessing the ability to specifically cleave other single
stranded RNA molecules in a manner somewhat analogous to DNA restriction endonucleases.
Ribozymes were discovered from the observation that certain mRNAs have the ability to excise
their own introns. By modifying the nucleotide sequence of these RNAs, researchers have been
able to engineer molecules that recognize specific nucleotide sequences in an RNA molecule and
cleave it (Cech, 1988.). Because they are sequence-specific, only mRNAs with particular

sequences are inactivated.

Investigators have identified two types of ribozymes, Tetrahymena-type and
"hammerhead"-type (Hasselhoff and Gerlach, 1988). Tetrahymena-type ribozymes recognize
four-base sequences, while "hammerhead" - type recognize eleven-to eighteen-base sequences.

The longer the recognition sequence, the more likely it is to occur exclusively in the target
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mRNA species. Therefore, hammerhead-type ribozymes are preferable to Tetrahymena-type
ribozymes for inactivating a specific mRNA species, and eighteen base recognition sequences are

preferable to shorter recognition sequences.

The DNA sequences described herein may thus be used to prepare antisense molecules

against, and ribozymes that cleave mRNAs for EFGRs and their ligands.

The invention may be better understood by reference to the following non-limiting
Examples, which are provided as exemplary of the invention. The following examples are
presented in order to more fully illustrate the preferred embodiments of the invention and should

in no way be construed, however, as limiting the broad scope of the invention.

Example 1

Generation and Isolation of Antibodies

Cell Lines

For immunization and specificity analyses, several cell lines, native or transfected with
either the normal, wild-type or "wtEGFR" gene or the AEGFR gene carrying the A2-7 deletion
mutation were used: Murine fibroblast cell line NR6, NR6agger (transfected with AEGFR) and
NR6yecrr (transfected with wtEGFR), human glioblastoma cell line U87MG (expressing low
levels of endogenous wtEGFR), US7MGyrcrr (transfected with wtEGFR), US7MGaggrr
(transfected with AEGFR), and human squamous cell carcinoma cell line A431 (expressing high

levels of wtEGFR).

For immunization and specificity analyses, several cell lines, native or transfected with
either the normal, wild-type or "wtEGFR" gene or the AEGFR gene carrying the de2-7 or A2-7
deletion mutation were used: Murine fibroblast cell line NR6, NR6Aggrr (transfected with
AEGFR) and NR6y,rgrr (transfected with wtEGFR), human glioblastoma cell line US7MG
(expressing low levels of endogenous wtEGFR), U87MGyger or “U87MG.wtEGFR”
(transfected with wtEGFR), U87MGuggrr or “U87MG.A2-7” (transfected with AEGFR), and
human squamous cell carcinoma cell line A431 (expressing high levels of wtEGFR). The NR6,
NR6aeGrr,, and NR6 wecrr cell lines were previously described (Batra et al. (1995) Epidermal
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Growth Factor Ligand-independent, Unregulated, Cell-Transforming Potential of a Naturally
Occurring Human Mutant EGFRVIII Gene. Cell Growth Differ. 6(10): 1251-1259). The NR6
cell line lacks normal endogenous EGFR. (Batra et al., 1995). U87MG cell lines and
transfections were described previously (Nishikawa et al. (1994) A mutant epidermal growth
factor receptor common in human glioma confers enhanced tumorigenicity. Proc. Natl. Acad.

Sci. U.S.A. 91, 7727-7731).

The U87MG astrocytoma cell line (Ponten, J. and Macintyre, E. H. (1968) Long term
culture of normal and neoplastic human glia. Acta. Pathol. Microbiol. Scand. 74, 465-86) which
endogenously expresses low levels of the wtEGFR, was infected with a retrovirus containing the
de2-7 EGFR to produce the U87MG.A2-7 cell line (Nishikawa et al., 1994). The transfected cell
line U§7MG.wtEGFR was produced as described in Nagane et al. (1996) Cancer Res. 56, 5079-
5086. Whereas US7MG cells express approximately 1x10° EGFR, U87MG.wtEGFR cells
express approximately 1x10° EGFR, and thus mimic the situation seen with gene amplification.
The murine pro-B cell line BaF/3, which does not express any known EGFR related molecules,
was also transfected with de2-7 EGFR. resulting in the BaF/3. A2-7 cell line (Luwor et al. (2004)
The tumor-specific de2-7 epidermal growth factor receptor (EGFR) promotes cells survival and
heterodimerizes with the wild-type EGFR, Oncogene 23: 6095-6104). Human squamous
carcinoma A431 cells were obtained from ATCC (Rockville, MD). The epidermoid carcinoma
cell line A431 has been described previously (Sato et al. (1987) Derivation and assay of
biological effects of monoclonal antibodies to epidermal growth factor receptors. Methods

Enzymol. 146, 63-81).

All cell lines were cultured in DMEM/F-12 with GlutaMAX™ (Life Technologies, Inc.,
Melbourne, Australia and Grand Island, NY) supplemented with 10% FCS (CSL, Melbourne,
Australia); 2 mM glutamine (Sigma Chemical Co., St. Louis, MO), and penicillin/streptomycin
(Life Technologies, Inc., Grand Island, NY). In addition, the U87MG.A2-7 and
U87MG.wtEGFR cell lines were maintained in 400 mg/ml of geneticin (Life Technologies, Inc.,
Melbourne, Victoria, Australia). Cell lines were grown at 37°C in a unmodified atmosphere of

5% CO0s.
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Reagents

The de2-7 EGFR unique junctional peptide has the amino acid sequence:
LEEKKGNYVVTDH (SEQ ID NO:13). Biotinylated unique junctional peptides (Biotin-
LEEKKGNYVVTDH (SEQ ID NO:5) and LEEKKGNYVVTDH-Biotin (SEQ ID NO:6)) from
de2-7 EGFR were synthesized by standard Fmoc chemistry and purity ( > 96%) determined by

reverse phase HPLC and mass spectral analysis (Auspep, Melbourne, Australia).

Antibodies used in studies

In order to compare our findings with other reagents, additional mAbs were included in
our studies. These reagents were mAb528 to the wtEGFR (Sato et al. (1983) Mol. Biol. Med.
1(5), 511-529) and DHS8.3, which was generated against a synthetic peptide spanning the
junctional sequence of the A2-7 EGFR deletion mutation. The DHS8.3 antibody (IgGl), which is
specific for the de2-7 EGFR, has been described previously (Hills et al. (1995) Specific targeting
of a mutant, activated EGF receptor found in glioblastoma using a monoclonal antibody. Int. J.
Cancer. 63, 537-43,1995) and was obtained following immunization of mice with the unique
junctional peptide found in de2-7 EGFR (Hills et al., 1995).

The 528 antibody, which recognizes both de2-7 and wild-type EGFR, has been described
previously (Masui et al. (1984) Growth inhibition of human tumor cells in athymic mice by anti-
epidermal growth factor receptor monoclonal antibodies. Cancer Res. 44, 1002-7) and was
produced in the Biological Production Facility, Ludwig Institute for Cancer Research
(Melbourne, Australia) using a hybridoma (ATCC HB-8509) obtained from the American Type
Culture Collection (Rockville, MD). The polyclonal antibody SC-03 is an affinity purified rabbit
polyclonal antibody raised against a carboxy terminal peptide of the EGFR (Santa Cruz
Biotechnology Inc.).

Antibody Generation

The murine fibroblast line NR6gcrr Was used as immunogen. Mouse hybridomas were
generated by immunizing BALB/c mice five times subcutaneously at 2- to 3- week intervals,
with 5x10° - 2x10° cells in adjuvant. Complete Freund's adjuvant was used for the first injection.
Thereafter, incomplete Freund's adjuvant (Difco ™, Voigt Global Distribution, Lawrence, KS)
was used. Spleen cells from immunized mice were fused with mouse myeloma cell line SP2/0

(Shulman et al. (1978) Nature 276:269-270). Supernatants of newly generated clones were
90



10

15

20

25

30

screened in hemadsorption assays for reactivity with cell line NR6, NR6ygrr, and NR6seGrr
and then analyzed by hemadsorption assays with human glioblastoma cell lines U87MG,
U87MGyecrr, and U87ggrr. Selected hybridoma supernatants were subsequently tested by
western blotting and further analyzed by immunohistochemistry. Newly generated mAbs

showing the expected reactivity pattern were purified.

Five hybridomas were established and three clones, 124 (IgG2a), 806 (IgG2b), and 1133
(IgG2a) were initially selected for further characterization based on high titer (1:2500) with
NR64gGrr and low background on NR6 and NR6ygrr cells in the rosette hemagglutination
assay. A fourth clone, 175 (IgG2a) was subsequently further characterized and is discussed
separately in Example 23, below. In a subsequent hemagglutination analysis, these antibodies
showed no reactivity (undiluted supernatant < 10%) with the native human glioblastoma cell line
U87MG and U87MGykcrr, but were strongly reactive with US87MGaggrr; less reactivity was
seen with A431. By contrast, in FACS analysis, 806 was unreactive with native U87MG and
intensively stained U87MGaggrr and to a lesser degree US7MGyrgrr indicating binding of 806
to both, AEGFR and wtEGFR (see below).

In Western blot assays, mAb124, mAb806 and mAb1133 were then analyzed for
reactivity with wtEGFR and AEGFR. Detergent lysates were extracted from NR6apGrr,
U87MGaggrr as well as from A431. All three mAbs showed a similar reactivity pattern with cell
lysates staining both the wtEGFR (170 kDa) and AEGFR protein (140 kDa). As a reference
reagent, mAbR.I. known to be reactive with the wtEGFR (Waterfield et al. (1982) J. Cell
Biochem. 20(2), 149-161) was used instead of mAb528, which is known to be non-reactive in
western blot analysis. mAbR.I. showed reactivity with wild-type and AEGFR. All three newly
generated clones showed reactivity with AEGFR and less intense with wtEGFR. DHS8.3 was

solely positive in the lysate of U87MGaggrr and NROAgGER.

The immunohistochemical analysis of clones 124, 806, and 1133 as well as mAb528 and
mAbDHS.3 on xenograft tumors US7MG, U87MGqggrr, and A431 are shown in Table 1. All
mAbs showed strong staining of xenograft U87MGaggrr. Only mAb528 showed weak reactivity
in the native U§7MG xenograft. In A431 xenografts, mAb528 showed strong homogeneous
reactivity. mAb124, mAb806, and mAb1133 revealed reactivity with mostly the basally located
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cells of the squamous cell carcinoma of A431 and did not react with the upper cell layers or the

keratinizing component. DHS8.3 was negative in A431 xenografts.

Table 1
Immunohistochemical Analysis of Antibodies 528, DH&.3. and 124, 806 and 1133

) xenograft xenograft
Antibod ft A431
oLy AUSTMGazgrr renogra US7MG(native)
mADb528 pos. pos. pos. (focal staining)
pos. (predominantly
Abl124 : -
m pos basal cells)
pos. (predominantly
mAb806 . -
pos basal cells)
pos. (predominantly
mAbl1133 pos. basal cells) -
DHS8.3 pos. - -

minor stromal staining due to detection of endogenous mouse antibodies.

Sequencing
The variable heavy (VH) and variable light (VL) chains of mAb806, mAb124 and

mAb1133 were sequenced, and their complementarity determining regions (CDRs) identified, as

follows:

mAb806

mADb806 VH chain: nucleic acid sequence (SEQ ID NO:1) and amino acid sequence, with
signal peptide (SEQ ID NO:2) are shown in FIGS.14A and 14B, respectively (signal peptide
underlined in FIG.14B). Complementarity determining regions CDR1, CDR2, and CDR3 (SEQ
ID NOS: 15, 16, and 17, respectively) are indicated by underlining in FIG.16. The mAb806 VH
chain amino acid sequence without its signal peptide (SEQ ID NO:11) is shown in FIG.16.

mADb806 VL chain: nucleic acid sequence (SEQ ID NO:3) and amino acid sequence, with
signal peptide (SEQ ID NO:4) are shown in FIGS.15A and 15B, respectively (signal peptide
underlined in FIG.15B). Complementarity determining regions CDR1, CDR2, and CDR3 (SEQ
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ID NOS: 18, 19, and 20, respectively) are indicated by underlining in FIG.17. The mAb806 VL
chain amino acid sequence without its signal peptide (SEQ ID NO:12) is shown in FIG.17.

mAb124

mADb124 VH chain: nucleic acid (SEQ ID NO:21) and amino acid (SEQ ID NO:22)
sequences are shown in FIGS.51A and 51B, respectively. Complementarity determining regions
CDRI1, CDR2, and CDR3 (SEQ ID NOS: 23, 24, and 25, respectively) are indicated by

underlining.

mADb124 VL chain: nucleic acid (SEQ ID NO:26) and amino acid (SEQ ID NO:27)
sequences are shown in FIGS.51C and 51D, respectively. Complementarity determining regions
CDRI1, CDR2, and CDR3 (SEQ ID NOS: 28, 29, and 30, respectively) are indicated by

underlining.

mAbl1133

mADb1113 VH chain: nucleic acid (SEQ ID NO:31) and amino acid (SEQ ID NO:32)
sequences are shown in FIGS.52A and 52B, respectively. Complementarity determining regions
CDRI1, CDR2, and CDR3 (SEQ ID NOS: 33, 34, and 35, respectively) are indicated by

underlining.

mADb1133 VL chain: nucleic acid (SEQ ID NO:36) and amino acid (SEQ ID NO:37)
sequences are shown in FIGS.52C and 52D, respectively. Complementarity determining regions
CDRI1, CDR2, and CDR3 (SEQ ID NOS: 38, 39, and 40, respectively) are indicated by

underlining.

Example 2
Binding of Antibodies to Cell Lines by FACS

mADb806 was initially selected for further characterization, as set forth herein and in the
following Examples. mAb124 and mAb1133 were also selected for further characterization, as
discussed in Example 26 below, and found to have properties corresponding to the unique

properties of mAb806 discussed herein.
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In order to determine the specificity of mAb806, its binding to US7MG, US7MG.A2-7
and US7MG.wtEGFR cells was analyzed by flow activated cell sorting (FACS). Briefly, cells
were labelled with the relevant antibody (10 pg/ml) followed by fluorescein-conjugated goat
anti-mouse IgG (1:100 dilution; Calbiochem San Diego, CA, USA; Becton-Dickinson
PharMingen, San Diego, CA, US) as described previously (Nishikawa et al., 1994). FACS data
was obtained on a Coulter Epics Elite ESP by observing a minimum of 5,000 events and
analyzed using EXPO (version 2) for Windows. An irrelevant IgG2b was included as an isotype
control for mAb806 and the 528 antibody was included as it recognizes both the de2-7 and
wtEGFR.

Only the 528 antibody was able to stain the parental U§7MG cell line (FIG.1) consistent
with previous reports demonstrating that these cells express the wtEGFR (Nishikawa et al, 1994).
mADb806 and DH8.3 had binding levels similar to the control antibody, clearly demonstrating that
they are unable to bind the wild-type receptor (FIG.1). Binding of the isotype control antibody to
U87MG.A2-7 and US7MG.WtEGFR cells was similar as that observed for the US7MG cells.

mAb806 stained US7MG.A2-7 and US7MG.wtEGFR cells, indicating that mAb806
specifically recognizes the de2-7 EGFR and amplified EGFR (FIG.1). DHS8.3 antibody stained
U87MG.A2-7 cells, confirming that DH8.3 antibody specifically recognizes the de2-7 EGFR
(FIG.1). As expected, the 528 antibody stained both the U87MG.A2-7 and US7MG.wtEGFR cell
lines (FIG.1). As expected, the 528 antibody stained U8§7MG.A2-7 with a higher intensity than
the parental cell as it binds both the de2-7 and wild-type receptors that are co-expressed in these
cells (FIG.1). Similar results were obtained using a protein A mixed hemadsorption which
detects surface bound IgG by appearance of Protein A coated with human red blood cells (group
O) to target cells. Monoclonal antibody 806 was reactive with U§7MG.A2-7 cells but showed no
significant reactivity (undiluted supernatant less than 10%) with U87MG expressing wild-type
EGFR. Importantly, mAb806 also bound the BaF/3.A2-7 cell line, demonstrating that the co-
expression of wtEGFR is not a requirement for mAb806 reactivity (FIG.1).

94



10

15

20

25

30

Example 3
Binding of Antibodies in Assays

To further characterize the specificity of mAb806 and the DHS.3 antibody, their binding
was examined by ELISA. Two types of ELISA were used to determine the specificity of the
antibodies. In the first assay, plates were coated with sSEGFR (10 pg/ml in 0.1 M carbonate
buffer pH 9.2) for 2 h and then blocked with 2% human serum albumin (HSA) in PBS. sEGFR
is the recombinant extracellular domain (amino acids 1-621) of the wild-type EGFR), and was
produced as previously described (Domagala et al. (2000) Stoichiometry, kinetic and binding
analysis of the interaction between Epidermal Growth Factor (EGF) and the Extracellular
Domain of the EGF receptor. Growth Factors. 18, 11-29). Antibodies were added to wells in
triplicate at increasing concentration in 2% HSA in phosphate-buffered saline (PBS). Bound
antibody was detected by horseradish peroxidase conjugated sheep anti-mouse IgG (Silenus,
Melbourne, Australia) using ABTS (Sigma, Sydney, Australia) as a substrate and the absorbance

measured at 405 nm.

Both mAb806 and the 528 antibody displayed dose-dependent and saturating binding
curves to immobilized wild-type SEGFR (FIG.2A). As the unique junctional peptide found in the
de2-7 EGFR is not contained within the SEGFR, mAb806 must be binding to an epitope located
within the wild-type EGFR sequence. The binding of the 528 antibody was lower than that
observed for mAb806, probably because it recognizes a conformational determinant. As
expected, the DH8.3 antibody did not bind the wild-type sEGFR even at concentrations up to 10
pg/ml (FIG.2A). Although sEGFR in solution inhibited the binding of the 528 antibody to
immobilized sSEGFR in a dose-dependent fashion, it was unable to inhibit the binding of mAb806
(FIG.2B). This suggests that mAb806 can only bind wild-type EGFR once immobilized on
ELISA plates, a process that may induce conformational changes. Similar results were observed
using a BIAcore whereby mAb806 bound immobilized sEGFR but immobilized mAb806 was
not able to bind sEGFR in solution (FIG.2C).

Following denaturation by heating for 10 min at 95°C, sSEGFR in solution was able to
inhibit the binding of mAb806 to immobilized SEGFR (FIG.2C), confirming that mAb806 can
bind the wild-type EGFR under certain conditions. Interestingly, the denatured sEGFR was
unable to inhibit the binding of the 528 antibody (FIG.2C), demonstrating that this antibody
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recognizes a conformational epitope. The DHS8.3 antibody exhibited dose-dependent and
saturable binding to the unique de2-7 EGFR peptide (FIG.2D). Neither mAb806 or the 528
antibody bound to the peptide, even at concentrations higher than those used to obtain saturation
binding of DHS.3, further indicating mAb806 does not recognize an epitope determinant within
this peptide.

In the second assay, the biotinylated de2-7 specific peptide (Biotin-LEEKKGNYVVTDH (SEQ
ID NO:5)) was bound to ELISA plates precoated with streptavidin (Pierce, Rockford, Illinois).
Antibodies were bound and detected as in the first assay. Neither mAb806 nor the 528 antibody
bound to the peptide, even at concentrations higher than those used to obtain saturation binding
of DH&.3, further indicating that mAb806 does not recognize an epitope determinant within this
peptide.

To further demonstrate that mAb806 recognizes an epitope distinct from the junction
peptide, additional experiments were performed. C-terminal biotinylated de2-7 peptide
(LEEKKGNYVVTDH-Biotin (SEQ ID NO:6)) was utilized in studies with mAb806 and
mADbL8A4, generated against the de2-7 peptide (Reist et al. (1995) Cancer Res. 55(19), 4375-
4382; Foulon et al. (2000) Cancer Res. 60(16), 4453-4460).

Reagents used in Peptide Studies
Junction Peptide : LEEKKGNYVVTDH-OH (Biosource, Camarillo, CA);

Peptide C: LEEKKGNYVVTDH(K-Biot)-OH (Biosource, Camarillo, CA);

SsEGFR : CHO-cell-derived recombinant soluble extracellular domain (amino acids
1-621) of the wild-type EGFR (LICR Melbourne);

mADb&06: mouse monoclonal antibody, IgG,, (LICR NYB);

mAbL8A4: mouse monoclonal antibody, IgG; (Duke University);

IgG; isotype control mAb;
IgGyy, 1sotype control mAb.

Peptide C was immobilized on a Streptavidin microsensor chip at a surface density of

350RU (+/- 30RU). Serial dilutions of mAbs were tested for reactivity with the peptide.

Blocking experiments using non-biotinylated peptide were performed to assess specificity.
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mAbL8A4 showed strong reactivity with Peptide C even at low antibody concentrations
(6.25 nM) (FIG.2E). mAb806 did not show detectable specific reactivity with Peptide C up to
antibody concentrations of 100nM (highest concentration tested) (FIGS.2E and 2F). It was
expected that mAbL8A4 would react with Peptide C because the peptide was used as the
immunogen in the generation of mAbL8A4. Addition of the Junction Peptide (non-biotinylated,
50 pg/ml) completely blocks the reactivity of mAbL8A4 with Peptide C, confirming the
antibody's specificity for the junction peptide epitope.

In a second set of BIAcore experiments, SEGFR was immobilized on a CM microsensor
chip at a surface density of ~4000RU. Serial dilutions of mAbs were tested for reactivity with
sEGFR.

mAb806 was strongly reactive with denaturated SEGFR while mAbL8A4 did not react
with denaturated sSEGFR. Reactivity of mAb806 with denaturated SEGFR decreases with
decreasing antibody concentrations. It was expected that mAbL8A4 does not react with sSEGFR
because mAbL8A4 was generated using the junction peptide as the immunogen and sEGFR does

not contain the junction peptide.

Dot-blot immune stain experiments were also performed. Serial dilutions of peptide were
spotted in 0.5 pl onto a PVDF or nitrocellulose membranes. Membranes were blocked with 2%
BSA in PBS, and then probed with 806, L§A4, DHS8.3 and control antibodies. Antibodies L§A4
and DHS.3 bound to peptide on the membranes (data not shown). mAb806 did not bind peptide
at concentrations where L8A4 clearly showed binding (data not shown). Control antibodies were

also negative for peptide binding.

mAb806 bound to the wtEGFR in cell lysates following immunoblotting (results not
shown). This is different from the results obtained with DHS8.3 antibody, which reacted with
de2-7 EGFR but not wtEGFR. Thus, mAb806 can recognize the wtEGFR following

denaturation but not when the receptor is in its natural state on the cell surface.
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Example 4
Scatchard Analysis

A Scatchard analysis using U87MG.A2-7 cells was performed following correction for
immunoreactivity in order to determine the relative affinity of each antibody. Antibodies were
labelled with '*°I (Amrad, Melbourne, Australia) by the Chloramine T method and
immunoreactivity determined by Lindmo assay (Lindmo et al. (1984) Determination of the
immunoreactive fraction of radiolabeled monoclonal antibodies by linear extrapolation to binding

at infinite antigen excess. J. Immunol. Methods. 72, 77-89).

All binding assays were performed in 1% HSA/PBS on 1-2 x 10° live U§7MG.A2-7 or
A431 cells for 90 min at 4°C with gentle rotation. A set concentration of 10 ng/ml ’I-labeled
antibody was used in the presence of increasing concentrations of the appropriate unlabeled
antibody. Non-specific binding was determined in the presence of 10,000-fold excess of
unlabeled antibody. Neither '*’I-radiolabeled mAb806 or the DH8.3 antibody bound to parental
U87MG cells. After the incubation was completed, cells were washed and counted for bound
12I_labeled antibody using a COBRA II gamma counter (Packard Instrument Company,
Meriden, CT, USA).

Both mAb806 and the DHS.3 antibody retained high immunoreactivity when iodinated
and was typically greater than 90% for mAb806 and 45-50% for the DH8.3 antibody. mAb806
had an affinity for the de2-7 EGFR receptor of 1.1 x 10° M whereas the affinity of DH8.3 was
some 10-fold lower at 1.0 x 10 M. Neither iodinated antibody bound to U87MG parental cells.
mADbSO06 recognized an average of 2.4 x 10° binding sites per cell with the DH8.3 antibody
binding an average of 5.2 x 10’ sites. Thus, there was not only good agreement in receptor
number between the antibodies, but also with a previous report showing 2.5 x 10° de2-7
receptors per cell as measured by a different de2-7 EGFR specific antibody on the same cell line
(Reist et al. (1997) Improved targeting of an anti-epidermal growth factor receptor variant 11
monoclonal antibody in tumor xenografts after labeling using N-succinimidyl 5-iodo-3-

pyridinecarboxylate. Cancer Res. 57, 1510-5).
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Example 5
Internalization of Antibodies By U87MG.A2-7 Cells

The rate of antibody internalization following binding to a target cell influences both its
tumor targeting properties and therapeutic options. Consequently, the inventors examined the
internalization of mAb806 and the DHS.3 antibody following binding to U87MG.A2-7 cells by
FACS. U87MG.A2-7 cells were incubated with either mAb806 or the DHS.3 antibody (10
pg/ml) for 1 h in DMEM at 4°C. After washing, cells were transferred to DMEM pre-warmed to
37°C and aliquots taken at various time points following incubation at 37°C. Internalization was
stopped by immediately washing aliquots in ice-cold wash buffer (1% HSA/PBS). At the
completion of the time course cells were stained by FACS as described above. Percentage
internalization was calculated by comparing surface antibody staining at various time points to
zero time using the formula: percent antibody internalized = (mean fluorescence at timey -
background fluorescence)/(mean fluorescence at time, - background fluorescence) x 100. This
method was validated in one assay using an iodinated antibody (mAb806) to measure
internalization as previously described (Huang et al. (1997) The enhanced tumorigenic activity of
a mutant epidermal growth factor receptor common in human cancers is mediated by threshold
levels of constitutive tyrosine phosphorylation and unattenuated signaling. J. Biol. Chem. 272,
2927-35). Differences in internalization rate at different time points were compared using
Student's t-test. Throughout this research, data were analyzed for significance by Student's t-test,

except for the in vivo survival assays, which were analyzed by Wilcoxon analysis.

Both antibodies showed relatively rapid internalization reaching steady-state levels at 10
min for mAb806 and 30 min for DHS8.3 (FIG.3). Internalization of DH8.3 was significantly
higher both in terms of rate (80.5% of DH8.3 internalized at 10 min compared to 36.8% for
mADb806, p <0.01) and total amount internalized at 60 min (93.5% versus 30.4%, p < 0.001).
mADb806 showed slightly lower levels of internalization at 30 and 60 min compared to 20 min in
all 4 assays performed (FIG.3). This result was also confirmed using an internalization assay

based on iodinated mAb806 (data not shown).
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Example 6

Electron Microscopy Analysis of Antibody Internalization

Given the above noted difference in internalization rates between the antibodies, a

detailed analysis of antibody intracellular trafficking was performed using electron microscopy.

US7MG.A2-7 cells were grown on gelatin coated chamber slides (Nunc, Naperville, IL)
to 80% confluence and then washed with ice cold DMEM. Cells were then incubated with
mAb806 or the DH8.3 antibody in DMEM for 45 min at 4°C. After washing, cells were
incubated for a further 30 min with gold-conjugated (20 nm particles) anti-mouse 1gG
(BBlInternational, Cardiff, UK) at 4°C. Following a further wash, pre-warmed DMEM/10% PCS
was added to the cells, which were incubated at 37°C for various times from 1-60 min.
Internalization of the antibody was stopped by ice-cold media and cells fixed with 2.5%
glutaraldehyde in PBS/0.1 % HSA and then post-fixed in 2.5% osmium tetroxide. After
dehydration through a graded series of acetone, samples were embedded in Epon/Araldite resin,
cut as ultra-thin sections with a Reichert Ultracut-S microtome (Leica) and collected on nickel
grids. The sections were stained with uranyl acetate and lead citrate before being viewed on a
Philips CM12 transmission electron microscope at 80 kV. Statistical analysis of gold grains

contained within coated pits was performed using a Chi-square test.

While the DH8.3 antibody was internalized predominantly via coated-pits, mAb806
appeared to be internalized by macropinocytosis (FIG.19). In fact, a detailed analysis of 32
coated pits formed in cells incubated with mAb806 revealed that none of them contained
antibody. In contrast, around 20% of all coated-pits from cells incubated with DHS.3 were
positive for antibody, with a number containing multiple gold grains. A statistical analysis of the
total number of gold grains contained within coated-pits found that the difference was highly
significant (p <0.01). After 20-30 min both antibodies could be seen in structures that
morphologically resemble lysosomes (FIG.19C). The presence of cellular debris within these

structures was also consistent with their lysosome nature.
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Example 7

Biodistribution of Antibodies In Tumor Bearing Nude Mice

The biodistribution of mAb806 and the DHS.3 antibody was compared in nude mice
containing U87MG xenografts on one side and U§7MG.A2-7 xenografts on the other. A
relatively short time period was chosen for this study as a previous report demonstrated that the
DH8.3 antibody shows peak levels of tumor targeting between 4-24 h (Hills et al. (1995) Specific
targeting of a mutant, activated EGF receptor found in glioblastoma using a monoclonal

antibody. Int. J. Cancer. 63, 537-43).

Tumor xenografts were established in nude BALB/c mice by s.c. injection of 3 x 10°
U87MG, U87MG.A2-7 or A431 cells. de2-7 EGFR expression in U§7MG.A2-7 xenografts
remained stable throughout the period of biodistribution as measured by immunohistochemistry
at various time points (data not shown). A431 cells retained their mAb806 reactivity when
grown as tumor xenografts as determined by immunohistochemistry. U87MG or A431 cells
were injected on one side 7-10 days before U§7MG.A2-7 cells were injected on the other side
because of the faster growth rate observed for de2-7 EGFR expressing xenografts. Antibodies
were radiolabeled and assessed for immunoreactivity as described above and were injected into
mice by the retro-orbital route when tumors were 100-200 mg in weight. Each mouse received
two different antibodies (2 pg per antibody): 2 uCi of ’I- labeled mAb806 and 2 pCi of *'I
labelled DHS8.3 or 528. Unless indicated, groups of 5 mice were sacrificed at various time points
post-injection and blood obtained by cardiac puncture. The tumors, liver, spleen, kidneys and
lungs were obtained by dissection. All tissues were weighed and assayed for '*°I and "*'I activity
using a dual-channel counting Window. Data was expressed for each antibody as % ID/g tumor
determined by comparison to injected dose standards or converted into tumor to blood/liver ratios
(i.e. % ID/g tumor divided by % ID/g blood or liver). Differences between groups were analyzed
by Student's t-test. After injection of radiolabeled mAb806, some tumors were fixed in formalin,
embedded in paraffin, cut into 5, um sections and then exposed to X-ray film (AGFA, Mortsel,

Belgium) to determine antibody localization by autoradiography.

In terms of % ID/g tumor, mAb806 reached its peak level in U87MG.A2-7 xenografts of
18.6 % m/g tumor at 8 h (FIG.4A), considerably higher than any other tissue except blood.

While DHS.3 also showed peak tumor levels at 8 h, the level was a statistically (p < 0.001) lower
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8. 8 % m/g tumor compared to mAb806 (FIG.4B). Levels of both antibodies slowly declined at
24 and 48 h. Autoradiography of U§7MG.A2-7 xenograft tissue sections collected 8 hr after
injection with '*’I-labeled mAb806 alone, clearly illustrates localization of antibody to viable
tumor (FIG.20). Neither antibody showed specific targeting of US7MG parental xenografts
(FIGS.4A and 4B). With regards to tumor to blood/liver ratios, mAb806 showed the highest
ratio at 24 h for both blood (ratio of 1.3) and liver (ratio of 6.1) (FIGS.5A and 5B). The DHS.3
antibody had its highest ratio in blood at 8 h (ratio of 0.38) and at 24 h in liver (ratio of 1.5)
(FIGS.5 A and 5B), both of which are considerably lower than the values obtained for mAb806.

As described above, levels of mAb806 in the tumor peaked at 8 hours. While this peak is
relatively early compared to many tumor-targeting antibodies, it is completely consistent with
other studies using de2-7 EGFR specific antibodies which all show peaks at 4-24 hours post-
injection when using a similar dose of antibody (Hills et al., 1995; Reist et al., 1997; Reist et al.
(1996) Radioiodination of internalizing monoclonal antibodies using N-succinimidyl 5-iodo-3-
pyridinecarboxylate. Cancer Res. 56, 4970-7). Indeed, unlike the earlier reports, the 8 h time
point was included on the assumption that antibody targeting would peak rapidly. The % ID/g
tumor seen with mAb806 was similar to that reported for other de2-7 EGFR specific antibodies
when using standard iodination techniques (Hills et al., 1995; Huang et al., 1997; Reist et al.
(1995) Tumor-specific anti-epidermal growth factor receptor variant III monoclonal antibodies:
use of the tyramine-cellobiose radioiodination method enhances cellular retention and uptake in

tumor xenografts. Cancer Res. 55, 4375-82).

The reason for the early peak is probably two-fold. Firstly, tumors expressing the de2-7
EGFR, including the transfected U87MG cells, grow extremely rapidly as tumor xenografts.
Thus, even during the relatively short period of time used in these biodistribution studies, the
tumor size increases to such an extent (5-10 fold increase in mass over 4 days) that the % ID/g
tumor is reduced compared with slow growing tumors. Secondly, while internalization of
mADb806 was relatively slow compared to DHS.3, it is still rapid with respect to many other
tumor antibody/antigen systems. Internalized antibodies undergo rapid proteolysis with the
degradation products being excreted from the cell (Press et al. (1990) Inhibition of catabolism of
radiolabeled antibodies by tumor cells using lysosomotropic amines and carboxylic ionophores.
Cancer Res. 50, 1243-50). This process of internalization, degradation and excretion reduces the

amount of iodinated antibody retained within the cell. Consequently, internalizing antibodies
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display lower levels of targeting than their non-internalizing counterparts. The electron
microscopy data reported herein demonstrates that internalized mAb806 is rapidly transported to
lysosomes where rapid degradation presumably occurs. This observation is consistent with the

swift expulsion of iodine from the cell.

The previously described L8 A4 monoclonal antibody directed to the unique junctional
peptide found in the de2-7 EGFR, behaves in a similar fashion to mAb806 (Reist et al. (1997) In
vitro and in vivo behavior of radiolabeled chimeric anti-EGFRVIII monoclonal antibody:
comparison with its murine parent. Nucl. Med. Biol. 24, 639-47). Using US7MG cells
transfected with the de2-7 EGFR, this antibody had a similar internalization rate (35% at 1 hour
compared to 30% at 1 hour for mAb806) and displayed comparable in vivo targeting when using
3T3 fibroblasts transfected with de2-7 EGFR (peak of 24 % ID/g tumor at 24 hours compared to
18 % ID/g tumor at 8 hours for mAb806) (Reist et al. (1997) Improved targeting of an anti-
epidermal growth factor receptor variant III monoclonal antibody in tumor xenografts after
labeling using N-succinimidyl 5-iodo-3-pyridinecarboxylate. Cancer Res. 57, 1510-5).

Interestingly, in vivo retention of this antibody in tumor xenografts was enhanced when
labeled with N-succinimidyl 5-iodo-3-pyridine carboxylate (Reist et al., 1997). This labeled
prosthetic group is positively charged at lysosmal pH and thus has enhanced cellular retention
(Reist et al. (1996) Radioiodination of internalizing monoclonal antibodies using N-succinimidyl
5-iodo-3-pyridinecarboxylate. Cancer Res. 56, 4970-7). Enhanced retention is potentially useful
when considering an antibody for radioimmunotherapy and this method could be used to improve

retention of iodinated mAb806 or its fragments.

Example 8
Binding of mAb&06 to Cells Containing Amplified EGFR

To examine if mAb806 could recognize the EGFR expressed in cells containing an
amplified receptor gene, its binding to A431 cells was analyzed. As described previously, A431
cells are human squamous carcinoma cells and express high levels of WtEGFR. Low, but highly
reproducible, binding of mAb806 to A431 cells was observed by FACS analysis (FIG.6). The
DHS.3 antibody did not bind A431 cells, indicating that the binding of mAb806 was not the
result of low level de2-7 EGFR expression (FIG.6). As expected, the anti-EGFR 528 antibody
showed strong staining of A431 cells (FIG.6). Given this result, binding of mAb806 to A431
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was characterized by Scatchard analysis. While the binding of iodinated mAb806 was
comparatively low, it was possible to get consistent data for Scatchard. The average of three
such experiments gave a value for affinity of 9.5 x 10’ M™' with 2.4 x 10 receptors per cell.
Thus, the affinity for this receptor was some 10-fold lower than the affinity for the de2-7 EGFR.
Furthermore, mAb806 appears to only recognize a small portion of EGFR found on the surface
of A431 cells. The 528 antibody measured approximately 2 x 10° receptors per cell which is in
agreement with numerous other studies (Santon et al. (1986) Effects of epidermal growth factor

receptor concentration on tumorigenicity of A431 cells in nude mice. Cancer Res. 46, 4701-5).

To ensure that these results were not simply restricted to the A431 cell line, mAb806
reactivity was examined in 2 other cells lines exhibiting amplification of the EGFR gene. Both
the HNS5 head and neck cell line (Kwok TT and Sutherland RM (1991) Differences in EGF
related radiosensitisation of human squamous carcinoma cells with high and low numbers of
EGF receptors. Br. J. Cancer. 64, 251-4) and the MDA-468 breast cancer cell line (Filmus et al.
(1985) MDA-468, a human breast cancer cell line with a high number of epidermal growth factor
(EGF) receptors, has an amplified EGF receptor gene and is growth inhibited by EGF. Biochem.
Biophys. Res. Commun. 128, 898-905) have been reported to contain multiple copies of the
EGFR gene. Consistent with these reports, the 528 antibody displayed intense staining of both
cell lines (FIG.21). As with the A431 cell line, the mAb806 clearly stained both cell lines but at
a lower level than that observed with the 528 antibody (FIG.21). Thus, mAb806 binding is not
simply restricted to A431 cells but appears to be a general observation for cells containing

amplification of the EGFR gene.

Recognition of the wild-type SEGFR by mAb806 clearly requires some denaturation of
the receptor in order to expose the epitope. The extent of denaturation required is only slight as
even absorption of the wild-type SEGFR on to a plastic surface induced robust binding of
mADb8O06 in ELISA assays. As mAb806 only bound approximately 10% of the EGFR on the
surface of A431 cells, it is tempting to speculate that this subset of receptors may have an altered
conformation similar to that induced by the de2-7 EGFR truncation. Indeed, the extremely high
expression of the EGFR mediated by gene amplification in A431 cells may cause some receptors
to be incorrectly processed leading to altered conformation. Interestingly, semi-quantitative
immunoblotting of A431 cell lysates with mAb806 showed that it could recognize most of the
A431 EGF receptors following SDS-PAGE and western transfer. This result further supports the
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argument that mAb806 is binding to a subset of receptors on the surface of A431 cells that have
an altered conformation. These observations in A431 cells are consistent with the
immunohistochemistry data demonstrating that mAb806 binds gliomas containing amplification
of the EGFR gene. As mAb806 binding was completely negative on parental US7MG cells it
would appear this phenomenon may be restricted to cells containing amplified EGFR although
the level of "denatured" receptor on the surface of U87MG cells may be below the level of
detection. However, this would seem unlikely as iodinated mAb806 did not bind to US7MG cell

pellets containing up to 1 x 10 cells.

Example 9
In vivo Targeting of A431 Cells By mAb&806

A second biodistribution study was performed with mAb806 to determine if it could
target A431 tumor xenografts. The study was conducted over a longer time course in order
obtain more information regarding the targeting of U§7MG.A2-7 xenografts by mAb806, which
were included in all mice as a positive control. In addition, the anti-EGFR 528 antibody was
included as a positive control for the A431 xenografts, since a previous study demonstrated low
but significant targeting of this antibody to A431 cells grown in nude mice (Masui et al. (1984)
Growth inhibition of human tumor cells in athymic mice by anti-epidermal growth factor

receptor monoclonal antibodies. Cancer Res. 44, 1002-7).

During the first 48 h, mAb806 displayed almost identical targeting properties as those
observed in the initial experiments (FIG.7A compared with FIG.4A). In terms of % ID/g tumor,
levels of mAb806 in US7MG.A2-7 xenografts slowly declined after 24 h but always remained
higher than levels detected in normal tissue. Uptake in the A431 xenografts was comparatively
low, however there was a small increase in % ID/g tumor during the first 24 h not observed in
normal tissues such as liver, spleen, kidney and lung (FIG.7A). Uptake of the 528 antibody was
very low in both xenografts when expressed as % ID/g tumor (FIG.7B) partially due to the faster
clearance of this antibody from the blood. Autoradiography of A431 xenograft tissue sections

]-labeled mAb806 alone, clearly illustrates localization of

collected 24 hr after injection with
antibody to viable tumor around the periphery of the tumor and not central areas of necrosis

(FIG.23). In terms of tumor to blood ratio mAb806 peaked at 72 h for US7MG.A2-7 xenografts
and 100 h for A431 xenografts (FIGS.8A, B). While the tumor to blood ratio for mAb806 never
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surpassed 1.0 with respect to the A431 tumor, it did increase throughout the entire time course
(FIG.8B) and was higher than all other tissues examined (data not shown) indicating low levels

of targeting.

The tumor to blood ratio for the 528 antibody showed a similar profile to mAb806
although higher levels were noted in the A431 xenografts (FIGS.8A, B). mAb806 had a peak
tumor to liver ratio in U87MG.A2-7 xenografts of 7.6 at 72 h, clearly demonstrating preferential
uptake in these tumors compared to normal tissue (FIG.8C). Other tumor to organ ratios for
mAb806 were similar to those observed in the liver (data not shown). The peak tumor to liver
ratio for mAb806 in A431 xenografts was 2.0 at 100 h, again indicating a slight preferential

uptake in tumor compared with normal tissue (FIG.8D).

Example 10
Therapy Studies

The effects of mAb806 were assessed in two xenograft models of disease-a preventative

model and an established tumor model.

Xenograft Models

Consistent with previous reports (Nishikawa et al., Proc. Natl. Acad. Sci. U.S.A., 91(16),
7727-7731), USTMG cells transfected with de2-7 EGFR grew more rapidly than parental cells
and US7MG cells transfected with the wtEGFR. Therefore, it was not possible to grow both cell

types in the same mice.

Tumor cells (3 x 10°) in 100 ml of PBS were inoculated subcutaneously into both flanks
of 4-6 week old female nude mice (Animal Research Centre, Western Australia, Australia).
Therapeutic efficacy of mAb806 was investigated in both preventative and established tumor
models. In the preventative model, 5 mice with two xenografts each were treated
intraperitoneally with either 1 or 0.1 mg of mAb806 or vehicle (PBS) starting the day before
tumor cell inoculation. Treatment was continued for a total of 6 doses, 3 times per week for 2
weeks. In the established model, treatment was started when tumors had reached a mean volume
of 65 + 6.42 mm’ (US7MG.A2-7), 84 + 9.07 mm3 (US7MG), 73 + 7.5 mm’ (U87MG.wtEGFR)

or 201 + 19.09 mm® (A431 tumors). Tumor volume in mm® was determined using the formula
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(length x width?)/2, where length was the longest axis and width the measurement at right angles
to the length (Clark et al. (2000) Therapeutic efficacy of anti-Lewis (y) humanized 3S 193
radioimmunotherapy in a breast cancer model: enhanced activity when combined with Taxol
chemotherapy. Clin. Cancer Res. 6, 3621-3628). Data was expressed as mean tumor volume +
S.E. for each treatment group. Statistical analysis was performed at given time points using
Student's t-test. Animals were euthanized when the xenografts reached an approximate volume
of 1.5 cm’ and the tumors excised for histological examination. This research project was

approved by the Animal Ethics Committee of the Austin and Repatriation Medical Centre.

Histological Examination of Tumor Xenografts

Xenografts were excised and bisected. One half was fixed in 10% formalin/PBS before
being embedded in paraffin. Four micron sections were then cut and stained with haematoxylin
and eosin (H&E) for routine histological examination. The other half was embedded in Tissue
Tek® OCT compound (Sakura Finetek, Torrance, CA), frozen in liquid nitrogen and stored at -
80°C. Thin (5 micron) cryostat sections were cut and fixed in ice-cold acetone for 10 min
followed by air drying for a further 10 min. Sections were blocked in protein blocking reagent
(Lipshaw Immunon, Pittsburgh U.S.A.) for 10 min and then incubated with biotinylated primary
antibody (1 mg/ml), for 30 min at room temperature (RT). All antibodies were biotinylated using
the ECL protein biotinylation module (Amersham, Baulkham Hills, Australia), as per the
manufacturer’s instructions. After rinsing with PBS, sections were incubated with a streptavidin
horseradish peroxidase complex for a further 30 min (Silenus, Melbourne, Australia). Following
a final PBS wash the sections were exposed to 3-amino-9-ethylcarbozole (AEC) substrate (0.1 M
acetic acid, 0.1 M sodium acetate, 0.02 M AEC (Sigma Chemical Co., St Louis, MO)) in the
presence of hydrogen peroxide for 30 min. Sections were rinsed with water and counterstained

with hematoxylin for 5 min and mounted.

Efficacy of mAb806 in Preventative Model
mAb806 was examined for efficacy against U§7MG and U87MG.A2-7 tumors in a

preventative xenograft model. Antibody or vehicle were administered i.p. the day before tumor
inoculation and was given 3 times per week for 2 weeks. mAb806 had no effect on the growth of
parental US7MG xenografts, which express the wtEGFR, at a dose of 1 mg per injection
(FIG.9A). In contrast, mAb806 significantly inhibited the growth of U87MG.A2-7 xenografts in
a dose dependent manner (FIG.9B). At day 20, when control animals were sacrificed, the mean
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tumor volume was 1637 + 178.98 mm’ for the control group, a statistically smaller 526 + 94.74
mm’ for the 0.1 mg per injection group (p < 0.0001) and 197 + 42.06 mm® for the 1 mg injection
group (p <0.0001). Treatment groups were sacrificed at day 24 at which time the mean tumor

volumes was 1287 + 243.03 mm® for the 0.1 mg treated group and 492 + 100.8 mm® for the 1 mg

group.

Efficacy of mAb&806 in Established Xenograft Model

Given the efficacy of mAb806 in the preventative xenograft model, its ability to inhibit
the growth of established tumor xenografts was then examined. Antibody treatment was as
described in the preventative model except that it commenced when tumors had reached a mean
tumor volume of 65 + 6.42 mm’ for the US7MG.A2-7 xenografts and 84 + 9.07 mm’ for the
parental US7MG xenografts. Once again, mAb806 had no effect on the growth of parental
U87MG xenografts at a dose of 1 mg per injection (FIG.10A). In contrast, mAb806 significantly
inhibited the growth of U87MG.A2-7 xenografts in a dose dependent manner (FIG.10B). At day
17, one day before control animals were sacrificed, the mean tumor volume was 935 + 215.04
mm?® for the control group, 386 + 57.51 mm’ for the 0.1 mg per injection group (p < 0.01) and
217 + 58.17 mm® for the 1 mg injection group (p < 0.002).

To examine whether the growth inhibition observed with mAb806 was restricted to cell
expressing de2-7 EGFR, its efficacy against U87MG.wtEGFR tumor xenografts was examined in
an established model. These cells serve as a model for tumors containing amplification of the
EGFR gene without de2-7 EGFR expression. mAb806 treatment commenced when tumors had
reached a mean tumor volume of 73 + 7.5 mm’. mAb&06 significantly inhibited the growth of
established US7MG.wtEGFR xenografts when compared to control tumors treated with vehicle
(FIG.10C). On the day control animals were sacrificed, the mean tumor volume was 960 + 268.9
mm® for the control group and 468 + 78.38 mm?® for the group treated with 1 mg injections (p <

0.04).

Histological and Immunohistochemical Analysis of Established Tumors

To evaluate potential histological differences between mAb806-treated and control
U87MG.A2-7 and U87MG.wtEGFR xenografts (collected at days 24 and 42 respectively),
formalin-fixed, paraffin embedded sections were stained with H&E. Areas of necrosis were seen
in sections from both US§7MG.A2-7 (collected 3 days after treatment finished), and
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US7MG.wtEGFR xenografts (collected 9 days after treatment finished) treated with mAb806.
This result was consistently observed in a number of tumor xenografts (n=4). However, analysis
of sections from xenografts treated with control did not display the same areas of necrosis seen
with mAb806 treatment. Sections from mAb806 or control treated US87MG xenografts were also
stained with H&E and revealed no differences in cell viability between the two groups, further
supporting the hypothesis that mAb806 binding induces decreased cell viability/necrosis within

tumor xenografts.

An immunohistochemical analysis of U87MG, U87MG.A2-7 and US7MG.wtEGFR
xenograft sections was performed to determine the levels of de2-7 and wtEGFR expression
following mAb806 treatment. Sections were collected at days 24 and 42 as above, and were
immunostained with the 528 or 806 antibodies. As expected, the 528 antibody stained all
xenograft sections with no obvious decrease in intensity between treated and control tumors.
Staining of U§7MG sections was undetectable with the mAb806, however positive staining of
U87MG.A2-7 and U87MG.wtEGFR xenograft sections was observed. There was no difference
in mAb806 staining density between control and treated U§7MG.A2-7 and U§7MG.wtEGFR
xenografts suggesting that antibody treatment does not down regulate de2-7 or wtEGFR

expression.

Treatment of A431 Xenografts with mAb806
To demonstrate that the anti-tumor effects of mAb806 were not restricted to US7MG

cells, the antibody was administered to mice with A431 xenografts. These cells contain an
amplified EGFR gene and express approximately 2 x 10° receptors per cell. As described above,
mAb806 binds about 10% of these EGFR and targets A431 xenografts. mAb806 significantly
inhibited the growth of A431 xenografts when examined in the previously described preventative
xenograft model (FIG.11A). At day 13, when control animals were sacrificed, the mean tumor
volume was 1385 + 147.54 mm® in the control group and 260 + 60.33 mm® for the 1 mg injection

treatment group (p < 0.0001).

In a separate experiment, a dose of 0.1 mg mAb also significantly inhibited the growth of

A431 xenografts in a preventative model.
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Given the efficacy of mAb806 in the preventative A431 xenograft model, its ability to
inhibit the growth of established tumor xenografts was examined. Antibody treatment was as
described in the preventative model except it was not started until tumors had reached a mean
tumor volume of 201 £ 19.09 mm’. mAb806 significantly inhibited the growth of established
tumor xenografts (FIG.11B). At day 13, when control animals were sacrificed, the mean tumor
volume was 1142 + 120.06 mm’ for the control group and 451 + 65.58 mm? for the 1 mg
injection group (p < 0.0001).

In summary, the therapy studies with mAb806 described here clearly demonstrated dose
dependent inhibition of U§7MG.A2-7 xenograft growth. In contrast, no inhibition of parental
U87MG xenografts was observed despite the fact they continue to express the wtEGFR in vivo.
mADb806 not only significantly reduced xenograft volume, it also induced significant necrosis
within the tumor. This is the first report showing the successful therapeutic use of such an

antibody in vivo against a human de2-7 EGFR expressing glioma xenografts.

Gene amplification of the EGFR has been reported in a number of different tumors and is
observed in approximately 50% of gliomas (Voldberg et al., 1997). It has been proposed that the
subsequent EGFR over-expression mediated by receptor gene amplification may confer a growth
advantage by increasing intracellular signaling and cell growth (Filmus et al., 1987). The
U87MG cell line was transfected with the wtEGFR in order to produce a glioma cell that mimics
the process of EGFR gene amplification. Treatment of established U87MG.wtEGFR xenografts
with mADb806 resulted in significant growth inhibition. Thus, mAb806 also mediates in vivo
antitumor activity against cells containing amplification of the EGFR gene. Interestingly,
mADbS8O06 inhibition of US7MG.wtEGFR xenografts appears to be less effective than that
observed with U§7MG.A2-7 tumors. This probably reflects the fact that mAb806 has a lower
affinity for the amplified EGFR and only binds a small proportion of receptors expressed on the
cell surface. However, it should be noted that despite the small effect on US87MG.wtEGFR

xenograft volumes, mAb806 treatment produced large areas of necrosis within these xenografts.

To rule out the possibility that mAb806 only mediates inhibition of the U87MG derived
cell lines we tested its efficacy against A431 xenografts. This squamous cell carcinoma derived
cell line contains significant EGFR gene amplification which is retained both in vitro and in vivo.

Treatment of A431 xenografts with mAb806 produced significant growth inhibition in both a
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preventative and established model, indicating the anti-tumor effects of mAb806 are not

restricted to transfected US7MG cell lines.

Example 11
Combination Therapy Treatment of A431 Xenografts with mAb806 and AG1478

The anti-tumor effects of mAb806 combined with AG1478 was tested in mice with A431
xenografts. AG1478 (4- (3-Chloroanilino)-6,7-dimethoxyquinazoline) is a potent and selective
inhibitor of the EGFR kinase versus HER2-neu and platelet-derived growth factor receptor
kinase (Calbiochem Cat. No. 658552). Three controls were included: treatment with vehicle
only, vehicle + mAb806 only, and vehicle + AG1478 only. The results are illustrated in FIG.12.
0.1 mg mAb806 was administered at 1 day prior to xenograft and 1, 3, 6, 8 and 10 days post
xenograft. 400 pg AG1478 was administered at 0, 2,4, 7, 9, and 11 days post xenogratft.

Both AG1478 and mAb806, when administered alone, produced a significant reduction of

tumor volume. However, in combination, the reduction of tumor volume was greatly enhanced.

In addition, the binding of mAb806 to EGFR of A431 cells was evaluated in the absence
and presence of AG1478. Cells were placed in serum free media overnight, then treated with
AG1478 for 10 min at 37°C, washed twice in PBS, then lysed in 1% Triton and lysates prepared
by centrifugation for 10 min at 12,000g. Lysate was then assessed for 806 reactivity by an
ELISA in a modified version of an assay described by Schooler and Wiley, Analytical
Biochemistry 277, 135-142 (2000). Plates were coated with 10 pg/ml of mAb806 in PBS/EDTA
overnight at room temperature and then washed twice. Plates were then blocked with 10% serum
albumin/PBS for 2 hours at 37°C and washed twice. A 1:20 cell lysate was added in 10% serum
albumin/PBS for 1 hour at 37°C, then washed four times. Anti-EGFR (SC-03; Santa Cruz
Biotechnology Inc.) in 10% serum albumin/PBS was reacted 90 min at room temperature, the
plate washed four times, and anti-rabbit-HRP (1:2000 if from Silenus) in 10% serum
albumin/PBS was added for 90 min at room temperature, washed four times, and color developed
using ABTS as a substrate. It was found that mAb806 binding is significantly increased in the
presence of increasing amounts of AG1478 (FIG.13).
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Example 12
Immunoreactivity in Human Glioblastomas Pre-Typed For EGFR Status

Given the high incidence of EGFR expression, amplification and mutation in
glioblastomas, a detailed immunohistochemical study was performed in order to assess the
specificity of 806 in tumors other than xenografts. A panel of 16 glioblastomas was analyzed by
immunohistochemistry. This panel of 16 glioblastomas was pre-typed by RT-PCR for the
presence of amplified wild-type EGFR and de2-7 EGFR expression. Six of these tumors
expressed only the wtEGFR transcript, 10 had wtEGFR gene amplification with 5 of these
showing wild-type EGFR transcripts only, and 5 both wild-type EGFR and de2-7 gene transcript.

Immunohistochemical analysis was performed using Smm sections of fresh frozen tissue
applied to histology slides and fixed for 10 minutes in cold acetone. Bound primary antibody
was detected with biotinylated horse anti-mouse antibody followed by an avidin-biotin-complex
reaction. Diaminobenzidine tetra hydrochloride (DAB) was used as chromogen. The extent of
the immunohistochemical reactivity in tissues was estimated by light microscopy and graded
according to the number of immunoreactive cells in 25% increments as follows:

Focal = less than 5%

+=5-25%

++=25-50%

+++ =50-75%

= > 75%

The 528 antibody showed intense reactivity in all tumors, while DH8.3 immunostaining
was restricted to those tumors expressing the de2-7 EGFR (Table 2). Consistent with the
previous observations in FACS and rosetting assays, mAb806 did not react with the
glioblastomas expressing the wtEGFR transcript from nonamplified EGFR genes (Table 2). This
pattern of reactivity for mAb806 is similar to that observed in the xenograft studies and again
suggests that this antibody recognizes the de2-7 and amplified EGFR but not the wtEGFR when

expressed on the cell surface.
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Table 2

Immunoreactivity of mAbs528, DHS8.3 and 806 on glioblastomas pre-typed for the presence of
wild-type EGFR and mutated de2-7 EGFR and for their amplification status

Amplification | 9277 EGFR 528 DHS.3 806

Expression

No ++++ - -

No -+ - -*

No ++++ - -

No ++ - -

No +++ - -

No ++++ - -
Yes No ++++ - -+
Yes No - - +
Yes No 44+ - +++
Yes No ++++ - -+
Yes No ++++ - ot
Yes Yes ++++ ++++ -+
Yes Yes -+ -+ ++++
Yes Yes ++++ ++++ ++++
Yes Yes ++++ ++++ -+
Yes Yes ++++ ++ ++

* focal staining

Example 13

EGFR Immunoreactivity In Normal Tissue

In order to determine if the de2-7 EGFR is expressed in normal tissue, an
immunohistochemical study with mAb806 and DHS8.3 was conducted in a panel of 25 tissues.
There was no strong immunoreactivity with either mAb806 or DHS.3 in any tissue tested,
suggesting that the de2-7 EGFR is absent in normal tissues (Table 3). There was some variable
staining present in tonsils with mAb806 that was restricted to the basal cell layer of the epidermis
and mucosal squamous cells of the epithelium. In placenta, occasional immunostaining of the
trophoblast epithelium was observed. Interestingly, two tissues that express high endogenous
levels of wtEGFR, the liver and skin, failed to show any significant mAb806 reactivity. No
reactivity was observed with the liver samples at all, and only weak and inconsistent focal

reactivity was detected occasionally (in no more than 10% of all samples studied) in basal
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keratinocytes in skin samples and in the squamous epithelium of the tonsil mucosa, further

demonstrating that this antibody does not bind the wtEGFR expressed on the surface of cells to

any significant extent (Table 3). All tissues were positive for the wtEGFR as evidenced by the

universal staining seen with the 528 antibody (Table 3).

Table 3
Reactivity of 528. DHS8.3 and 806 on normal tissues

Tissue 528 DHS.3 806
Esophagus pos - -
Stomach pos - -
Duodenum pos - -
Small
intestine/duodenum pos ) i
Colon pos - -
Liver pos - -
Sahva‘ry glands pos ] ]
(parotid)
Kidney pos - -
Urinary Bladder pos - -
Prostate pos - -
Testis pos - -
Uterus (cx/endom) pos - -
Fallopian tube pos - -
Ovary pos - -
Breast pos -k -
Placenta pos - -
Peripheral nerve pos - -
Skeletal muscle pos - -
Thyroid gland pos - -
Lymph node pos - -
Spleen pos - -
- occ. weak reactivity
Tonsil pos - of basal layer of
squamous epithelium
Heart pos - -
Lung pos - -
- occ. weak reactivity
Skin pos - of basal layer of

squamous epithelium
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* some stromal staining in various tissue

Example 14

EGFR Immunoreactivity in Various Tumors

The extent of de2-7 EGFR in other tumor types was examined using a panel of 12

different malignancies. The 528 antibody showed often homogeneous staining in many tumors

analyzed except melanoma and seminoma. When present, DH8.3 immunoreactivity was

restricted to the occasional focal tumor cell indicating there is little if any de2-7 EGFR

expression in tumors outside the brain using this detection system (Table 4). There was also

focal staining of blood vessels and a varying diffuse staining of connective tissue with the DHS.3

antibody in some tumors (Table 4). This staining was strongly dependent on antibody

concentration used and was considered nonspecific background reactivity. The mAb806 showed

positive staining in 64% of head and neck tumors and 50% of lung carcinomas (Table 4). There

was little mAb806 reactivity elsewhere except in urinary tumors that were positive in 30% of

cascs.

Since the head and neck and lung cancers were negative for the DHS8.3 antibody the

reactivity seen with the mAb in these tumors maybe associated with EGFR gene amplification.

Table 4
Monoclonal antibodies 528, DHS8.3 and 806 on tumor panel

Tumor 528 DH8.3 806

Malignant melanoma 0/10 0/10 0/10

metastases

Urinary bladder (tcc, | 10/10 0/10* 3/10%*

sqcc, adeno) (7x++++,2x++++,1x+) (2x++++,1x++)

Mammary gland 6/10 1/10 1/10
(Bx++++,3x++) (1x+) (foc)

Head + neck cancer 11/11 0/11% 7/11

(sqcc) (Ix+++-10x-++++) (BxAH+4+,3x+++, 1x+)

Lung (sqcc, adeno, 12/12 0/12% 6/12

neuroend) (10x++++-1x+++) (Bx++++ 3x+++)

Leiomyosarcoma ?‘fﬁH‘ﬂ 1x) 0/5 0/5

Liposarcoma 5/5 0/5 0/5%*
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(2x + 3x +++)
S ial ol 0/5 0/5%*
ynovial sarcoma (4x +++4)
Mfth Mali t
e 4/5% 0/5* 0/5%
fibrous histiocytoma
. . 10/10
Colonic carcinoma 0/10%* 0/10
(9x++++, 1x+)
Seminoma 1/10%* 1/10%* 0/10
Ova‘ry (serous- 4/5 0/5% 0/5
papillary) (Bxt+++, 1x+)
*focal staining
Example 15

Immunoreactivity In Human Glioblastomas Unselected For EGFR Status

In order to confirm the unique specificity and to evaluate the reactivity of mAb806, it was
compared to the 528 and DHS8.3 antibodies in a panel of 46 glioblastomas not preselected for
their EGFR status. The 528 antibody was strongly and homogeneously positive in all samples
except two (Nos. 27 and 29) (44/46, 95.7%). These two cases were also negative for mAb806
and mAbDHS.3. The mAb806 was positive in 27/46 (58.7%) cases, 22 of which displayed
homogeneous immunoreactivity in more than 50% of the tumor. The DHS8.3 antibody was
positive in 15/46 (32.6%) glioblastomas, 9 of which showed homogeneous immunoreactivity.

The immunochemical staining of these unselected tumors is tabulated in Table 5.

There was concordance between mAb806 and DHS.3 in every case except one (No. 35).
A molecular analysis for the presence of EGFR amplification was done in 44 cases (Table 5). Of
these, 30 cases co-typed with the previously established mAb806 immunoreactivity pattern: e.g.,
16 mAb806-negative cases revealed no EGFR amplification and 14 EGFR-amplified cases were
also mAb806 immunopositive. However, 13 cases, which showed 806 immunoreactivity, were
negative for EGFR amplification while one EGFR-amplified case was mAb806 negative.
Further analysis of the mutation status of these amplification negative and 806 positive cases is
described below and provides explanation for most of the 13 cases which were negative for

EGFR amplification and were recognized by 806.
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Subsequently, a molecular analysis of the deletion mutation by RT-PCR was performed
on 41/46 cases (Table 5). Of these, 34 cases co-typed with DH8.3 specific for the deletion
mutation: 12 cases were positive in both RT-PCR and immunohistochemistry and 22 cases were
negative/negative. Three cases (#2, #34, and #40) were DHS8.3 positive/RT-PCR negative for the
deletion mutation and three cases (#12, #18, and #39) were DHS8.3 negative/RT-PCR positive. As
expected based on our previous specificity analysis, mAb806 immunoreactivity was seen in all

DHS&.3 positive tissues except in one case (#35).

Case #3 also revealed a mutation (designated A2 in Table 5), which included the
sequences of the de2-7 mutation but this did not appear to be the classical de2-7 deletion with
loss of the 801 bases (data not shown). This case was negative for DH8.3 reactivity but showed

reactivity with 806, indicating that 806 may recognize an additional and possibly unique EGFR

mutation.
Table 5
Immunohistochemical Analysis of 46 Unselected Glioblastomas With mAbs 528, 806, and
DH3.3
# 528 806 DHS.3 EGFR 5'MUT
Amp.*
1 ++++ ++++ ++ A 5'MUT
2 ++++ ++++ ++++ N WT
et
3 -+ (det.) neg. N A2
4 e e neg. N WT
5 ++++ ++++ ++++ N 5'MUT
6 ++++ ++++ neg. A WT
7 ++++ ++++ ++++ N 5'MUT
8 44+ ++++ ++++ A 5'MUT
9 -+ ++++ neg. A WT
10 ++++ neg. neg. N WT
11 ++ ++ ++ A 5'MUT
12 -+ ++ neg. A 5'MUT
13 -+ -+ neg. N WT
14 ++ neg. neg. Nd nd
15 ++ ++ neg. N WT
16 + neg. neg. N nd
17 -+ neg. neg. N WT
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18 -+ -+ neg. A 5'"MUT
19 ++++ ++++ neg. N WT

20 +++ neg. neg. N WT

21 ++++ ++++ neg. N WT

22 +++ neg. neg. N WT

23 ++++ -+ ++ N 5'MUT
24 ++++ ++++ neg. A WT

25 +++ neg. neg. N WT

26 +H+ ++ +++ A 5'MUT
27 neg. neg. neg. N WT

28 +++ neg. neg. N WT

29 neg. neg. neg. N WT

30 -+ -+ neg. N WT

-+

31 par det neg. neg. N nd

32 ++ +++ ++ N 5'MUT
33 +++ ++++ -+ A 5'MUT
34 +++ +++ -+ N WT

35 -+ neg. 4+ A 5'MUT
36 +++ ++ +++ A 5'MUT
37 A+t + + A 5'MUT
38 ++++ neg. neg. N WT

39 ++ neg. neg. N 5'MUT
40 -+ b + A WT

41 ++ neg. neg. N WT

42 ++++ ++++ neg. A WT

43 ++++ neg. neg. nd nd

44 +++ neg. neg. N WT

45 -+ neg. neg. N WT

46 -+ neg. neg. N nd

* N = not amplified, A-amplified,

"WT= wild-type, 5'-mut

nd = not done

The 806 antibody reactivity co-typed with amplified or de2-7 mutant EGFR in 19/27 or

over 70% of the cases. It is notable that 2 of these 8 cases were also DHS8.3 reactive.
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Example 16

Systemic Treatment and Analysis of Intracranial Glioma Tumors

To test the efficacy of the anti-AEGFR monoclonal antibody, mAb806, we treated nude
mice bearing intracranial AEGFR-overexpressing glioma xenografts with intraperitoneal

injections of mAb806, the isotype control IgG or PBS.

Because primary explants of human glioblastomas rapidly lose expression of amplified,
rearranged receptors in culture, no existing glioblastoma cell lines exhibit such expression. To
force maintenance of expression levels comparable with those seen in human tumors, U§7MG,
LN-Z308, and A1207 (gift from Dr. S. Aaronson, Mount Sinai Medical Center, New York, NY)
cells were infected with AEGFR, kinase-deficient AEGFR (DK), or wild-type EGFR (WtEGFR)
viruses, which also conferred resistance to G418 as described previously (Nishikawa et al. (1994)
A mutant epidermal growth factor receptor common in human glioma confers enhanced

tumorigenicity. Proc. Natl. Acad. Sci. U.S.A., 91, 7727-7731).

Populations expressing similar levels of the various EGFR alleles (these expression levels
correspond approximately to an amplification level of 25 gene copies; human glioblastomas
typically have amplification levels from 10 to 50 gene copies of the truncated receptor) were
selected by FACS as described previously (Nishikawa et al., 1994) and designated as
U87MG.AEGFR, U87MG.DK, US87MG.wtEGFR, LN-Z308.AEGFR, LN-Z308.DK, LN-
Z308.wtEGFR, A1207.AEGFR, A1207.DK, and A1207.wtEGFR, respectively. Each was
maintained in medium containing G418 (U87MG cell lines, 400 pg/ml; LN-Z308 and A1207 cell
lines, 800 pg/ml).

U87MG.AEGFR cells (1 x 10%) or 5 x 10° LN-Z308.AEGFR, A1207.AEGFR, US7MG,
U87MG.DK, and U87MG.wtEGFR cells in 5 ul of PBS were implanted into the right corpus
stratum of nude mice brains as described previously (Mishima et al. (2000) A peptide derived
from the non-receptor binding region of urokinase plasminogen activator inhibits glioblastoma
growth and angiogenesis in vivo in combination with cisplatin. Proc. Natl. Acad. Sci. U.S.A. 97,
8484-8489). Systemic therapy with mAb806, or the IgG2b isotype control, was accomplished by

1.p. injection of 1 pg of mAbs in a volume of 100 pl every other day from post-implantation day
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0 through 14. For direct therapy of intracerebral US7MG.AEGFR tumors, 10 pg of mAb806, or
the IgG2b isotype control, in a volume of 5 pl were injected at the tumor-injection site every

other day starting at day 1 for 5 days.

Animals treated with PBS or isotype control IgG had a median survival of 13 days,
whereas mice treated with mAb806 had a 61.5% increase in median survival up to 21 days (P <

0.001; FIG.24A).

Treatment of mice 3 days post-implantation, after tumor establishment, also extended the
median survival of the mAb806-treated animals by 46.1% (from 13 days to 19 days; P <0.01)

compared with that of the control groups (data not shown).

To determine whether these antitumor effects of mAb806 extended beyond
US7MG.AEGFR xenografts, similar treatments were administered to animals bearing other
glioma cell xenografts of LN-Z308.AEGFR and A1207.AEGFR. The median survival of
mAb806-treated mice bearing LN-Z308.AEGFR xenografts was extended from 19 days for
controls to 58 days (P < 0.001; FIG.24B). Remarkably, four of eight mAb806-treated animals
survived beyond 60 days (FIG.24B). The median survival of animals bearing A1207.AEGFR

xenografts was also extended from 24 days for controls to 29 days (P < 0.01; data not shown).

mAb&06 Treatment Inhibits AEGFR-overexpressing Brain Tumor Growth
Mice bearing US7MG.AEGFR and LN-Z308.AEGFR xenografts were euthanized at day 9

and day 15, respectively. Tumor sections were histopathologically analyzed and tumor volumes
were determined. Consistent with the results observed for animal survival, mAb806 treatment
significantly reduced the volumes by about 90% of US7MG.AEGFR. (P < 0.001; FIG.24C)
andLN-Z308.AEGFR by more than 95% (P < 0.001; FIG.24D) xenografts in comparison to that
of the control groups. Similar results were obtained for animals bearing A1207.AEGFR tumors

(65% volume reduction, P < 0.01; data not shown).
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Intratumoral Treatment with mAb806 Extends Survival of Mice Bearing U87MG.AEGFR Brain

Tumors

The efficacy of direct intratumoral injection of mAb806 for the treatment of
US7MG.AEGFR xenografts was also determined. Animals were given intratumoral injections of
mAb806 or isotype control IgG one day post-implantation. Control animals survived for 15
days, whereas mAb806 treated mice remained alive for 18 days (P < 0.01; FIG.24E). While the
intratumoral treatment with mAb806 was somewhat effective, it entailed the difficulties of
multiple intracranial injections and increased risk of infection. We therefore focused on systemic

treatments for further studies.

mAb&06 Treatment Slightly Extends Survival of Mice Bearing US7MG.wtEGFR but not
US7MG or US7MG.DK Intracranial Xenografts

To determine whether the growth inhibition by mAb806 was selective for tumors
expressing AEGFR, we treated animals bearing US7MG, U87MG.DK (kinase deficient AEGFR)
and U87MG.wtEGFR brain xenografts. mAb806 treatment did not extend survival of mice
implanted with U87MG tumors (FIG.25A) which expressed a low level of endogenous wild-type
EGFR (wtEGFR) (Huang et al. (1997) The enhanced tumorigenic activity of a mutant epidermal
growth factor receptor common in human cancers is mediated by threshold levels of constitutive
tyrosine phosphorylation and unattenuated signaling. J. Biol. Chem., 272, 2927-2935), or animals
bearing U87MG.DK xenografts which overexpressed a kinase-deficient AEGFR in addition to a
low level of endogenous wtEGFR (FIG.25B). The mAb806 treatment slightly extended the
survival of mice bearing U§7MG.wtEGFR tumors (P < 0. 05, median survival 23 days versus 26
days for the control groups) which overexpressed wtEGFR (FIG.25C).

mADb806 Reactivity Correlates with In vivo Anti-tumor Efficacy

To understand the differential effect of mAb806 on tumors expressing various levels or
different types of EGFR, we determined mAb806 reactivity with various tumor cells by FACS
analysis. Stained cells were analyzed with a FACS Calibur using Cell Quest software (Becton-
Dickinson PharMingen). For the first antibody, the following mAbs were used: mAb806, anti
EGFR mAbD clone 528, and clone EGFR. 1. Mouse IgG2a or IgG2b was used as an isotype

control.
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Consistent with previous reports (Nishikawa et al. (1994) A mutant epidermal growth
factor receptor common in human glioma confers enhanced tumorigenicity. Proc. Natl. Acad.
Sci. U.S.A., 91, 7727-7731), the anti-EGFR mAb528 recognized both AEGFR and wtEGFR and
demonstrated stronger staining for US7MG.AEGFR cells compared with US7MG cells
(FIG.26A, 528).

In contrast, antibody EGFR.1 reacted with wtEGFR but not with AEGFR (Nishikawara et
al., 1994), because US7MG.AEGFR cells were as weakly reactive as US7MG cells (FIG.26A,
panel EGFR.1).

This EGFR.1 antibody reacted with U§7MG.wtEGFR more intensively than with
US7MG cells, because US7TMG.wtEGFR cells overexpressed wtEGFR (FIG.26A, panel
EGFR.1). Although mAb806 reacted intensely with U87MG.AEGFR and U87MG.DK cells and
not with U87MG cells, it reacted weakly with U87MG.wtEGFR, which indicated that mAb806 is
selective for AEGFR with a weak cross-activity to overexpressed wtEGFR (FIG.26A, panel
mAb806).

This level of reactivity with U87MG.wtEGFR was quantitatively and qualitatively similar
to the extension of survival mediated by the antibody treatment (FIG.25C).

We further determined mAb806 specificity by immunoprecipitation. EGFRs in various
cell lines were immunoprecipitated with antibodies mAb806, anti-EGFR mAb clone 528
(Oncogene Research Products, Boston, MA), or clone EGFR.1 (Oncogene Research Products).

Briefly, cells were lysed with lysis buffer containing 50 mM HEPES (pH 7.5), 150 mM
NacCl, 10% glycerol, 1% Triton X-100, 2 mM EDTA, 0.1% SDS, 0.5% sodium deoxycholate, 10
mM sodium PPi, 1 mM phenylmethlsulfonyl fluoride, 2 mM Na3 V04, 5 pg/ml leupeptin, and 5
pg/ml aprotinin. Antibodies were incubated with cell lysates at 4°C for 1 h before the addition of
protein-A and-G Sepharose. Immunoprecipitates were washed twice with lysis buffer and once
with HNTG buffer [5S0 mM HEPES (pH 7.5), 150 mM NaCl, 0.1% Triton X-100, and 10%

glycerol], electrophoresed, and transferred to nitrocellulose membranes.
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Blots of electrophoretically-separated proteins were probed with the anti-EGFR antibody,
C13 (provided by Dr. G. N. Gill, University of California, San Diego, CA), used for detection of
both wild-type and AEGFR on immunoblots (Huang et al., 1997), and proteins were visualized
using the ECL chemiluminescent detection system (Amersham Pharmacia Biotech.). Antibodies
to Bcl-X (rabbit poly-clonal antibody; Transduction Laboratories, Lexington, KY') and
phosphotyrosine (4G10, Upstate Biotechnology, Lake Placid, NY) were used for Western blot
analysis as described previously (Nagane et al. (1998) Drug resistance of human glioblastoma
cells conferred by a tumor-specific mutant epidermal growth factor receptor through modulation

of Bcl-XL and caspase-3-like proteases. Proc. Natl. Acad. Sci. U.S.A. 95, 5724-5729).

Consistent with the FACS analysis, antibody 528 recognized wtEGFR and mutant
receptors (FIG.26B-panel IP: 528), whereas antibody EGFR.1 reacted with wtEGFR but not with
the mutant species (FIG.26B, panel IP:EGFR.1). Moreover, the levels of mutant receptors in
U87MG.AEGFR and U87MG.DK cells are comparable with those of wtEGFR in the
US7MG.wtEGFR cells (FIG.26B, panel IP: 528).

However, antibody mAb806 was able to precipitate only a small amount of the wtEGFR
from the US7MG.wtEGFR cell lysates as compared with the larger amount of mutant receptor
precipitated from U87MG.AEGFR and U87MG.DK cells, and an undetectable amount from the
U87MG cells (FIG.26B, panel IP:mAb806). Collectively, these data suggest that mAb806
recognizes an epitope in AEGFR that also exists in a small fraction of wtEGFR only when it is
overexpressed on the cell surface (see further discussion of and references to the mAb806 epitope

below).

mAb806 Treatment Reduces AEGFR Autophosphorylation and Down-regulates Bel. X,

Expression in U87MG.AEGFR Brain Tumors

The mechanisms underlying the growth inhibition by mAb806 were next investigated.
Since the constitutively active kinase activity and autophosphorylation of the carboxyl terminus
of AEGFR are essential for its biological functions (Nishikawa et al. (1994) A mutant epidermal
growth factor receptor common in human glioma confers enhanced tumorigenicity. Proc. Natl.
Acad. Sci. U.S.A. 91, 7727-7731; Huang et al., 1997; Nagane et al. (1996) A common mutant
epidermal growth factor receptor confers enhanced tumorigenicity on human glioblastoma cells

by increasing proliferation and reducing apoptosis. Cancer Res., 56, 5079-5086; Nagane et al.
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(2001) Aberrant receptor signaling in human malignant gliomas: mechanisms and therapeutic
implications. Cancer Lett. 162 (Suppl.1), S17-S21) AEGFR phosphorylation status was
determined in tumors from treated and control animals. As shown in FIG.27A, mAb806
treatment dramatically reduced AEGFR autophosphorylation, although receptor levels were only
slightly decreased in the mAb806-treated xenografts. We have previously shown that receptor
autophosphorylation causes up-regulation of the antiapoptotic gene, Bcl-X;, which plays a key
role in reducing apoptosis of AEGFR-overexpressing tumors (Nagane et al., 1996; Nagane et al.,
2001). Therefore, the effect of mAb806 treatment on Bcl-X; expression was next determined.
AEGFR tumors from mAb&806-treated animals did indeed show reduced levels of Bcl-X1.
(FIG.27A).

mADb806 Treatment Decreases Growth and Angiogenesis, and Increases Apoptosis in

U87MG.AEGFR Tumors

In light of the in vivo suppression caused by mAb806 treatment and its biochemical
effects on receptor signaling, we determined the proliferation rate of tumors from control or
treated mice. The proliferative index, measured by Ki-67 staining of the mAb806-treated tumors,
was significantly lower than that of the control tumors (P < 0.001; FIG.28).

Briefly, to assess angiogenesis in tumors, they were fixed in a solution containing zinc
chloride, paraffin embedded, sectioned, and immunostained using a monoclonal rat anti-mouse
CD31 antibody (Becton-Dickinson PharMingen; 1:200). Assessment of tumor cell proliferation
was performed by Ki-67 immunohistochemistry on formalin-fixed paraffin-embedded tumor
tissues. After deparaffinization and rehydration, the tissue sections were incubated with 3%
hydrogen peroxide in methanol to quench endogenous peroxidase. The sections were blocked for
30 min with goat serum and incubated overnight with the primary antibody at 4°C. The sections
were then washed with PBS and incubated with a biotinylated secondary antibody for 30 min.
After several washes with PBS, products were visualized using streptavidin horseradish
peroxidase with diaminobenzidine as chromogen and hematoxylin as the counterstain. As a
measure of proliferation, the Ki-67 labeling index was determined as the ratio of labeled: total

nuclei in high-power (3400) fields.

Approximately 2000 nuclei were counted in each case by systematic random sampling.

For macrophage and NK cell staining, frozen sections, fixed with buffered 4% paraformaldehyde
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solution, were immunostained using biotinylated mAbF4/80 (Serotec, Raleigh, NC) and
polyclonal rabbit anti-asialo GM1 antibody (Dako Chemicals, Richmond, VA), respectively.
Angiogenesis was quantitated as vessel area using computerized analysis. For this purpose,
sections were immunostained using anti-CD31 and were analyzed using a computerized image
analysis system without counterstain. MV As were determined by capturing digital images of the
sections at 3200 magnification using a CCD color camera as described previously (Mishima et
al., 2000). Images were then analyzed using Image Pro Plus version 4.0 software (Media
Cybernetics, Silver Spring, MD) and MV A was determined by measuring the total amount of
staining in each section. Four fields were evaluated for each slide. This value was represented as
a percentage of the total area in each field. Results were confirmed in each experiment by at

least two observers (K. M., H-J. S. H.).

In addition, apoptotic cells in tumor tissue were detected by using the TUNEL method as
described previously (Mishima et al., 2000). TUNEL-positive cells were counted at X400. The
apoptotic index was calculated as a ratio of apoptotic cell number: total cell number in each field.
Analysis of the apoptotic index through TUNEL staining demonstrated a significant increase in
the number of apoptotic cells in mAb806 treated tumors as compared with the control tumors (P

<0.001; FIG.28).

The extent of tumor vascularization was also analyzed by immunostaining of tumors from
treated and control specimens for CD31. To quantify tumor vascularization, microvascular areas
(MVAs) were measured using computerized image analysis. mAb806-treated tumors showed

30% less MV A than did control tumors (P < 0.001; FIG.28).

To understand whether interaction between receptor and antibody may elicit an
inflammatory response, we stained tumor sections for the macrophage marker, F4/80, and the NK
cell marker, asialo GM 1. Macrophages were identified throughout the tumor matrix and
especially accumulated around the mAb806-treated-U87MG.AEGFR-tumor periphery (FIG.28).
We observed few NK cells infiltrated in and around the tumors and no significant difference

between mAb806-treated and isotype-control tumors (data not shown).
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Example 17
Combination Immunotherapy with mAb806 and mAb528

The experiments set forth herein describe in vivo work designed to determine the efficacy

of antibodies in accordance with this invention.

Female nude mice, 4-6 weeks old, were used as the experimental animals. Mice received

subscutaneous inoculations of 3 x 10° tumor cells in each of their flanks.

The animals received either US7MG.D2-7, US7MG.DK, or A431 cells, all of which are

described, supra. Therapy began when tumors had grown to a sufficient size.

Mice then received injections of one of (i) phosphate buffered saline, (i1)) mAb806 (0.5
mg/injection), (iii) mAb528 (0.5mg/injection), or (iv) a combination of both mAbs. With respect
to “(iv),” different groups of mice received either 0.5 mg/injection of each mAb, or 0.25

mg/injection of each mAb.

The first group of mice examined were those which had received U§7MG.D2-7
injections. The treatment protocol began 9 days after inoculation, and continued 3 times per
week for 2 weeks (i.e., the animals were inoculated 9, 11, 13, 16, 18 and 20 days after they were
injected with the cells). At the start of the treatment protocol, the average tumor diameter was

115 mm’. Each group contained 50 mice, each with two tumors.

Within the group of mice which received the combination of antibodies (0.5 mg/injection
of each), there were three complete regressions. There were no regressions in any of the other

groups. FIG.18A shows the results graphically.

In a second group of mice, the injected materials were the same, except the combination
therapy contained 0.25 mg of each antibody per injection. The injections were given 10, 12, 14,
17,19 and 21 days after inoculation with the cells. At the start of the therapy the average tumor

size was 114 mm>. Results are shown in FIG.18B.
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The third group of mice received inoculations of U§7MG.DK. Therapeutic injections
started 18 days after inoculation with the cells, and continued on days 20, 22, 25, 27 and 29. The
average tumor size at the start of the treatment was 107 mm®. FIG.18C summarizes the results.

The therapeutic injections were the same as in the first group.

Finally, the fourth group of mice, which had been inoculated with A431 cells, received
injections as in groups [ and III, at 8, 10, 12 and 14 days after inoculation. At the start, the

average tumor size was 71 mm’. Results are shown in FIG.18D.

The results indicated that the combination antibody therapy showed a synergistic effect in
reducing tumors. See FIG.18A. A similar effect was seen at a lower dose, as per FIG.18B,

indicating that the effect is not simply due to dosing levels.

The combination therapy did not inhibit the growth of U§7MG.DK (FIG.18C), indicating

that antibody immune function was not the cause for the decrease seen in FIGS.18A and 18B.

It is noted that, as shown in FIG.18D, the combination therapy also exhibited synergistic
efficacy on A431 tumors, with 4 doses leading to a 60% complete response rate. These data
suggest that the EGFR molecule recognized by mAb806 is functionally different from that
inhibited by 528.

Example 18
mADb&06 Inhibition of Tumor Xenografts Growth

As discussed herein, and further demonstrated and discussed in this Example, mAb806
has been unexpectedly been found to inhibit the growth of tumor xenographs expressing either

de2-7 or amplified EGFR, but not wild-type EGFR

Cell lines and antibodies were prepared as described in Example 1. To determine the
specificity of mAb806, its binding to US7MG, U887MG.D2-7, and U87MG.wtEGFR cells was
analyzed by FACS. Briefly, cultured parental and transfected US7MG cell lines were analyzed
for wild-type and de2-7EGFR expression using the 528, 806, and DHS.3 antibodies. Cells (1 3 10

6) were incubated with 5 pg/ml of the appropriate antibody or an isotype-matched negative
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control in PBS containing 1% HSA for 30 min at 4°C. After three washes with PBS/1% HSA,
cells were incubated an additional 30 min at 4°C with FTTC-coupled goat anti-mouse antibody
(1:100 dilution; Calbiochem, San Diego, CA). After three subsequent washes, cells were
analyzed on an Epics Elite ESP (Beckman Coulter, Hialeah, FL) by observing a minimum of
20,000 events and analyzed using EXPO (version 2) for Windows. An irrelevant [gG2b (mAb
100-310 directed to the human antigen A33) was included as an isotype control for mAb806, and
the 528 antibody was included because it recognizes both the de2-7 and wtEGFR.

Only the 528 antibody was able to stain the parental U§7MG cell line (FIG.29), consistent
with previous reports demonstrating that these cells express the wtEGFR (Nishikawa et al. (1994)
A mutant epidermal growth factor receptor common in human glioma confers enhanced
tumorigenicity. Proc. Natl. Acad. Sci. U.S.A. 91, 7727-7731). mAb806 had binding levels
similar to the control antibody, clearly demonstrating that it is unable to bind the wtEGFR
(FIG.29). Binding of the isotype control antibody to the US87MG.D2-7 and U87MG.wtEGFR
cell lines was similar to that observed for the US7MG cells. mAb806 stained U§7MG.D2-7 and
US7MG.wtEGFR cells, indicating that mAb806 specifically recognized the de2-7 EGFR and a
subset of the overexpressed EGFR (FIG.29). As expected, the 528 antibody stained both the
U87MG.D2-7 and US7MG.wtEGFR cell lines (FIG.29). The intensity of 528 antibody staining
on US7MG.wtEGFR cells was much higher than mAb806, suggesting that mAb806 only
recognizes a portion of the overexpressed EGFR. The mAb806 reactivity observed with
U87MG.wtEGFR cells is similar to that obtained with A431 cells, another cell line that over
expresses the wtEGFR.3

A Scatchard analysis was performed using U§7MG.D2-7 and A431 cells to determine the
relative affinity and binding sites for mAb806 on each cell line. mAb806 had an affinity for the
de2-7EGFR receptor of 1.1 x 10° M and recognized an average (three separate experiments) of
2.4 x 10° binding sites/cell, as noted in Example 4. In contrast, the affinity of mAb806 for the
wtEGFR on A431 cells was only 9.5 x 10’ M™, as noted in Example 8. Interestingly, mAb806
recognized 2.3 x 10° binding sites on the surface of A431, which is some 10-fold lower than the
reported number of EGFR found in these cells. To confirm the number of EGFR on the surface
of our A431 cells, we performed a Scatchard analysis using '*’I-labeled 528 antibody. As
expected, this antibody bound to approximately 2 x 10° sites on the surface of A431 cells. Thus,

it appears that mAb806 only binds a portion of the EGFR receptors on the surface of A431 cells.
128



10

15

20

25

30

Importantly, '*’I-labeled mAb806 did not bind to the parental U87MG cells at all, even when the

number of cells was increased to 1 x 10,

mAbS806 reactivity was further characterized in the various cell lines by
immunoprecipitation after >>S-labeling using mAb806, sc-03 (a commercial polyclonal antibody
specific for the COOH-terminal domain of the EGFR) and a IgG2b isotype control. Briefly, cells
were labeled for 16 h with 100 mCi/ml of Tran *>S-Label (ICN Biomedicals, Irvine, CA) in
DMEM without methionine/cysteine supplemented with 5% dialyzed FCS. After washing with
PBS, cells were placed in lysis buffer (1% Triton X-100, 30 mM HEPES, 150 mM NaCl, 500
uM 4-(2-aminoethyl) benzenesulfonylfluoride (AEBSF), 150 nM aprotinin, 1 uM E-64 protease
inhibitor, 0.5 mM EDTA, and 1 uM leupeptin, pH 7.4) for 1 h at 4°C. Lysates were clarified by
centrifugation for 10 min at 12,000g and then incubated with 5 pg of appropriate antibody for 30
min at 4°C before the addition of Protein A-Sepharose. Immunoprecipitates were washed three
times with lysis buffer, mixed with SDS sample buffer, separated by gel electrophoresis using a

4-20% Tris/glycine gel that was then dried, and exposed to X-ray film.

The sc-03 antibody immunoprecipitated three bands from US7MG.A2-7 cells; a doublet
corresponding to the 2 de2-7 EGFR bands observed in these cells and a higher molecular weight
band corresponding to the wtEGFR (FIGS.22 and 30). In contrast, while mAb806
immunoprecipitated the two de2-7 EGFR bands, the wtEGFR was completely absent. The
pattern seen in U87MG.wtEGFR and A431 cells was essentially identical. The sc-03 antibody
immunoprecipitated a single band corresponding to the wtEGFR from A431 cells (FIGS.22 and
30). mADb806 also immunoprecipitated a single band corresponding to the wtEGFR from both
U87MG.wtEGFR and A431 cells (FIGS.22 and 30). Consistent with the FACS and Scatchard
data, the amount of EGFR immunoprecipitated by mAb806 was substantially less than the total
EGEFR present on the cell surface. Given that mAb806 and the sc-03 immunoprecipitated similar
amounts of the de2-7 EGFR, this result supports the notion that the mAb806 antibody only
recognizes a portion of the EGFR in cells overexpressing the receptor. Comparisons between
mADb8O06 and the 528 antibody showed an identical pattern of reactivity (data not shown). An
irrelevant IgG2b (an isotype control for mAb806) did not immunoprecipitate EGFR from either
cell line (FIGS.22 and 30). Using identical conditions, mAb806 did not immunoprecipitate the
EGFR from the parental U87MG cells (data not shown).
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mAb806 was also examined for efficacy against U§7MG and U87MG.A2-7 tumors in a
preventative xenograft model. Antibody or vehicle was administered i.p. the day before tumor
inoculation and was given three times per week for 2 weeks. At a dose of 1 mg/injection,
mADb806 had no effect on the growth of parental U87MG xenografts that express the wtEGFR
(FIG.9A). In contrast, mAb806 inhibited significantly the growth of U87MG.A2-7 xenografts in
a dose-dependent manner (FIG.9B). Twenty days after tumor inoculation, when control animals
were sacrificed, the mean tumor volume was 1600 + 180 mm?® for the control group, a
significantly smaller 500 + 95 mm?® for the 0.1 mg/injection group (P < 0.0001) and 200 + 42
mm’ for the 1 mg/injection group (P < 0.0001). Treatment groups were sacrificed at day 24, at
which time the mean tumor volumes were 1300 + 240 mm® for the 0.1 mg treated group and 500

+ 100 mm” for the 1 mg group (P < 0.005).

Given the efficacy of mAb806 in the preventative xenograft model, its ability to inhibit
the growth of established tumor xenografts was examined. Antibody treatment was as described
in the preventative model, except that it commenced when tumors had reached a mean tumor
volume of 65 mm” (10 days after implantation) for the US7MG.A2-7 xenografts and 84 mm® (19
days after implantation) for the parental U§7MG xenografts (see Example 10). Once again,
mADb806 had no effect on the growth of parental US7MG xenografts, even at a dose of 1
mg/injection (FIG.10A). In contrast, mAb806 significantly inhibited the growth of U§7MG.A2-7
xenografts in a dose-dependent manner (FIG.10B). At day 17, one day before control animals
were sacrificed, the mean tumor volume was 900 + 200 mm® for the control group, 400 + 60 mm’
for the 0.1 mg/injection group (P < 0.01), and 220 + 60 mm” for the 1 mg/injection group (P <
0.002). Treatment of U§7MG.A2-7 xenografts with an IgG2b isotype control had no effect on

tumor growth (data not shown).

To examine whether the growth inhibition observed with mAb806 was restricted to cells
expressing de2-7 EGFR, its efficacy against the US7MG.wtEGFR xenografts was also examined
in an established model. These cells serve as a model for tumors containing amplification of the
EGFR gene without de2-7 EGFR expression. mAb806 treatment commenced when tumors had
reached a mean tumor volume of 73 mm® (22 days after implantation). mAb806 significantly
inhibited the growth of established US7MG.wtEGFR xenografts when compared with control

tumors treated with vehicle (FIG.10C). On the day control animals were sacrificed, the mean
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tumor volume was 1000 + 300 mm® for the control group and 500 + 80 mm® for the group treated

with 1 mg/injection (P < 0.04).

To evaluate potential histological differences between mAb806-treated and control
U87MG.A2-7 and U87MG.wtEGFR xenografts, formalin-fixed, paraffin-embedded sections
were stained with H&E (FIG.31). Areas of necrosis were seen in sections from mAb806-treated
U87MG.A2-7 (mAb806-treated xenografts were collected 24 days after tumor inoculation and
vehicle treated xenografts at 18 days), and US7MG.wtEGFR xenografts (mAb806 xenografts
were collected 42 days after tumor inoculation and vehicle treated xenografts at 37 days;
FIG.31). This result was consistently observed in a number of tumor xenografts (n = 4 for each
cell line). However, sections from U87MG.A2-7 and US7TMG.wtEGFR xenografts treated with
vehicle (n = 5) did not display the same areas of necrosis seen after mAb806 treatment (FIG.31).
Vehicle and mAb806-treated xenografts removed at identical times also showed these differences
in tumor necrosis (data not shown). Thus, the increase in necrosis observed was not caused by
the longer growth periods used for the mAb806-treated xenografts. Furthermore, sections from
mAb806-treated US7MG xenografts were also stained with H&E and did not reveal any areas of
necrosis (data not shown), further supporting the hypothesis that mAb806 binding induces

decreased cell viability, resulting in increased necrosis within tumor xenografts.

An immunohistochemical analysis of U87MG, US§7MG.A2-7, and US7MG.wtEGFR
xenograft sections was performed to determine the levels of de2-7 and wtEGFR expression after
mAb806 treatment (FIG.32). As expected, the 528 antibody stained all xenografts sections with
no obvious decrease in intensity between treated and control tumors (FIG.32). Staining of
US87MG sections was undetectable with the mAb806; however, positive staining of US7TMG.A2-7
and US7MG.wtEGFR xenograft sections was observed (FIG.32). There was no difference in
mAbS806 staining intensity between control and treated U§7MG.A2-7 and U§7MG.wtEGFR
xenografts, suggesting that antibody treatment does not lead to the selection of clonal variants

lacking mAb806 reactivity.

To demonstrate that the antitumor effects of mAb806 were not restricted to US7MG cells,
the antibody was administrated to mice containing A431 xenografts. These cells contain an
amplified EGFR gene and express approximately 2 x 10° receptors/cells. We have previously

shown that mAb806 binds ~10% of these EGFRs and targets A431 xenografts (Garcia et al.
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(1993) Expression of mutated epidermal growth factor receptor by non-small cell along
carcinomas. Cancer Res. 53, 3217-3220). mAb806 significantly inhibited the growth of A431
xenografts when examined in the preventative xenograft model described previously (FIG.11A).
At day 13, when control animals were sacrificed, the mean tumor volume was 1400 £ 150 mm’>
in the vehicle-treated group and 260 + 60 mm® for the 1 mg/injection treatment group (P <
0.0001). In a separate experiment, a dose of 0.1 mg of mAb also inhibited significantly (P <

0.05) the growth of A431 xenografts in a preventative model (data not shown) (see Example 10).

Given the efficacy of mAb806 in the preventative A431 xenograft model, its ability to
inhibit the growth of established tumor xenografts was examined. Antibody treatment was as
described in the preventative model, except it was not started until tumors had reached a mean
tumor volume of 200 + 20 mm®. mAb806 significantly inhibited the growth of established A431
xenografts (FIG.11B). At day 13, the day control animals were sacrificed, the mean tumor
volume was 1100 = 100 mm® for the control group and 450 + 70 mm” for the 1 mg/injection

group (P <0.0001).

Example 19

Construction, Expression and Analysis of Chimeric 806 Antibody

Chimeric antibodies are a class of molecules in which heavy and light chain variable
regions of for instance, a mouse, rat or other species are joined onto human heavy and light chain
regions, Chimeric antibodies are produced recombinantly. One advantage of chimeric antibodies
is that they can reduce xenoantigenic effects, the inherent immunogenicity of non-human
antibodies (for instance, mouse, rat or other species). In addition, recombinantly prepared
chimeric antibodies can often be produced in large quantities, particularly when utilizing high

level expression vectors.

For high level production, the most widely used mammalian expression system is one
which utilizes the gene amplification procedure offered by dehydrofolate reductase deficient
("dhfr-") Chinese hamster ovary cells. The system is well known to the skilled artisan. The
system is based upon the dehydrofolate reductase "dhfr" gene, which encodes the DHFR enzyme,
which catalyzes conversion of dehydrofolate to tetrahydrofolate. In order to achieve high

production, dhfr-CHO cells are transfected with an expression vector containing a functional
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DHEFR gene, together with a gene that encodes a desired protein. In this case, the desired protein

is recombinant antibody heavy chain and/or light chain.

By increasing the amount of the competitive DHFR inhibitor methotrexate (MTX), the
recombinant cells develop resistance by amplifying the dhfr gene. In standard cases, the
amplification unit employed is much larger than the size of the dhfr gene, and as a result the

antibody heavy chain is co-amplified.

When large scale production of the protein, such as the antibody chain, is desired, both
the expression level, and the stability of the cells being employed, are critical. In long term
culture, recombinant CHO cell populations lose homogeneity with respect to their specific
antibody productivity during amplification, even though they derive from a single, parental

clone.

Bicistronic expression vectors were prepaid for use in recombinant expression of the
chimeric antibodies. These bicistronic expression vectors, employ an "internal ribosomal entry
site" or "IRES." In these constructs for production of chimeric anti-EGFR, the immunoglobulin
chains and selectable markers cDNAs are linked via an IRES. IRES are cis-acting elements that
recruit the small ribosomal subunits to an internal initiator codon in the mRNA with the help of
cellular trans-acting factors. IRES facilitate the expression of two or more proteins from a
polycistronic transcription unit in eukaryotic cells. The use of bicistronic expression vectors in
which the selectable marker gene is translated in a cap dependent manner, and the gene of
interest in an IRES dependent manner, has been applied to a variety of experimental methods.
IRES elements have been successfully incorporated into vectors for cellular transformation,
production of transgenic animals, recombinant protein production, gene therapy, gene trapping,

and gene targeting.

Synopsis of Chimeric Antibody 806 (ch806) Construction

The chimeric 806 antibody was generated by cloning the VH and VL chains of the 806
antibody from the parental murine hybridoma using standard molecular biology techniques. The
VH and VL chains were then cloned into the pPREN mammalian expression vectors, the
construction of which are set forth in SEQ ID NO:7 and SEQ ID NO:8, and transfected into CHO

(DHFR-/-ve) cells for amplification and expression. Briefly, following trypsinization 4 x 10°
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CHO cells were co-transferred with 10 ug of each of the LC and HC expression vectors using
electroporation under standard conditions. Following a 10 min rest period at room temperature,
the cells were added to 15 ml medium (10% fetal calf serum, hypoxanthine/thymidine
supplement with additives) and transferred to 15 x 10cm cell culture petri dishes. The plates

were then placed into the incubator under normal conditions for 2 days.

At this point, the addition of gentamycin, SnM methotrexate, the replacement of fetal calf
serum with dialyzed fetal calf serum and the removal of hypoxanthine/thymidine, initiated the
selection for clones that were successfully transfected with both the LC and HC from the
medium. At day 17 following transfection, individual clones growing under selection were
picked and screened for expression of the chimeric 806 antibody. An ELISA was utilized for
screening and consisted of coating an ELISA plate with denatured soluble EGF receptor
(denatured EGFR is known to allow 806 binding). This assay allows for the screening of
production levels by individual clones and also for the functionality of the antibody being
screened. All clones were shown to be producing functional ch806 and the best producer was
taken and expanded for amplification. To amplify the level of ch806 being produced, the highest
producing clone was subjected to reselection under a higher methotrexate concentration (100nM

vs. 5nM). This was undertaken using the aforementioned procedures.

Clones growing at 100nM MTX were then passed onto the Biological Production
Facility, Ludwig Institute, Melbourne, Australia for measurement of production levels, weaning
off serum, cell banking. The cell line has been shown to stably produce ~10mg/litre in roller

bottles.

The nucleic acid sequence of the pREN ch806 LC neo vector is provided in SEQ ID
NO:7. The nucleic acid sequence of the pREN ch806 HC DHFR vector is provided in SEQ ID
NO:8.

FI1G.33 depicts the vectors pPREN-HC and pREN-LC, which employ an IRES. The pREN
bicistronic vector system is described and disclosed in co-pending United States Patent
Application No. 60/355,838 filed February 13, 2002, which is incorporated herein by reference in

its entirety.
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ch806 was assessed by FACS analysis to demonstrate that the chimeric 806 displays
identical binding specificity to that of the murine parental antibody. Analysis was performed
using wild-type cells (U87MG parental cells), cells overexpressing the EGF receptor (A431 cells
and UA87.wtEGFR cells) and UA87.A2-7 cells (data not shown). Similar binding specificity of
mAb806 and ch806 was obtained using cells overexpressing EGFR and cells expressing the de2-
7 EGFR. No binding was observed in wild-type cells. Scatchard analysis revealed a binding
affinity for radiolabeled ch806 of 6.4 x 10° M using U87MGde2-7 cells (data not shown).

Biodistribution analysis of the ch806 antibody was performed in BALB/c nude mice
bearing U§7MG-de2-7 xenograft tumors, and the results are shown in FIG.34. Mice were
injected with 5ug of radiolabelled antibody and were sacrificed in groups of four per time point

at 8, 24, 48 and 74 hours. Organs were collected, weighed and radioactivity measured in a

125 111

gamma counter. ~I-labelled ch806 displays reduced targeting to the tumor compared to * In-

labelled ch806, which has high tumor uptake and cumulative tumor retention over the 74 hour
time period. At 74 hours, the '

tissue and a tumor to blood ratio of 4.0 (FIG.35). The '''In-labelled ch806 shows some

In- labelled antibody displays approximately 30% ID/gram

nonspecific retention in the liver, spleen and kidneys. This is common for the use of this isotope
and decreases with time, which supports that this binding is non-specific to ch806 and due to

""In binding.

Chimeric antibody ch806 was assessed for therapeutic efficacy in an established tumor
model. 3 x 10° US7MG.A2-7 cells in 100ul of PBS were inoculated s.c. into both flanks of 4-6
week old female nude mice (Animal Research Center, Western Australia, Australia). The
mADb806 was included as a positive control. The results are depicted in FIG.36. Treatment was
started when tumors had reached a mean volume of 50 mm’ and consisted of 1 mg of ch806 or
mADb806 given i.p. for a total of 5 injections on the days indicated. Tumor volume in mm® was
determined using the formula (length x width?)/2, where length was the longest axis and width
the measurement at right angles to the length. Data was expressed as mean tumor volume +/-
S.E. for each treatment group. The ch806 and mAb806 displayed nearly identical anti-tumor
activity against U§7MG.A2-7 xenografts.
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Analysis of Ch806 Immune Effector Function

Materials and Methods

Antibodies and Cell lines
Murine anti-de2-7 EGFR monoclonal mAb806, chimeric antibody ch806 (IgG,) and

control isotype matched chimeric anti-G250 monoclonal antibody ¢G250 were prepared by the
Biological Production Facility, Ludwig Institute for Cancer Research, Melbourne, Australia.
Both complement-dependant cytotoxicity (CDC) and antibody-dependent cellular-cytotoxicity
(ADCC) assays utilized US7MG.de2-7 and A431 cells as target cells. The previously described
U87MG.de2-7 cell line is a human astrocytoma cell line infected with a retrovirus containing the
de2-7EGFR (Nishikawa et al. (1994) Proc. Natl. Acad. Sci. U.S. A. 91, 7727-31). Human
squamous carcinoma A431 cells were purchased from the American Type Culture Collection
(Manassas, VA). All cell lines were cultured in DMEM/F-12 with Glutamax (Life Technologies,
Melbourne, Australia) supplemented with 10% heat-inactivated FCS (CSL, Melbourne,
Australia), 100 units/ml penicillin and 100 pg/ml streptomycin. To maintain selection for

retrovirally transfected U87MG.de2-7 cells, 400 pug/ml G418 was included in the media.

Preparation of human peripheral blood mononuclear cells (PBMC) Effector Cells

PBMCs were isolated from healthy volunteer donor blood. Heparinized whole blood was
fractionated by density centrifugation on Ficoll-Hypaque (ICN Biomedical Inc., Ohio, USA).
PBMC fractions was collected and washed three times with RPMI" 1640 supplemented with 100
U/ml penicillin and 100 pg/ml streptomycin, 2mM L-glutamine, containing 5% heat-inactivated

FCS.

Preparation of Target Cells

CDC and ADCC assays were performed by a modification of a previously published
method (Nelson, D. L. et al. (1991) In: J. E. Colignan, A. M. Kruisbeek, D. D. Margulies, E. M.
Shevach, and W. Strober (eds.), Current Protocols in Immunology, pp. 7.27.1. New York: Greene
Publishing Wiley Interscience). Briefly, 5 x 10° target US7MG.de2-7 and A431cells were
labeled with 50 uCi’'Cr (Geneworks, Adelaide, Australia) per 1 x 10° cells and incubated for 2 hr
at 37°C. The cells were then washed three time with PBS (0.05M, pH 7.4) and a fourth wash
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with culture medium. Aliquots (1 x 10* cells/50 pl) of the labeled cells were added to each well
of 96-well microtitre plates (NUNC, Roskilde, Denmark).

CDC Assay
To 50 ul labeled target cells, 50 ul ch806 or isotype control antibody ¢G250 were added

in triplicate over the concentration range 0.00315 - 10 pg/ml, and incubated on ice 5 min. Fifty
ul of freshly prepared healthy donor complement (serum) was then added to yield a 1:3 final
dilution of the serum. The microtitre plates were incubated for 4 hr at 37°C. Following
centrifugation, the released *'Cr in the supernatant was counted (Cobra II automated Gamma
Counter, Canberra Packard, Melbourne, Australia). Percentage specific lysis was calculated
from the experimental > ICr release, the total (50 pl target cells + 100 pl 10% Tween 20) and

spontaneous (50 ul target cells + 100 pul medium) release.

ADCC Assay
ch806-mediated ADCC effected by healthy donor PBMCs was measured by two 4-hr

*!Cr release assays. In the first assay, labelled target cells were plated with the effector cells in
96-well “U” bottom microplates (NUNC, Roskilde, Denmark) at effector/target (E:T) cell ratios
of 50:1. For ADCC activity measurements, 0.00315 - 10 pg/ml (final concentration) test and
control antibodies were added in triplicate to each well. In the second ADCC assay, the ADCC
activity of ch806 was compared with the parental murine mAb806 over a range of Effector:
Target cell ratios with the test antibody concentration constant at 1 pg/ml. In both assays,
micotitre plates were incubated at 37°C for 4 hours, then 50 pl supernatant was harvested from
each well and released °'Cr was determined by gamma counting (Cobra II automated Gamma
Counter, Canberra Packard, Melbourne, Australia). Controls included in the assays corrected for
spontaneous release (medium alone) and total release (10% Tween20/PBS). Appropriate

controls with the same subclass antibody were run in parallel.

The percentage cell lysis (cytotoxicity) was calculated according to the formula:

Percentage Cytotoxicity =  Sample Counts - Spontaneous Release  x 100

Total Release - Spontaneous Release
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The percent (%) cytotoxicity was plotted versus concentration of antibody (pg/ml).

Results

The results of the CDC analyses are presented in FIG.37. Minimal CDC activity was
observed in the presence of up to 10 pg/ml ch806 with CDC comparable to that observed with
isotype control ¢G250.

ch806 mediated ADCC on target US7MG.de2-7 and A431 cells at E:T ratio of 50:1 is
presented in FIG.38. Effective ch806 specific cytotoxicity was displayed against target
U87MG.de2-7 cells, but minimal ADCC was mediated by ch806 on A431 cells. The levels of
cytotoxicity achieved reflect the number of ch806 binding sites on the two cell populations.
Target U87MG.de2-7 cells express ~ 1 x 10° de2-7EGFR which are specifically recognized by
ch806, while only a subset of the 1 x 10° wild-type EGFR molecules expressed on A431 cells are
recognized by ch806 (see above Examples).

Further ADCC analyses were performed to compare the ADCC mediated by 1 pug/ml
ch806 on target U§7MG.de2-7 cells with that effected by 1 pg/ml parental murine mAb806.
Results are presented in FIG.39. Chimerization of mAb806 has effected marked improvement of
the ADCC achieved by the parental murine mAb with greater than 30% cytotoxicity effected at
E:T ratios 25:1 and 50:1.

The lack of parental murine mAb806 immune effector function has been markedly

improved upon chimerization. ch806 mediates good ADCC, but minimal CDC activity.

Example 20
Generation of Anti-Idiotype Antibodies To Chimeric Antibody ch806

To assist the clinical evaluation of mAb806 or ch806, laboratory assays are required to
monitor the serum pharmacokinetics of the antibodies and quantitate any immune responses to
the mouse-human chimeric antibody. Mouse monoclonal anti-idiotypic antibodies (anti-ids)
were generated and characterized for suitability as ELISA reagents for measuring ch806 in

patient sera samples and use as positive controls in human anti-chimeric antibody immune
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response analyses. These anti-idiotype antibodies may also be useful as therapeutic or

prophylactic vaccines, generating a natural anti-EGFR antibody response in patients.

Methods for generating anti-idiotype antibodies are well known in the art (Chatterjee et
al., 2001; Uemura et al., 1994; Steffens et al., 1997; Safa and Foon, 2001; Brown and Ling,
1988).

Briefly, mouse monoclonal anti-idiotypic antibodies (anti-ids) were generated as follows.
Splenocytes from mice immunized with ch806 were fused with SP2/0-AG14 plasmacytoma cells
and antibody producing hybridomas were selected through ELISA for specific binding to ch806
and competitive binding for antigen (FIG.40). Twenty-five hybridomas were initially selected
and four, designated LMH-11, -12, -13, and-14, secreted antibodies that demonstrated specific
binding to ch806, mAb806 and were able to neutralize ch806 or mAb806 antigen binding activity
(FIG.41). The recognition of the ch806/mAb806 idiotope or CDR region was demonstrated by

lack of cross-reactivity with purified polyclonal human IgG.

In the absence of readily available recombinant antigen de2-7 EGFR to assist with the
determination of ch806 in serum samples, the ability of the novel anti-idiotype ch806 antibodies
to concurrently bind 806 variable regions was exploited in the development of a sensitive,
specific ELISA for measuring ch806 in clinical samples (FI1G.42). Using LMH-12 for capture
and Biotinylated-LMH-12 for detection, the validated ELISA demonstrated highly reproducible
binding curves for measuring ch806 (2 pg/ml - 1.6 ng/ml) in sera with a 3 ng/ml limit of
detection. (n=12; 1-100 ng/ml, Coefficient of Variation < 25% ; 100 ng/ml-5 pg/ml, Coefficient
of Variation < 15%). No background binding was evident with the three healthy donor sera
tested and negligible binding was observed with isotype control hu3S193. The hybridoma
produces high levels of antibody LMH-12, and larger scale production is planned to enable the
measurement of ch806 and quantitation of any immune responses in clinical samples (Brown and

Ling, 1988).

Results
Mice Immunization and hybridoma clone selection Immunoreactivity of pre-and post-
immunization sera samples indicated the development of high titer mouse anti-ch806 and anti-

hulgG mAbs. Twenty-five hybridomas producing antibodies that bound ch806, but not hulgG,
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were initially selected. The binding characteristics of some of these hybridomas are shown in
FIGS.42A and 42B. Four of these anti-ch806 hybridomas with high affinity binding (clones 3E3,
SB&, 9D6, and 4D8) were subsequently pursued for clonal expansion from single cells by
limiting dilution and designated Ludwig Institute for Cancer Research Melbourne Hybridoma

(LMH) -11, -12, -13, and-14, respectively (FIG.42).

Binding and Blocking Activities of Selected Anti-Idiotype Antibodies

The ability of anti-ch806 antibodies to concurrently bind two ch806 antibodies is a
desirable feature for their use as reagents in an ELISA for determining serum ch806 levels.
Clonal hybridomas, LMH-11, -12, -13, and-14 demonstrated concurrent binding (data not

shown).

After clonal expansion, the hybridoma culture supernatants were examined by ELISA for
the ability to neutralize ch806 or mAb806 antigen binding activity with sSEGFR621. Results
demonstrated the antagonist activity of anti-idiotype mAbs LMH-11, -12, -13, and-14 with the
blocking in solution of both ch806 and murine mAb806 binding to plates coated with sSEGFR
(FIG.41 for LMH-11, -12, -13).

Following larger scale culture in roller bottles the binding specificity's of the established
clonal hybridomas, LMH-11, -12, -13, and-14 were verified by ELISA. LMH-11 through-14

antibodies were identified as isotype IgGlk by mouse monoclonal antibody isotyping Kkit.

¢h806 in Clinical Serum Samples Pharmacokinetic ELISA Assay Development

To assist with the determination of ch806 in serum samples, the ability of the anti-
idiotype ch806 antibodies to concurrently bind the 806 variable region was exploited in the
development of a sensitive and specific ELISA assay for ch806 in clinical samples. The three
purified clones LMH-11, -12, and-13 (FIGS.49B and 49C, respectively were compared for their
ability to capture and then detect bound ch806 in sera. Results indicated using LMH-12 (10
pg/ml) for capture and biotinylated LMH-12 for detection yielded the highest sensitivity for
ch806 in serum (3 ng/ml) with negligible background binding.
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Having established the optimal pharmacokinetic ELISA conditions using 1 png/ml anti-
idiotype LMH-12 and 1 pg/ml biotinylated LMH-12 for capture and detection, respectively,
validation of the method was performed. Three separate ELISAs were performed in
quadruplicate to measure ch806 in donor serum from three healthy donors or 1% BSA/media
with isotype control hu3S193. Results of the validation are presented in FIG.43 and demonstrate
highly reproducible binding curves for measuring ch806 (2 pg/ml - 1.6 ng/ml) in sera with a 3
ng/ml limit of detection. (n=12; 1-100 ng/ml, Coefficient of Variation < 25%; 100 ng/ml- 5
ng/ml, Coefficient of Variation < 15%). No background binding was evident with any of the

three sera tested and negligible binding was observed with isotype control hu3S193.

Example 21

Assessment of Carbohydrate Structures and Antibody Recognition

Experiments were undertaken to further assess the role of carbohydrate structures in the

binding and recognition of the EGFR, both amplified and de2-7 EGFR, by the mAb806 antibody.

To determine if carbohydrate structures are directly involved in the mAb806 epitope, the
recombinant SEGFR expressed in CHO cells was treated with PNGase F to remove N-linked
glycosylation. Following treatment, the protein was run on SDS-PAGE, transferred to membrane
and immunoblotted with mAb806 (F1G.44). As expected, the deglycosylated SEGFR ran faster
on SDS-PAGE, indicating that the carbohydrates had been successfully removed. The mAb806
antibody clearly bound the deglycosylated material demonstrating the antibody epitope is peptide

in nature and not solely a glycosylation epitope.

Lysates, prepared from cell lines metabolically labelled with *°S, were
immunoprecipitated with different antibodies directed to the EGFR (FIG.45). As expected, the
528 antibody immunoprecipitated three bands from U87MG.A2-7 cells, an upper band
corresponding to the wild-type (wt) EGFR and two lower bands corresponding to the de2-7
EGFR. These two de2-7 EGFR bands have been reported previously and are assumed to
represent differential glycosylation (Chu et al. (1997) Biochem. J. Jun 15; 324 (Pt 3): 885-861).
In contrast, mAb806 only immunoprecipitated the two de2-7 EGFR bands, with the wild-type
receptor being completely absent even after over-exposure (data not shown). Interestingly,
mADb806 showed increased relative reactivity with the lower de2-7 EGFR band but decreased
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reactivity with the upper band when compared to the 528 antibody. The SC-03 antibody, a
commercial rabbit polyclonal antibody directed to C-terminal domain of the EGFR,
immunoprecipitated the three EGFR bands as seen with the 528 antibody, although the total
amount of receptor immunoprecipitated by this antibody was considerably less. No bands were

observed when using an irrelevant I[gG2b antibody as a control for mAb806 (see Example 18).

The 528 antibody immunoprecipitated a single band from US7MG.wtEGFR cells
corresponding to the wild-type receptor (FIG.45). mAb806 also immunoprecipitated a single
band from these cells, however, this EGFR band clearly migrated faster than the 528 reactive
receptor. The SC-03 antibody immunoprecipitated both EGFR reactive bands from
U87MG.wtEGFR cells, further confirming that the mAb806 and 528 recognize different forms of
the EGFR in whole cell lysates from these cells.

As observed with US7TMG.wtEGFR cells, the 528 antibody immunoprecipitated a single
EGFR band from A431 cells (FIG.45). The 528 reactive EGFR band is very broad on these low
percentage gels (6%) and probably reflects the diversity of receptor glycosylation. A single
EGFR band was also seen following immunoprecipitation with mAb806. While this EGFR band
did not migrate considerably faster than the 528 overall broad reactive band, it was located at the
leading edge of the broad 528 band in a reproducible fashion. Unlike U87MG.A2-7 cell lysates,
the total amount of EGFR immunoprecipitated by mAb806 from A431 lysates was considerably
less than with the 528 antibody, a result consistent with our Scatchard data showing mAb806
only recognizes a portion of the EGFR on the surface of these cells (see Example 4).
Immunoprecipitation with SC-03 resulted in a single broad EGFR band as for the 528 antibody.
Similar results were obtained with HNS cells (data not shown). Taken together, this data
indicates that mAb806 preferentially reacts with faster migrating species of the EGFR, which

may represent differentially glycosylated forms of the receptor.

In order to determine at what stage of receptor processing mAb806 reactivity appeared a
pulse/chase experiment was conducted. A431 and U87MG.A2-7 cells were pulsed for 5 min with
3°S methionine/cysteine, then incubated at 37°C for various times before immunoprecipitation
with mAb806 or 528 (FIG.46). The immunoprecipitation pattern in A431 cells with the 528
antibody was typical for a conformational dependent antibody specific for the EGFR. A small

amount of receptor was immunoprecipitated at 0 min (i.e. after 5 min pulse) with the amount of
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labelled EGFR increasing at each time point. There was also a concurrent increase in the
molecular weight of the receptor with time. In contrast, the mAb806 reactive EGFR material was
present at high levels at 0 min, peaked at 20 min and then reduced at each further time point.
Thus, it appears that mAb806 preferentially recognizes a form of the EGFR found at an early

stage of processing.

The antibody reactivity observed in pulse-labelled U87MG.A2-7 cells was more
complicated. Immunoprecipitation with the 528 antibody at 0 min revealed that a small amount
of the lower de2-7 EGFR band was labelled (FIG.46). The amount of 528 reactive de2-7 EGFR
lower band increased with time, peaking at 60 min and declining slowly at 2 and 4 h. No
significant amount of the labelled upper band of de2-7 EGFR was detected until 60 min, after
which the level continued to increase until the end of the time course. This clearly indicates that
the upper de2-7 EGFR is a more mature form of the receptor. mAb806 reactivity also varied
during the time course study, however mAb806 preferentially precipitated the lower band of the
de27 EGFR. Indeed, there were no significant levels of mAb806 upper band seen until 4 h after
labeling.

The above experiments suggest that mAb806 preferentially reacts with a more immature
glycosylation form of the de2-7 and wtEGFR. This possibility was tested by
immunoprecipitating the EGFR from different cells lines labelled overnight with *°S
methionine/cysteine and then subjecting the resultant precipitates to Endoglycosidase H (Endo
H) digestion. This enzyme preferentially removes high mannose type carbohydrates (i.e.
immature glycosylation) from proteins while leaving complex carbohydrates (i.e. mature
glycosylation) intact. Immunoprecipitation and digestion with Endo H of labelled US7MG.A2-7
cell lysates with 528, mAb806 and SC-03 gave similar results (FIG.47).

As predicted, the lower de2-7 EGFR band was fully sensitive to Endo H digestion,
migrating faster on SDS-PAGE after Endo H digestion, demonstrating that this band represents
the high mannose form of the de2-7 EGFR. The upper de2-7 EGFR band was essentially
resistant to Endo H digestion, showing only a very slight difference in migration after Endo H
digestion, indicating that the majority of the carbohydrate structures are of the complex type.

The small but reproducible decrease in the molecular weight of the upper band following enzyme

digestion suggests that while the carbohydrates on the upper de2-7 EGFR band are
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predominantly of the complex type, it does possess some high mannose structures. Interestingly,
these cells also express low amounts of endogenous wtEGFR that is clearly visible following 528
immunoprecipitation. There was also a small but noticeable reduction in molecular weight of the
wild-type receptor following Endo H digestion, indicating that it also contains high mannose

structures.

The sensitivity of the immunoprecipitated wtEGFR to Endo H digestion was similar in
both US7MG.wtEGFR and A431 cells (FIG.47). The bulk of the material precipitated by the 528
antibody was resistant to the Endo H enzyme although a small amount of the material was of the
high mannose form. Once again there was a small decrease in the molecular weight of the
wtEGFR following Endo H digestion suggesting that it does contain some high mannose
structures. The results using the SC-03 antibody were similar to the 528 antibody. In contrast,
the majority of the EGFR precipitated by mAb806 was sensitive to Endo H in both
US7MG.wtEGFR and A431 cells, confirming that mAb806 preferentially recognizes the high
mannose form of the EGFR. Similar results were obtained with HN-5 cells, wherein the majority
of the material precipitated by mAb806 was sensitive to Endo H digestion, while the majority of
the material precipitated by mAb528 and SC-03 was resistant to Endo H digestion (data not

shown).

Cell surface iodination of the A431 cell line, was performed with '*°I followed by
immunoprecipitation with the 806 antibody. The protocol for surface iodination was as follows:
The cell lysis, immunoprecipitation, Endo H digestion, SDS PAGE and autoradiography are as
described above herein. For labeling, cells were grown in media with 10% FCS, detached with
EDTA, washed twice with PBS then resuspended in 400 ul of PBS (approx 2-3 x10° cells). To
this was added 15 ul of '*°I (100 mCi/ml stock), 100 ul bovine lactoperoxidase (1 mg/ml) stock,
10 ul H,O, (0. 1% stock) and this was incubated for 5 min. A further 10 ul H,O, was then added
and the incubation continued for a further 3 min. Cells were then washed again 3 times with PBS
and lysed in 1% Triton. Cell surface iodination of the A431 cell line with lactoperoxidase,
followed by immunoprecipitation with the 806 antibody, showed that, similar to the whole cell
lysates described above, the predominant form of the EGFR recognized by 806 bound on the cell
surface of A431 cells was sensitive to EndoH digestion (FIG.48). This confirms that the form of
EGFR bound by 806 on the cell surface of A431 cells is an EndoH sensitive form and thus is the
high mannose type.
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Example 22

Humanized (veneered) antibody 806

A. hu806 Construction

An expression vector for a humanized 806 antibody (hu806) was constructed. The
vector, termed 8C65AAG (11891 bp; SEQ ID NO:41), was designed to contain both genes for a
full length hu806 in a single GS promoter-driven gene expression cassette (FIGS.53 and 54).

The heavy chain variable (VH) and constant (CH) regions (SEQ ID NOS:42 and 43,
respectively) are shown in FIG.55A, with the VH region CDR1, CDR2, and CDR3 (SEQ ID
NOS:44, 45, and 46, respectively) indicated by underlining.

The light chain variable (VL) and constant (CL) regions (SEQ ID NOS:47 and 48,
respectively) are shown in FIG.55B, with the VL region CDR1, CDR2, and CDR3 (SEQ ID
NOS:49, 50, and 51, respectively) indicated by underlining.

To obtain a humanized 806 antibody construct, the veneering (v) technology (Daugherty
et al. (1991) Polymerase chain reaction facilitates the cloning, CDR-grafting, and rapid
expression of a murine monoclonal antibody directed against the CD18 component of leukocyte
integrins. Nucleic Acids Res. 19(9), 2471-6; U.S. Patent 6,797,492 to Daugherty; Padlan, E.A.
(1991) A possible procedure for reducing the immunogenicity of antibody variable domains
while preserving their ligand-binding properties. Mol. Immunol. 28(4-5), 489-98; European
Patent No. 519596 to Padlan et al.) was employed. In order to minimize the immunogenicity of
806 antibody variable domains, while preserving ligand-binding properties, replacement of the
surface-exposed residues in the framework regions which differ from those usually found in
human antibodies was undertaken. To achieve this, VL and VH chain of the mouse monoclonal
antibody (mAb) 806 have been re-engineered by gene-synthesis and overlapping PCR primer
technology. The CL (kappa) chain was assembled in the same manner. To demonstrate the
preservation of intact binding sites, vVL and vVH were also expressed in a scFv format that
demonstrated good binding to the synthetic peptide that comprises the 806 antigenic epitope by
ELISA and to recombinant EGF Receptor (EGFR) extracellular domain (ECD) as measured by

surface plasmon resonance (SPR) analysis.
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The v806VL and v806VH have been engineered into a full length human IgG1 context
using a codon-optimized kappa-LC and a newly designed codon-and splice-site optimized human
IgG1 heavy chain constant region to achieve stable gene expression in NSO and CHO cell
systems. The expression system is based on the LONZA GS expression system using the

pEE12.4 and pEE6.4 heavy and light chain expression vectors as provided by LONZA Biologics.

The hu806 antibody product (FIG.55) obtained by transient expression of the SC65AAG
vector was reactive with recombinant EGFR-ECD by SPR, and with the synthetic EGFR 806
peptide epitope by ELISA. The 8C65AAG vector was transferred to LICR Affiliate Christoph
Renner (University of Zurich) for generation of stable GS-NS0 hu806 cell lines and to LICR,
Melbourne Centre, for the generation of GS-CHO hu806 cell lines.

Strategy for construction, amplification and cloning of hu806 antibody genes

Veneering and codon optimization

Antibody veneering is a humanization strategy aimed at countering HAMA (human anti-
mouse antibody) responses. Mouse mAbs are considered “foreign” antigens by a patient’s
immune system and an immune response is induced, even upon a single administration,
preventing further use of the reagent in those patients. In the first step of the mAb806 veneering
process, the amino acid sequences of the VL and VH chains in mAb806 were analyzed, and each
amino acid residue in the mAb806 protein sequence was graded for surface exposure (FIG.56
and FIG.57). Only those amino acids that resided on the outside of the antibody molecule were
considered for possible modification, as these were the only ones that would be exposed to
antibody recognition. Using BLAST, the mAb806 protein sequence was compared to three
human antibody sequences (VH36germ, CAD26810, and AAA37941). Wherever a mAb806
surface residue did not match the consensus of the human antibody sequences, that residue was
identified to be changed to the consensus sequence. Initially 12 amino acids in the VL were

subjected to veneering; and 14 in the VH chain of ch806 (FIG.56 and F1G.57).

Codon optimization is a means of improving the heterologous expression of antibodies or

other proteins based on the codon bias of the system used to express these antibodies. One of the
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goals in the creation of hu806 was to utilize codon optimization to improve expression levels for
this antibody. The expression system is based upon the LONZA GS expression system using the
pEE12.4 and pEE6.4 HC and LC expression vectors as provided by LONZA Biologics and NSO
and/or CHO cells as production cells. Thus, decisions about which codon to use for a given
amino acid were made with consideration for whether or not that codon would be favored in the

NSO0/CHO expression systems.

Construction and Amplification of 806 DNA Sequences by PCR

The sequences for veneered, codon optimized versions of the variable heavy (VH) and
variable light (VL) regions of the hu806 antibody were synthesized in the following manner: For
each region (VH or VL), 8-10 oligonucleotides were designed as overlapping sense and antisense
primers. These oligos would overlap each other in such a way as to cover the entire hu806 VH or
VL sequence, including the signal sequence, coding sequences, introns, and include a HindIII site
at the 5° terminus and a 3’ BamHI site at the 3° terminus. The oligonucleotide maps are

presented in FIGS.56B and 57B, and the primer details are provided below.

Briefly, the hu806 VH or VL was assembled by PCR as follows: Initially v806hc- or
v806lc- oligos 1, 2, 3, 4, oligos 5, 6, and oligos 7, 8, 9, 10 were combined in three separate
reactions. Aliquots (50pmol) of each flanking oligo, and Spmol of each internal oligo were
added to a 50 pl PCR reaction containing 25 ul of 2x HotStar Taq Master Mix (Qiagen) and 48
ul of nuclease free water. The thermo cycle program was as follows: 95°C; 157, [94°C; 307,
58°C; 307, 72°C; 30”]x 20 cycles, 72°C; 107, 4°C. The products of these three reactions were
excised after separation by gel electrophoresis. They were then purified using a salt column
(Qiagen-Qiaspin Minipreps), and combined. These products were further amplified by PCR
using primers 1 and 10. The product of this second reaction included restriction enzyme sites for

HindIII and BamHI, enabling insertion into expression plasmids.
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Oligonucleotides used to PCR synthesize the hu806 V-regions:

v806 VH: SEQ ID NO:
v806hc -1: GAGAAGCTTGCCGCCACCATGGATTGGACCTGGCGCATTC 52
v806he -2- CCCTTCCTCCTCACTGGGATTTGGCAGCCCCTTACCTGTGGCGGCTGCT 53

ACCAGAAAGAGAATGCGCCAGGTCCAATCC

806hc -3: CCCAGTGAGGAGGAAGGGATCGAAGGTCACCATCGAAGCCAGTCAAG 54
v ' GGGGCTTCCATCCACTCCTGTGTCTTCTCTAC

GACTCGGCTTGACAAGCCCAGGTCCACTCTCTTGGAGCTGCACCTGGCT
GTGGACACCTGTAGAGAAGACACAGGAGTGG
GGGCTTGTCAAGCCGAGTCAAACTTTGTCCCTAACATGTACTGTGTCCG

vB06he-5: GATACTCTATCTCATCAGATTTTGCGTGGAATTGG >0

806hc -6: CCCAGAGTATGATATGTAGCCCATCCATTCTAAACCTTTCCCTGGTGGC 57
v ’ TGCCTTATCCAATTCCACGCAAAATCTGATG

806he .7- GGGCTACATATCATACTCTGGGAACACCAGATATCAACCCTCTCTGAA 4
VEUohe =7 AAGCCGGATCACAATCACTAGGGACACGTCG

GCAGTAATATGTTGCTGTGTCTGGGGCTGTAACGGAGTTCAGCTGCAG
GAAGAACTGGCTCTTCGACGTGTCCCTAGTGATTG
CCAGACACAGCAACATATTACTGCGTAACCGCTGGCAGAGGCTTCCCC

vB06he 95 T ATTGGGGACAGGGCACCCTAGTGACAGTGAGC o0

v806hc -4: 55

v806hc -8: 59

v806hc -10: CACGGATCCATCTTACCGCTGCTCACTGTCACTAGGGTG 61
v806 VL: SEQ ID NO:
v806lc -1: GAGAAGCTTGCCGCCACCATGGATTG 62
v806lc 2: CTGGGATTTGGCAGCCCCTTACCTGTTGCGGCTGCTACAAGAAACAGTA 63

TTCTCCAAGTCCAATCCATGGTGGCGGCAAG

R06lc 3: GGGGCTGCCAAATCCCAGTGAGGAGGAAGGGATCGAAGGTGACCATC 64
v ’ GAAGCCAGTCAAGGGGGCTTCCATCCACTCC

2061 4- CATGCTGGATGGACTCTGAGTCATCTGAATATCACTGTGAACACCTGTA
veuble & GAGAAGACACAGGAGTGGATGGAAGCCC

2061 5: CTCAGAGTCCATCCAGCATGTCAGTCTCCGTGGGAGATAGGGTGACGA
v ' TAACCTGTCATTCAAGCCAAGACATCAACTCC

8061c 6: GTTCCGTGATAGATTAGTCCTTTGAAGGACTTACCAGGCTTCTGTTGGA 67
v ’ GCCATCCAATATTGGAGTTGATGTCTTGGCTTG

R06lc 7: CAAAGGACTAATCTATCACGGAACAAACTTGGACGACGGCGTGCCATC 68
v ’ GAGATTTTCAGGGTCTGGCAGCGGGACCGACTATAC

2061 8. GTGCTGGACGCAGTAGTATGTGGCAAAGTCTTCTGGCTCTAAGCTAGA (g
veuble e GATGGTCAGTGTATAGTCGGTCCCGCTG

806lc -9- CATACTACTGCGTCCAGCACGCTCAGTTCCCCTGGACATTCGGCGGCGG 70
v e CACAAAACTGGAAATCAAACGTGAGTAGGG

v806lc 10: CTCGGATCCCTACTCACGTTTGATTTCC 71
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hu806 CL:

A codon-optimized version of the constant kappa light chain (CL) was prepared in a
manner similar to that used for the variable regions However, the initial PCR step involved the
creation of only two preliminary products using oligos VKlcons- 1, 2, 3,4; and 5, 6, 7, 8. In
addition, the flanking restriction sites for this product were BamHI and Notl prior to plasmid

insertion.

Oligonucleotides used to PCR synthesize the hu806 CL-regions:

SEQ ID NO:
VKlcons-1: GACGGATCCTTCTAAACTCTGAGGGGGTCGGATGACG 72

GGAGCTGCGACGGTTCCTGAGGAAAGAAGCAAACAGGATGGTGTTTAA
GTAACAATGGCCACGTCATCCGACCCCCTC

VK] cons-3: GGAACCGTCGCAGCTCCCTCCGTGTTCATCTTCCCCCCATCCGACGAGC 74
e AACTGAAGTCAGGCACAGCCTCCGTGGTG

VKlconsd:  GTGCGTTGTCCACTTTCCACTGGACTTTGGCCTCTCTTGGGTAAAAGTT
cons-% ATTAAGGAGGCACACCACGGAGGCTGTGC

VK1 cons-5: GTGGAAAGTGGACAACGCACTACAGAGCGGGAACTCTCAGGAAAGCG 76
' TGACAGAGCAGGACTCAAAAGATTCAACATACAGCC

VK1 cons-6: CTTCACAGGCATATACCTTGTGCTTTTCATAATCAGCTTTTGACAGTGTC 77
SO AGGGTAGAAGATAGGCTGTATGTTGAATCTTTTGAGTC

VK] cons-7: GCACAAGGTATATGCCTGTGAAGTAACTCATCAGGGACTCAGCAGCCC 78
o TGTCACTAAAAGTTTTAATAGAG

CCTGCGGCCGCTTATCAGCATTCGCCTCTATTAAAACTTTTGGTGAGAG
VKl1cons-8: GG 79

VKlcons-2: 73

hu806 CH:
A synthetic, humanized version of the IgG1 constant heavy chain (CH) gene (SEQ ID
NO:80) was purchased from GeneArt, Regensburg, Germany. The gene was codon optimized for

expression in CHO/NSO cells. Details of the gene sequence, restriction sites, etc, are shown in

FIG.58.

Construction of Expression Plasmids

For transient transfection and preliminary testing, hu806 VH and VL sequences prepared
in the manner described above were ligated into expression vectors containing generic constant
regions. These vectors, provided by LICR Affiliate Christoph Renner (University of Zurich,
Switzerland), were known as pEAKS8 HC (which contained a generic CH), and a33-xm-Ic (which
contained a generic CL). Vectors were digested using BamHI and HindIII in the presence of CIP

then hu806 VH and VL were ligated into the corresponding vectors. The resulting plasmids were
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used to transform Top10 chemically competent E. coli (Invitrogen) according to the
manufacturer’s directions. Transformed E.Coli were plated on LB +Ampicillin plates, and
resistant clones were screened by restriction digestion and PCR. In general, eight positive clones
detected in this manner would be isolated and further amplified. DNA purified from these

colonies were analyzed by automated DNA sequencing.

Codon-optimized versions of the constant regions were added to these constructs by
restriction enzyme-digestion and ligation using BamHI and Notl. These transformants were
selected, sequenced, and analyzed as stated above. Prior to the full-length antibody chains being
ligated into the Lonza GS system the BamHI site between the variable and constant region
sequences was destroyed, in one case, by digestion using BamHI, fill-in using DNA Polymerase,

and blunt-end ligation.

Restriction fragments containing hu806 (VH + CH) or hu806 (VL + CL) were then
digested with Notl followed by HindIII. These digestions were designed to create a blunt end at
the Notl site, and thus were done in series in the following manner: The plasmid was first
digested with Notl. Fully digested (single-cut) plasmid was separated by electrophoresis using a
1% agarose gel. This product was then excised and purified on a salt column and filled-in using
DNA Polymerase. The product of this reaction was salt-column purified and then digested with
HindIII. This product (~1.3Kb for hu806 (VH + CH), and ~0.8 Kb for hu806 (VL + CL) was

then separated by gel electrophoresis, excised, and purified.

Vectors pEE12.4 and pEE6.4 (Lonza Biologics plc, Slough, UK) were each digested on
HindIIT and Pmll. hu806 (VH + CH) was ligated to pEE12.4 to create pEE12.4-hu806H, and
hu806 (VL + CL) was ligated to pEE6.4 to create pEE6.4-hu806L.

After screening, a combined, double gene Lonza plasmid was created to contain both the
hu806 heavy and light chain sequences. Briefly, the pEE12.4-hu806H and pEE6.4-hu806L
vectors were digested with Notl and Sall restriction enzymes. The resultant fragments, which
contained the GS transcription unit and hCMV-MIE promoter, followed by the hu806 Heavy or
Light chain expression cassette, were isolated and ligated together. The resulting “combined”

Lonza plasmid (Designated 8 C65AAG) was used for single-plasmid transient transfections in a
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HEK 293 system and stable transfections in NSO and CHO systems. A plasmid map is shown in
FIG.53.

Modifications to Constructs

The complete sequence verified amino acid sequences of the veneered hu806 He and
hu806Lc are shown in comparison to mAb806 in FIG. 59 and FIG.60, respectively. Flanking the
hu806 sequence within the appendices are asterisks (*) indicating initial veneering changes and

numbers (1-8) refer to the numbered modifications No.1 to No.8 described herein.

With regard to FIG.60, the reference file (mAb806 LC) incorrectly indicates Histidine
(H), not the correct Tyrosine (Y) at position 91; the subject of modification #1. The original,
uncorrected file sequence is included in FIG.60, to illustrate the necessary modification made to

hu806 at position 91.

A number of modifications were made to the hu806 cDNA sequences after the initial
construction and sequencing phase. The reasons for making these modifications included:
introduction of 4 restriction enzyme sites for sequence modification purposes, to correct 2 amino
acid errors in the sequence introduced during PCR, to correct one amino acid error arising from
the initial mAb806 documentation, and to engineer 4 additional amino acid changes to effect

additional veneering variants. The following 8 stages of modifications were performed:

1. hu806 VL: CDR3 H91Y

The document from which the original oligonucleotides were created incorrectly stated
that there was a CAC (Histidine, H) at position 91 in the CDR3 of the mAb806 VL sequence.
Site-directed mutagenesis was used to generate the correct sequence of TAC (Tyrosine, Y; Patent
W002/092771). The consequent change in the amino acid sequence at this position was from
CVQHAQF (SEQ ID NO:84) to CVQYAQF (SEQ ID NO:85). The final DNA and translated

protein sequence in comparison to ch806 are shown in FIG.61.

Sense primer for the histidine to tyrosine modification of the hu806 VL region (PDV1; 40mer)
5’- CCACATACTACTGCGTCCAGTACGCTCAGTTCCCCTGGAC -3’ (SEQ ID NO:86)
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Antisense primer for the histidine to tyrosine modification of the hu806 VL region (PDV2;
20mer)
5’- CTGGACGCAGTAGTATGTGG -3’ (SEQ ID NO:87)

2. hu806 Heavy Chain: Addition of Restriction Sites Dralll and Fsel

Restriction enzyme sites were added to the introns surrounding the hu806 VH and VL
regions. These restriction sites (unique in the pREN vector system, LICR) were designed to ease
the process of making modifications to the expression cassettes. The hu806 VH sequence, not
including the initial signal region, could be removed or inserted by single-digestion on Dralll. In
addition, Fsel could be used, in concert with Notl (pREN system) or EcoRI (Lonza System) to

cut out the constant region, fulfilling the function of BamHI from the original sequence.

These modifications were achieved using a two-step PCR process. The products were
then digested with HindIII and BglIl. They were then ligated into pREN vectors containing
codon-optimized constant regions, which had been digested on HindIIl and BamHI. This re-

ligation process destroyed the BamHI site.

Sense primer for variable region upstream of first Dralll site (806 heavy chain Dralll Up; 26mer)

5’- GAGAAGCTTGCCGCCACCATGGATTG -3’ (SEQ ID NO:88)

Antisense primer incorporating Dralll site I (806heavy chain Dralll Down; 28mer)
5’- CACTGGGTGACTGGCTTCGATGGTGACC -3’ (SEQ ID NO:89)

Sense primer for the HC variable region between the two Dralll sites (806 heavy chain Dralll-
Fsel Up; 49mer)

5’- GGTCACCATCGAAGCCAGTCACCCAGTGAAGGGGGCTTCCATCCACTCC -3’ (SEQ
ID NO:90)

Antisense primer incorporating the Dralll site II, and the Fsel site (§06heavy chain Dralll-Fsel
Down; 44mer)

5’- CCAAGATCTGGCCGGCCACGGTGTGCCATCTTACCGCTGCTCAC -3’ (SEQ ID
NO:91)
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3. hu806 Light Chain: Addition of Restriction Sites Rsrll and Pacl

For the hu806 light chain, the restriction sites added were Rsrll, having the same function

as Dralll in the heavy chain, and Pacl, which matched the function of Fsel.

Sense primer for variable region upstream of first Rsrll site (806 light chain RsrIl Up; 22mer)
5’- GAGAAGCTTGCCGCCACCATGG -3’ (SEQ ID NO:92)

Antisense primer incorporating RsrlI site I (806 light chain RsrIl Down; 25mer)
5’- CGGTCCGCCCCCTTGACTGGCTTCG -3’ (SEQ ID NO:93)

Sense primer for the LC variable region between the two Rsrll sites (806 light chain Rsrll-Pacl
Up; 45mer)

5’- CGAAGCCAGTCAAGGGGGCGGACCGCTTCCATCCACTCCTGTGTC -3’ (SEQ ID
NO:94)

Antisense primer incorporating the Rsrll site II, and the Pacl site (806 light chain RsrlI-Pacl
Down: 50mer)

5’- CCAAGATCTTTAATTAACGGACCGCTACTCACGTTTGATTTCCAGTTTTG -3’ (SEQ
ID NO:95)

4. hu806 VH: Reveneering P8SA
The protein sequence for the parental mAb806 at VH amino acids 81-87 is SVTIEDT

(SEQ ID NO:96). As part of the veneering process, isoleucine and glutamic acid at positions 84
and 85 were changed to alanine-proline to read SVTAPDT (SEQ ID NO:97; FIG.56). Upon
further analysis, it was decided that alanine might have been a better choice than proline in this
case. Site-directed mutagenesis was used to generate this secondary change (SVTAADT, SEQ
ID NO:98) using the primers listed below. Final DNA and translated protein sequences are
presented in FIG.62.

Sense primer (Fx3; 49mer)

5’- CTGCAGCTGAACTCCGTTACAGCCGCAGACACAGCAACATATTACTGCG -3’ (SEQ
ID NO:99)
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Antisense primer (Fx4; 49mer)
5’- CGCAGTAATATGTTGCTGTGTCTGCGGCTGTAACGGAGTTCAGCTGCAG -3’ (SEQ
ID NO:100)

5. hu806 VH: Additional Veneering

The hu806 heavy chain variable region sequence underwent three further mutations
following the initial veneering: T70S, S76N and Q81K. The change at position 76 from serine to
asparagine represented a correction back to the original sequence of mAb806 molecule. The
additional changes in the framework were included because they represent residues that are not
found in mouse antibodies but are found in human antibodies. Accordingly, the protein sequence
TRDTSKSQFFLQ (SEQ ID NO:101) was veneered to SRDTSKNQFFLK (SEQ ID NO:102).
Final DNA and translated protein sequences in comparison to mAb806 are presented in FIG.62.

Sense Primer for HC variable region 5’ PCR fragment (hu806HCtx2-5p-U; 49mer)
5’- GGTCACCATCGAAGCCAGTCACCCAGTGAAGGGGGCTTCCATCCACTCC -3’ (SEQ
ID NO:103)

Antisense Primer for 5° PCR fragment, incorporates first two changes (hu806HC{x2-5p-D;
45mer)

5’- GATTCTTCGACGTGTCCCTTGAGATTGTGATCCGGCTTTTCAGAG -3’ (SEQ ID
NO:104)

Sense Primer for 3’ PCR fragment, incorporates all changes (hu806HCfx2-3p-U; 55mer)
5’- CAAGGGACACGTCGAAGAATCAGTTCTTCCTGAAACTGAACTCCGTTACAGCCGC -3°
(SEQ ID NO:105)

Antisense Primer for HC variable region 3’ PCR fragment (hu806HCfx2-3p-D; 44mer)

5’- CCAAGATCTGGCCGGCCACGGTGTGCCATCTTACCGCTGCTCAC -3’ (SEQ ID
NO:106)
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6. hu806 VL: E790Q Veneering

This was the only post-construction VL veneering modification performed. At position
79 site directed mutagenesis was employed to correct the sequence SSLEPE (SEQ ID NO:107) to
SSLQPE (SEQ ID NO:108). Final DNA and translated protein sequences in comparison to
ch806 are presented in FIG.61.

Sense Primer for LC variable region 5’ PCR fragment (hu806LC-5p-U; 45mer)
5’- CGAAGCCAGTCAAGGGGGCGGACCGCTTCCATCCACTCCTGTGTC -3’ (SEQ ID
NO:109)

Antisense Primer for 5° PCR fragment, incorporates intended mutation (hu806LC-5p-D; 34mer)
5’- CTCTGGTTGTAAGCTAGAGATGGTCAGTGTATAG -3’ (SEQ ID NO:110)

Sense Prime for LC variable region 3’ PCR fragment incorporates intended mutation (hu806LC-
3p-U; 45mer)

5’- CCATCTCTAGCTTACAACCAGAGGACTTTGCCACATACTACTGCG -3’ (SEQ ID
NO:111)

Antisense Primer for LC variable region 3’ PCR fragment (hu806LC-3p-D; 50mer)
5’- CCAAGATCTTTAATTAACGGACCGCTACTCACGTTTGATTTCCAGTTTTG -3’ (SEQ
ID NO:112)

7. hu806 light chain: kappa constant region splice-junction modification

This point mutation was required to correct an error in the splicing of the codon-
optimized version of the kappa constant region. Prior to this change, the portion of the amino
acid chain beginning with VYACEVTH (SEQ ID NO:113) and continuing to the end of the
molecule would not have been included in the final antibody (FIG.60).

Sense primer for LC constant kappa 5’ PCR fragment (F1; 21mer)
5’- GGCGGCACAAAACTGGAAATC -3’ (SEQ ID NO:114)

Antisense primer for LC constant kappa 5’ PCR fragment, incorporates correction (F2; 59mer)
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5'- GATGAGTTACTTCACAGGCATATACTTTGTGCTTTTCATAATCAGCTTTTGACAGTGTC - 3'
(SEQ ID NO:115)

Sense primer for LC constant kappa 3’ PCR fragment, incorporates correction (F3; 26mer)

5’- AGTATATGCCTGTGAAGTAACTCATC -3’ (SEQ ID NO:116)

Antisense primer for LC constant kappa 3° PCR fragment. (F4; 17mer)
5'- GCCACGATGCGTCCGGC - 3' (SEQ ID NO:117)

8. hu806 VH : N60Q

In addition to the veneering changes made to antibody 806 in the initial stages of
construction, Asparagine at position 60 in VH CDR2 was changed to Glutamine at this time. N-
Glycosylation follows the scheme: N X S/T, where X is any amino acid. The amino acid
sequence from position 60 was N P S, which follows this scheme. However, it is infrequently the
case that proline (as in our example) or cysteine is found at the X position for N-glycosylation. It
was of concern that inconsistent glycosylation could lead to variations in the reactivity of the
antibody. Thus, asparagine was removed, and replaced with its most closely related amino acid,

glutamine, removing any potential for this site to be glycosylated (FIG.59 and FIG.62).

Binding of Veneered hu806 Antibody 8C65AAG construct
Transient transfection of 293FT cells with the final plasmid 8 C65AAG was performed to

enable the preparation of small quantities of hu806 for initial antigen binding verification.
Culture supernatants from several small-scale replicate transient transfections were pooled,
concentrated and hu806 antibody was collected using a protein-A chromatography step.
Approximately 1-2 pg of hu806 antibody was obtained as measured by a quantitative hulgG1
ELISA and the antibody was analyzed by Biacore for binding to recombinant EGFR-ECD
(FIG.63). Bovine immunoglobulin from the cell culture medium co-purified with hu806 and

represented the major fraction of total IgG, limiting quantitative assessment of hu806 binding.

Sequencing Primers

RenVecUPSTREAM: Sense primer, begins sequencing upstream of variable region in peak8, and
a33xm vectors.

5’- GCACTTGATGTAATTCTCCTTGG -3’ (SEQ ID NO:118)
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RenVecDwnstrmHC: Antisense primer begins sequencing downstream of variable region on
peak8 heavy-chain plasmid. Anneal within non-codon-optimized HC constant region.

5’- GAAGTAGTCCTTGACCAGG -3’ (SEQ ID NO:119)

RenVecDwnstrmLC: Antisense primer, begins sequencing downstream of variable region on
a33-xm-Ic light-chain plasmid. Anneals within non-codon-optimized LC constant region.

5’- GAAGATGAAGACAGATGGTGCAG -3’ (SEQ ID NO:120)

Upstrm Lonza: Sense primer, begins sequencing upstream of variable region in Lonza vectors
pEE 12.4 and pEE 6.4. Cannot be used with combined Lonza because this is a duplicate region
in the combined plasmid.

5’- CGGTGGAGGGCAGTGTAGTC -3’ (SEQ ID NO:121)

Dnstrm 6-4: Antisense primer, begins sequencing downstream of constant region in Lonza vector
pEE 6.4
5’- GTGATGCTATTGCTTTATTTG -3’ (SEQ ID NO:122)

Dnstrm 12-4: Antisense primer, begins sequencing downstream of constant region in Lonza
vector pEE12.4
5’- CATACCTACCAGTTCTGCGCC -3’ (SEQ ID NO:123)

Cod-Opt LC const E: Sense primer, internal to the codon-optimized light-chain v-kappa constant
region

5°- CCATCCTGTTTGCTTCTTTCC -3’ (SEQ ID NO:124)

Cod-Opt LC const F: Antisense primer, internal to the codon-optimized light-chain v-kappa
constant region (vk).

5’- GACAGGGCTGCTGAGTC -3’ (SEQ ID NO:125)

806HCspec: Sense primer, internal and unique to the veneered version of the 806 HC variable
region.

5’- GTGCAGCTCCAAGAGAGTGGAC -3’ (SEQ ID NO:126)
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806LCspec: Sense primer, internal and unique to the veneered version of the 806 LC variable
region.

5°- CAGAGTCCATCCAGCATGTC -3’ (SEQ ID NO:127)

A GenBank formatted text document of the sequence and annotations of plasmid 8SC65AAG
encoding the IgG1 hu806 is set forth in FIG.64.

FIG.53 was created using Vector NTI (Invitrogen).
FIGS.59-62 were created using Vector NTI AlignX.

Discussion

The veneering of the 806 anti-EGF receptor antibody involved mutation of 14 amino
acids in the VH (FIG. 59 and FIG.62), and 12 changes to the VL chain (FIG. 60 and FIG.61) with
codon optimization as indicated for expression in mammalian CHO or NSO cells. The final
double gene vector, designated 8C65AAG, has been sequence-verified, and the coding sequence
and translation checked. Binding to recombinant EGFR extracellular domain was confirmed by

Biacore analyses using transiently expressed hu806 product.

Stable single clones producing high levels of intact hu806 antibody have been selected in
glutamine-free medium as recommended by LONZA. Stable clones have been gradually weaned

off serum to obtain serum-free cultures.

B. In vitro and in vivo characterization of hu806
The higher producing stable GS-CHO hu806 transfectants 14DS§, 15B2 and 40A10 and

GS-NSO0 hu806 transfectant 36 were progressed and small scale cultures instigated to enable
preliminary hu806 product purification and characterization. Results indicated similar
physicochemical properties. Accordingly a larger scale (15L) stirred tank culture was undertaken
for the highest producing transfectant (GS-CHO hu806 40A10) and purified product underwent
additional in vitro characterization and in vivo therapy studies in U§7MG.de2-7 and A431

xenograft models.
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Methodology and Results

Production and Down Stream Processing:

Small Scale

The shake flasks experiments were performed with ES00 shake flasks with a 100mL cell
culture volume. FIG.76 presents the cell viability and antibody productivity charts for the four
transfectants during the culture. Product concentration was estimated by ELISA using the 806
anti-idiotype antibody LMH-12 (Liu et al. (2003) Generation of anti-idiotype antibodies for
application in clinical immunotherapy laboratory analyses. Hybrid Hybridomics. 22(4), 219-28)
as coating antibody, and ch806 Clinical Lot: J06024 as standard. Material at harvest was
centrifuged and supernatant was 0.2 um filtered then the antibodies were affinity purified by

Protein-A chromatography.

Large Scale
The CHO-K1SV transfectant cell line expressing hu806 candidate clone 40A10 was

cultured in a 15L stirred tank bioreactor with glucose shot feeding for 16 days using CD-CHO
(Invitrogen) /25 uM L-Methionine sulfoximine (MSX; Sigma)/ GS supplements (Sigma) as the
base media. FIG.76C presents the cell growth and volumetric production in the 15L stirred tank
bioreactor. Final yield was 14.7L at 58 mg/L by ELISA.

Material at harvest was centrifuged and supernatant was 0.2 um filtered then concentrated
to 2L using 2 x 30K membranes in Pall Centrimate concentrator. Aliquots (4 x 500ml) were
subsequently applied to a 250mL Protein A column and eluted with 50mM Citrate pH 4.5
containing 200mM NaCl. Eluted antibody from the 4 runs was then pooled, concentrated and

dialyzed into PBS, pH 7.4.

The hu806 products from the small and large scale cultures were quantified by OD
A280nm. The antibody samples recovered from rProtein-A were assessed by Size Exclusion
Chromatography (SEC) (small scale, FIG.77; large scale, FIG.78), 4-20% Tris-Glycine SDS-
PAGE under reduced and non-reduced conditions (FIGS.79-81), and Isoelectric Focusing was
performed with an Amersham Multiphor II Electrophoresis system on an Ampholine PAG plate
(pH 3.5-9.5) according to the manufacturer’s instructions (FIG.82).
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The Protein-A affinity purified hu806 antibodies displayed symmetrical protein peaks and
identical SEC elution profiles to the ch806 clinical reference material. The SDS-PAGE gel
profiles were consistent with an immunoglobulin. The IEF pattern indicated three isoforms with
pl ranging from 8.66 to 8.82 which was consistent with the calculated pl of 8.4 for the protein

sequence.

Binding Analyses

FACS Analysis

The estimates of antibody concentration determined for each sample by the OD A280 nm
were utilised for FACS analyses with the adenocarcinoma cell line A431 cells (containing EGFR
gene amplification). We have previously observed that mAb806 bound approximately 10% of
the ~ 2 x 10° wtEGFR expressed on A431 tumor cells compared with the wtEGFR-specific
mAb528 (Johns et al. (2002) Novel monoclonal antibody specific for the de2-7 epidermal growth
factor receptor (EGFR) that also recognizes the EGFR expressed in cells containing amplification
of the EGFR gene. Int. J. Cancer. 98(3), 398-408). Cells were stained with either one of the four
hu806 samples, an irrelevant I[gG2b antibody, or positive control ch806; each were assessed at a
concentration of 20pug/ml. Control for secondary antibody alone was also included [Goat anti hu-
IgG (Fc specific) FITC conjugated]. Composite FACS binding curves are presented in FIG.83

and demonstrate equivalent staining for all constructs.

The cell binding characteristics of hu806 40A10 sample produced by large scale culture
was also assessed by FACS for binding A431 as well as U§7MG.de2-7 glioma cells expressing
the variant EGFRVIII receptor (Johns et al., 2002). Representative results of duplicate analyses
are presented in FIG.84 and FIG.85, respectively. Controls included an irrelevant IgG2b
antibody (shaded histograms), ch806 or 528 (binds both wild-type and de2-7 EGFR) as indicated.

The ch806 and the hu806 antibody demonstrated similar staining of the A431 and
U87MG.de2-7 cell lines supporting our previous observations that mAb806 specifically
recognized the de2-7 EGFR and a subset of the over-expressed EGFR (Luwor et al. (2001)
Monoclonal antibody 806 inhibits the growth of tumor xenografts expressing either the de2-7 or

amplified epidermal growth factor receptor (EGFR) but not wild-type EGFR. Cancer Res.
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61(14), 5355-61). As expected, the 528 antibody stained both the U§7MG.de2-7 and A431 cell
lines (FIGS. 84 and 85).

Cell Binding Analyses

The antigen binding capabilities of the radioimmunoconjugates were assessed by cell
adsorption assays (Lindmo et al. (1984) Determination of the immunoreactive fraction of
radiolabeled monoclonal antibodies by linear extrapolation to binding at infinite antigen excess.
J. Immunol. Methods. 72(1), 77-89) using the US7MG.de2-7 glioma cell line and A431

epidermoid carcinoma cells expressing the amplified EGFR gene.

Immunoreactive fractions of hu806 and ch806 radioconjugates were determined by
binding to antigen expressing cells in the presence of excess antigen. Results for U§7MG.de2-7
cell binding of '*’I-hu806 and '*’I-ch806 are presented in FIG.86A over the cell concentration
range 20x10° to 0.03x10° cells/sample. Results for A431 cell binding of '*’I-hu806 and '*°I-
ch806 are presented in FIG.86B over the cell concentration range 200x10° to 0.39x10°

cells/sample.

Scatchard analyses were used to calculate the association constant (Ka) (Lindmo et al.,
1984). The binding of low levels (20 ng) of labeled antibody alone was compared with binding
in the presence of excess unlabeled antibody. The immunoreactive fraction was taken into
account in calculating the amount of free, reactive antibody as previously described (Clarke et al.
(2000) In vivo biodistribution of a humanized anti-Lewis Y monoclonal antibody (hu3S193) in
MCF-7 xenografted BALB/c nude mice. Cancer Res. 60(17), 4804-11) and specific binding (nM;
total antibody x % bound) was graphed against specific binding/reactive free (FIGS.87 and 88).

The association constant was determined from the negative slope of the line.

The binding affinity for '*I-hu806 binding EGFRVIII on US7MG.de2-7 cells was
determined to be 1.18 x 10° M™'. The Ka for '*’I-ch806 was 1.06 x 10° M. These observations
are in agreement with the reported results of Ka values for '''In- and '*I-ch806 of 1.36x 10° M-1
and 1.90 x 10° M, respectively, which is highly comparable to that of the parental murine
mADbS06 of 1.1x 10° M™' (Panousis et al. (2005) Engineering and characterization of chimeric

monoclonal antibody 806 (ch806) for targeted immunotherapy of tumours expressing de2-7

EGFR or amplified EGFR. Br. J. Cancer. 92(6), 1069-77).
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The scatchard analysis on A431 cells demonstrated high affinity binding by both 806
constructs to a minor population of EGFR on these cells. The Ka for '*’I-ch806 was 0.61 x 10°
M™; and for '*’I-hu806 the Ka =0.28 x 10° M.

Biosensor Analysis

Biosensor analyses were performed on a BIAcore 2000 biosensor using a
carboxymethyldextran-coated sensor chip (CMS5). The chip was derivatized on channel 3 with
the 806 epitope peptide (EGFR amino acids 287-302; SEQ ID NO:14; see U.S. Patent
Application No. 11/060,646, filed February 17, 2005; U.S. Provisional Patent Application No.
60/546,602, filed February 20, 2004; and U.S. Provisional Patent Application No. 60/584,623,
filed July 1, 2004, the disclosure of each is which is hereby incorporated in its entirety), using
standard amine coupling chemistry. Channel 2 was derivatized with a control antigen used for
system suitability determination. Channel 1 was derivatized with ethanolamine and used as a
blank control channel for correction of refractive index effects. Samples of hu806 were diluted
in HBS buffer (10 mM HEPES, pH 7.4; 150 mM NaCl; 3.4 mM di-Na-EDTA; 0.005 % Tween-
20), and aliquots (120 pl) containing 50nM, 100nM, 150nM, 200 nM, 250 nM and 300 nM were
injected over the sensor chip surface at a flow rate of 30 pul/min. After the injection phase,
dissociation was monitored by flowing HBS buffer over the chip surface for 600s. Bound
antibody was eluted and the chip surface regenerated between samples by injection of 20ul of
10mM sodium hydroxide solution. Positive control, ch806, was included. The binding
parameters were determined using the equilibrium binding model of the BIAevaluation software.

FI1G.89 present the sensorgrams generated.

Dose dependant binding was observed with both hu806 and the positive control, ch806,
on channel 3. System suitability was confirmed by dose dependant binding of the appropriate
monoclonal antibody to control channel 2. No cross reactivity was observed between hu806 (or
ch806) and the control antibody. Our analyses determined that the apparent Kp, (1/Ka) was 37
nM for hu806 and 94 nM for ch806.

Antibody Dependent Cellular Cytotoxicity Analyses

ADCC analyses were performed using purified hu806 antibody 40A 10 preparation with
target A431 adenocarcinoma cells and freshly isolated healthy donor peripheral blood
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mononuclear effector cells. Briefly, all analyses were performed in triplicate with 1) 1 pg/ml
each antibody over a range of effector to target cell ratios (E:T = 0.78:1 to 100:1) and also 2) at
E:T =50:1 over a concentration range of each antibody (3.15 ng/ml - 10 pg/ml). Controls for
antibody isotype, spontaneous and total cytotoxicity were included in triplicate and calculations
for specific cytotoxicity were as previously described (Panousis et al., 2005). Results are

presented in FIG.90.

The hu806 consistently demonstrated superior ADCC activity to the chimeric ch806
IgGl1. In the representative experiment shown, hu806 at 1 ng/mL effected an ADCC of 30 %

cytotoxicity in contrast to ch806 5% cytoxicity.

In vivo 806 Therapy Study

The therapeutic efficacy of hu806 was investigated using established A431
adenocarcinoma or U87MG-de2-7 glioma xenografts in BALB/c nude mice. To establish
xenografts, mice were injected subcutaneously into the right and left inguinal mammary line with
1 x 10° A431 adenocarcinoma cells or 1 x 10° U87MG.de2-7 glioma cells in 100 ul of PBS.
Tumor volume (TV) was calculated by the formula [(length x width?) / 2] where length was the
longest axis and width the measurement at right angles to length. In an initial experiment, groups
of five BALB/c nude mice (n= 10 tumours /group) with established A431 or US7MG.de2-7
xenografts received treatment of 1 mg hu806, or 1 mg ch806 antibody or PBS vehicle control by
IP injection. Therapy was administered on days 6, 8, 11, 13, 15 and 18 for A431, and days 4, 6,
8, 11, 13 and 15 for the US7MG.de2-7 cell lines respectively. Mean £ SEM tumor volumes until
termination of the experiments due to ethical considerations of tumor burden are presented in
FIG.91 for the A431 xenograft until day 25, and in FIG.92 for U87MG.de2-7 xenografts until
day 31.

The in vivo therapy assessments with hu806 showed a marked reduction in A431
xenograft growth compared with PBS vehicle control. The A431 xenograft growth curve
observed for hu806 was highly comparable to the ch806 treatment group. In the established
U87MG.de2-7 xenografts, the PBS control group was euthanized at day 20. The hu806 therapy
demonstrated significant reduction in tumor growth by day 20 compared to the PBS controls

(P<0.001), and continued tumor growth retardation after day 20 similar to the ch806 group.
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Discussion
The Protein-A affinity purified hu806 antibodies displayed identical SEC elution profiles
to the ch806 clinical reference material, and SDS-PAGE gel profiles consistent with an

immunoglobulin. The IEF pattern was consistent with the anticipated plI of 8.4.

Through Scatchard cell binding and Biosensor epitope binding analyses the hu806
antibody demonstrated highly comparable binding curves and affinity parameters to the ch806
antibody. The binding affinity of hu806 and ch806 to EGFRVIII and over expressed wild-type
EGFR are similar and in the low nanomolar range. Cell binding through FACS analyses

supported these observations.

Furthermore, the hu806 demonstrates markedly improved ADCC over the ch806

construct on target antigen positive A431 cells.

The in vivo therapeutic assessments with hu806 showed a marked reduction in A431
xenograft growth, which was highly comparable to the ch806 treatment group. In the established
U87MG.de2-7 xenografts, hu806 therapy demonstrated significant reduction in tumor growth by
day 20 compared to the PBS controls and continued tumor growth retardation after day 20
similar to the ch806 group.

Example 23
Monoclonal antibody 175

As discussed in Example 1, clone 175 (IgG2a) was selected for further characterization.

a. Materials and Methods

Cell lines

The A2-7EGFR transfected U87MG.A2-7(Huang et al. (1997) J. Biol. Chem. 272, 2927-
2935) and the A431 cell lines(Ullrich et al. (1984) Nature. 309, 418-425) have been described
previously. The hormone-independent prostate cell line DU145 (Mickey et al. (1977) Cancer
Res. 37, 4049-4058) was obtained from the ATCC (atcc.org).
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All cell lines were maintained in DMEM (Life Technologies, Grand Island, NY)
containing 10% FCS (CSL, Melbourne), 2 mM glutamine (Sigma Chemical Co, St.
Louis), and penicillin/streptomycin (Life Technologies, Grand Island). In addition, the
U87MG.A2-7 cell line was maintained in 400mg/ml of Geneticin (Life Technologies, Inc,
Grand Island). BaF/3 (Palacios et al. (1984) Nature. 309, 126-131) and BaF/3 cell lines
expressing different EGF receptors (Walker et al. (2004) J. Biol. Chem. 2(79), 22387-22398)
were maintained routinely in RPMI 1640 (GIBCO BRL) supplemented with 10% fetal calf
serum (GIBCO BRL) and 10% WEHI-3B conditioned medium(Ymer et al. (1985) Nature. 19-
25;317, 255-258) as a source of IL-3. All cell lines were grown at 37°C in an air/CO; (95%-5%)

atmosphere.

Antibodies and peptides

mAb806 and mAb175 were generated at the Ludwig Institute for Cancer Research
(LICR) New York Branch and were produced and purified in the Biological Production
Facility (Ludwig Institute for Cancer Research, Melbourne). The murine fibroblast line
NR6aeGrr Was used as immunogen. Mouse hybridomas were generated by immunizing BALB/c
mice five times subcutaneously at 2- to 3-week intervals, with 5 x 10°- 2 x 10° cells in adjuvant.
Complete Freund's adjuvant was used for the first injection. Thereafter, incomplete Freund's
adjuvant (Difco) was used. Spleen cells from immunized mice were fused with mouse
myeloma cell line SP2/0. Supernatants of newly generated clones were screened in
hemadsorption assays for reactivity with cell line NR6, NR6ysGrr, and NR6apgrr and
then analyzed by hemadsorption assays with human glioblastoma cell lines U§7MG,
U87MGyegrr, and US7TMGagGEr -

Intact mAbs (50 mg) were digested in PBS with activated papain for 2-3 hours at
37°C at a ratio of 1:20 and the papain was inactivated with iodoacetamide. The digestion
was then passed over a column of Protein-A sepharose (Amersham) in 20mM sodium
phosphate buffer pH 8.0, with the flow-through further purified by cation exchange using
on a Mono-S column (Amersham). Protein was then concentrated using a 10,000
MWCO centrifugal concentrator (Millipore). For Fab-peptide complexes a molar excess
of lyophilized peptide was added directly to the Fab and incubated for 2 hours at 4°C

before setting up crystallization trials.
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Mapping of mAb175 using EGFR fragments expressed in mammalian cells

The day prior to transfection with these fragments, human 293T embryonic-kidney
fibroblasts were seeded at 8 x 10° per well in 6-well tissue culture plates containing 2 ml of
media. Cells were transfected with 3-4 pg of plasmid DNA complexed with Lipofectamine 2000
(Invitrogen) according to the manufacturer's instructions. 24 to 48 h after transfection, cell
cultures were aspirated and cell mono layers lysed in 250 p; of lysis buffer (1 % Triton X-100,
10% glycerol, 150 mM NaCl, 50 mM HEPES pH 7.4, | mM EGTA and Complete Protease
Inhibitor mix (Roche). Aliquots of cell lysate (10-15 pl) were mixed with SDS sample buffer
containing 1.5% B-mercaptoethanol, denatured by heating for 5 min at 100°C and
electrophoresed on 10% NuPAGE Bis-Tris polyacrylamide gels (Invitrogen). Samples were then
electro-transferred to nitrocellulose membranes that were rinsed in TBST buffer (10mM Tris-
HCI, pH 8.0, 100mM NacCl and 0.1 % Tween-20) and blocked in TBST containing 2.5% skim
milk for 30 min at room temperature. Membranes were incubated overnight at 4°C with 0.5
pg/ml of mAb175 in blocking buffer. Parallel membranes were probed overnight with mAb
9B11 (1:5000, Cell Signaling Technology, Danvers, Massachusetts) to detect the c-myc epitope.
Membranes were washed in TBST, and incubated in blocking buffer containing horseradish
peroxidase-conjugated rabbit anti-mouse IgG (Biorad) at a 1:5000 dilution for 2 h at room
temperature. Blots were then washed in TBST, and developed using autoradiographic film

following incubation with Western Pico Chemiluminescent Substrate (Pierce, Rockford, Illinois).

Mapping of mAb175 using EGFR fragments expressed in mammalian cells and yeast

A series of overlapping c-myc-tagged EGFR ectodomain fragments, starting at
residues 274, 282, 290 and 298 and all terminating at amino acid 501 and fused to growth
hormone have been described previously(Johns et al. (2004) J. Biol. Chem. 279, 30375-30384).
Expression of EGFR proteins on the yeast cell surface was performed as previously described

(Johns et al., 2004).

Briefly, transformed colonies were grown at 30°C in minimal media containing yeast
nitrogen base, casein hydrolysate, dextrose, and phosphate buffer pH 7.4, on a shaking platform
for approximately one day until an ODg of 5-6 was reached. Yeast cells were then induced for
protein display by transferring to minimal media containing galactose, and incubated with
shaking at 30°C for 24 h. Cultures were then stored at 4°C until analysis. Raw ascites fluid

containing the c-myc monoclonal antibody 9E10 was obtained from Covance (Richmond, CA). 1
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x 10° yeast cells were washed with ice-cold FACS buffer (PBS containing 1 mg/ml BSA) and
incubated with either anti-c-myc ascites (1:50 dilution), or human EGFR monoclonal antibody
(10 pg/ml) in a final volume of 50 pl, for 1 hr at 4°C. The cells were then washed with ice cold
FACS buffer and incubated with phycoerythrin-labelled anti-mouse IgG (1:25 dilution), in a final
volume of 50 ul for 1 h at 4°C, protected from light. After washing the yeast cells with ice-cold
FACS buffer, fluorescence data was obtained with a Coulter Epics XL flow cytometer
(Beckman-Coulter), and analyzed with WinMDI cytometry software (J. Trotter, Scripps
University). For determination of linear versus conformational epitopes, yeast cells were heated
at 80°C for 30 min, then chilled on ice 20 min prior to labeling with antibodies. The series of

EGFR mutants listed in Table 7 have been described previously (Johns et al., 2004).

Surface plasmon resonance (BIAcore)

A BIAcore 3000 was used for all experiments. The peptides containing the
putative mAb806 epitope were immobilized on a CMS5 sensor chip using amine, thiol or
Pms coupling at a flow rate of 5 ul/min (Wade et al. (2006) Anal. Biochem. 348, 315-317). The
mADb806 and mAb175 were passed over the sensor surface at a flow rate of 5 pl/min at 25°C.

The surfaces were regenerated between runs by injecting 10 mM HCI at a flow rate of 10 ul/min.

Immunoprecipitation and Western blotting

Cells were lysed with lysis buffer (1% Triton X-100, 30 mM HEPES, 150 mM
NacCl, 500 mM 4-(2-aminoethyl) benzenesulfonylfluoride, 150 nM aprotinin, 1 mM E-64
protease inhibitor, 0.5 mM EDTA, and 1 mM leupeptin, pH 7.4) for 20 minutes, clarified

by centrifugation at 14,000 X g for 30 minutes, immunoprecipitated with the relevant
antibodies at a final concentration of 5 pug/ml for 60 minutes and captured by Sepharose-A
beads overnight. Samples were then eluted with 2X NuPAGE SDS Sample Buffer
(Invitrogen), resolved on NuPAGE gels (either 3-8% or 4-12%), electro-transferred onto
Immobilon-P transfer membrane (Millipore) then probed with the relevant antibodies

before detection by chemoluminescence radiography.

Immunohistochemistry

Frozen sections were stained with 5 pg/ml mAb175 or irrelevant isotype control
for 60 min at room temperature. Bound antibody was detected using the Dako Envision+

HRP detection system as per manufacturer's instructions. Sections were finally rinsed
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with water, counterstained with hematoxylin and mounted.

Xenograft Models
U87MG.A2-7 cells (3 x 10%) in 100 pL of PBS were inoculated s.c. into both flanks of 4-

to 6-week-old, female Balb/c nude mice (Animal Research Centre, Perth, Australia). All studies
were conducted using established tumor models as reported previously (Perera et al. (2005) Clin.
Cancer Res. 11, 6390-6399). Treatment commenced once tumors had reached the mean volume
indicated in the appropriate figure legend. Tumor volume in mm’ was determined using the
formula (length x width?)/2, where length was the longest axis and width was the perpendicular
measurement. Data are expressed as mean tumor volume + SE for each treatment group. All
data was analyzed for significance by one-sided Student's t test where p < 0.05 was considered
statistically significant. This research project was approved by the Animal Ethics Committee of

the Austin Hospital.

Generation and characterization of stable cell lines expressing EGFR mutant constructs

Mutations of the wtEGFR were generated using a site-directed mutagenesis kit
(Stratagene, La Jolla, CA). The template for each mutagenesis was the human EGFR
cDNA (accession number x00588) (Ullrich et al. (1984) Nature. 309, 418-425). Automated
nucleotide sequencing of each construct was performed to confirm the integrity of the EGFR
mutations. Wild-type and mutant (C173A/C281A) EGFR were transfected into BaF/3 cells by

electroporation.

Stable cell lines expressing the mutant EGFR were obtained by selection in neomycin-
containing medium. After final selection, mRNA was isolated from each cell line, reverse
transcribed and the EGFR sequence amplified by PCR. All mutations in the expressed EGFR
were confirmed by sequencing the PCR products. The level of EGFR expression was determined
by FACS analysis on a FACStar (Becton and Dickinson, Franklin Lakes, NJ) using the anti-
EGFR antibody mAb528 (Masui et al. (1984) Cancer Res. 44, 1002-1007; Gill et al. (1984) J.
Biol. Chem. 259, 7755-7760) at 10 ug/ml in PBS, 5% FCS, 5 mM EDTA followed by Alexa 488-
labeled anti-mouse Ig (1:400 final dilution). Background fluorescence was determined by
incubating the cells with an irrelevant, class-matched primary antibody. All cells were routinely

passaged in RPMI, 10% FCS, 10% WEHI3B conditioned medium and 1.5 mg/ml G418.
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EGF-dependent activation of mutant EGFR
Cells expressing the wtEGFR or C271A/C283A-EGFR were washed and incubated for 3

hr in medium without serum or IL-3. Cells were collected by centrifugation and resuspended in
medium containing EGF (100 ng/ml) or an equivalent volume of PBS. Cells were harvested after
15min, pelleted and lysed directly in SDS/PAGE sample buffer containing p-mercaptoethanol.
Samples were separated on NuPAGE 4-12% gradient gels, transferred to Immobilon PVDF
membrane and probed with anti-phosphotyrosine (4G10, Upstate Biotechnologies) or anti-EGFR
antibodies (mAb806, produced at the LICR). Reactive bands were detected using

chemiluminescence.

Effect of EGF and antibodies on cell proliferation

Cells growing in log phase were harvested and washed twice with PBS to remove
residual IL-3. Cells were resuspended in RPMI 1640 plus 10% FCS and seeded into 96-
well plates at 10° cells/well with carrier only or with increasing concentrations of EGF. Where
appropriate, a fixed concentration of mAb528 or mAb806 (2 png/well) was also
added to the cultures. Proliferation was determined using the MTT assay (van de Loosdrecht et

al. (1994) J. Immunol. Methods. 174, 311-320).

Reactivity with Conformation-specific Antibodies

Cells were collected by centrifugation and stained with the control or test antibodies (all
at 10 pg/ml in FACS buffer for 40 min on ice, washed in FACS buffer) followed by Alexa 488-
labeled anti-mouse Ig (1:400 final dilution, 20 min on ice). The cells were washed with ice-cold
F ACS buffer, collected by centrifugation, and analyzed on a FACScan; peak fluorescence
channel and median fluorescence were determined for each sample using the statistical tool in
Cell Quest (Becton and Dickinson). Background (negative control) fluorescence was deducted
from all measurements. The median fluorescence values were chosen as most representative of
peak shape and fluorescence intensity and were used to derive the ratio of mAb806 to mAb528

binding.

Crystal structure determinations of Fab 175, and Fab 806, Fab-peptide complexes

and the NMR structure of the 806 peptide epitope in solution

Structures were determined by molecular replacement and refinement converged with

R=0.225/Rfree=0.289 for Fab806 and R=0.226/Rfree=0.279 for Fab806:peptide;
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R=0.210/Rfree=0.305 for Fab806 and R=0.203/Rfree=0.257 for Fab806:peptide.

Crystals of native 806 Fab were grown by hanging drop vapor diffusion using
10mg/ml Fab and a reservoir containing 0.IM Sodium acetate buffer pH 4.6,6-8%
PEG6000 and 15-20% Isopropanol. For data collection crystals were transferred to a
cryoprotectant solution containing 0.IM Sodium acetate buffer pH 4.6, 10% PEG6000,
15-20% Isopropanol and 10% glycerol. Crystals were then mounted in a nylon loop and

flash frozen directly into liquid nitrogen.

Crystals of 806 Fab-peptide complex were grown by hanging drop vapor diffusion using
10mg/ml Fab-peptide complex and a reservoir containing 0.2M ammonium acetate 16-18% PEG
5,000 monomethylether, crystals quality was then improved through seeding techniques. For
data collection crystals were transferred to a cryoprotectant solution consisting of reservoir
supplemented with 25% glycerol. Crystals were then mounted in a nylon loop and flash frozen

directly into liquid nitrogen.

Crystals of 175 Fab-peptide complex were initially grown by free interface diffusion
using a Topaz crystallization system (Fluidigm, San Francisco). Microcrystals were grown by
hanging drop vapor diffusion using 7mg/ml Fab with similar conditions 0.IM Bis-tris propane
buffer, 0.2M ammonium acetate and 18% PEG 10,000. Microcrystals were then improved by
streak seeding into 0.15m Sodium formate and 15% PEG 1500 to yield small plate shaped
crystals. For data collection crystals were transferred to a cryoprotectant solution consisting of
reservoir supplemented with 25% glycerol. Crystals were then mounted in a nylon loop and flash

frozen directly into liquid nitrogen.

Diffraction data on 806 Fab and 175 Fab complex crystals were collected in-house using
a R-AXIS 1V detector on a Rigaku micromax-007 generator fitted with AXCO optics, these data
were then processed using CrystalClear. 806 Fab-peptide complex data were collected on an
ADSC quantum315 CCD detector at beamline X29, Brookhaven National Laboratory, these data
were processed with HKL.2000(Otwinowski, Z. and Minor, W. (1997) Processing of X-ray
diffraction data collected in oscillation mode. Academic Press (New York)) (data collection
statistics are shown in Table 9). Native 806 Fab was solved by molecular replacement using the

program MOLREP (Vagin, A. and Teplyakov, A. (1997) J. Appl. Cryst. 30, 1022-1025) using the
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coordinates of the Fab structure 2E8 refinement of the structure was performed in REFMACS
(Murshudov et al. (1997) Acta crystallographica 53, 240-255) and model building in Coot
(Emsley, P. and Cowtan, K. (2004) Acta crystallographica 60, 2126-2132).

Both 806-peptide and 175 Fab-peptide structures were solved by molecular replacement
using the program MOLREP using the coordinates of the 806 Fab structure, refinement and
rebuilding were again performed in REFMACS, and COOT and O. Validation of the final
structures were performed with PROCHECK (Laskowski et al. (1993) J. Appl. Cryst. 26, 283-
291) and WHATCHECK (Hooft et al. (1996) Nature 381, 272).

NMR Studies

For NMR studies, °N-Iabelled peptide was produced recombinantly as a fusion to
the SH2 domain of SHP2 using the method previously described by Fairlie et al. (Fairlie et al.
(2002) Protein expression and purification 26, 171-178) except that the E. coli were grown in
Neidhardt's minimal medium supplemented with '"NH,4CI (Neidhardt et al. (1974) Journal of
bacteriology 119, 736-747). The peptide was cleaved from the fusion partner using CNBr,
purified by reversed-phase HPLC and its identity confirmed by MALDI-TOF mass spectrometry
and N-terminal sequencing. The methionine residue within the 806 antibody-binding sequence
was mutated to leucine to enable cleavage from the fusion partner, but not within the peptide

itself.

Samples used for NMR studies were prepared in Hao solution containing 5% “H,0, 70
mM NaCl and 50 mM NaP04 at pH 6.8. All spectra were acquired at 298K on a Bruker
Avance500 spectrometer using a cryoprobe. Sequential assignments of the peptide in the
absence of m806Fab were established using standard 2D TOCSY and NOESY as well as "°N-
edited TOCSY and NOESY spectra. Interaction between the peptide and fAb806was examined
by monitoring '’N HSQC spectra of the peptide in the absence and presence of fAb806. Spectral
perturbation of "N HSQC spectra of the peptide in the presence of fAb806¢learly indicates the
peptide was able to bind to the fAb806 under the presence solution conditions. Detailed
conformation of the peptide in the complex form was not determined. Deviations from random

coil chemical shift values for the mAb806 peptide are shown in FIG.93.
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Biodistribution of chAb806 Tumor in Patients

To demonstrate the tumor specificity of mAb806 in vivo, a chimeric version (ch806) was
engineered and produced under cGMP conditions (Panousis et al. (2005) Br. J. Cancer. 92, 1069-
1077). A Phase I first-in-man trial was conducted to evaluate the safety, biodistribution and
immune response of ch806 in patients with 806 positive tumors, and the results of safety,
biodistribution and pharmacokinetics have been reported previously (Scott et al. (2007) Proc.
Natl. Acad. Sci. U.S.A. 104, 4071-4076). To define the specificity of ch806 in tumor compared
to normal tissue (i.e., liver) in patients, the quantitative uptake of ch806 in tumor and liver was
performed by calculation 0f% injected dose (ID) of '''In-ch806 from whole body gamma camera
images obtained over one week following injection of 5-7mCi (200-280MBq) '''In-ch806. Liver
and tumor dosimetry calculations were performed based on regions of interest in each individual

111

patient. In-ch806 infusion image dataset, corrected for background and attenuation, allowing

calculation of cumulated activity. Dosimetry calculation was performed to derive the

111

concentration of * In-ch806 in tumor and liver over a one week period post injection.

b. Sequencing
The variable heavy (VH) and variable light (VL) chains of mAb175 were sequenced, and

their complementarity determining regions (CDRs) identified, as follows:

mADb175 VH chain: nucleic acid (SEQ ID NO:128) and amino acid (SEQ ID NO:129)
sequences are shown in FIGS.74A and 74B, respectively. Complementarity determining regions
CDRI1, CDR2, and CDR3 (SEQ ID NOS:130, 131, and 132, respectively) are indicated by
underlining in FIG.74B.

mADb175 VL chain: nucleic acid (SEQ ID NO:133) and amino acid (SEQ ID NO:134)
sequences are shown in FIGS.75A and 75B, respectively. Complementarity determining regions
CDRI1, CDR2, and CDR3 (SEQ ID NOS: 135, 136, and 137, respectively) are indicated by
underlining in FIG.75B.

The sequence data for mAb175 is based on both sequence and crystal structure data, as
the cell line is not clonal, and therefore multiple sequences have been obtained from the cell line.

The sequences of mAb175 set forth above have been confirmed by crystal structure, and differ by
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a single amino acid in each of the VL chain CDR1 and CDR2 from previous sequences based on
standard sequence data alone. A different isotype of mAb175 (an unusual IgG2a isotype) has

also been obtained, based on the final sequence and crystal structure data.

mADb175 specificity

Preliminary binding studies suggested that mAb175 displayed similar specificity
for EGFR as mAb&806. In the CDR regions ofmAb806 (IgG2b) and mAb175 (IgG2a), the
amino acid sequences are almost identical, with only one amino acid difference in each
(FIG.65; See Example 26, below). All these differences preserve the charge and size of the side-

chains. Clearly these antibodies have arisen independently.

C. Experiments

A set of immunohistochemistry experiments were conducted to analyze the specificity of
mADb175 binding. mAb175 stains sections of A431 xenografts that overexpress the EGFR
(FIG.66A) and sections of U§7MG.A2-7 glioma xenografts that express the A2-7EGFR
(FIG.66A). In contrast, mAb175 does not stain US7MG xenograft sections. The US7MG cell
line only expresses modest levels of the wild-type EGFR (FIG.66A) and has no detectable EGFR
autocrine loop. Most importantly, mAb175 does not bind to normal human liver sections
(FIG.66B). Thus, mAb175 appears to demonstrate the same specificity as mAb806, i.e. it detects

over-expressed and truncated human EGFR, but not the wtEGFR expressed at modest levels.

Identification of the mAb175 epitope
Since mAb175 also binds the A2-7EGFR, in which amino acids 6-273 are deleted, and
EGFR 501, the mAb175 epitope must be contained within residues 274-501. When determining

the epitope of mAb806, we expressed a series of c-myc-tagged EGFR fragments fused to the
carboxy terminus of human GH, all terminating at amino acid 501 (Chao et al. (2004) J. Mol.
Biol. 342, 539-550; Johns et al. (2004) J. Biol. Chem. 279, 30375-30384).

The mAb175 also reacted with both the 274-501 and 282-501 EGFR fragments in
Western blots, but did not detect fragments commencing at amino acid 290 or 298 (FIG.73). The
presence of all GH-EGFR fusion proteins was confirmed using the c-myc antibody, 9EI0
(FIG.73). Therefore, a critical determinant of the mAb175 epitope is located near amino acid

290. Finally, a 274-501 EGFR fragment with the mAb806 epitope deleted (A287-302) was also
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negative for mAb175 binding (FIG.73), suggesting that this region similarly determined most of
the mAb175 binding.

A second approach was used to characterize the mAb175 epitope further. Fragments
encompassing extracellular domains of the EGFR were expressed on the surface of yeast and
tested for mAb175 binding by indirect immunofluorescence using flow cytometry. The mAb175
recognized the yeast fragment 273-621, which corresponds to the extracellular domain of the A2-
7 EGFR, but not to fragments 1-176, 1-294, 294-543, or 475-621 (FIG.67A and FIG.67B). Thus,
at least part of the mAb175 epitope must be contained within the region between amino acids
274-294, agreeing with immunoblotting data using EGFR fragments. Since mAb175 binds to the
denatured fragment of the 273-621 (FIG.67C), the epitope must be linear in nature (FIG.73). It is

clear that mAb806 and mAb175 recognize a similar region and conformation of the EGFR.

Using surface plasmon resonance (BIAcore) the binding of mAb175 to the EGFR peptide
(237CGADSYEMEEDGVRKC;3(,; SEQ ID NO:138)) was investigated. The EGFR2g7.302 was
immobilized on the biosensor surface using amine, thiol-disulfide exchange or Pms-Ser coupling
chemistries. The latter method immobilizes the peptide exclusively through the N-terminal

cysteine (Wade et al. (2006) Anal. Biochem. 348, 315-317).

mADb175 bound the EGFRg7.30; in all orientations (Table 6). The affinity of mAb175 for
EGFR3g7.302 ranged from 35 nM for Pms-serine coupling to 154 nM for amine coupling. In all
cases the binding affinity of mAb175 for EGFR237.302 was lower than that obtained for mAb806
(Table 6). We also determined the affinity of mAb175 to two different extracellular fragments of
the EGFR. mADb175 bound the 1-501 fragment with an affinity similar to that obtained using the
peptide (16 nM versus 35 nM) (Table 6). As expected, the affinity of mAb175 against the 1-621
full length extracellular domain, which can form the tethered conformation, was much lower
(188 nM). Although mAb806 and mAb 175 have similar affinities for EGFR,g7.302, mAb175
appears to display a higher affinity for the extra-cellular domain of the EGFR (Table 6). Clearly,
the mAb175 epitope is contained within the EGFR,g7.302 and, like mAb806, the binding affinity

to extra-cellular domain of the EGFR is dependent on conformation.
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Table 6

BlAcore determination of antibody affinities for mAb806 and mAb175 binding to EGFR

epitopes
EGFR Fragment Kp for mAb175 (nM) Kp for mAb806 (nM)
287-302 (Pms-Ser coupling) 35 16
287-302 (Thiol coupling) 143 84
287-302 (Amine coupling) 154 85
1-501 (Unable to form tether) 16 34
1-621 (Can form tether) 188 389

The panel of mutants of the 273-621 EGFR fragment, expressed on the surface of yeast
(Chao et al. (2004) J. Mol. Biol. 342, 539-550; Johns et al. (2004) J. Biol. Chem. 279, 30375-
30384) was used to characterize the fine structure of the mAb175 epitope. mAb 175 and

mADb806 displayed a near identical pattern of reactivity to the mutants (Table 7). Disruption of

the 287-302 disulfide bond only had a moderate effect on the epitope reactivity as the antibody

bound to all mutants at C287 and to some but not all mutants at C302 (Table 7). Amino acids
critical for mAb175 binding include E293, G298, V299, R300 and C302 (Table 7). mAb175

appeared moderately more sensitive to mutations V299 and D297 but mAb806 also showed

reduced binding to some mutations at these sites (Table 7). Again, the mAb175 epitope appears

to be essentially the same as the epitope recognized by mAb806.
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Table 7

Display of EGFR Epitope 287-302 mutations on yeast and the binding scores for mAb806 and

mADbl175
EGFR Mutant mAb806 Binding mAb175 Binding
C287A + +
C287G + +
C287R + +
C287S + +
C287W + +
C287Y + +
G288A ++ ++
A289K ++ ++
D290A ++ ++
S291A ++ ++
Y292A ++ ++
E293A + +
E293D + +
E293G + +
E293K - -
M294A ++ ++
E295A ++ ++
E296A ++ ++
D297A ++ + in contact
D297Y + +
G298A + +
G298D - -
G298S - -
V299A ++ + in contact
V299D - -
V299K ++ + in contact
R300A ++ ++
R300C + +
R300P - -
K301A ++ ++
K301E + +
C302A - -
C302F + +
C302G - -
C302R + +
C302S - -
C302Y + +
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Efficacy of mAb175 against tumor xenografts stimulated by A2-7EGFR or an EGFR

autocrine loop

The in vivo anti-tumor activity of mAb806 and mAb175 against US87MG.A2-7 glioma
xenografts was examined. Xenografts were allowed to establish for 6 days before antibody
therapy (3 times a week for 2 weeks on days indicated) commenced. At this time, the average
tumor volume was 100 mm® (FIG.68A). mAbl75 treatment resulted in a reduction in overall
tumor growth rate compared to treatment with vehicle or mAb806 and was highly significant at
day 19 post-inoculation (P < 0.0001 versus control and P <0.002 versus mAb806), when the
control group was sacrificed for ethical reasons. The average tumor volume at this time was
1530, 300 and 100 mm® for the vehicle, mAb806 and mAb175 treatment groups, respectively
(FIG.68A), confirming the antitumor activity of mAb175 activity against xenografts expressing
the A2-7 EGFR.

Even though U87MG cells express approximately 1 x 10° EGFR per cell, mAb
806 is not able to recognize any of the surface EGFR, and not surprisingly, does not
inhibit US7MG in vivo growth. Furthermore these cells do not co-express any EGFR ligand. A
study was conducted as to whether the EGFR epitope is transiently exposed, and hence able to be
recognized by mAb806 and mAb175 in cells containing an EGFR autocrine loop. The
prostate cell line DU145 expresses the wtEGFR at levels similar to that observed in
U87MG cells, however unlike the US7MG cells, the DU145 cells contain an amplification of the
TGF-a gene and thus exhibit an EGFR/TGF-a autocrine loop. Both mAb175 and 806 bind to
DU145 cells as determined by FACS analysis (FIG.68B) and both are able to immunoprecipitate
a small proportion of the EGFR extracted from these cells (FIG.68C). Both techniques showed
greater binding ofmAbl75, however, when compared to mAb528, which binds to the L2 domain,
mAb175 and mAb806 only bind a subset of EGFR on the surface of these cells (FIG. 68B and
FIG.68C). Similar observations were seen with a second prostate cell line (LnCap); (data not
shown) and a colon line (LIM1215) both of which also contain EGFR autocrine loops (Sizeland,
A. M. and Burgess, A. W. (1992) Mol Cell Biol. 3, 1235-1243; Sizeland, A. M. and Burgess, A.
W. (1991) Mol Cell Biol. 11, 4005-4014). Clearly, mAb806 and mAb175 can recognize only a

small proportion of the EGFR on cells in the presence of an autocrine stimulation loop.

Since mAb175 and mAb806 bind more effectively to the EGFR expressed in DU145 cells
than U87MG cells, a study was conducted to analyze the anti-tumor activity of these antibodies
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in DU145 xenografts grown in nude mice. Xenografts were allowed to establish for 18 days
before therapy commenced (3 times a week for 3 weeks on days indicated). At this time the
average tumor volume was 90 mm® (FIG.68D). Both mAb175 and mAb806 inhibited the growth
of DU145 xenografts. The control group was sacrificed on day 67 and had a mean tumor volume
of 1145 mm® compared with 605 and 815 mm?® for the mAb806 and mAb175 groups respectively
(p <0.007 and 0.02 respectively) (FIG.68D).

3D-Structure of EGFR»g7.302 in contact with the Fab fragments of mAb806 and mAb175
In order to understand the molecular details of how mAb806 and mAb175 could

recognize EGFR in some, but not all conformations, the crystal structures of Fab

fragments for both antibodies were determined in complex with the oxidized EGFR87.302
epitope (at 2.0 and 1.59 A resolution respectively, FIG.69A & 69B) and alone (at 2.3 A and 2.8
A resolution, respectively). In both cases, the free and complexed Fab structures

were essentially the same and the conformations of the peptide and CDR loops of the
antibodies were well defined (FIG.69). The epitope adopts a B-ribbon structure, with

one edge of the ribbon pointing towards the Fab and V299 buried at the centre of the
antigen-binding site (FIGS.69C-E). Both ends of the epitope are exposed to solvent,

consistent with these antibodies binding much longer polypeptides.

Of the 20 antibody residues in contact with the epitope, there are only two
substitutions between mAb806 and mAb175 (FIG.65). mAb175 contact residues are:
light-chain S30, S31, N32, Y49, H50, Y91, F94, W96 and heavy-chain D32, Y33, A34,
Y51, S53, Y54, S55,N57, R59, A99, G100, R101; the mAb806 contact residues are the
same, with sequence differences for the light-chain, N30 and heavy-chain, F33. ggpr2s7.302 binds
to the Fab through close contacts between peptide residues 293-302, with most of the contacts
being between residues 297 and 302. The only hydrogen bonds between main chain atoms of
EGFR2387.302 and the Fab are for residues 300 and 302 (FIG.69F). Recognition of the epitope
sequence occurs through side-chain hydrogen bonds to residues E293 (to H50 and R101 of the
Fab), D297 (to Y51 and N57), R300 (to D32) and K301 (via water molecules to Y51 and W96).
Hydrophobic contacts are made at G298, V299 and C302.

The conformation of the epitope backbone between 293 and 302 was essentially identical

in the Fab806 and Fabl75 crystals (rms deviation = 0.4 A, for Ca. atoms in these residues).
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Although constrained by the disulfide bond, the N-terminus of the peptide (287-292) does not
make significant contact in either antibody structure and conformations in this region differ.
However, this segment in the Fab806 complex appears rather disordered. More interestingly, the
conformation of the EGFRyg7.302 peptide in contact with the antibodies is quite closely related to
the EGFR,37.30, conformation observed in the backbone of the tethered or untethered EGFR
structures (Li et al., 2005; Garrett et al., 2002). For EGFR,87.302 from the Fabl75 complex, the
rms deviations in Co positions are 0.66 and 0.75 A, respectively (FIG.69).

To gain further insight into the recognition of EGFR by mAb806 and mAb175,
the conformation of "’N-labelled oxidized peptide EGFR,g7.30, was studied by NMR
spectroscopy in solution, free and in the presence of 806 Fab (see Materials and Methods). For
the free peptide, resonances were assigned and compared to those for
random coil. Essentially, the free peptide adopted a random coil structure, not the beta

ribbon as seen in the native EGFR (Garrett et al. (2002) Cell 20;110, 763-773).

Upon addition of the Fab, resonance shifts were observed. However, due to the weak
signal arising from significant line broadening upon addition of the Fab and successful
crystallization of the complexes, the solution structure of the Fab806-epitope complex was not
pursued further. Clearly though, when the peptide binds to the Fab fragment of mAb806 (or
mAb175) it appears that the Fab selects or induces the conformation of the peptide which

matches that peptide in the native receptor.

In order to study why mAb806 and mAb175 recognize only some conformations of
EGFR, the Fab fragment of mAbl75 was docked onto an extra-cellular domain of EGFR
(tethered and untethered monomers) by superimposing EGFRs7.302. For a A2-7-like fragment
there were no significant steric clashes with the receptor. In the untethered form there
was substantially more accessible surface area of the Fab buried (920 A? compared with
550 ?in the tethered form). Therefore, this antigen may make additional contacts with
non-CDR regions of the antibody, as has been indicated by yeast expression mutants (Chao et al.
(2004) J. Mol. Biol. 342, 539-550). Conversely, docking the whole EGFR ectodomain onto the
Fab, there is substantial spatial overlap with the part of the CRI domain preceding the epitope
(residues 187-286) and running through the centre of the Fab (FIG.69D and 69E). Hence, as the

CR1 domain has essentially the same structure in tethered or untethered conformations, mAb806

179



10

15

20

25

30

or mAb175 will be unable to bind to either form of EGFR. Clearly, there must be a difference
between the orientation of the epitope with respect to the CRI domain in either known
conformations of the wtEGFR and the orientation that permits epitope binding. Inspection of the
CRI domain indicated that the disulfide bond (271-283) preceding EGFRg7.30 constrains the
polypeptide which blocks access to the epitope; disruption of this disulfide, even though it is not
involved in direct binding to the antibodies, would be expected to allow partial unfolding of the

CR1 domain so that mAb175 or mAb806 could gain access to the epitope.

Breaking of the EGFR 271-283 disulfide bond increases mAb806 binding

Disulfide bonds in proteins provide increased structural rigidity but in some cell
surface receptors, particularly those for cytokines and growth factors, transient breaking
of disulfide bonds and disulfide exchange can control the receptor's function (Hogg, P. J. (2003)
Trends in biochemical sciences 28, 210-214). As this was one mechanism by which mAb806
and mAb175 could gain access to their binding site, increasing the accessibility of the epitope
was attempted by mutating either or both of the cysteine residues at positions 271 and 283 to
alanine residues (C271A/C283A). The vectors capable of expressing full length C271A-,
C283A- or C271A/C283A- EGFR were transfected into the IL-3 dependent Ba/F3 cell line.
Stable Ba/F3 clones, which expressed the C271A- and C271A/C283A- EGFR mutant at levels
equivalent to the wtEGFR were selected (FIG.70A. Ba/F3 cells expressing high levels of mutant
C283A-EGFR were not observed. As previously described, the wtEGFR reacts poorly with
mADb806; however, the mutant receptors reacted equally strongly with mAb528, mAb806 and the
anti-FLAG antibody, suggesting that the receptor is expressed at the cell surface, is folded
correctly and that the epitope for mAb806 is completely accessible in such cases. To confirm
that mAb806 recognizes the C271A/C283 A mutant more efficiently than the wtEGFR, the ratio
of mAb806 binding to the binding of mAb528 was determined. Since both the wild-type and
C271A/C283A EGFR were N-terminally FLAG-tagged, the ratio of mAb806 and mAb528
binding to the M2 antibody was also determined. As reported previously, mAb806 only
recognized a small proportion of the total wtEGFR expressed on the surface of Ba/F3 cells (the
mADb806/528 binding ratio is 0.08) (Table 8). In contrast, mAb806 recognized virtually all of the
C271A/C283A mutant EGFR expressed on the cell surface (an mAb806/528 binding ratio of
1.01) (FIG.70A and Table 8).

180



10

15

20

Table 8
mADb&06 reactivity with cells expressing the wild-type or C271A/C283A EGFR

Ratios of antibody binding
Cell Line mAb 528/M2 mAb806/M2 mAb806/mAb 528
wtEGFR-
FLAG 1.37 0.11 0.08
wt-EGFR - - 0.07
C271/283* 1.08 £0.10 1.09 +0.38 1.01 £0.13

*Average for four independent clones

Mutation of the two cysteines did not compromise EGF binding or receptor
function. BaF3 cells expressing the C271A/C283A EGFR mutant proliferate in the
presence of EGF (FIG.70B). A left-shift in the dose response curve for EGF in cells expressing
the C271A/C283 A mutations was reproducibly observed, suggesting either higher affinity for the
ligand, or enhanced signaling potential for the mutant receptor. Western blotting analysis
confirmed that the C271A/C283 A mutant is expressed at similar levels to the wtEGFR and is
tyrosine phosphorylated in response to EGF stimulation (FIG.70C). Consistent with previous
studies in other cell lines, mAb806 has no effect on the in vitro EGF-induced proliferation of
Ba/F3 cells expressing the wtEGFR, while the ligand blocking mAb528 completely inhibits the
EGF-induced proliferation of these cells (FIG.70D, left panel). In contrast, mAb806 totally
ablated the EGF-induced proliferation in BaF3 cells expressing the C271A/C283 A mutant
(FIG.70D, right panel). When the 271-283 cysteine loop is disrupted, not only does mAb806

bind more effectively, but once bound, mAb806 prevents ligand induced proliferation.
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Data Collection

Table 9

Data Collection and Refinement Statistics

806 (native) 806 (peptide) 175 (native) 175 (peptide)
Space Group P22,2 P2, P2,2,2, P22,2
Cell Dimensions (A)
A 140.37 35.92 36.37 83.17
B 74.62 83.16 94.80 69.26
C 83.87 72.21 f=92.43 108.90 71.47
Source in-house BNL X29 in-house in-house
Wavelength (A) 1.542 1.1 1.542 1.542
Resolution Range (A) | 29.7-2.2 50-2.0 50-2.8 14.18-1.59

(2.27-2.20) (2.07-2.0) (2.87-2.8) (1.65-1.59)
Rinerge (%) 6.4 (26.7) 6.6 (28.2) 8.6 (30.0)
I/ol 12.2(3.2) 22 (3.15) 10.2 (2.2)
Completeness (%) 98.3 (91.3) 96.6 (79.2) 98.4 (90.5) 78.8 (11.8)

98.1at1.89 A

Total Reflections 156497 98374 205401
Unique Reflections 44905 27692 9171 43879
Refinement
Resolution range (A) 20-2.3 72.17-2.00 50-2.6 14.18-1.6
Reflections 37397 26284 9171 41611
Reryst 0.225 0.226 0.210 0.203
Réree 0.289 0.279 0.305 0.257
Protein Atoms 6580 3294 3276 3390
Solvent Atoms 208 199 46 247
r.m.s.d bond length (A) 0.022 0.007 0.015 0.014
r.m.s.d bond length (°) 1.70 1.12 1.77 1.48
Average B-factor (A% 40.3 33.6 37.5 20.7
z:;il (E/‘;‘;)Sgﬁlc 5 1.52 242 0.20 113
Discussion

Structural studies with the EGFRyg7.302 epitope show that both mAb806 and mAb175
recognized the same 3D-structural motif in the wtEGFR structures, indicating that this backbone
conformation also occurs in and is exposed in the A2-7EGFR. Critically, however, the
orientation of the epitope in these structures would prevent antibody access to the relevant amino
acids. This is consistent with the experimental observation that mAb806 does not bind wtEGFR

expressed on the cell surface at physiological levels.
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The results with the EGFR¢2714/c283a mutant indicate that the CR1 domain can open up to
allow mAb806 and mAb175 to bind stoichiometrically to this mutant receptor. This mutant
receptor can still adopt a native conformation as it is fully responsive to EGF stimulation but,
unlike the wtEGFR, is fully inhibited by mAb806. If a misfolded form of the EGFR with this
disulfide bond broken were to exist on the surface of cancer cells, the data clearly shows it would

be capable of initiating cell signaling and should be inhibited by either mAb806 or mAb175.

Another explanation of the data is that during ligand activation the structural
rearrangement of the receptor could induce local unfolding in the vicinity of the epitope,
allowing the receptor to adopt a conformation which permits binding. In crystal structures, the
epitope lies near the physical centre of the EGFR ectodomain and access to the epitope is blocked
by both the folded CR1 domain and the quaternary structure of the EGFR ectodomain. In the
tethered and the untethered conformations, the integrity of the CR1 domain is stabilized by
additional interactions with either the L 1:ligand:L.2 domains (untethered) or the L2:CR2 domains
(tethered). However, the epitope region has some of the highest thermal parameters found in the
ectodomain: the mAb806/175 epitope is structurally labile. During receptor activation, when the
receptor undergoes a transition between the tethered and untethered conformations, mAb806 and
mAb175 can access the epitope. Thus at the molecular level, these mechanisms could contribute
to the negligible binding of mAb806 and mAb175 to normal cells and the substantially higher

levels of binding to tumor cells which have overexpressed and/or activated EGFR.

Example 24
Monoclonal Antibodies 124 and 1133

As discussed in Example 1 above, mAb124 and mAb1133 were generated at the same
time as mAb806 and found to display similar properties, in particular specificity for the over-

expressed wild-type EGFR, to the unique properties of mAb806 discussed herein.

Initial screens were conducted in New York (Jungbluth et al. (2003) A Monoclonal
Antibody Recognizing Human Cancers with Amplification/Over-Expression of the Human
Epidermal Growth Factor Receptor PNAS. 100, 639-644. ELISA competition assessments and
Biacore analyses were conducted to determine whether mAb124 and/or mAb1133 recognize an

epitope identical to mAb806 or an alternative EGFR determinant.
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FACS Analysis
Antibody binding to US7MG.A2-7, A431 and HNS cells was assessed by FACS. All

antibodies displayed a similar specificity as that of mAb806 with strong binding to the de2-7
EGFR and low binding to over-expressed wild-type EGFR.

Competition ELISA

A series of competition ELISAs were conducted to determine whether the 124 and 1133
antibodies competed with the mAb806 epitope. Briefly, the denatured soluble domain of
the EGFR (sEGFR) was coated on to ELISA plates. The unlabeled 124 or 1133 antibodies were
then added across the plate in increasing concentrations. Following washing, biotinylated
mADb806 was added to each well to determine if it could still bind the sSEGFR. Detection of
bound mAb806 was achieved using streptavidin-conjugated HRP. If an antibody binds the same
(or overlapping) epitope as mAb806 then mAb806 binding is not expected.

Results are summarized in Table 10. A concentration dependant inhibitory binding effect
was observed for mAb124 and mAb1133: mAb806 binding increased as concentration of
unlabeled antibody was decreased, suggesting that the 124 and 1133 antibodies recognize an

epitope identical to mAb806 or one in close proximity.

Table 10
Summary mAb124 and mAb1133 Competition ELISA binding to sEGFR.

Unlabeled Blocking Antibody Binding of biotin-labeled 806
124 None
1133 None
806 (control for inhibition) None
Irrelevant 1gG2b ++++

FACS Analysis: Cell Binding Competition
U87MG.A2-7 cells were pre-incubated with unlabeled antibody 124, 1133. Positive

control 806 and isotype control were included in the assay. Cells were washed, then stained with

Alexa488-conjugated mAb806 and the level of 806 binding was determined by FACS.
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Results are summarized in Table 11. The 124 and 1133 antibodies blocked mAb&806

binding to the cell surface indicating recognition of an epitope identical to mAb806 or one in

close proximity.

5 Table 11
FACS Analysis: US7MG.A2-7 Cell Binding Competition

Unlabeled Blocking Antibody Inhibition of Alexa488-labeled 806
124 +++

1133 +++

806 -+

I1gG2b control none

BIAcore Analysis: Binding to the mAb&806 peptide epitope

10 The EGFR amino acid sequence ,37CGADSYEMEEDGVRKCsp; (SEQ ID NO:14)
containing the mAb806 epitope was synthesized as a peptide and immobilized onto the biosensor
chip. Binding of antibodies 124, 1133 and 806 (200nM) to this peptide was measured. Maximal
binding resonance units (RU) obtained are summarized in Table 12. The 124, 1133 showed clear

binding to the peptide confirming recognition of the 806 peptide epitope.

15
Table 12
BIAcore Analysis: Maximal binding to the mAb806 peptide epitope
Antibody Binding to mAb806 peptide (RU)
806 1100
124 1000
1133 800
20

Discussion
As shown in this Example, mAb124 and mAb1133 bind to the EGFR peptide recognized
by mAb806 and block binding of mAb806 to the extracellular domain of EGFR and cells

expressing the de2-7 EGFR. Thus, these three antibodies recognize the same determinant on
25 EGFR.
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Example 25
Clinical Testing of ch806

A clinical study was designed to examine the in-vivo specificity of ch806 in a tumor

targeting/biodistribution/pharmacokinetic analysis in patients with diverse tumor types.

1. Materials and Methods

Trial Design

This first-in-man trial was an open label, dose escalation Phase I study. The primary
objective was to evaluate the safety of a single infusion of ch806 in patients with advanced
tumors expressing the 806 antigen. The secondary study objectives were to determine the

biodistribution, pharmacokinetics and tumor uptake of "'

In-ch806; determine the patient's
immune response to ch806; and to assess early evidence of clinical activity of ch806. A single
dose was chosen for this study in order to optimally assess the in-vivo specificity of ch806 for
EGFR expressed on tumor. The protocol was approved by the Human Research and Ethics
Committee of the Austin Hospital prior to study commencement. The trial was performed under
the Australian Therapeutic Goods Administration Clinical Trials Exemption (CTX) scheme. All

patients gave written informed consent.

Eligibility criteria included: advanced or metastatic tumors positive for 806 antigen
expression based on chromogenic in-situ hybridisation or immunohistochemistry of archived
tumor samples (tumors were defined as 806 positive if immunohistochemical assessment of
archived tumour samples showed any cells positive for 806 expression, see below); histological
or cytologically proven malignancy; measurable disease on CT scan with at least one lesion > 2
cm; expected survival of at least 3 months; Karnofsky performance scale (KPS) > 70; adequate
hematologic, hepatic and renal function; age > 18yrs; and able to give informed consent.
Exclusion criteria included: active central nervous system metastases (unless adequately treated
and stable); chemotherapy, immunotherapy, biologic therapy, or radiation therapy within four
weeks prior to study entry; prior antibody exposure [unless no evidence of human anti-chimeric
antibodies (HACA)]; failure to fully recover from effects of prior cancer therapy; concurrent use

of systemic corticosteroids or
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immunosuppressive agents; uncontrolled infection or other serious disease; pregnancy or
lactation; women of childbearing potential not using medically acceptable means of

contraception.

Patients received a single infusion of ch806 trace labelled with Indium-111 ('''In, 200-
280 MBgq; 5-7 mCi) by intravenous infusion in normal saline/5% human serum albumin over 60
minutes. The planned dose escalation meant patients were enrolled into one of four dose levels:
5,10, 20 and 40 mg/m’. These doses were chosen to allow assessment of the specificity of
ch806 to EGFR expressed on tumor, and to determine if any normal tissue compartment binds
ch806 (and affects pharmacokinetics or biodistribution) in-vivo. Biodistribution,

pharmacokinetics, and immune response were evaluated in all patients.

Whole body gamma camera imaging for assessment of biodistribution and tumour uptake
was performed on Day 0, Day 1, Day 2 or 3, Day 4 or 5, and Day 6 or 7 following ' 'In-ch806
infusion. Blood samples for pharmacokinetics were obtained at these time-points, and
additionally on Day 14 (+ 2 days) and Day 21 (+ 2 days). Blood samples for assessment of
HACA levels were obtained at baseline, and weekly until Day 30. Toxicity assessment was
performed at each study visit. Physical examination and routine hematology and biochemistry

were performed weekly until end of study (Day 30). Restaging was performed on Day 30.

Dose Escalation Criteria

The first patient at each dose level was observed for four weeks prior to enrollment of any
additional patients. If no dose limiting toxicity (DLT) was observed in any of the first 2 patients
within 4 weeks of the infusion of ch8063, 4 patients were then to be entered on the next highest
dosage tier. If one patient in any cohort of 2 patients experienced a DLT within 4 weeks from the
first dose, an additional 4 patients (maximum of 6) were entered at that dosage level. If no more
than one patient out of 6 in any dose level experienced > Grade 3 toxicity, subsequent patients

were entered at the next dose level.

DLT was defined as Grade 3 non-haematological toxicity, or Grade 4 haematological
toxicity as defined by the NCI Common Terminology Criteria for Adverse Events (CTCAE
v3.0). Maximum tolerated dose (MTD) was defined as the ch806 dose below that where 2 or

more patients out of 6 experienced DLT.
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Radiolabeling of Ch806

Clinical grade ch806 was produced in the Biological Production Facility of the Ludwig

111
In

Institute for Cancer Research, Melbourne, Australia. The antibody ch806 was labelled with
(MDS Nordion, Kanata, Canada) via the bi-functional metal ion chelate CHX-A"-DTPA
according to methods described previously (Scott et al. (2000) Cancer Res 60, 3254-3261; Scott

etal. (2001) J. Clin. Oncol. 19(19), 3976-3987).

Gamma Camera Imaging

111

Whole body images of " 'In-ch806 biodistribution were obtained in all patients on Day 0

after infusion of '

In-ch806, and on at least 3 further occasions up to Day 7 following infusion.
Single photon emission computed tomography (SPECT) images of a region of the body with
known tumor were also obtained on at least one occasion during this period. All gamma camera

images were acquired on a dual-headed gamma camera (Picker International, Cleveland, OH).

Pharmacokinetics

Blood for pharmacokinetic analysis was collected on Day 0 - pre '''In-ch806 infusion;
then at 5 minutes, 60 minutes, 2h and 4h post "1 [n-ch806 infusion, Day 1, Day 2 or 3, Day 4 or
5, and Day 6 or 7. Further blood for pharmacokinetics of ch806 protein was also obtained on

Day 14 (£ 2 days) and Day 21 (+ 2 days) and Day 30 (+ 2 days).

Serum samples were aliquoted in duplicate and counted in a gamma scintillation counter
(Packard Instruments, Melbourne, Australia), along with appropriate '''In standards. The results
of the serum were expressed as % injected dose per litre (% ID/L). Measurement of patient
serum ch806 protein levels following each infusion was performed using a validated protocol for
the immunochemical measurement of ch806 protein in human serum **. The limit of quantitation
for ch806 in serum samples was 70 ng/mL. All samples were assayed in triplicate and were
diluted by a factor of at least 1:2. Measured serum levels of ch806 were expressed as pg/mL.

"11-ch806 measurements

Pharmacokinetic calculations were performed on serum
following the infusion, and ELISA determined patient sera ch806 protein levels, using a curve
fitting program (WinNonlin Pro Node 5.0.1, Pharsight Co., Mountain View, CA). Estimates

were determined for the following parameters: T'%2a and T2 (half lives of the initial and
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terminal phases of disposition); V1, volume of central compartment; Cmjax (maximum serum

concentration); AUC (area under the serum concentration curve extrapolated to infinite time);

and CL (total serum clearance).

Whole Body Clearance and Tumor and Organ Dosimetry of '''In-ch806

Whole body and normal organ (liver, lungs, kidney and spleen) dosimetry calculations

were performed based on regions of interest in each individual patient '

In-ch806 infusion image
dataset, allowing calculation of cumulated activity and analysis using OLINDA for final
dosimetry results (Stabin et al. (2005) J. Nucl. Med. 46(6), 1023-1027). Regions of interest were
also defined for suitable tumors at each time point on '''In-ch806 image datasets, corrected for
background and attenuation, and dosimetry calculation was performed to derive the concentration
of '''In-ch806 in tumor/gm (Scott et al. (2005) Clin. Cancer Res. 11(13), 4810-4817). This was

converted to pg ch806/gm tumor tissue based on the injected mg ch806 protein dose.

HACA Analysis

Blood samples for HACA assessment were taken prior to ch806 infusion, then weekly
until 30 days after ch806 infusion. Samples were analysed by ELISA, and by surface plasmon
resonance technology using a BIAcore2000 instrument, as described previously (Scott et al.,
2005; Liu et al. (2003) Hybrid Hybridomics 22(4), 219-28; Ritter et al. (2001) Cancer Res.
61(18), 685-6859).

Immunohistochemistry Method

Formalin-fixed paraffin embedded tumor tissue from each patient on the trial was
immunostained as follows: Briefly, 4 um sections of paraffin embedded tissue were mounted
onto SuperFrost® Plus slides (Menzel-Glaser, Germany), de-paraftinized and rehydrated prior to
microwave antigen retrieval in Target Retrieval Solution, pH 6.0 (10 min; Dako, Glostrup,
Denmark). Sections were then treated with 3% H202 for 10 min, to eliminate endogenous
peroxidase and incubated at room temperature for 60 min with m806 antibody (4pug/ml) or with
appropriate concentration of isotype-matched negative control antibody (IgG2b; Chemicon,
Temecula, CA). Antibody binding was detected using the PowerVision Kit (ImmunoVision
Technologies, Brisbane, CA). To allow visualization of the immunostaining, sections were
incubated with the chromogen 3-amino-9-ethylcarbazole (0.4%, Sigma Chemical Co. MO, USA)

for 10 min and counterstained with Mayer’s haematoxylin. Negative controls for the
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immunostaining procedure were prepared by omission of the primary antibody. Results were

expressed as a percentage of positive tumor cell staining.

Chromogenic In situ Hybridization Method

Formalin fixed paraffin embedded tumor tissue from each patient on the trial was
sectioned and mounted on SuperFrost® Plus slides, de-paraffinized and rehydrated prior to pre-
treatment with the SpotLight® Tissue Pre-treatment Kit (Zymed Laboratories Inc. South San
Francisco, CA). Sections were then covered with the SpotLight® EGFR DNA probe, denatured
at 95°C for 10 min and incubated overnight at 37°C. Following hybridization, slides were
washed in 0.5 X SSC. Detection of the probe was carried out using the SpotLight® CISH™
Polymer Detection Kit. Sections that showed clusters of signals or >5 individual signals in >25
% of cancer cells were considered to have an amplification of the EGFR gene that correlated with

m806 reactivity.

2. Results

Patients
Eight patients (1 female and 7 male; mean age of 61 years (range 44-75)] completed the
trial (Table 13). Primary tumor sites, prior therapy history, and sites of disease at study entry are

also shown in Table 13. All 8 patients had 806 antigen positivity in archived tumors (Table 13).

All patients fulfilled inclusion criteria and, except for Patient 8 (who had a primary brain
tumor), all had metastatic disease at study entry. Sites of disease classified as target lesions
included: lung (5 patients), brain (1 patient), lymph nodes (1 patient), supraglottis (1 patient).
Other sites of metastatic disease (non-target lesions) included a supra-renal mass, bone and

lymph nodes (Table 13). The median Karnofsky performance status was 90 (range 80-100).
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Table 13
Patient Characteristics

Pt. Dose Age | Sex | KPS | Site of Primary IHC of Prior Disease Tumor
No. Level (yrs) (%) Tumour positive Therapies Sites at response to
(mg/m?) cells (%) Study Entry ch806
1 5 71 10 NSCLC 50-75 RT Lung, PD
Adrenal
8 5 44 M 90 Anaplastic >75% Surgery, Brain SD
astrocytoma RT, CT
2 10 49 F 80 SCC Anus <10 Chemo, LN, Lung, SD
RT Bone
3 10 75 M 90 NSCLC 50-75 Surgery Lung SD
RT
4 20 52 M | 100 Colon <10t Surgery, Lung, LN PD
CT
5 20 65 M 80 Mesothelioma >75 RT, CT Lung SD
6 40 59 M 80 SCC vocal cord >75 Surgery, Soft Tissue SD
RT, CT
7 40 71 M 90 SCC skin 50-75 Surgery, Lung, LN PD
CT

Abbreviations: F = female; M = male; NSCLC = non small cell lung carcinoma; SCC = squamous cell carcinoma;
RT = radiotherapy; CT = chemotherapy; LN = lymph nodes; PD = progressive disease; SD = stable disease *
positive for de2-7 EGFR expression T positive for EGFR gene amplification

Adverse Events and HACA

Adverse events related to ch806 are listed in Tables 14 and 18. No infusion related

adverse events were observed. There was no DLT, and hence MTD was not reached. The

principle toxicities that in the investigator's opinion were possibly attributable to ch806 were:

transient pruritis, mild nausea, fatigue/lethargy, and possible effects on serum ALP and GGT

levels. A CTC grade 2 elevation in GGT level in Patient 5 was observed, however this was on a

background of a baseline grade 1 elevation, and was transient in nature. Three serious adverse

events (SAEs) were reported but none were attributed to ch806. Overall, ch806 was safe and

well tolerated at all dose levels with generally predictable and manageable minor toxicities being

observed. Further dose escalation was not performed due to the limited amount of cGMP ch806

available for the trial.

methodologies) was observed in only one of the eight patients (Patient 1).

A positive immune response to ch806 (with concordance of both ELISA and BIAcore
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Table 14
Occurrence of Adverse Events Related to ch806

Dose Level (mg/m?)” Total Number of Episodes of Each Event

Adverse Event 5 10 20 40
Dizziness 0 0 0 1 1
Fatigue 0 0 1 0 1
Lethargy 0 0 0 1 1
Appetite suppressed 0 0 0 1 1
Nausea 0 1 0 1 2
Pruritis 1 0 0 0 1
ALP - elevated 0 0 1 0 1
GGT - elevated 0 0 1 0 1
Total 1 1 3 4 9

" Numbers represent number of episodes of any event at each dose level

Table 15
Distribution of Study Agent Related Adverse Events
Dose Level (mg/m?) Maximum CTC Grade Toxicity"
1 =Mild 2 = Moderate 3 = Severe 4 = Life-threatening

5 1 0 0 0
10 1 0 0 0
20 2 1 0 0
40 4 0 0 0
Overall 8 1 0 0

" Number of patients

Radiolabeling of ch806

There were a total of 8 infusions of '''In-ch806 administered during the trial. The mean
(+ SD) radiochemical purity and immunoreactivity of '''In-ch806 was measured to be 99.3 + 0.1

% and 77.4 £ 7.0 % respectively.
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Biodistribution of ch806

111

The initial pattern of =" 'In-ch806 biodistribution in patients at all dose levels was

consistent with blood pool activity, which cleared gradually with time. Over the one week period

111

post injection the uptake of " 'In-ch806 in liver and spleen was consistent with the normal

111

clearance of " In-chelate metabolites through the reticuloendothelial system. Specific

localization of '!!

In-ch806 was observed in target lesions (> 2cm) of all patients at all dose levels
(FIG.94), including target lesions located in the lungs (Patients 1, 3, 4, 5, and 7), the abdomen
(Patients 1 and 2), and the supraglottic region in the right side of the neck (Patient 6). High

111

uptake of " 'In-ch806 in a brain tumor (Patient 8) was also demonstrated (FIG.95). Importantly,

uptake of '

In-ch806 in tumor was not dependent on a the level of 806 antigen expression. For
example, Patient 4 demonstrated high uptake by both lung target lesions, despite <10% positivity
by THC for 806 reactivity in archived tumor (FIG.96). This degree of uptake of '''In-ch806 in
target lesions in Patient 4 was comparable to that seen in Patient 3, where 50-75% of tumor cells

were positive for 806 antigen staining on archived sample immunohistochemistry (FIG.96).

Pharmacokinetics

Individual patient pharmacokinetic parameters T'2a and T"23, V1, Cmax, AUC and CL

for the single infusion of '''In-ch806 are shown in Table 16. The Kruskal-Wallis rank sum test
was applied to the alpha and beta half lives, V1 and clearance. No significant difference between

dose levels was observed (P>0.05).

The pharmacokinetic curve fit to the pooled population ELISA data is shown in FIG.97.
The mean + SD pharmacokinetic parameters were T'20 29.16 £ 21.12 hrs, T2 172.40 £+ 90.85
hrs, V1 2984.59 + 91.91 ml, and CL 19.44 £+ 4.05 ml/hr. Measured peak and trough ch806 serum
concentrations (Cpax and Cy,in) data are presented in Table 17 for each patient. As expected,
linear relationships were observed for Cy,ax and Cpin with each dose level. The mean + SD values
determined for the ch806 ELISA pharmacokinetic data were in good agreement with the values

obtained for the '''In-ch806 pharmacokinetic data (Table 16).
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Table 16

Mean + SD Pharmacokinetic Parameter Estimates for ''In-CHX-A"-DTPA-ch806 in each Dose

Level and across all Dose Levels.

Dose Level T4 o T%P Vi CL AUC
(hr) (hr) (mL) (mL/hr) (hr*mg/mL)
(mg/m”) Mean | SD Mean SD Mean SD Mean SD Mean SD
5 10.91 34 183.9 110.2 | 2963.06 493.23 21.97 | 16.59 541.17 371.75
10 11.75 4.4 124.5 9.25 3060.29 721.70 28.58 8.60 566.79 26.39
20 9.34 8.3 125.3 73.66 | 2902.06 1064.77 | 30.98 | 21.65 1438.12 | 957.18
40 8.95 3.2 133.9 10.79 | 474242 169.10 37.99 6.47 2269.04 | 381.68
ALL 10.24 | 1.32 | 141.90 | 28.30 | 3416.96 886.04 29.88 6.61
Table 17
Cmax and Cmin Serum ch806 Levels Determined by ELISA Analysis.
PT. NO. DOSE LEVEL Cinax Conin
(MG/M?) (uG/ML) (uG/ML)

1 5 1.38 £0.02 0.10 £ 0.05¢

8 5 1.52+0.17 0.96 +0.08

2 10 5.92+0.11 1.50+£0.01

3 10 6.27 +0.45 1.83 £0.20

4 20 12.25 £ 0.66 4.05 £0.05

5 20 11.22 £0.77 1.58 £0.04

6 40 27.76 £2.10 6.90 +0.38

7 40 32.32+£0.84 6.80+0.13

Ciax = 60 min post injection.; C,;, = Day 7 1 Day 8 serum level

Dosimetry of ''In-ch806

Whole body clearance was similar in all patients across all dose levels, with a T;,;biologic

(mean £+ SD) of 948.6 £ 378.6 hrs. Due to the relatively short physical half-life, calculation of

biological halftime was extremely sensitive to small changes in effective halftime. There was no

statistical significant difference in whole body clearance between dose levels [Kruskal-Wallis

rank sum test: P-value = 0.54] (FIG.98).

The clearance of

111

In-ch806 from normal organs (liver, lungs, kidney and spleen)

showed no difference between dose levels, and the mean T effective was calculated to be 78.3,

48.6, 69.7 and 66.2 hrs respectively. There was no statistically significant difference in clearance

between these normal organs. In particular, liver clearance showed no difference between dose

levels (FIG.98), indicating no saturable antigen compartment in the liver for ch806.
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Tumor dosimetry analysis was completed for 6 patients. Patients 1 and 2 had target
lesions close to the cardiac blood pool, or motion during some image acquisitions, which

111

prevented accurate analysis. The measured peak uptake of = 'In-ch806 occurred 5-7 days post

infusion, and ranged from 5.2-13.7 x 10~ % injected dose/gm tumor tissue.

Assessment of Clinical Activity

At the completion of this one month study period 5 patients were found to have stable
disease, and 3 patients progressive disease (Table 13). Interestingly, one patient (Patient 7, 40
mg/m” dose level) had clinical evidence of transient shrinkage of a palpable auricular lymph node
(proven to be metastatic SCC on fine needle aspiration) during the study period, which suggests
possible biologic activity of ch806. However, this patient had confirmed progressive disease by

RECIST at study completion.

Additional Data

Eight patients [1 female and 7 male; mean age of 61 years (range 44-75)] completed this
phase 1 trial as reported (Scott et al. (2007) Proc. Natl. Acad. Sci. U.S.A. 104, 4071-4076). All
patients fulfilled inclusion criteria and, except for Patient 8 (who had a primary brain tumor), all

111
In-

had metastatic disease at study entry. Ab uptake by the tumor was seen in all patients, and
ch806, the chimerized version of mAb806, demonstrated prompt and high level uptake in tumor
(FIG.71). The clearance of '''In-ch806 from normal organs (liver, lungs, kidney and spleen)
showed no difference between dose levels (Scott et al., 2007). In particular, liver clearance
showed no difference between dose levels, indicating no saturable antigen compartment in the
liver for ch806. Total liver uptake was a maximum of 14.45 + 2.43 %ID immediately post
infusion, and declined to 8.45 + 1.63 %ID by 72 hours, and 3.18 + 0.87 %ID by one week post
infusion. This is in marked contrast to the uptake of antibodies to wtEGFR (e.g. 225), which
have been shown to reach over 30 %ID in liver (for a 40mg dose) for over 3 days post infusion
(Divgi et al. (1991) J. Natl. Cancer Inst. 83, 97-104). The measured peak tumor uptake of '''In-
ch806 occurred 5-7 days post infusion. Calculation of quantitative tumor uptake in Patients 1
and 3 could not be accurately performed due to proximity of target lesion to cardiac blood pool

and patient movement. Peak ch806 uptake in tumor ranged from 5.21 to 13.73 x 10” %ID/gm

tumor tissue. Calculation of actual ch806 concentration in tumor showed peak values of (mean +
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SD) 0.85 + 0 pg/gm (5mg/™), 0.92 + 0 pg/gm (10mg/™), 3.80 £+ 1.10 pg/gm (20mg/m?), and
7.05 + 1.40 pg/gm (40mg/m?).

Discussion

As set forth in this Example, this study represents the first reported demonstration of the
biodistribution and tumor targeting of a chimeric antibody against an epitope only exposed on
overexpressed, mutant or ligand activated forms of the EGFR. Ch806 showed excellent targeting
of tumor sites in all patients, no evidence of normal tissue uptake, and no significant toxicity.
These in vitro and in vivo characteristics of ch806 distinguish it from all other antibodies

targeting EGFR.

At doses up to 40mg/m?, ch806 was well tolerated, no DLT was observed and MTD was
not reached. The principle toxicities that were possibly attributable to ch806 were transient
pruritis, mild nausea, fatigue/lethargy, and possible effects on serum ALP and GGT levels. The
advanced nature of these patient’s malignancies meant their disease could also have been
contributing factors to these adverse events. Of the adverse events that were possibly related to
study drug, all were mild, many were self-limiting, and none required any active treatment.
Importantly, no skin rash or gastrointestinal tract disturbances were observed in any patient, even
at the highest dose level. The excellent tolerability of ch806 in this single-dose study justifies the

next step of testing in repetitive dose trials.

The biodistribution of ch806 in all patients showed gradual clearance of blood pool

activity, and no definite normal tissue uptake of "'

In-ch806. Excellent tumor uptake of ch806
was also evident in all patients, including lung, lymph node, and adrenal metastases, and in
mesothelioma and glioma. This was observed at all dose levels including 5mg/m? (the lowest
dose studied), which is one tenth to one twentieth of the dose required to visualise uptake in
tumor by other antibodies to wtEGFR **. This difference in uptake of ch806 compared to
antibodies to wtEGFR can be attributed to their substantial normal tissue (liver and skin) uptake
due to wtEGFR acting as an antigen sink *. In addition, the localization of '''In-ch806 was high
even in patients with low expression of 806 assessed by immunohistochemistry of archived

tumor samples (FIG.96). The uptake of '

In-ch806 in glioma was particularly impressive
(FIG.97), and comparable to any published data on antibody targeting of brain tumor following

systemic or even locoregional infusion. This data supports the unique selectivity of ch806 to
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EGEFR expressed by a broad range of tumors, and confirms the lack of normal tissue uptake of

this antibody in human.

Pharmacokinetic analyses showed that ch806 has a terminal half-life of more than a week,

111
and no dose dependence of

In-ch806 serum clearance. Linear relationships also were observed
for AUC, Cmax and Cmin, with dose levels above 10 mg/m” achieving trough serum
concentrations above 1 pg/mL. The V1, Cl, T2 a and T %2 3 values were consistent between
dose levels, and in keeping with typical IgG1 human antibodies (Scott et al., 2005; Steffens et al.
(1997) J. Clin. Oncol 15, 1529-1537; Scott et al. (2001) J. Clin. Oncol. 19(19), 3976-3987). The
clearance of ch806 was also determined to be slower when ELISA ch806 calculations were

compared to '

In-ch806 measurements. While this difference may be explained by the small
number of patients studied, the longer sampling time points for the ch806 ELISA would support
this value as being more representative of true ch806 clearance. The pharmacokinetic values for
ch806 are comparable to other chimeric antibodies reported to date (Steffens et al., 1997; Scott et

al., 2001), and supports a weekly dosing schedule of ch806.

The quantitative dosimetry and pharmacokinetic results indicate that there is no saturable
normal tissue compartment for ch806 for the dose levels assessed in this trial. Importantly, the
lack of dose dependence on pharmacokinetic and whole body and liver organ clearance is in
marked contrast to all reported studies of antibodies to wtEGFR (Baselga J. and Artega C.L.
(2005) J. Clin. Oncol. 23, 2445-2449; Divgi et al. J. Natl. Cancer Inst. 83(2), 97-104; Baselga J
(2001) Eur. J. Cancer 37 Suppl. 4, S16-22; Gibson et al. (2006) Clin. Colorectal Cancer 6(1),
29-31; Rowinsky et al. (2004) J. Clin. Oncol. 22, 3003-3015; Tan et al. (2006) Clin. Cancer
Res. 12(21), 6517-6522) supporting the tumour specificity and lack of normal tissue binding of
ch806 in humans. These observations provide compelling evidence of the potential for ch806 (or
humanized forms) to selectively target EGFR in tumor, avoid the normal toxicity of other EGFR
antibodies and kinase inhibitors (particularly skin) (Lacouture AE (2006) Nature Rev. Cancer 6,
803-812; Adams G.P. and Weiner L.M. (2005) Nat. Biotechnol. 23(9), 1147-1157) and
potentially achieve greater therapeutic effect. Moreover, the possibility of payload delivery (due
to the rapid internalisation of mAb 806 in tumor cells), and combination treatment with other
biologics such as EGFR antibodies and tyrosine kinase inhibitors where combined toxicity is

likely be minimised, is strongly supported by the data from this trial. This study provides clear
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evidence of the ability to target an epitope on EGFR that is specific for tumor, and further

clinical development of this unique approach to cancer therapy is ongoing.

Example 26
5 Sequence Comparisons
The VH chain and VL chain CDRs for each of mAb806, mAbl175, mAbl124, mAbl1133,
and hu806 are set forth and compared herein.
10 Table 13
Murine Antibody Isotype and CDR Sequence Comparisons (Kabat)'
A. Variable Light Chain
CDR1 CDR2 CDR3
806 HSSQDINSNIG (SEQ ID NO:18) | HGTNLDD (SEQ ID NO:19) | VQYAQFPWT (SEQ ID NO:20)
(IgG2b)
124 HSSQDINSNIG (SEQ ID NO:28) | HGTNLDD (SEQ ID NO:29) | VQYGQFPWT (SEQ ID NO:30)
(IgG2a)
175 HSSQDISSNIG (SEQ ID NO:135) | HGTNLED (SEQ ID NO:136) | VQYGQFPWT (SEQ ID NO:137)
(IgG2a)
1133 HSSQDINSNIG (SEQ ID NO:38) | HGTNLDD (SEQ IDNO:39) | VQYGQFPWT (SEQ ID NO:40)
(IgG2a)
15
B. Variable Heavy Chain
CDR1 CDR2 CDR3
806 SDFAWN (SEQ ID NO:15) | YISYSGNTRYNPSLKS (SEQ ID NO:16) | VTAGRGFPY (SEQ ID NO:17)
(IgG2b)
124 SDYAWN (SEQ ID NO:23) | YISYSANTRYNPSLKS (SEQ ID NO:24) | ATAGRGFPY (SEQ ID NO:25)
(IgG2a)
175 SDYAWN (SEQ ID NO:130) | YISYSANTRYNPSLKS (SEQ ID NO:131) | ATAGRGFPY (SEQ ID NO:132)
(IgG2a)
1133 SDYAWN (SEQ ID NO:33) | YISYSGNTRYNPSLRS (SEQ ID NO:34) | ATAGRGFPY (SEQ ID NO:35)
(IgG2a)
'differences to the mAb806 CDR sequences are underlined
20 The CDRs given above for the respective antibody isotypes are based on a Kabat

analysis. As will be apparent to those of skill in the art, the CDRs may also be defined based on

other analysis, for example a composite of Kabat and Chothia definitions. For example, applying

a composite Kabat and Chothia analysis to the above isotypes, the sequences of the VL chain

CDRs and VH chains CDRs for the respective isotypes are as set forth in Table 14.
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Table 14

Murine Antibody Isotype and CDR Sequence Comparisons (Composite Kabat and Chothia)’

5 A Variable Light Chain
CDR1 CDR2 CDR3
806 (IgG2b) | HSSQDINSNIG (SEQ ID NO:18)> | HGTNLDD (SEQ ID NO:139)> | VQYAQFPWT (SEQ ID NO:20)
124 (IgG2a) | HSSQDINSNIG (SEQ ID NO:28) | HGTNLDD (SEQ ID NO:140) | VQYGQFPWT (SEQ ID NO:30)
175 HSSQDISSNIG (SEQ ID NO:135) | HGTNLED (SEQ ID NO:141) | VQYGQFPWT (SEQ ID NO:137)
(IgG2a)
1133 HSSQDINSNIG (SEQ ID NO:38) | HGTNLDD (SEQ ID NO:142) | VQYGQFPWT (SEQ ID NO:40)
(IgG2a)
B. Variable Heavy Chain
CDRI1 CDR2 CDR3
806 GYSITSDFAWN (SEQ ID NO:143) GYISYSGNTRYNPSLKS (SEQ ID NO:144) | VTAGRGFPY (SEQ ID NO:17)?
(IgG2b)
124 GYSITSDYAWN (SEQ ID NO:145) GYISYSANTRYNPSLKS (SEQ ID NO:146) ATAGRGFPY (SEQ ID NO:25)
(IgG2a)
175 GYSITSDYAWN (SEQ ID NO:147) GYISYSANTRYNPSLKS (SEQ ID NO:148) | ATAGRGFPY (SEQ ID NO:132)
(IgG2a)
1133 GYSITSDYAWN (SEQ ID NO:149) GYISYSGNTRYNPSLRS (SEQ ID NO:150) ATAGRGFPY (SEQ ID NO:35)
(IgG2a)
10
!differences to the mAb806 CDR sequences are underlined
*See FIG.17 of co-pending U.S. patent application no. 10/145,598 (U.S. Patent No. 7,589,180)
’See FIG.16 of co-pending U.S. patent application no. 10/145,598 (U.S. Patent No. 7,589,180)
15 Table 15
mADb806 and hu806 CDR Sequence Comparisons (Kabat)'
A. Variable Light Chain
CDRI1 CDR2 CDR3
mAb806 | HSSQDINSNIG (SEQ ID NO:18) HGTNLDD (SEQ ID NO:19) VQYAQFPWT (SEQ ID NO:20)
hu806 | HSSQDINSNIG (SEQ ID NO:49) | HGTNLDD (SEQ ID NO:50) | VQYAQFPWT (SEQ ID NO:51)
20
B. Variable Heavy Chain
CDRI1 CDR2 CDR3
mAb806 | SDFAWN (SEQ ID NO:15) YISYSGNTRYNPSLKS (SEQ ID NO:16) | VTAGRGFPY (SEQ ID NO:17)
hu806 | SDFAWN (SEQ ID NO:44) | YISYSGNTRYQPSLKS (SEQ ID NO:45) | VTAGRGFPY (SEQ ID NO:46)

!differences to the mAb806 CDR sequences are underlined
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As shown above, the CDR sequences of mAb806, mAb175, mAb124 and mAb1133
isotypes are identical except for highly conservative amino acid changes that would be expected
to give rise to homologous protein folding for epitope recognition. This data, cumulatively with
the binding and other data provided in the Examples above, shows that these isotypes and the
hu806 are closely-related family member variants exhibiting the same unique properties
discussed above for mAb806 (e.g., binding to an epitope on the EGFR that is accessible to
binding only in overexpressed, mutated or ligand activated forms of the EGFR, resulting in
unique specificity for tumor-expressed EGFR, but not wtEGFR in normal tissue) and
demonstrating that antibodies of distinct variable region sequences, particularly of varying CDR

sequences, have the same characteristics and binding capabilities.
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This invention may be embodied in other forms or carried out in other ways without
departing from the spirit or essential characteristics thereof. The present disclosure is therefore to
be considered as in all aspects illustrated and not restrictive, the scope of the invention being
indicated by the appended Claims, and all changes which come within the meaning and range of

equivalency are intended to be embraced therein.

Various references are cited throughout the Specification and provided in a list of

references above, each of which is incorporated herein by reference in its entirety.
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What is claimed is:

1. An isolated nucleic acid which comprises a sequence encoding an isolated anti-
Epidermal Growth Factor Receptor (EGFR) antibody comprising a heavy chain
variable region comprising the amino acid sequence set forth in SEQ ID NO: 164, and a
light chain variable region comprising the amino acid sequence set forth in SEQ ID

NO: 166.

2. A method of preparing an isolated anti-Epidermal Growth Factor Receptor
(EGFR) monoclonal IgG antibody comprising a heavy chain variable region
comprising the amino acid sequence set forth in SEQ ID NO: 164, and a light chain
variable region comprising the amino acid sequence set forth in SEQ ID NO: 166,
wherein the antibody is characterized by a single binding affinity for an antigen,
comprising expressing a nucleic acid under conditions to bring about expression of said

antibody, and recovering said antibody.

3. A kit for the diagnosis of a tumor in which EGFR is aberrantly expressed or
EGFR is expressed in the form of a truncated protein, comprising an isolated anti-
Epidermal Growth Factor Receptor (EGFR) monoclonal 1gG antibody comprising a
heavy chain variable region comprising the amino acid sequence set forth in SEQ ID
NO: 164, and a light chain variable region comprising the amino acid sequence set
forth in SEQ ID NO: 166, wherein the antibody is characterized by a single binding

affinity for an antigen, further comprising reagents and/or instructions for use.

4. A unicellular host transformed with a recombinant DNA molecule which
encodes an isolated anti-Epidermal Growth Factor Receptor (EGFR) monoclonal IgG
antibody comprising a heavy chain variable region comprising the amino acid sequence
set forth in SEQ ID NO: 164, and a light chain variable region comprising the amino
acid sequence set forth in SEQ ID NO: 166, wherein the antibody is characterized by a

single binding affinity for an antigen.
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5. An immunoconjugate comprising an isolated anti-Epidermal Growth Factor
Receptor (EGFR) monoclonal 1gG antibody conjugated to a cytotoxic agent, wherein
said antibody comprises a heavy chain variable region comprising the amino acid
sequence set forth in SEQ ID NO: 164, and comprises a light chain variable region
comprising the amino acid sequence set forth in SEQ ID NO: 166, wherein the

antibody is characterized by a single binding affinity for an antigen.

6. The immunoconjugate of claim 5, wherein said antibody comprises a light chain

constant region comprising the amino acid sequence set forth in SEQ ID NO: 48.

7. The immunoconjugate of claim 5, wherein said antibody is an IgG1 isotype.

8. A pharmaceutical composition comprising the immunoconjugate according to

claim 5.

9. The immunoconjugate of claim 5, wherein said antibody comprises a kappa

light chain.

10.  The isolated antibody of claim 1, wherein said antibody comprises a kappa light

chain.
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