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(57) Abstract: The invention relates to specific binding members, particularly antibodies and active fragments thereof, which rec-
ognize an aberrant post-translationally modified, particularly an aberrant glycosylated form of the GGIR. The binding members,
particularly antibodies and [tagments thereol, of the invention do not bind 1o EGI'R on normal cells in the absence of amplification
of the wild- type gene and are capable of binding the de2-7 EGI'R at an epitope which is distinct from the junctional peptide. Anti-
bodies of this type are exemplified by the novel antibody 806 whose VH and VL sequences are illustrated as SEQ [D Nos: 2 and 4

and chimeric antibodies thereol as exemplified by ch806.
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SPECIFIC BINDING PROTEINS AND USES TIIEREOF

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 de2-7 EGFR truncation of the EGFR. In particular, the epitope recognized
by the specific bindihg 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 trcatment 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 THE INVENTION

The treatment of proliferative disease, particularly cancer, by chemotherapeutic

means often relies upon exploiting diffcrences in target proliferating cells and other
normal cells in the 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 cmbryonic 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.
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The EGFR is an attractive target for tumor-targeted antibody therapy because it is
over-expressed in many types of epithelial tumors (27,28). 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 scveral undergoing clinical evaluation (18, 19, 29). 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 anti-
tumor activity of most EGFR antibodies is enhanced by their ability to block ligand
binding (30, 31). Such antibodies may mediate their efficacy through both modulation
of cellular proliferation and antibody dependent immune funcﬁor{s (e.g. complement
activation). The use of these antibodies, however, may be limited by uptake in organs

that have high endogenous levels of EGFR such as the liver and skin (18, 19).

A significant proportion of tumors containing amplifications of the EGI'R gene (i.e.,
multiple copies of the EGER genc) also co-cxpress a truncated version of the receptor
(13) known as de2-7 EGFR, AEGFR, or A2-7 (terms used interchangeably herein) (2).
The rearrangement seen in the de2-7 EGFR resulis in an in-frame mature mRNA
lacking 801 nucleotides spanning exons 2-7 (6-9). 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 (9). This deletion, together with the
insertion of a glycine residue, produces a unique junctional peptide at the delction
interface (9). The de2-7 EGFR (2) has been reported in 2 number of tumor types
including glioma, breast, lung, ovarian and prostate (1-4). While this truncated
receptor doces not bind ligand, it posscsses low constitutive activity and imparts a
significant growth advantage to glioma cells grown as tumor xenografts in nude mice
(10) and is able to transform NIH3T?3 cells (11) 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 (12) and a small enhancement of

proliferation (12).

6-
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As expression of this truncated receptor is restricted to tumor cclls it represents a
highly specific target for antibody therapy. Accordingly, a number of laboratories
have reported the generation of both polyclonal (14) and monoclonal (3, 15, 16)
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 (3, 25, 32).

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 de 2-
7 EGFR (5). The exact percentage of tumors containing the de2-7 EGPR is not
completely established, because the use of different techniques (i.e. PCR versus
immunohistochemistry) and various antibodies, has produced a wide range of
repotted values for the frequency of its presence. Published data indicates that
approximately 25-30% of gliomas express de2-7 BEGFR wilh expression being lowest
in anaplastic astrocytomas and highest in glioblastoma multiforme (6,13,17). The
proportion of positive cells within de2-7 EGFR expressing gliomas has been reported
to range from 37-86% (1). 27% of breast carcinomas and 17% of lung cancers were
found to be positive for the de2-7 EGFR (1, 3, 13, 16). Thus, de2-7 EGER specific
antibodies would be expected to be useful in only a percentage of EGER positive

tumors.

Thus, while the extant evidence of activity of EGFR antibodies is encouraging, the
observed limitations on range of applicability and efficacy rcﬂectcdv 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 towaid 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.
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SUMMARY OF THE INVENTION

In a broad aspect, the present invention provides an isolated specific binding
member, particularly an isolated antibody or active fragment thereof (such as an
immunogenic fragment thereof), which recognizes an EGFR epitope which is found
in tumorigenic, hyperproliferative or abnormal cells and is not detectable in normal '
or wild type cells (the term *wild type cell" as used herein contemplates a cell that
expresses endogenous EGER but not the de 27 EGFR and the term specificalty
excludes a cell that overexpresses the EGFR gene; the term "wild type" refers to a
genotype or phenotype or ather characteristic present ina normal cell rather than in
an abnormal or tumorigenic cell), wherein the antibody or active fragment binds the
de?-7 EGFR at an epitope distinct from the junctional peptide LEEKKGNYVVTDH.

In a further aspect, the present invention provides a specific binding member,
particularly an isolated antibody or active fragment thereof, which recognises an
EGER epitope which does not demonstrate any amino acid sequence alterations or

- substitutions from wild type EGFR. The EGFR epitope is found in tumorigenic,

hyperproliferative or abnormal cells and is not detectable in normal or wild type cells
and may be enhanced or evident upon aberrant post translational modification or
aberrant exptession. Ina particular nonlimiting 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 js 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 éarbohydxate
modification, .

The specific binding member does not bind to or reéog:ﬁze 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 an antibody
or fragment thereof, which recognizes an EGFR epitope which is present in cells

4

COMS ID No: 3BMI-05841636  Received by IP Australia: Time (H:m) 16:13 Date (Y-M-d) 2007-01-08
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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

4a
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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
hcrein by the antibody designated mAb 806, 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 detectable in normal or wild type cells, wherein the epitope is enhanced or
evident upon aberrant post-translational moditication. The antibodies of the present
invention are further exemplitied by the antibodies mAb 124 and mAb 1133 described
herein. The novel antibodies of the invention also recognize amplified wild type
EGFR and the de2-7 BGFR, yet bind to an epitope distinct from the unique junctional
peptide of the de2-7 EGER 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), particulatly upon aberrant
post-translational modification. Additionally, while mAb 806 does not recognize the
EGFR when expressed on the cell surface of a glioma cell line expressing normal
amounts of EGFR, it does bind to the extracellular domain of the EGFR (SEGFR)
immobilized on the surface of ELISA plates, indicating the recognition of a
conformational epitope. MAb 806 binds to the surface of A431 ccﬂs, which have an
amplification of the EGEFR gene but do not express the de2-7 EGFR. Importantly,
mADb 806 did not bind significantly to normal tissues such as liver and skin, which
express levels of endogenous, wild type (wt) EGER that are higher than in most other

normal tissues, but wherein EGFR 18 not aberrantly expressed or amplified.

The antibodies of the presen t invention can specifically categorize the nature of EGFR
tumors or tumorigenic cells, by staining ot 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, as exemplified by mAb 806, demonstrate significant in vivo anti-tumor

-10-
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activity against tumors containing amplified EGFR and against de2-7 EGFR positive
xenogradts.

The unique specificity of mAb 806, whereby mAb 806 binds to the de2-7 EGFR and
amplified EGFR but not 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 narmal tissue uptake that may be seen with previously
known EGFR antibodies.

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

EGFR gene.

Preferably the epitope recognized by mAb 806 is located within the region
comprising residues 273-501 of the mature normal or wild type EGFR sequence.
Therefore, also provided are specific binding proteins which bind to the de2-7 BGFR
at an epitope located within the region comprising residues 273-501 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 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 invention relates to an antibody which has the
characteristics of the antibody which the inventors have identified and characterized,
in particular recognizing aberrantly expressed EGEFR, a5 found in amplified EGFR
and de2-7EGFR. In a particularly preferred aspect the antibody is the mAb 806, or
active fragments thereof. In a further preferred aspect the antibody of the present v

invention comprises the VH

COMS ID No: SBMI-05841636  Received by IP Australia: Time (H:m) 16:13 Date (Y-M-d) 2007-01-08
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and VL amino acid sequences depicted in Figures 14 (SEQID NO: 2) and Figures 15
(SEQ BD NO : 4) respectively.

In another aspect, the invention provides an antibody capable of competing with the
806 antibody, under conditions in which at least 10% of an.antibody having the VH
and VL sequences of the 806 antibody is 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 provicded herein.

An isolated polypeptide consisting essentially of the epitope comptising residues
273- 501 of the mature normal, wild type EGFR (tesidues 6-234 of mature de2-7
EGFR) fotms 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 a tumor or anticancer vaccine. Thius compositions of
the peptide of the present invention include pharmaceutical compositions and

immunogenic compositions.

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 CDR being of paticular importance. Accordingly, specific binding mernbers
based on the CDR3 regions of the heavy or light chain, and preferably both, of
mMABS06 will be useful specific binding members for in vivo therapy. The CDRs of
the mAb 806 antibady are shown in Figures 16 and 17.

Accordingly, specific binding proteins which are based on the CDRs of the mAb 806
antibody identified, particularly the CDR 3 regions, will be useful for targeting
tumors with amaplified EGFR regardless of their de2-7 EGER status. As mAb 806 does
not bind significartly to normal, wild type receptor, there would be no significant
uptake in normal tissue, a Jimitation of EGFR antibodies currently being developed
(18,19). :

COMS 1D No: SBMI-05841836. Received by IP Australia: Time (H:m) 16:13 Date (Y-M-d) 2007-01-08
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In the accompanying drawings, the nucleic acid sequence (SEQ ID NO:1) and
translation (SEQ ID NO:2) thereof of the 806 VH gene is shown in Figure 14. The
VL gene of the 806 antibody is shown as Figure 15 as nucleic acid sequence (SEQ ID
NO:3) and predicted amino acid sequence (SEQ ID NO:4). Tn Figures 16 and 17,
depicting the VH and VL polypeptide sequences of mAb 806, the CDRs arc indicated

in boxes.

In a further aspect, the present invention provides an isolated specific binding member
capable of binding an antigen, wherein said specific binding member comprises a
polypeptide binding domain comprising an amino acid sequence substantially as set
out as residues 93-102 of SEQ ID NO:2. The invention further provides said isolated
specific binding member which further comprises one or both of the polypeptide
binding domains substantially as set out as residues 26-35A and 49-64 of SEQ ID
NO:2, preferably both. One example of such an embodiment is the sequence
substantially as shown in SEQ ID NO:2. In a preferred embodiment, the binding

domains are carried by a human antibody framework.

In another aspect, the invention provides an isolated specific binding member capable
of binding a tumor antigen, whercin said specific binding member compriscs a
polypeptide binding domain comprising a heavy chain sequence comprising at least
the CDR3 sequence of SEQ ID NO:2, together with a light chain comprising CDRs
whose amino acid sequences are substantially as found within SEQ ID NO:4. One
example of such an embodiment is the sequence substantially as shown in SEQ ID
NQ:4. In a preferred embodiment, the CDRS are carried by a human antibody

framework.
In further aspects, the invention provides an isolated nucleic acid which comprises a

sequence encoding a specitic binding member as defined above, and methods of

preparing specific binding members of the invention which comprise expressing said

13-
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nucleic acids under conditions to bring about expression of said binding member, and

recovering the binding member.

Yet a further aspect of the invention are compositions of such binding proteins with
additional binding proteins, such as binding proteins which bind to EGFR, preferably
inhibiting ligand binding thereto. Such compositions can be “one pot” cocktails, kits,

and so forth, preferably formulated for ease of administration.

Specific binding members according to the invention may be used in a method of
treatment or diagnosis of the human or animal body, such as a method of treatment of
a tumor in a human patient which comprises administering to said patient an effective

amount of a specific binding member of the invention.

The present invention also relates to a recombinant DNA molecule or cloned gene, or
a degenerate variant theteof, which encodes an antibody of the present invention;
preferably a nucleic acid molecule, in particular a recombinant DNA moleculc or
cloned gene, encoding the antibody VH which has a nucleotide sequence or is '
complementary to a DNA sequence shown in FIGURE 14 (SEQ ID NO:1). In
another embodiment, the present invention also relates to a recombinant DNA
molecule or cloned gene, or a degenerate variant thereof, preferably a nucleic acid
molecule, in particular a recombinant DNA molecule or cloned gene, encoding the
antibody VL which has a nucleotide sequence or is complementary to a DNA
sequence shown in FIGURE 15 (SEQ ID NO:3).

The present invention also includes polypeptides or antibodies having the activities
noted herein, and that display the amino acid sequences set forth and described above
and in Figures 14 and 15 hereof and selected from SEQ ID NO:2 and 4.

In a further cmbodiment of the invention, the full DNA sequence of the rccombinant
DNA molecule or cloned gene provided herein may be operatively linked to an

expression control sequence which may be introduced into an appropriate host. The

9
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invention accordingly extends to unicellular hosts transformed with the cloned gene
or recombinant DNA molecule comprising a DNA sequence encoding the present VH
and/or VL, or portions thereof, of the antibody, and more particularly, the VH and/or
VL set forth above and in SEQ IDNO:1 and 3.

The present invention naturally contemplates several means for preparation of the
antibodies and active fragments thereof, including as illustrated herein known
recombinant techniques, and the invention is accordingly intended to cover such
synthelic or chimeric antibody preparations within iis scope. The isolation of the
¢DNA and amino acid sequences disclosed herein facilitates the reproduction of the
antibody of the present invention by such recombinant techniques, and accordingly,
the invention extends to expression vectors prepared from the disclosed DNA
sequences for expression in host systems by recombinant DNA techniques, and to the

resulting transformed hosts.

The present invention provides drugs or other entities, including antibodies such as
anti-idiotype antibodics, that arc capable of binding to the antibody thereby
modulating, inhibiting or potentiating the antibody activity. Thus, anti-idiotype
antibodies to mAb806 are provided and exemplified herein. Such anti-idiotype
antibodies would be useful in the development of drugs that would specifically bind
the antibodies such as mAb806 or its epitope or that would potentiate its activity.

The diagnostic utility of the present invention extends to the use of the antibodies of
the present invention in assays to characterize tumors or cellular samples or to screen

for tumors or cancer, including ir vitro and in vivo diagnostic assays.
In an immunoassay, a control quantity of the antibodies, or the like may be prepared
and labeled with an enzyme, a specific binding partner and/or a radioactive element,

and may then be introduced into a cellular sample. After the labeled material or its

binding partner(s) has had an opportunity to react with sites within the sample, the

10
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resulting mass ruay be examined by known techniques, which may vary with the
nature of the lubel attached.

Specific binding members of the invention may carry a detectable or functional label.
The specific binding members may carry a radioactive label, such as the isotopes *H,
14C, 32P, 355, 36C1, 51(:1_v 57C0, ESCO, nge, GGY, LZlL 1241, IBI’ lSlL lllIn’ Z“At, BEAU,
7y, Ac, 2Bi, *Te and "Re. When radioactive [abels are used, known currently
available counting procedures may be utilized to identify and quantitate the specific
binding members. In the instance where the label is an enzyme, detection may be
accomplished by any of the presently utilized colorimetric, spectrophotometic,

fluorospectrophotometric, amperomettic or gasometric techniques known in the art,

The radiolabelled specific binding members, particularly antibodies and fragments
thereot, are uscful in i vitro diagnostics techniques and in iz vivo radioimaging
techniques. In a further aspect of the invention, radiolabelled specific binding
mermbers, particularly antibodies and fragments thereof, particularly
radioimmunoconjugates, are useful in radioimmunotherapy, particulatly as
radiolabelled 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 hinding members conjugated to a chemical ablation
agent, toxin, immunomodulator, cytokine, cytotoxic agent, chemotherapeutic agent or
drug.

11
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_ therapeutics, anti-EGFR agents or

The present invention includes an assay system which may be prepared in the form
of a test kit for the quantitative analysis of the extent of the presence of, for instance,
amplified EGFR or de2-7EGFR. The system or test kit may comprise a labeled -
component prepared by one of the radioactive and/ or enzymatic techniques
discussed herein, coupling a label to the antibody, and one or more additional
jmmunochemical reagents, at least one of which js a free or immobilized components

1o be determined or their binding partner (s).

In a further embodiment, the present invention relates to certain therapeutic methods
which would be based upon the activity of the binding member, antibody, or active "
fragments thereof, ox ttpon agents or other drugs determined to possess the same
activity. A first therapeutic method is associated with the prevention or treatment of
cancer, including but not limited to head and neck, breast, prostate and glioma.

. In particular, the binding members and antibodies of the present invention, andina

particular embodiment the 806 aritibody whose sequences are presented in SEQ BD
NOS: 2 and 4 herein, or active fragments thereof, and chimeric (bispecific) or
synthetic antibodies derived therefrom can be prepared in pharmaceutical
compositions, including a suitable vehicle, carrier or diluent, for administration in
instances wherein therapy is appropriate, such as to treat cancer. Such
pharmaceutical compositions may also include methods of modulating the half-life
of the antibodies or fragments by methods known in the art such as pegylation. Such
pharmaceutical compositions may further comprise additional antibodies or
therapeutic agents.

Thus, 2 composition of the present invention may be administered alone or in
combination with ather 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 the binding member
herein described and other agents or therapeutics such as anti-cancer agents or
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antibodies, or immune moculators. 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), PDGEFR inhibitors
or signal transduction inhibitors. Other treatments ox therapeutics may include the
administration of suitable doses of pain relief drugs such as non-stetoidal anti-
inflammatory drugs (e. g. aspirin, paracetamol, ibuprofen or ketoprofen) or opiates
such as morphine, or anti-emetics. Thus, these agents may be anti-EGFR sperific
agents, such as AG1478, or may be more general antj-cancer and anti-neoplastic
agents, non limiting examples including doxorubicin, carboplatin and cisplatin. In
addition, the composition may be administered with immune medulators, such as
interleukins, tumor necrosis factor (TNF) or other growth factors, cytokines or
hormones such as dexamethasone which stimulate the immune response and
reduction or elimination of cancer cells or tumors. 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; 5C-03; 108
(ATCC HB9764) U. 5. Patent No. 6,217,866; 14E1 (U. 5. Patent No. 5,942,602); DH8.3;
18A4; Y10 ; HuMAX-ECFr (Genmab/Medarex) ; ICR62; and ABX-EGF {Abgenix).

The present invention also includes antibodies and fragments thereof, which are
covalently attached to or otherwise associated with other molecules or agents, These
otﬁﬂ molecules or agents include, but are not limited to, molecules (including
antibodies or antibody fragments) with distinet recognition characteristics, toxins,
ligands, and chemotherapeutic agents.

Other objects and advantages will become apparent to those skilled in the art from a
review of the enstiing detailed description, which proceeds with reference to the
following illustrative drawings, and the attendant claims. '

BRIEF D [PTION OF THE DRAWINGS
13

COMS ID No: SBMI-05841636  Received by IP Australia: Time (H:m) 16:13 Date (Y-M-d) 2007-01-08

-18-

ya14




WO 02/092771 PCT/US02/15185

Figure 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 1gG2b antibody (open histograms), DJ8.3 (specific
for de2-7 EGFR), MAD 806 or 528 (binds both wild type and de2-7 EGFR) as

indicated.

Figures 2A-C present the results of ELISA of MAD 806, DHS.3 and 528 antibodies.
(A) binding of increasing concentrations of MAb 806 (A ) DII8.3 (@) or 528 (m)
antibody to sSEGFR coated ELISA plates. (B) inhibition of MAb 806 and 528 binding
t0 SEGFR coated ELISA plates by increasing concentrations of sEGFR in solution.
(C) binding of increasing concentrations of DHS.3 to the de2-7 junctional peptide
illustrates binding curves for mAb 806 and 528 antibodies to immobilized wild-type
sEGER.

Figures 2D and 2E 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 .8A4 antibody which recognizes

the junction peptide of the dc2-7 EGFR mutant, and controls.

Figure 3 depicts the internalization of MAb 806 and the DHS.3 antibody.
US7TMG.A2-7 cells were pre-incubated with MAb 806 (A) or DH8.3 (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 (MADb 806) separate

experiments,
Figures 4A and 4B illustrate biodistribution (% ID/g tumor) of radiolabeled (a) 1251
MAb 806 and (b) "'-IH8 3 in nude mice hearing U§7MG and USTMG.A2-7

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

14

-19-




WO 02/092771 PCT/USO2/15185

Figures 5A and 5B illustrate biodistribution of radiolabeled 1251 MAb 806 (open bar)
and ***I.DH3.3 (filled bar) antibodies expressed as (a) tumor:blood or (b) twmor:liver
ratios in nude mice bearing U87MG.A2-7 xenografts. Each bar represents the mean
of 5 mice + SE except for 1 hr wheren =4

Figure 6 illustrates flow cytometric analysis of cell lines containing amplification of
the EGFR gene. A431 cells were stained with either MAb 806, DHS.3 or 528 (black
histograms) and compared to an irrelevant IgG2b antibody (open histogram)

Figures 7A and 7B illustrate biodistribution (% ID/g tumor) of radiolabeled (a) '*I-
MAD 806 and (b) **'1-528 in nude mice bearing USTMG.A2-7 nd A431 xenografts.

Figures 8A - 8D illustrate biodistribution of radiolabeled ***I-MAb 806 {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) US7MGA2-7 and (b,d) A431 xenografts.

Figure 9 illustrates anti-tumor effect of mAb 806 on A) UR7MG and B) US7TMG.A2-
7 xenograft growth rates in a preventative model. 3 x 10° US7MG or USTMG.A2-7
cells were injected s.c. into both flanks of 4 - 6 week old BALB/c nude mice, (n=5) at
day (). Mice were injected i.p. with either 1 mg of mAb 806 (e); 0.1 mg of mAb 806
(A); or vehicle (o) 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.

Figure 10 illustrates the é.nti»tumor effect of mAb 806 on A) US7MG, B)
U87MG.A2-7 and C) USTMG.wtEGFR xenografts in an established model. 3 x 10°
UR7MG, US7MG.A2-7, or US7MG.wiEGFR cells, were injecied 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 mAb 806 (e); 0.1 mg doses of mAb 806 (A); or vehicle (o) starting when
tumors had reached a mean tumor volume of 65 - 80 mm3. Injections were given
three times per week for two weeks as indicated by the arrows. Data are expressed as

mean fumor volume * S.E.
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Figure 11 illustrates anti-tumor effect of mAb 806 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 mAb 806 (e); or vehicle (o), starting one day }:.n:ior 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.

Figure 12 illustrates the anti-tumor effect of treatment with mAb 806 combined with
treatment with AG1478 on A431 xenografts in a preventative model, Data are

exptessed as mean tumor volume * S.E.

Figure 13 depicts antibody 806 binding to A431 cells in the presence of increasing
concentrations of AG1478 (0.5uM and S5uM).

Figure 14 illustrates the nucleic acid scquence and the amino acid translation thereof
of the 806 VH gene (SEQ ID NO:1 and SEQ D NO:2, regpectively).

Figure 15 illustrates the nucleic acid sequence and the amino acid translation thereof
of the 806 VL gene (SEQ TD NO:3 and SEQ ID NO:4, respectively).

Figure 16 shows the VH sequence numbered according to Kabat, with the CDRs
boxed. Key residues of the VH are 24, 37, 48, 67 and 78.

Figure 17 shows the VL sequence numbered according to Kabat, with the CDRs
boxed. Key residues of the VL. are 36, 46, 57 and 71.

Figure 18A — 18D shows 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), USTMG.DK (C),
or A431 (D) cells.

16
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Figure 19 A-D Analysis of internalization by electron microscopy. USTMG.A2-7
cells were pre-incubated with MAb 806 or DHS.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 MAb 806 by macropinocytosis (arrow) after
2 min; (C) localization of DH8.3 to lysosomes (arrow) after 20 min; (D) localization
of MAb 806 to lysosomes (arrow) after 30 min. Original magnification for all images
is X30,000.

Figure 20 Autoradiography of a U87MG.A2-7 xenograft section collected 8 hr after
injection of "¥I-MAb 806.

Figure 21 Flow cytometric analysis of cell lines containing amplification of the
EGFR gene. HNS5 and MDA-468 cells were stained with an inelevant IgG2b antibody
(open histogram with dashed line), MAb 806 (black histogram) or 528 (open
histogram with closed lincs). The DHS.3 antibody was completely negative on both

cell lines {(data not shown).

Figure 22 Immunoprecipitation of EGFR from cell lincs. The EGFR was
immunoprecipitated from ** S-labeled U§7MG.A2-7 or A431 cells with MADb 806, 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.

Figure 23 Autoradiography of an A431 xenograft section collected 24 hr after

injection of 15 MAD 806, arcas of localization to viable tissue arc indicated (arrows).

Figure 24 A and B, extended survival of nude mice bearing intracranial U87
MG.AEGFR (A) and LN-Z308. AEGFR (B) xenografts with systemic mAb 806
treatment. U7 MG.AEGFR cells (1 x 105) or LN-Z308. AEGFR cells (5 X 105) were

17

22-




WO 02/092771 PCT/US02/15185

implanted into nude mice brains, and the animals were treated with either mAb 806,
PBS, or isotype IgG from postimplantation days 0 through 14, C and D, growth
inhibition of intracranial tumors by mAb 806 treatment. Nude mice (five per group),
treated with either mAb 806 or the isotype IgG control, were euthanized on day 9 for
U87 MG.AEGFR (C) and on day 15 for LN-Z308.AEGFR (D), and their brains were
harvested, fixed, and sectioncd. Data were calculated by taking the tumor volume of
control as 100%. Values are mean + SD. +, P < 0.001; control versus mAb 806.
Arrowheads, tumor tissue. E, extended survival of nude mice bearing intracranial U87
MG.ABGFR xenografts with intratumoral mAb 806 treatment, U87 MG.AEGFR cells -
were implanted as described. Ten mg of mAb 806 or isatype IgG control in a volume
of 5 pl were injected at the tumor-injection site every other day starting at day 1 for

five times.

Figure 25 mAb 806 extends survival of mice with U87 MG.wtEGFR brain tumors
but not with TI87 MG.DK. or UR7 MG brain tumors. 1J87 MG (A), TIR7 M(L.DXK (B),
or U87 MG.wtEGFR (C) cclls (5 X 105) were implanted into nude mice brains, and
the animals were treated with mAb 806 from postimplantation days 0 through 14

followed by observation after discontinuation of therapy.

Figure 26 A, FACS analysis of mAb 806 reactivity with U87 MG cell lines. US7
MG, U87 MG.AEGFR, U87 MG. DK, and U87 MG.wtEGFR cells were stained with
anti-EGFR mAbs 528, EGFR.1, and anti-AEGFR antibody, mAb §06. Monoclonal
EGFR.1 antibody recognized wtEGER exclusively and monoclonal 528 antibody
reacted with both wtEGFR and ARGFR. mAb 806 reacted intensively with U87
MG.AEGFR and U87 MG. DK and weakly with U87 MG.wtEGER. Bars on the
abscissa, maximum staining of cells in the absence of primary antibody. Results were
reproduced in three independent experiments. B, mAb 806 immunoprecipitation of
EGFR forms. Mutant and wiEGFR were immunoisolated with anti-EGFR antibodies,
528, or BGFR.1, or anti-AEGFR antibody, mAb 806, from (Lane 1) U87 MG, (Lane
2) UBTA.EGFR, (Lane 3) U87 MG. DK, and (Lane 4) U87 MG.wiEGFR cells and
were then detected by Western blotting with anti-pan EGFR antibody, C13.
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Figure 27 Systemic treatment with mAb 806 decreases the phosphorylation of
AEGFR and Bel-X; expression in U87 MG.AEGEFR brain tumors, U87 MG.AEGFR
tumors were resected at day 9 of mAb 806 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 AEGEFR. Thirly pg of tumor
lysates were subjected to SDS-polyacrylamide gels, transferred to nitrocellulose
membranes, and probed with antiphosphotyrosine mAb, then were stripped and
reprobed with anti-EGFR antibody, C13. B, Western blotting of Bcl-X;. by using the
same tumor lysates as in A. Membranes were probed with antihuman Bel-X
polyclonal antibody. Lanes I and 2, U87 MG.AEGFR brain fumors treated with
isotype control; Lanes 3 and 4, U87 MG.AEGFR brain turmors treated with mAb 806.

Figure 28 MAb 806 treatment leads to a decrease in growth and vasculogencsis and
to increases in apoptosis and accumulating macrophages in U87 MG.AEGFR tumors.
Tumor sections were stained for Ki-67. Cell proliferative index was assessed by the
percentage of total cells that were Xi-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 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 sclected fields (X200) from intracranial tumors from four mice of each
group. Peritumoral infiltrates of macrophages in mAb 806-treated U87MG.AEGFR

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

Figure 29 Flow cytometric analysis of parental and transfected U87 MG glioma cell
lines. Cells were stained with either an irrelevant IgG2b antibody (open histograms)
or the 528 antibody or mAb 806 (filled histograms) as indicated.
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Figure 30 Immunoprecipitation of EGFR from cell lines. The EGFR was
immunoprecipitated from 5S-labeled US7 MG.wiEGFR, U87 MG. A2-7, and A431
cells with mAb806 (806), sc-03 antibody (c-term), or a [gG2b isotype control (con).
Arrows, position of the de2-7 and wt EGFR.

Figure 31 Representative H&E-stained paraffin sections of U87 MG.A2-7 and
USTMG.wtEGFR xenografts. U87 MG.A2-7 (collected 24 days after tumor
inoculation) and U87 MG.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 U87 MG.A2-7 (collected 18 days after tumor inoculation)
and U87 MG.wtEGFR (collected 37 days aller lumor inoculation) xenogralts showed
very few areas of necrosis (left panel), whereas extensive necrosis (arrows) was
observed in both U87 MG.A2~7 and U87 MG.wtEGFR xcnografts trcated with mAb
806 (right panel).

Figure 32 Immunohistochemical analysis of EGFR expression in frozen sections
derived from U87 MG, U87 MG.A2-7, and U87 MG.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 mAb 806 (right panel). No
decreased immunoreactivity to either wt EGER, amplificd EGFR, or de2-7 EGEFR
was observed in xenografts treated with mAb 806. Cansistent with the ir vitro data,
parental U87 MG xenografts were positive for 528 antibody but were negative for
mAb 806 staining,

Figure 33. Schematic representation of generated bicistronic expression constructs.
Transcription of the chimetric antibody chains is initiated by Elongation Factor-1
promoter and terminated by a strong artificial termination sequence. IRES sequences
wete introduced between coding regions of light chain and NeoR and heavy chain and

dhir gene.
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Figure 34. Biodistribution analysis of the ch806 radiolabeled with either A) *Ior B)
W1 was performed in BATB/c nude mice bearing U87MG-de2-7 xenograft tamors.
Mice were injected with 5 ug of radiolabeled antibody and in groups of 4 mice per
time point, sacrificed at either &, 28, 48 or 74 hours. Organs were collected, weighed

and radioactivity measured in a gamma counter.

Figure 35. Depicts (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.

Figure 36 depicts the therapeutic efficacy of chimeric antibody ch806 in an
established tumor model. 3x10° US87MG.A2-7 cells in 100ul of PBS were inoculated
s.c. into both flanks of 4-6 week old female nude mice. The 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 mAb806 given i.p. for a total of 5
injections on the days indicated. Data was expressed as mean (umor volumme +/- S.E.

for each treatment group.

Figure 37. CDC Activity on Target A) US7MG.de2-7 and B) A431 cells [or anti-
EGFR chimeric IgG1 antibodies ch806 and control ¢G250. Meun (bars; + SD)

percent cytotoxicity of triplicate determinations are presented.

Figure 38, ADCC on target A) US7TMG.de2-7 and B) A431 cells at Effectot: Target
cell ratio of 50:1 mediated by ch806 and isotype control cG250 (0-10 ug/ml). Results
are expressed as mean (bars; + SD) percent cytotoxicity of triplicate determinations.
Figure 39. ADCC mediated by 1 ug/ml parcntal mAb 806 and ch806 on target

U8TMG.de2-7 cells over a range of Effector: Target ratios. Mean (bars; + SD) of

triplicate determinations are presented.
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Figure 40. 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 2B§ (LMH-16).

Figure 41. After clonal expansion, the hybridoma culture supematants were
examined in triplicate by ELISA for the ability to neutralize ch806 or mAb 806
antigen binding activity with SEGFR621. 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 mAb 806 binding to plates coated with sSEGFR
(LMH-14 not shown).

Figure 42. Microtitre plates 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 ar mAb 806 in sera or 1% FCS/Media and then detect bound ch806
or mAb806. Isotype control antibodies hu35193 and m38193 in seram 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.

Figure 43. Validation of the optimal pharmacokinetic ELISA conditions using 1
ug/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 19% BSA/media (M)
with isotype control hu3S193 in serum (A) or 1% BSA/media (V). Controls for
secondary conjugate avidin-HRP () and ABTS substrate (hexagoﬁ) alone were also
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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 limit
of detection. (n=12; 1-100 ng/ml, Coefficient of Variation < 25%; 100 ng/ml- 5
ug/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
hu3$193.

Tigure 44 depicts an immunoblot of recombinant SEGER 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 mAb 806.

Figure 45 depicts immunoprecipitation of EGFR from °S-labelled cell lines (US7TMG
A2-7, USTMG-wtEGFR, and A431) with different antibodies (SC-03, 806 and 528

antibodies).

Figure 46 depicts immunoprecipitation of EGFR from different cells (A431 and
USTMGAZ-7) at different time points (time O to 240 minutes) after pulse-labelling
with S methionine/cysteine. Antibodies 528 and 806 are used for

immunoprecipitation.

Figure 47 depicts immunoprecipitation of EGFR trom various cell lines (US7MGA2-
7, U$TMG-wtEGFR and A431) with various antibodies (SC-03, 806 and 528) in the
absence of (-) and after Endo H digestion (+) to remove high mannose type

carbohydratcs.

Figure 48 depicts cell surfuce iodination of the A431 and URTMGAZ-7 cell lines
followed by immunoprecipitation with the 806 antibody, and with or without Endo H
digestion, confirming that thc EGFR bound by mAb 806 on the cell surface of A431

cells is an EndoH sensitive form,
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DETAILED ON

In accordance with the present invention there may be employed conventional
solecular biology, microbiclogy, and recombinant DNA techniques within the skill
5 of the art. Such techniques are explained fully in the literature. See e. g., 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-IIT [Coligan, ]. E., ed. (1994)]; "Oligonucleotide Synthesis"
10 (M.]. Gait ed. 1984); "Nucleic Acid Hybridization” [B, D. Hames & S.]. Higgins eds.
(1985)}; "Transcription And Translationt [B. D. Hames & .. Higgins, eds. (1984)}
" Animal Cell Culture” [R. L. Freshney, ed. (1986)] ; "Immobilized Cells And Enzymes"
[IRL Press, (1986)] ; B. Perbal,"A Practical Guide To Molecular Cloning" (1584).
Therefore, if appearing hierein, the following terms shall have the definitions set out

2002311919 08 Jan 2007

15 below.

A.  TERMINOLOGY
The tetm "aberrant expression” in its various grammatical forms may mean and
include any heightened or altered expression or overexpression of a proteinina

20 tissue,
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e.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 non-
overexpressed state. Aberrant expression includes and contemplates any scenario or
alteration wherein the protein cxpression or post-translational modification machinery
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 1o 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 quanlity or level. Thus, aboormal quantities of protein may result from
overexpression of the protein in the absence of gene amplification, which is the case
e.g. in many celiular/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 abnotmal
quantities or levcls 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.
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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
abnommal 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 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; (if) 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., Nature 341, 544-546 (1989))

which consists of a VH domain; (v) isolated CDR regions; (vi) F(ab')2 fragments, a
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bivalent fragment comprising two linked Fab fragments (vii) single chain Fv
molecules (scFv), wherein 2 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, Science, 242, 423-426, 1988; Huston et al, PNAS US4, 85, 5879-5883, 1988),
(viii) multivalent antibody fragments (scFv dimers, trimers and/or tetramers (Power
and Hudson, J Immunol. Methods 242: 193-204 9 (2000))(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 Proc. Natl.
Acad. Sci. USA 90 6444-6448, (1993)).

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 vatious grammatical forms as vsed herein
contemplates both an intact immunoglobulin molecule and an immunologically active

portion of an immunogiobulin molecule.

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'), 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.
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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 DHS.3 (Hills, D. et al
(1995) Int. J. Cancer 63(4):537-543), antibody L8A4 and Y10 (Reist, CI et al (1995)
Cancer Res. 55(19):4373-4382; Foulon CF et al. (2000) Cancer Res. 60(16):4453-
4460), 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 antibddy of Wikstrand
et al (Wikstrand C. et al (1995) Cuncer Res. 55(14):3140-3148). The other binding
domain may be an antibody that recognizes or targets a particular cell type, as in a
ncural 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
(I'NF), and particularly, the 'I'NK 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 dntibody 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'"), 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 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
immunorcacting 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
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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 arca which specifically binds to and is complementary to part or all of an anfigen.
‘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 ot 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 madification” may encompass any one of or combination of
modification(s), including covalent modification, which a protein tndergoes after
translation is complete and after being released from the ribosome or on the nascent
polypeptide cotranslationally. 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 ¢.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 epitopc.

The term “comprise”generally used in the sense of include, that is to say permitting

the presence of one or more fgatures or components.
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The term “consisting essentially of” refers to a product, particulaﬂy‘a peptide
sequence, of a defined number of residues which is not covalently attached to a laxger
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”sefers 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 practised in vitro or in vivo. Membm.'s 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 naturaily 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 O-linked
oligosaccharides. N-linked oligosaccharides are added to an Asn reéidue, 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. Tn the biosynthesis of N-

linked glycoproteins, a high manmose type oligosaccharide (generally comprised of
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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 occurs. O-linked oligosaccharides are added to the hydroxyl
group of Ser or Thr residues. In O-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
0G1cNAc 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
microgran, "mg" means milligram, "ul" or "jl" 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 §, 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.
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The amino acid residues described herein are preferred to be in the "L" isomeric form.
However, residues in the "D" isomeric form can be substituied for any L-amino acid
residue, as long as the desired fuctional 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-Lelter 3-Letter
Y Tyr tyrosine
G Gly glycine
F Phe phenylalanine
M Met methjonine
A Ala alanine
S Ser serine
1 Tle isoleucine
L Leu leucine
T Thr threonine
v Val valine
P Pro proline
K Lys Iysine
H His histidine
Q Gin glutamine
B Giu glutamic acid
w Trp tryptophan
R Arg arginine
D Asp aspartic acid
N Asn asparagine
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C Cys cysteine

It should be noted that all amino-acid residue sequences ate 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
[orther sequence of one or more amino-acid residues. The above Table is presented o

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 alig, in linear DNA molecules (e.g., restriction {ragments),
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
nontranscribed 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.
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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
tegulatory 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., mammaliun) DNA, and even synthelic DNA 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 4 downstream (3' direction) coding
sequence. Far 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. Euvkaryotic 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
he 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.
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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 texm "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 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 primets herein are selected to be "substantially” complementary to different
strands of a particular target DNA sequence. This means that the primers must be
sufficiendy complementary to hybridize with their respective strands. Therefore, the

primer sequencé need not reflect the exact sequence of the template. For example, a
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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 bactetial enzymes, each of which cut double-stranded DNA at or near a specific

nucleotide sequence. .

A cell has been "transformed” by exogenous ot 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 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 chromaosome so that it is inherited by daughter cells through
chromosome replication. This stability is demonstrated by the ability of the
cukaryotic cell to cstablish 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
nuclcotides 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.
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See, e.g., Maniatis et al., supra; DNA Cloning, Vols. I & I, supra; Nucleic Acid

Hybridization, supra.

1t 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 e.g. an antibody having the same amino acid sequence as SEQ ID NQ:2 or
SEQ ID NO:4, bul which are degenerate (0 SEQ ID NO:2 or SEQ ID NO:4. 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)
Leucine (Leu or L)
Isoleucine (Tle or I)
Methionine (Met or M)
Valine (Val or V)

Serine (Ser or S)

Proline (Pro or P)
Threonine (Thr or T)
Alanine (Ala or A)
Tyrosine (Tyr or Y)
Histidine (His or F)
Glutamine (Gln or Q)
Asparagine (Asn or N}
Lysine (Lys or K)
Aspartic Acid (Asp or D)
Glutamic Acid (Glu or E)
Cysteine (Cys or C)
Arginine (Arg or R)
Glycine (Gly or G)
Tryptophan (Trp or W)

UUU or UUC ‘
UUA or UUG or CUU or CUC or CUA or CUG
AUU or AUC or AUA

AUG

GUU or GUC of GUA or GUG

UCU or UCC or UCA or UCG or AGU or AGC
CCU or CCC or CCA or CCG

ACU or ACC or ACA or ACG

GCU or GCG or GCA or GCG

UAU or UAC

CAU or CAC

CAA or CAG

AAU or AAC

AAA or AAG

GAU or GAC

GAA or GAG

UGU or UGC

CGU or CGC or CGA or CGG or AGA or AGG
GGU or GGC or GGA or GGG

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

1t 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 SEQ ID NO:2 or SEQ ID NO:4 such that a particular codon
is changed to a codon which codes for a different amino acid. Such a mutation is
zenerally 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 conservalive 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 prowin. 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 seguences containing conservative changes which do not

significantly alter the activity or binding characteristics of the resulting protein.

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
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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
Alaninc §9
Serine 105
Proline 115
Valine 117
Threonine 119
Cysteine 121
Leucine 131
Isoleucine 131
Aspatagine 132
Aspartic acid 133
Glutamine 146
. Lysine 146
Glutamic acid 147
Methionine 149
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;
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- Ser for Thr such that a free -OH can be maintained; and

- Gln for Asn such that a free NH; 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, B-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 identifiahle 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.

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.
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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 cncoded 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 buflfer, nucleotide sequence length and concentration,
percent mismatch, percent formamide, and the like. Also irnporcanf 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 T, with washes of higher stringency, if desired.
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B.  DETAILED DISCLOSURE

The present invention provides a novel specific binding member, parﬁx:ulaﬂy an
antibody or fragment thereof, including immunogenic fragments, which recognizes
an EGER epitope which is found in tumorigendc, 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 non-
limiting 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 ghycosylation. The specific binding member does not
bind to or recognize normal or wild type cells containing normal or wild type EGFR
e-pitope in the absence of overexpression and in the presence of normal EGER post- .

translational modification.

The invention relates to a specific binding member 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
ini the presence of normal post- translational modification.

Tt is fuxther 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
chatacteristic of early glycosylation ot simple carbohydrate modification. Thus,
altered or aberrant glycosytation 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 sites in glycoproteins, particularly including N-linked
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oligosaccharides and O-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. O-linked oligosaccharides are added to the
hydroxyl group of Ser or Thr residues. In O-linked oligosaccharides, N-
Acetylglucosamine is first transferred to the Ser or Thr residue by N-
Acetylgucosaminyltransferase in the ER. The protein then moves to the Golgi where

further modification and chain elongation accurs.

In a particular aspect of the invention and as stated above, the present inventors have
discovered novel monoclonal antibodies, exemplified hetein by the antibody
designated mAb 806 and its chimeric ch806, which specitically 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 EGER, including amplified EGFR and
mutant EGFR (exemplified herein by the de2-7 mutation), particularly upon aberrant
post-translational modification. Additionally, while mAb 806 does lnot recognize the
normal, wild type EGFR expressed on the cell surface of glioma cells, it does bind to
the extracellular domain of the EGFR immobilized on the surface of ELISA plates,
indicating a conformational epitope with a polypeptide aspect. Importantly, mAb 806
did not bind significantly to normal tissues such as liver and skin, which express
levels of endogenous wt EGFR that are higher than in most other normal tissues, but
wherein EGFR is not overexpressed or amplified. Thus, mAb806 demonstrates 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.
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In a preferred aspect, the antibody is one which has the characteristics of the
antibody which the inventors have identified and characterized, in particular
recogrizing amplified BGFR and de2-7EGFR.Ina particularly preferred aspect the
antibody is the mAD 806, or active fragments thereof, In a furthe preferred aspéct
the antibody of the present invention comprises the VH and VL amino acid
sequences depicted in Figure 14 (SEQ ID NO: 2) and Figure 15 (SEQID NO : 4)
respectively. ‘ ' '

Preferably the epitope of the specific binding member is located within the region
comprising resicues 273-501 of the mature normal or wild type EGFR sequence.
Therefare, also provided are specific binding proteins which bind to the de2-7 BGFR
at an epitope located within the region comprising residues 273-501 of the EGFR
sequence. The epitope may be determined by any conventional epitope nﬁppmg
technigues known fo the person skilled in the art. Alternatively, the DNA sequence
encoding residues 273-501 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 of the
mature normal or wild type EGER. However other antibodies which show the same
or 4 substantially simjlar 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 domains shown in SEQID NO: 2 and SEQ 1D NO: 4 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 the
806 antibody, under conditions in which at least 10% of an antibody having the VH
and VL sequences of the 806 antibody is blocked from binding to de2-7EGEFR by
competition with suchi an antibody in an ELISA assay. As set forth above, anti-
idiotype antibodies are contemplated and are illustrated herein.
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An isolated polypeptide consisting essentially of the epitope comprising residues 273-
501 of the mature wild type EGER (residues 6-234 of mature de2-7 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 \}acc‘mc. 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 EGFR but not the wt EGFR, 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-transfational
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.

The antibodies of the present invention can thus specifically categorize the nature of
EGER tumors or tumorigenic cells, by staining or otherwise recognizing those tumors
or cells wherein EGFR. overexpression, particularly amplification and/or EGFR
mutation, particularly de2-7EGER, is present. Further, the antibodies of the present
invention, as exemplified by mAb 806 and chimeric antibody ch806, demonstrate
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significant in vive anti-tumor activity against tamors containing amplified EGFR and

against de2-7 EGFR positive xenografis.

As outlined above, the inventors have found that the specific binding member of the
invention recognises 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 post-
translational modification (e.g., a unique glycosylation, acetylation or phosphorylation

variant) of the EGFR expressed in cells exhibiting overexpression of the EGER gene.

As described below, mAb 806 and ch806 have been used in therapeutic studies. mAb
806 and ch806 are 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 tumots.

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

increased.

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.
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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); Hammerling et al., "Monaclonal 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; 4,493,890. ’

Panels of monoclonal antibodies produced against EFGR can be screencd 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"); portions of useful antibody molccules, 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 Iymphocytes obtained from the spleen of a mammal

hyperimmunized with an appropriate EGER.
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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
amonoclonal 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 sectete 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 medinm is Dulbecco's minimal essential medium
(DMEM; Dulbecco et al., Virol. 8:396 (1959)) supplemented with 4.5 gm/! 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 (A'YCC
HB9764) and U.S. Patent No. 6,217,866, and antibody 14E1 from Schering AG (U.S.
Patent No. 5,942,602).
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Recombinant Binding Members, Chimerics, Bispecifics and Fragments

In general, the CDR3 regions, comprising amino acid sequences substantially as set
out as the CDR3 regions of SEQ ID NO:2 and SEQ ID NO:4 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, this is preferably carried by the VL region
of SEQID NO:4.

By "substantially as set out" it is meant that that CDR3 regions of the invention will
be either identical or highly homologous to the specified regions of SEQ ID NO:2 and
SEQ ID NO:4. By "highly homologous" it is conterplated that only a few
substitutions, preferably from 1 to 8, preferably from 1 to 5, preferably from I to 4, or

from 1 to 3 or 1 or 2 subslitutions may be made in the CDRs.

The structure for carrying the CDR3s of the invention will generally be of an antibody
heavy or light chain sequence or substantial portion thereof in which the CDR3
regions are located at locations corresponding to the CDR3 region of naturally
occurring VH and VL 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)).

Preferably, the amino acid sequence substantially as set out as residues 93-102 of
SEQ ID NO:2 is carried as the CDR3 in a human heavy chain variable domain or a
substantial portion thereof, and the amino acid sequences substantially as set out as
residues 24-34, 50-56 and 89-97 of SEQ ID NO:4 are carried as the CDRs 1-3

respectively in a human light chain variable domain or a substantial portion thereof.
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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, as defined in the preceding paragraph, may be introduced into a repertoire

of variabie domains lacking CDR3 regions, using recombinant DNA technology.

For example, Marks et a! (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 f-lactamase

gene but vbserves that the approach may be used for the generation of antibodies.

A further alternative is to generate novel VH or VL regions carrying the CDR3-
derived 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.
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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 framcwork region
and the N-terminal S0% 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 assocjated with naturaily 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 Crterminal
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 6f the invention specific binding members comprising
* apair of binding domains based on sequences substantially set out in SEQ TD NO:2
and SEQ TD NQ:4 are preferred, single binding domains based on either of these
sequences form further aspects of the invention. In the case of the binding domains
based on the sequence substantially set out in SEQ ID NO:2, such binding domains

may be used as targeting agents for tumor antigens since it is known that
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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
mAb8O6 antibody 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 desctibed 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
SEQ ID NO:4 may be attached at their C-terminal end to antibody light chain constant
domains including human Cxk or CA chains, preferably CA chains. Similarly, specific
binding members based on SEQ ID NO:2 may be attached at their C-terminal end to
all or part of an immunoglobulin heavy chain detived from any antibody isotype, e.g.
IgG, IgA, IgE, IgD and IgM and any of the isotype sub-classes, particularly IgG1,
IgG2b, and IgG4. 1gG1 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 humanised reagents
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where only the mAb camplementarity-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 Fe portion of the mAb increases the potential to recruit the immune etfectors
of complement and cytotoxic cells (Clark 2000 ). Investigations into the
biodistribution, pharmacokinetics and any induction of an jmmune 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 I 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., ] Immunol. 2001 May 15;166(10).6112-7.

Fully human antibodies can be prepared by immunizing transgenic mice carrying
large partions of the human immunoglobulin heavy and light chains. These mice,
examples of such mice are the Xenomouse™ (Abgenix, Inc.) (US Patent Nos.
6,075,181 and 6,150,584), the HuMAb-Mouse™ (Medarex, Inc./GenPharm) (US
patent 5545806 and 5569825), the TransChromo Mouse™ (Kirin) and the KM
Mouse™ (Medarex/Kirin), are well known within the art. Antibodies can then be
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prepared by, e.g. standard hybridoma technique or by phage display. These

antibodies will then contain only fully human amino acid sequences.

TFully 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 ID et al (1991) J Mol Biol. 222(3):581-97;
and also U.S. Patents 5885793 and 5969108).

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
mADbB06. 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 ta 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 peal localisation 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
mcasured 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 Iabels include, but ate not limited to, radiclabels such as-the isotopes *H,
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e, 32p 355 3501 ey, oo, BCo, Fe, 0y, 1, 4, 1251, B gy 2iap 198,
ICu, “®Ac, **Bi, *Tc 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. labelled avidin.

Functional labels include substances which are designed to be targeted to the site of a
tumeor to cause destruction of tumor tissue. Such functional labels i.nclude 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 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 radiolabelled specific binding members, particularly antibodies and fragments
thereof, are useful in i vitro diagnostics techniques and in in vivo radicimaging
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
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ageut 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 jons 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 ferbium. In a further aspect of the invention,
radiolabelled specific binding members, particularly antibodies and fragments thereof, -
particularly radioimmunoconjugates, are useful in radioimmunotherapy, particularly
as radiolabelled 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.

Radioimmunotherapy (RAIT) has entered the clinic and demonstrated efficacy using
various antibody immunoconjugates. 1311 |abeled 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 *°Y label
has heen 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
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with particular antibodies ave also described in U.S, Patent 6,306,393 and 6,331,175,
Radioimmunoguided sutgery (PJGS) has alyo entered the clinic and demonstrated
efficacy and usefulness, including using ant-CEA antihodies and antibodies directed
agaigst tumor-nssociated antigens (Kim JC et al (2002) Int i) C‘zmcer 97(4):542-7,
Schnesbaum S ef al (2001) World T Surg 25(12): 1495—8 Awtal S er 4l (2000) Cancer
89(8):1692-8; McInlosh DG et al (1997) Cancer Biother Radmphazm 12 (4):287-94),

Antibodies of the present invention may be administered to  patient in nieed of
treatment via any suitable route, ustally by injestion into the bloodstream or CSR, or
directly into the sitc of the tumor. The precise dose will depend upon 2 number of
fators, including whether the antibody is for diagnosis or for treatment, the size and
location of the tumor, the precise namire of the antibody (whether whale antibody,
fragment, disbody, ete), and the nature of the detectable or functional label attached 1o
the entibody. ‘Where amdiOnuclide ig nged for therapy, a suitable maximum single
dose is abour 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 ratige of 20 to 30 mCi, or
10to 30 mCi. Such therapy may require bons marrow or stem cell replacemnent. A
typical ansibody dose for efther tumor imaging or tumor treatment will be in the Tange
of from 0.5 to 40 mg, preferably from 1 to 4 mg of antibody in F(sb')2 form. Naked
antibodies zre preferable administered in doses of 20 to L000 mg protein per dase, ar
20to 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. Treutrnents may be repsated at daily, twice-weekly, weekly or monthly
intervals, at the discretion of the physician,

These formulations may include a second binding protein, such as the BGFR binding

proteins described supra. Tn an especially preferred form, this second binding protein
“is a monoclonal antibady such as 528 or 225, discussed infra.
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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, stabiliser 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, capsulc,
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, isotonicily 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, stabilisers, 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
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condition to be treated. In addition, the present invention contemplates and includes
compositions comprising the binding member, particularly antibod}; 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 modulalors, 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, vincistine, hydroxyurea, 5-
fluoruracil, cytosine arabinoside, cyclophosphamide, epipodophylldtoxin, carmustine,
lomustine, and/or other chemotherapeutic agents.  Thus, these agents may be anti-
EGFR specilic 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, cyosine arabinoside, cyclophospharide,
epipodophyllotoxin, carmustine, or lomustine. In addition, the composition may be
administered with hormones such as dexamethasone, immune modulators, such as
interlenkins, 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 806 EGFR epitope as
well as binding to TNF receptors. The composition may also be administered with, or
may include combinations along with other anti-EGFR antibodies, {ncluding but not
limited to the anti-EGFR antibodies 528, 225, SC-03, DR8.3, L8A4, Y10, ICR62 :nd
ABX-EGF.
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Previously the use of agents such as doxorubicin and cisplatin in conjunction with
anti-EGFR antibodies have produced enhanced anti-tumor activity (Fan et af, 1993;
Baselga e 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 growth inhibition (Baselga ef af, 1993). Likewise, the
combination of cisplatin and either mAb 528 or 225 alsa led to the eradication of well
established A431 xenografts, which was not observed when treatmeﬁt 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. Tt
has heen 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 8, Huang et al., Clin Cancer Res. 2000 Jun: 6(6):2166 74).

As demonstrated herein, combinations of the binding member of the present
invention, particularly an antibody or fragment thereof, preferably the mAb806,
:¢h806 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 that the combination of AG1478 and mAb 806 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 desciibed
in United States Patent No. 5,457,105, incorporated by reference herein in its entirety
(see also, Lin, W. et al (1999) J. Cell Sci. 112:2409; Eguchi, $. 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 the 806 antibody
with other anti-EGFR antibodies, particularly with the 528 anti-EGFR antibody.
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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 preferted
embodiment, the composition comprises an antigen capable of modulating the

specific binding of the present binding member/antibody with 4 target cell.

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
(herapeutic 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. Tn addition, if desired, the composition can contain minor amounts of
auxiliary substances such as wetting or emulsifying agents, pH buffering agents which

enhance the cffectiveness 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 inarganic 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.
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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; 7.e.,

cartier, 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. 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.

Phamaceutical 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 syhthetic oil.
Physiological saline solution, dextrose or other saccharide solution or glycols such as

ethylene glycol, propylene glycol or polyethylene glycol may be included.
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For intravenous, injection, or injection at the site of affliction, the active ingredient
will be in the form of a parenterally acceptable agueous 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 Ihj ection.
Preservatives, stabilisers, buffers, antioxidants and/or other additivqs may be

included, a8 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 earlicr, 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 targe( 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 and kits for in vitro assessment and evaluation of BGFR status,
particularly with regard to aberrant expression of EGFR, may be utilized to diagnose,
evaluate and monitor patient samples including thosc known to have or suspected of
having cancer, a precancerous condition, a condition related to hyperproliferative cell
srowth 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 difforent agent or binding member. This type of diagnostic monitoting 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
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evaluate patients for antibody therapy using Herceptin. In vivo applications include

imaging of tumors or assessing cancer status of individuals, including radioimaging.

As suggested earlier, the diagnostic methed 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 hetein 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 (mAb). In addition, the anti-EFGR antibody molecules used
herein can be in the form of Fab, Fab', F(ab'); or F(¥) 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 antibody(ies) to the EGFR will be referred to herein as Aby and

antibody(ies) raised in anather 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
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detectable label, or antibody Ab; 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; + Aby* = RAb;Aby*

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 EGIR forms complexes with one or more antibody(ies) or
binding partners and onc 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.

Tt 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, Abs may be
raised in goats using rabbit antibodies as antigens. Ab, therefore would be anti-rabbit
antibody raised in goats. For purposes of this desctiption 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, rthodamine, 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, *p, 358, %ql, 51Cr, 57C0, 8o, 59Fe, Sty 12y,

I?AL IZJI, I3II7 1]1111! ZI]At’ 198Au’ 6'7cu) ZZSAC, 213Bi., 99TC and I%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, B-D-glucosidase, 3-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 &lternate 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 hinds to the cell receptors. Tn 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
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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 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 uvtilized, in the instance
where the cellular binding ability of the assayed material may serve as a

distingnishing 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 plasiuid
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 lo determine the presence or absence of aberzant

expression of EGFR, including but not limited to amplified EGFR and/or an EGFR
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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 direcfions, of courss,
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:

(a) apredetermined 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) aknown 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 varjation, the test kit may be prepared and used for the purposes stated
above, which operates according to a predetermined protocol (e.g. "competitive,”
"sandwich,"” "doublc antibody," etc.), and comprises:

(a) alabeled 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:
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(i) a ligand capable of binding with the labeled component (a);

(ii) a ligand capable of binding with a binding partner of the labeled
component (a);

(iii) a ligand capable of binding with at least one of the component(s) to be
determined; and

(iv) aligand capable of binding with at least one of the binding partners of
at least one of the component(s) to be determined; and

(¢) directions for the performance of a protocol for the detection and/or

determination of one or mote 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 abertant expression or post-translational
modification of the EGFR, and/or the activity or binding of the specilic 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 thersafter 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
residues 93-102 of SEQ ID NQ:2 or 26-35A, 49-64 and 93-102 of SEQ ID NO:2, a
polypeptide as set out in residues 24-34, 50-56 and 8§9-97 of SEQ ID NO:4, and the
entire polypeptides of SEQ ID NO:2 and SEQ ID NO:4.
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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 systems. Mammalian cell lines available in the art for expression of a
heterologous polypeptide include Chinese haroster ovary cells, HelLa 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 Pliickthun, A.

Bio/Technology 9: 545-551 (1991). Expression in eukaryotic cells in culture is also
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available to those skilled in the art as an option for production of a specific binding
member, see for recent reviews, for example Raff, MLE. (1993) Curr. Opinion
Biotech. 4: 573-576; Trill I.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 phugemid, as appropriale. For furlher
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 Ausube] ef 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, e.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.

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
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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 (o 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 NO:2 and/or SEQ ID NO:4; 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 provided in SEQ ID NO: | and/or SEQ ID NO:3.

Another feature of this invention is the cxpression 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, pCR1, pBR322, pMB9 and their derivatives,
plasmids such as RP4; phage DNAs, e.g., the numerous derivatives of phage A, e.g.,
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NM9809, 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 vseful in insect or mammalian cells; vectors derived
from 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 contral sequences -- sequences that control the
expression of 1 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 #rp 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 cukaryotic 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, RL1, 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., S[9), and human cells and plant cells in tissue

culture.

1t 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
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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 cxpression control sequence, a variety of factors will normally be
considered. These include, for example, the relative strength of the system, its
controllability, 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 varicty of vector/cxpression control sequence/host combinations that will express

the DNA sequences of this invention on fermentation or in large scale animal cultuze.

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
muleins, 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
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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, 292756 (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

c¢DNAs, and muteins can be made directly using conventional polypeptide synthesis.

A general method for site-specific incorporation of unnatural amino acids into
proteins is described in Christopher J. Noren, Spencer J. Anthony-Cahill, 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 profein.
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 ~-
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producing cells. Antisense methods have been used to inhibit the expression of many
genes in virro (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"-typc rccognize cleven- to
eightcen-base sequences. The longer the recognition sequence, the more likely it is to
occur exclusively in the target mRNA species. Therefore, hammethead-type
ribozymes are preferable (o Tetrahymenu-type ribozymes for inactivating a specific
mRNA species, and eighteen hase 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 scape of

the invention.
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EXAMPILE 1
ISOLATION OF ANTIBODIES

MATERIALS

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, NR6asgrr
(transfected with AEGFR) and NR6y,gger (transfected with wtEGFR), human
glioblastoma cell line UB7MG (expressing low levels of endogenous wiEGFR),
UBTMG o (transfected with witEGFR), U87MGaggrr (transfected with AEGER),
and human squamous cell carcinoma cell line A431 (expressing high levels of
wtEGFR)([38]. Cell lines and transfections werc described previously (Nishikawa R.,
et al. (1994) Proc. Natl. Acad. Sci. 91(16).7727-7731).

The US7MG astrocytoma cell line (20), which endogenously expresses low levels of
the wt EGFR, was infected with a retrovirus containing the de2-7 EGFR to produce
the USTMG.A2-7 cell line (10). The transfected cell line US7MG. wtEGEFR was
produced as described in Nagane et al 1996 (Cancer Res., 56: 5079-5086). Whereas
USTMG cells express approximately 1x10° EGFR, US7MG.WtEGER cells express
approximately 1x10° EGFR, and thus mimic the situation seen with gene

amplification.

Human squamous carcinoma A431 cells were obtained from ATCC (Rockville, MD).
All cell lines were culured in DMEM/F-12 with GlutaMAX™ (Life Technologies,
Melbourne, Australia) supplemented with 10% FCS (CSL, Melbourne, Australia).

Reagents
Biotinylated unique junctional peptides (Biotin-LEEKKGNY VVIDH (SEQ ID NO:
5) and LEEKKGNYVVTDH-Biotin (SEQ ID NO: 6)) from de2-7 EGFR were
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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 mAb 528 to the wiEGFR (Sato, J.D, et al. (1983)
Mol. Biol. Med. 1(5):511-529) and DHS.3, which was generated against a synthetic
peptide spanning the junctional sequence of the A2-7 EGFR deletion mutation. The
DH38.3 antibody (IgG1) has been described previously (Hills et al, 1995, Int. J. Cancer
G3(4); 537-543) and was obtained following immunization of mice with the unique
junctional peptide found in de2-7 EGFR (16). The 528 antibody, which recognizes
both de2-7 and wild type EGFR, has been described previously (21) and was
produced in the Biological Production Facility (Ludwig Institute for Cancer Research,
Melbourne} using a hybridoma obtained from ATCC HB-8509. SC-03 is an affinily
puzified rabbit polyclonal antibody raised against a carboxy terminal peptide of the
EGEFR (Santa Cruz Biotechnology Inc.).

GENERATION OF MONOCLONAL ANTIBODIES

The murine fibroblast line NROarcrr Was used as immunogen. Mouse hybridomas
were generated by immunizing BALUB/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 adjﬁvant (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, NR6ygcrr, and NROsgere and then analyzed
by hemadsorption assays with human glioblastoma ccll lincs US7TMG, USTMGywrcir,
and U87MGaegrr. Selected hybridoma supernatants were subscquently tested by
western blotting and further analyzed by immunohistochemistry. Newly generated

mAbs showing the expected reactivity pattern were purified.
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Five hybridomas were established and three, clones 124 (JgG2a), 806 (TgG2b) and
1133 (IgG2a) were selected for further characterization based on bigh titer with
NR6ascrr and low background on NR6 and NR6wmerr cells in the hemagglutination
assay. In a subsequent hemagglutination analysis, these antibodies showed no
reactivity (undiluted supernatant <10%) with the native human glioblastoma cell line
U87MG and U87MGzgi, but were strongly reactive with US7TMG gcrr; less
reactivity was seen with A431. By contrast, in FACS analysis, 806 was unreactive
with native US7MG and intensively stained U87MGgearr and to a lesser degree
USTMG xR indicating binding of 806 to both, ABGFR and wtEGFR (see below).

In Western blot assays, Abs 124, 806 and 1133 were then analyzed for reactivity
with wiEGFR and AEGFR. Detergent lysates were extracted from NR6aggre,
U87MGararr 48 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, mAb R.I known to be reactive with the wtEGFR
{(Waterfield M.D. ct al. (1982) J. Cell Biochem. 20(2):149-161) was used instead of
mADb 528, which is known to be non-reactive in western blot analysis. Mab R.I
showed reactivity with wt and AEGFR. All three newly generated clones showed
reactivity with AEGFR and less intense with wtEGFR. DHS.3 was solely positive in
the lysate of U87MGagecrr and NR6agcre.

The immunohistochemical analysis of clones 124, 806, and 1133 as well as mAb 52§
and mAb DHS.3 on xenograft tumors US7TMG, U87MGaccrr, and A431 are shown in
Table 1. All mAbs showed strong staining of xenograft U87MGzgrr. Only mAb 528
showed weak reactivity in the native U87MG xenograft. In A431 xenografts, mAb
528 showed strong homogeneous reactivity. MAbs 124, 806, and 1133 revealed
reactivity with mostly the basally located 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.

TABLE1
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Immunohistochemiesl Analysis of Antibodies 528, DH8.3. and 124206 and 1133

Mab %enograft xenograft A431 xenograft USTMG (native)
ALIRTMGasc

528 _POB. POY. pos. (focal staining)
mAb-124 POs. pos. (predominantly basal | -

) cells)
m4b-806 pos. pos, (predominantly basal | -
_ colls) '
mAb-1133 pos. pos, (predominantly basal |-

cells)

DHS.3 | pos. - -

minor stromal staining due fo detection of endogenous mouse antibodies

EXAMPLE 2

BINDING OF ANTIBODIES TO CELL LINES BY FACS

In order to dstermina the specificity of mAb 806, its binding to US7MG, UR7TMG.A2-
7 and US7MG. wiEGFR cells was analy2ed by flow activated ecll sotting (FACS).
Briefly, cells were labelled with the fclcvant antibody (10 pg/m!) followed by
fluorescein~conjugated goal anti-mouse IgG (1:100 dilution; Calbiochem San Diego,
USA) FACS data was obiained on & Coultey Epics Blite ESP by observing 2
minimurm of 5,000 cvents and anaiyscd nsing BEXPO (vetsion 2) for Windows. An
irzelevant TgG2b was included as an isotype control for mAb 806 and the 528
antibody was included as it recognizes both the de2-7 and wt EGFR,

Only the 528 anifbody was zble to stain the parental US7MG cell line (Figure 1)
congistent with previous reports demonstrating that these cells express the wt EGFR
(Nishikawa et al, 1994), MAb 806 and DF(8.3 had binding levels sirnilix Lo the ¢ontrol
antibody, clearly demronstrating that they are unable to bind the Wt receptor (Fignre
1). Binding of the isotype control antibody to US7MG.A2-7 and USTMG.wiEGFR
cells was similar &s that observed for the US7MG cells.
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MADb 806 stained US7MG.A2-7 and U87MG.WEGFR cells, indicating that mAb 806
specifically recognizes the de2-7 EGFR and amplified EGFR (Figure 1). DH8.3
antibody stained U87MG.A2-7 cells, confirming that DH8.3 antibody specifically
recognizes the de2-7 EGFR (Higure 1). As expected, the 528 antibody stained both
the UR7MG.A2-7 and USTMG.wtEGFER cell lines (Figure 1). As expected, the 528
antibody stained U87MG.A2-7 with & higher intensity than the parental cell as it binds
both the de2-7 and wild type receptors that are co-expressed in these cells (Figure 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 supermatant less than 10%) with
U87MG expressing wid type EGF-R.

EXAMPLE 3
BINDING OF ANTIBODIES IN ASSAYS

To further charactetize the specificity of mAb 806 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 SEGER (10
ug/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 (22).
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 mAb 806 and the 528 antibody displayed dose-dependent and saturating binding
curves to immobilized wild type SEGFR (Figure 2A). As the unique junctional
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peptide found in the de2-7 EGFR is not contained within the sSEGFR, mAb 806 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 mAb 806. As expected the DHS8.3
antibody did not bind the wild type SEGFR even at concentrations up to 10 ug/ml
(Figure 2A). While sEGFR in solution inhibited the binding of the 528 antibody to
immobilized SEGFR in a dose-dependent fashion, it was unable to inhibit the binding
of mAb 806 (Figure 2B). This suggests that rnAb 806 cun only bind wild Lype BEGFR,
once immobilized on ELISA plates, a process that may induce conformational
changes. Similar results werc observed using a BlAcore whereby mAb 806 bound
immobilized sSEGFR but immobilized mAb 806 was not able to bind sSEGFR in
solution (data not shown). The DHB.3 antibody exhibited dose-dependent and
saturable binding to the unique de2-7 EGFR peplide (Figure 2C).

In the second assay, the biotinylated de2-7 specific peptide (Biotin-'
LEEKKGNYVVTDH (SEQ ID NO: 3)) was bound to ELISA plates precoated with
streptavidin (Pierce, Rockford, Hllinois). Antibodies were bound and detected as in the
first assay. Neither mAb 806 nor the 528 antibody bound to the peptide, even at
concentrations higher than those used to obtain saturation binding of DHS.3, furthex
indicating that mAb 806 does not recognize an epitope determinant within this

peptide.

To further demonstrate that mAb 806 recognizes an epitope distinct from the junction
peptide, additional experiments were performed. C-terminal biotinylated de2-7
peptide (LEEKKGNY VVTDH-Biotin (SEQ ID NO: 6)) was utilized in studies with
mAb806 and mAb L8A4, generated against the de2-7 peptide (Reist, CJ et al (1995)
Cancer Res. 55(19):4375-4382; Foulon CF et al. (2000) Cancer Res. 60(16):4453-
4460). '

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

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

sEGFR: CHO-cell-derived recombinant soluble extracellular domain (aa 1-621)
of the wild type EGFR (LICR MeJbournc);

mAb 806: mouse monoclonal antibody, IgGay, (LICR NYB);

mAbL8A4: mouse monoclonal antibody, IgG1 (Duke University);

12G; isotype control mAb ;

IgGypisotype control mAb

Peptide C was jmmobilized 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-bjotinylated peptide were performed to

assess specificity.

MADb 1L.8A4 showed strong reactivity with Peptide C cven at low antibody
concentrations (6.25 nM) (Figure 2D). mAb 806 did not show detectable specific
reactivity with peptide C up to antibody concentrations of 100nM (highest
concentration tested) (Figures 2D and 2E). It was expected that mAb L8A4 would
react with Peptide C because the peptide was used as the immunogen in the
generation of mAb L8A4. Addition of the Junction Peptide (non-biotinylated, 50
ug/ml) completely blocks the reactivity of mAb L8A4 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.

MAD 806 was strongly reactive with denaturated SEGFR while mAb 1L8A4 did not

react with denaturated SEGFR. Reactivity of mAb 806 with denaturated sEGFR
decreases with decreasing antibody concentrations. It was expected that mAb L8A4
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does not react with sSEGFR because mAb L8A4 was generated using the junction

peptide as the immunogen and sSEGFR does not contain the junction peptide.

Dot-blot immune stain experiments were also performed. Serial dilutions of peptide
were spotted in 0.5l onto a PVDF or nitrocellulose membranes. Membranes were
blocked with 2% BSA in PBS, and then probed with §06, L8A4, DHS8.3 and control
antibodies. Antibodies L.8A4 and DHS8.3 bound to peptide on the membranes (data
not shown), Mab806 did not bind peptidc at concentrations where L8A4 clearly
showed binding (data not shown). Control antibodies were also negative for peptide

binding.

mADb 806 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, mAb 806 can recognize the
witEGFR following denaturation but nol when the receptor is in its nutural slate on the

cell surface,

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 "1 (Amrad, Melbourne, Australia) Ey the chloramine
T method and immunoreactivity determined by Lindmo assay (23). All binding assays
were performed in 1% HSA/PBS on 1-2 x 10% live UR7MG.A2-7 or A431 cells for 90
min at 4°C with gentle rotation. A set concentration of 10 ng/ml ®L-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. After the incubation was completed, cells were washed and
counted for bound '**I-labeled antibody using a COBRA 1T gamma counter (Packard
Instrument Company, Meriden, USA).
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Both mAb 806 and the DFHS8.3 antibody retained high immunoreactivity when
iodinated and was typically greater than 90% for mAb 806 and 45-50% for the DH8.3
antibody. mAb 806 had an affinity for the de2-7 EGFR receptor of 1.1x 10° M
whereas the affinity of DH8.3 was some 10-fold lower at 1.0 x 10° M. Neither '*'I-
radiolgbeled mAb 806 nor the 1257 radiolabeled DHS.3 antibody bound to parental
U8TMG cells. mAb 806 recognized an average of 2.4 x 10° binding sites per cell with
the DHS.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 (25).

EXAMPLE 5
INTERNALIZATION OF ANTIBODIES BY U87MG.A2-7 CELLS

The ratc of antibody internalization following binding to a target cell influences both
its tumor targeting properties and therapeutic options. Consequenily, the inventors
examined the internalization of mAb 806 and the DHS.3 antibody following binding
to US7MG.A2-7 cells by FACS. U87MG.A2-7 cells were incubated with either mAb
806 or the DH8.3 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 time x background fluorescence Y/(mean fluorescence at time 0 -
background fluorescence) x 100. This method was validated in one assay using an
iodinated antibody (mAb 806) to measure internalization as previously described (24).
Differences in internalization rate at different time points werc compared using

Student's t-test.
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Both antibodies showed relatively rapid intemnalization reaching steady-state levels at
10 min for mAb 806 and 30 min for DHS8.3 (Figure 3). Internalization of DHS.3 was
significantly higher both in terms of rate (80.5% ot DHS8.3 internalized at 10 min
compared to 36.8% for mAb 806, p<0.01) and total amount internalized at 60 min
(93.5% versus 30.4%, p<0.001). mAb 806 showed slightly lower levels of
internalization at 30 and 60 min compared Lo 20 min in all 4 assays performed

(Figure 3). This result was also confirmed using an internalization assay based on

iodinatcd mAb 806.
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.

U87MG.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 mAb 806 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 IgG (BBlInternational, Cardiff, UK) at 4°C. Following a further
wash, pre-warmed DMEM/10% FCS 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 serics 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
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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, mAb 806
appeared to be internalized by macropinocytosis (Figure 19). In fact, a detailed
analysis of 32 coated pits formed in cells incubated with mAb 806 revealed that none
of them contained antibody. In contrast, around 20% of all coated-pits from cells
incubated with DH8.3 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.
The presence of cellular debris within these structures was also consistent with their

lysosome nature.

EXAMPLE 7
BIODISTRIBUTION OF ANTIBODIES IN TUMOR BEARING NUDE MICE

The biodistribution of mAb 806 and the DH8.3 antibody was compared in nude mice
containing U87MG xenografts on one side and U87MG.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
4-24h (16).

Tumor xenografts were established in nude BALB/c mice by s.c. injection of 3 x 108
U87MG, USTMG.A2-7 or A431 cells. de2-7 EGFR expression in U87MG.A2-7
xenografts remained stable throughout the period of biodistribution. Also, A431 cells
retained their mAb 806 reactivity when grown as tumor xenografts as determined by
immunohistochemistry (data not shown). U87MG or A431 cells were injected on one
side 7-10 days before U87MG.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
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injected into mice by the retro-orbital route when tumors were 100-200 mg in weight.
Each mouse received two different antibodies (2 ug per antibody): 2 uCi of I-
labeled mAb 806 and 2 uCi of '*'I labelled DHS.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 ' 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 analysed by Student's t-test.

In terms of % ID/g tumor, mAb 806 reached its peak level in U§7TMG.A2-7
xenografts of 18.6 % m/g tumor at 8 h (Figure 4A), considerably higher than zny
other tissue except blood. While DH 8.3 also showed peak tumor levels at 8 h, the
level was a statistically (p<0.001) lower 8.8 % w/g tumor compared to mAb 806
(Figure 4B). Levels of both antibodies slowly declined at 24 and 48 h. Neither
antibody showed specific targeting of US7MG parental xenografts (Figure 4A,B).
With regards to tumor to blood/liver ratios, mAb 806 showed the highes! ratio at 24 h
for both blood (ratio of 1.3) and liver (ratio of 6.1) (Figure 5A,B). The DH8 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) (Figure 5 A,B), both of which are considerably lower than the values obtained
for mAb 806,

As described above, levels of mAb 806 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 EGER specific antibodies which all show
peaks at 4-24 hours post-injection when using a similar dose of antibody (16, 25, 33).
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 mAb 806
was similar to that reported for other de2-7 EGFR specific antibodies when using

standard iodination techniques (16, 24, 32). The reason for the early peak is probably
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two-fold. Firstly, tumors expressing the de2-7 EGFR, including the transfected
USTMG 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 % 1D/g
tumor is reduced compared with slow growing tumors. Secondly, while
internalization of mAb 806 was relatively slow compared to DHS8.3, it is still rapid
with respect to many other tumor anlibody/antigen systerns. Internalized antibodies
undergo rapid proteolysis with the degradation products being excreted from the cell
(34). This proccss of internalization, degradation and excretion reduces the amount of
iodinated antibody retained within the cell. Consequently, internalizing antibodies
display lower levels of targeting than their non-internalizing counterparts. The
electron microscopy data reported herein demonstrates that internalized mAb 806 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 unigue junclional
peptide found in the de2-7 EGER, behaves in a similar fashion to mAb 806 (35).
Using USTMG cells transfected with the de2-7 EGER, this antibody had a similar
internalization rate (35% 2t 1 hour compared to 30% at 1 hour for mAb 806) 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 mAb 806) (25). Interestingly, in vivo retention of this antibody in tumor
xenografts was enhanced when labeled with N-succinimidyl 5-iodo-3-pyridine
carboxylate (25). This labeled prosthetic group is positively charged at lysosmal pH
and thus has enhanced cellular retention (33). Enhanced retention is potentially useful
when considering an antibody for radioimmunotherapy and this method could be used

to improve retention of iodinated mAb 806 or its fragments.

EXAMPLE §
BINDING OF mAb 806 TO CELLS CONTAINING AMPLIFIED EGFR
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To examine if mAb 806 could recognize the EGFR expressed in cells containing an
amplified receptor gene, its binding to A431 cells was analysed. As described
previously, A431 cells are human squamous carcinoma cells and express high levels
of wtEGFR. Low, but highly reproducible, binding of mAb 806 to A431 cells was
observed by FACS analysis (Figure 6). The DHS.3 antibody did not bind A431 cells,
indicating that the binding of mAb 806 was not the result of low level de2-7 EGFR
expression (Figure 6). As expected, the anti-EGFR 528 antibody showed strong
staining of A431 cells (Figure 6). Given this result, binding of mAb 806 to A431 was
characterized by Scatchard analysis. While the binding of iodinated mAb 806 was
comparatively low, it was possible to get consistent data for Scatchard. The average
of such experiments gave a value for affinity of 9.5 x 107 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, mAb 806 appears to only recognize a small portion
of EGFR found on the surface of A431 cells. Using the 528 antibody, the inventors
measured approximately 2 x 10° receptors per cell which is in agreement with

numerous other studies(26).

Recognition of the wild type SEGFR by mAb 806 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 mAb 806 in ELISA assays. As mAb 806 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 mAb 806 showed that it could recognize
most of the A431 EGF receptors following SDS-PAGE and western transfer. This
result further supports the argument that mAb 806 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
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mADb 806 binds gliomas containing amplification of the EGFR gene. As mAb 806
binding was completely negative on parental US87MG cells it would appear this
phenomenon may be restricted to cells containing amplified EGEFR although the Jevel
of “denatured” receptor on the surface of U§7MG cells may be below the level of
detection. However, this would seem unlikely as iodinated mAb 806 did not bind to
UBTMG cell pellets containing up to 1 x 107 cells.

EXAMPLE 9
IN VIVO TARGETING OF A431 CELLS BY MAb 806

A second biodistribution study was performed with mAb 806 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 ofU87MG.A2-7 xenografts by
mAb 806, 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 xenografis, sincc
a previous study demonstrated low but significant targeting of this antibody to A431

cells grown in nude mice (21).

During the first 48 h, mAb 806 displayed almost identical targeting properties as those
observed in the initial experiments (Figure 7A compared with Figure 4A). In terms
of % ID/g tumor, levels of mAb 806 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 (Figure 7A). Uptake of the 528 antibady was very low in both
xenografts when expressed as % ID/g tumor (Figure 7B) partially due to the faster
clearance of this antibady from the blood, In terms of tumor to blood ratio mAb §06
peaked at 72 h for U§7MG.A2-7 xenografts and 100 h for A431 xenografts (Figure
8A,B). While the tumor to blood ratio for mAb 806 never surpassed 1.0 with respect
to the A431 tumor, it did increase throughout the entire time course (Figure 8B) and
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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 mAb 806
although higher levels were noted in the A431 xenografts (Figure 8A,B). mAb 806
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 (Figure
8C). Other tumor to organ ratios for mAb 806 were similar to those observed in the
liver (data not shown). The pcak tumor to liver ratio for mAb 806 in A431 xenografts
was 2.0 at 100 h, again indicating a slight preferential uptake in tumor compared with

normal tissue (Figure 8D).

EXAMPLE 10
THERAPY STUDIES

The effects of mAb306 were assessed in two xenugrall models of disease —a

preventative model and an established tumor model.

Xenograft Models ‘
Consistent with previous reports (Nishikawa et al, Proc. Natl. Acad. Sci. USA,

91(16); 7727-7731) USTMG cells translected with de2-7 EGFR grew more rapidly
than parental cells and UBTMG cells transfected with the wt EGER. Thercfore, it was

not possible to grow both cell types in the same mice.

3x10° tumor cells 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 mAb 806 was investigated in both preventative
and established tumor models. In the preventative model, 5 mice with 2 xenografts
cach werc treated intraperitoneally. with either 1 or 0.1 mg of mAb 806 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
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was started when tumors had reached a mean volume of 65 + 6.42 mm® (U87MG.A2-
7), 84 £ 9.07 mm® (USTMG), 73 + 7.5 mm® (USTMG.wtEGFR) or 201  19.09 mum’
(A431 tumors). 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 (Scott et al, 2000), Data was expressed as mean tumor volume *
S.E. fot each treatment group. Statistical analysis was performed at given time points
using Student’s { test. Animals were euthanased 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 hait 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 acctonc 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 manufactures 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,
0.02M 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 mAb 806 in Preventative Model
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MAD 806 was examined for efficacy against US7MG and USTMG.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. MADb 806 had
no effect on the growth of parental UB7MG xenografts, which express the wt EGFR,
at a dose of 1 mg per injection (Figure 9A). In contrast, mAb 806 significantly
inhibited the growth of U87MG.A2-7 xenografts in a dose dependent manner (Figure
9B). At day 20, when control animals were sacrificed, the mean 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 mAb 806 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 mode] 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 USTMG xenografts. Once again, mAb
806 had no effect on the growth of parental US7MG xenografts at a dose of 1 mg per
injection (Figure 10A). In contrast, mAb 806 significantly inhibited the growth of
U87MG.A2-7 xenografts in a dose dependent manner (Figure 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 x 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 mAb 806 was restricted to
cell expressing de2-7 EGFR, its efficacy against US7MG.wiEGFR 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 EGI'R expression. MAb

806 treatment commenced when tumors had reached a mean tumor volume of 73 %
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7.5 mm®. MAD 806 significantly inhibited the growth of established
U87MG.wtEGFR xenografts when compared to conirol tumors treated with vehicle
(Figure 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 Immunchistochemical Analysis of Established Tumars
To evaluate potential histological differences between mAb 806-treated and contral

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 US7TMG.A2-7 (collected 3 days
after treatment finished), and US7MG.wtEGER xenografts (collected 9 days after
treatment finished) treated with mAb 806. 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 mAb 806
treatment. Sections from mAb 806 or control treated US7MG xenografts were also
stained with H&E and revealed no differences in cell viability between the two
groups, further supporting the hypothesis that mAb 806 binding induces decreased

cell viability/necrosis within tumor xenografts.

An immunohistochemical analysis of US7MG, U87MG.A2-7 and U§7TMG.wtEGER
xenograft sections was performed to determine the levels of de2-7 and wt EGFR
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 UB7MG sections was undetectable
with the mAb 806, however positive staining of U87MG.A2-7 and U§7MG.wtEGFR
xenograft sections was observed. There was no difference in mAb 806 staining
density between control and treated U87TMG.A2-7 and US7MG.wtEGER xenografts
suggesting that antibody treatment does not down regulate de2-7 or wt EGFR

expression.
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Treatment of A431 Xenografts with mAb 806

To demonstrate that the anti-tumor effects of mAb 806 were not restricted to USTMG
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, mAb 806 binds about 10% of these EGFR and targets A431
xenografts. MADb 806 significantly inhibited the growth of A431 xenografts when
examined in the previously described preventative xenograft model (Figure 114). At
day 13, when control animals were sactificed, the mean tumor volume was 1385
147.54 mm? in the control group and 260 x 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.

Given the efficacy of mAb 806 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’. MAb 806 significantly
inhibited the growth of established tumor xenografts (Figure 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 mAb 806 described here clearly demonstrated
dose dependent inhibition of U§7TMG.A2-7 xenograft growth. In contrast, no
inhibition of parental U87MG xenografts was observed despite the fact they continue
to cxpress the wt EGFR in vivo. MAb 806 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 2 human

de2-7 EGFR expressing glioma xenografts.
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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 réceptor gene
amplification may confer a growth advantage by increasing intracellular signalling
and cell growth (Filmus et al, 1987). The U87MG cell line was transtected with the
wt EGFR in order to produce a glioma cell that mimics the process of EGFR gene
amplification. Treatment of established U87MG.wtEGFR xenografts with mAb 806
resulted in significant growth inhibition. Thus, mAb 806 also mediates in vivo anti-
tumor activity against cells containing amplification of the EGFR gene. Interestingly,
mADb 806 inhibition of US7MG.wtEGFR xenograits appears to be less effective than
that observed with U87MG.A2-7 tumors. This probably reflects the fact that mAb
806 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 US7MG.wiEGFR xenograft volumes, mAb 806 treatment produced
large areas of necrosis within these xenografts. To rule out the possibility that mAb
806 only mediates inhibition of the US7MG derived cell lines we tested its efficacy
against A431 xenografts. This squamous cell carcinoma derived cell line containg
significant EGFR gene amplification which is retained both in vitro and in vivo.
Treatment of A431 xenografts with mAb 806 produced significant growth inhihition
in both a preventative and established model, indicating the anti-tumor effects of mAb
806 are not restricted to transfected USTMG cell lines.

EXAMPLE 11
COMBINATION THERAPY TREATMENT OF A431 XENOGRAFTS WITII
MADb806 AND AG1478

The anti-tumor effects of mAb 806 combined with AG1478 was tested in mice with
A431 xenografts. AG1478 (4-(3-Chloroaniline)-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 +
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AG1478 only. The results are illustrated in Figure 12. 0.1mg mAb806 was
administered at 1 day prior to xenograft and 1, 3, 6, 8 and 10 days post xenograft. 400
ug AG1478 was administered at 0, 2, 4, 7,9, and 11 days post xenograft.

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. The lysates were prepared as described in Example 20
herein. Lysate was then assessed for 806 reactivity by an FLISA is a modified
version of an assay described by Schooler and Wilsy, Analytical Biochemistry
277,135-142 (2000). Plates were coated with 10 ug/ml of mAb 806 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-BGFR (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 timed, and color developed using ABTS 4s a substrate. Tt
was found that mAb806 binding is significantly increased in the presence of
increasing amounts of AG1478 (Figure 13).

EXAMPLE 12
IMMUNOREACTIVITY IN HUMAN GLIOBLASTOMAS PRE-TYPED FOR
EGFR STATUS
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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 immunchistochemistry. 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 wt EGFR
transcript, 10 had wiEGFR 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 biotylated 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 3%

+=525%

++=25-50%

+++=50-75%

++++=>75%
The 528 antibody showed intense reactivity in all tumors, while DH 8.3
immunostaining was restricted to those tumors expressing the de2-7 EGFR (Table 2).
Consistent with the previous observations in FACS and rosetting assays, mAb 806 did
not react with the glioblastomas expressing the wtEGFR transcript from non-
amplified EGFR genes (Table 2). This pattern of reactivity for mAb 806 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

PCT/USO2/15185

Immunoreactivity of MAbs 528, DH8.3 and 806 on glioblastomas pretyped for the
presence of wild type EGFR and mutated de2-7 EGFR and for their.amplification

status.

Amplification

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

* focal staining

de2-7 EGFR
Expression

No

528
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++
F++
4+
-+
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EXAMPLE 13
EGFR IMMUNOREACTIVITY IN NORMAL TISSUE
In order to determine if the de2-7 BGFR is expressed in normal tissue, an
immunohistochemical study with mAb 806 and DHR.3 was conducted in 2 pancl of 23
tissues. There was no strong immunureacﬁvity with either mAb 806 or DHS.3 in any
tisstie tested suggesting thar the de2-7 EGFR is absent in norma) tissues (Table 3),
There was some variablo staining ptosont in tonsils with mAb 806 that was restricted
to the basal cell layer of the epidermis and mucosal squamous cells of the epithelinm,
In placenta, occasional immunostaining of the trophoblast epithelium was observed.
Interostingly, two tissues that express high endogenous levels of wtEGFR, the liver
and skin, failed to show any significant mAb 806 reactivity. No reactivity was
cbserved with the liver samples at all, and only weak and inconsistent focal reactivity
was detected oceasionally (in no more than 10% of all samples smdied) in basal
keratinocytes in sldn samples and in the squamous epithelium of the tonsil mucosa,
further demonstrating rhat this antibody does not bind the wiBGER. expressed on the
surface of cells to any significant extent (Table 3). All tissues were positive for the
wiBGER a3 evidenced by the universal stajning seen with the 522 mtibody (Table 3).
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TABLE3
Reactivity of 582, DHS.3 and 806 on normal tissues.

TISSUE 528 DHS-3 806

Esophagus pos - -

Stomach pos - -

Duodenum pos - -

Small intestine/duodenum pos - -

Colon pos - -

Liver pos - .

Salivary glands (parotid) pos - -

Kidney pos - -

Urinary bladder pos - -

Prostate pos - -

Testis pos - -

Uterus (cx/endom) pos - -

Fallopian tube pos - -

Ovary pos - N

Breast pos -* -

Placenta pos - -

Peripheral nerve pos - -

Skeletal muscle pos - -

Thyroid gland Ppos - -

Lymph node pos - -

Spleen pos - -

Tonsit POs - - occ. weak reactivity of
basal layer of squamous
epithelinm

Heart pos - -

Lung pos - -

Skin pos - - occ. weak reactivity of
basal layer of squamous
epithelivm

* gome stromal staining in various tissue
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EXAMPLE 14
EGFR IMMUNOREACTIVITY IN VARIOUS TUMORS

The extent of de2-7 EGFR in other tumor types was cxamined using a panel of 12
different malignancies. The 528 antibody showed often homogeneous staining in
many tumors analysed except melanoma and seminoma. When present, DHR.3
immunoreactivity was restricted ta 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 mAb 806 showed positive staining in 64% of
thead and neck tumors and 50% of lung carcinomas (Table 4). There was little mAb
806 reactivity elsewhere except in urinary tumors that were positive in 30% of cases.
Since the head and neck and lung cancers were negative for the DH8.3 antibody the
reactivity seen with the mAb in these tumors maybe associated with EGER gene

amplification.
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TABLE 4

PCT/US02/15185

Monoclonal antibodies 528, DHS.3 and 806 on twmor panel.

Tumor 528 PHE.3 806
Malignant melanoma 0/10 10 /1o
metastases
Urinary bladder (tcc,sqec, 10/10 07107 3/10%
adeno) (Tt 2%k, LX) (22oestols, 1 K44}
Mammary gland 6/10 1/10 /710
(3xttdydnid) (Lat) (foc)
Head -+ neck cancer (sgec) 1111 O/11% 711
IRl - 10%:444+) (3%t 34, 1x4)
Lung (sqee, adeno, neurgend) 12712 0r1z% &2
10%4-t++-1%t+1) Bttt 3xt)
T.eiomyosarcoma 55 o5 o5
at1x0)
Liposarcoma 5/5 o5 [1/A4d
{23+ 35 1)
Synovial sarcoma Afs* os [Vhy
(4 sokok=e)
{ Mfh Malignant fibrous histioeyioma 4/5% 0/5% /5%
Colonic carcinoma 10/10 0/10% 0/10
(Ot 1%
Seminoma 110% 1/10* 0/10
Ovary (serous-papiliary) 445 o/ [i/5]

| Bttt 1xE)

*focal staining
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EXAMPLE 15
IMMUNOREACTIVITY IN HUMAN GLIOBLASTOMAS UNSELECTED
FOR EGFR STATUS

In order to confirm the unique specificity and to evaluate the reactivity of mAb 806, it
wag compared to the 528 and DH8.3 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 (No.27 and 29) (44/46, 95.7%). These two cases
were also negative for mAb806 and mAb DHB.3. The mAb 806 was positive in 27/4G
(58.7% ) cases, 22 of which displayed homogeneous immunoreactivity in more than
50% of the tumor.. The DHS.3 antibody was positive in 15/46 (32.6%) glioblastomas,
9 of which showed homogeneous immunoreactivity. The immunochemical staining

of these unselected tumars is tabulated in Table 5.

Therc was concordance between mAb 806 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 mAb 806
immunoreactivity pattern: e.g. 16 mAb 806-negative cases revealed no EGFR
amplification and 14 EGFR-amplified cases were also mAb 806 immunopositive.
However, 13 cases, which showed 806 immunoreactivity, were negative for EGFR
amplification while 1 EGFR-amplified case was mAb 806 negative. Further analysis
of the mutation status of these amplification negative and 806 positivs cases 18
described below and provides explanation for most of the 13 cases which were

negative for EGFR amplification and were recognized by 806.

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
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for the deletion mutation: 12 cases were positive in hoth RT-PCR and
immunchistochemistry and 22 cases were negative/negative. Three cases (#2, #34,
#40) were DH8.3 positive/RT-PCR negative for the deletion mutation and three cases
(#12, #18, #39) were DHB8.3 negative/RT-PCR positive. As expected based on our
previous specificity analysis, mAb 806 immunoreactivity wus seen in all DHS.3-

positive tissues except in one case (#33).

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
DHS.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 DH8.3
# ]528 806 DHS8.3 | EGFR | 5'MUT
Amp.*
1 | | ++ A 5'MUT
2 |t | ++HH+ N WT
3 [ | neg. N A2
(det.)
4 |+ ++++ neg. N WT
5 [+ e ++++ N 5'MUT
6 |+ |+ neg. A WwT
T | HH e - N 5'MUT
8 |+ | -+ A 5'MUT
L N = neg. A WT
10 | +H++ neg. neg. N WT
11 | ++ ++ ++ A 5'MUT
12 [+ |+ neg, A 5' ML
13 )+ ] A neg N WT
14 [+ neg. neg. Nd nd
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15 | ++ + neg N WT
16 | + neg. neg. N nd
17 | ++++ | meg. neg. N WT
18 | ++++ |+t neg. A 5'MUT
19 |+t | b neg. N WT
20 | ++++ | neg. neg N WT
21 |+ |+ neg. N WT
22 | +++ neg. neg. N WT
23 |+ | ++ N 5'MUT
24 | 4+ [ neg. A WT
25 | ++4++ [ neg. neg. N WwT
26 |+ | e ++ A SMUT
27 | neg. neg. neg. N WT
28 | +++ neg. neg. N WT
29 | neg. neg. neg. N WT
30 |+ [t neg. N WT
31 | ++++ | neg. neg. N nd
par det

32 | ++ +++ ++ N 3'MUT
33 |4+ ++++ 4+ A 5'MUT
34 | [ 4+ N WT
35 | ++++ | neg. +tt A 5'MUT
36 | +++ ++ +++ A 5'MUT
37 |+ |+ + A S'™MUT
38 |++++ | neg. neg. N WT
39 | ++ neg. neg. N 5'MUT
40 |+t | + A WT
41 | ++ neg. neg. N WT
42 |+ | neg. A WT
43 | ++H+ | neg. neg. nd nd
44 | ++4+ | neg. | neg. N WT
45 | ++++ [ neg. | neg. N WT
46 | ++++ | neg. | neg. N nd

* N = not amplified, A-amplified,

*WT = wildtype, 5’-mut

nd = not done
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The 806 antibody reactivity co-typed with amplified or de2-7 mutant EGFR in 19/27

or over 70% of the cases. Itis notable that 2 of these 8 cases were also DH8.3

reactive.
EXAMPLE 16
SYSTEMIC TREATMENT AND ANALYSIS OF INTRACRANIAL GLIOMA
TUMORS

To test the efficacy of the anti-AEGFR monoclonal antibody, mAb 806, we treated
nude mice bearing intracranial AEGFR-overexpressing glioma xenogralls with

intraperitoneal injections of mAb806, the isotype control IgG or PBS.

The human glioblastoma cell lines U87TMG, LN-Z308 and A1207 (gift from Dr. S.
Aaronson, Mount Sinai Medical Center, New York, NY) were infected with ABGFR,
kinase-deficient AEGFR (DK), or wild-type EGFR (wtEGFR) viruses. Populations
expressing similar high levels of EGERs were sclected by fluorescence-activated cell
sorting and designated as US7MG.AEGFR, U87MG.DK, US7MG.wtEGFR, LN-
Z308.AEGFR, LN-Z308 DK, LN-Z308. wtEGFR, A1207.AEGFR, A1207.DK and
A1207 wiEGFR, respectively. Each was maintained in medium containing G418
(USTMG cell lines, 400 pg/ml; LN-Z308 and A1207 cell lines, 800 pg/ml).

US7MG.AEGFR cells were implanied intracranially into nude mice and the
treatments began on the same day. 10° cells in 5ul PBS were implanted into the right
corpus striatum of nude mice brains. Systemic therapy with mAb 806, or the IgG2b
isotype control, was accomplished by i.p. injection of 1 mg of mAbs in a volume of
100 pd every other day from post- implantation day 0 through 14, For direct therapy
of intracerebral US7MG.AEGFR tumors, 10 pg of mAb 806, 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.
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Animals treated with PBS or isotype control IgG had a median survival of 13 days,
whereas mice treated with mAb 806 had a 61.5% increase in median survival up to 21
days (P<0.001).

Treatment of mice 3 days post-implantation, following tumor estabﬁshment, also
extended the median survival of the mAb 806 treated animals by 46.1% (from 13 days
to 19 days; P<0.01) compared to that of the control groups.

To determine whether these antitumor effects of mAb 806 extended beyond
UBTMG.AEGFR xenografts, similar treatments were administered to animals bearing
other glioma cell xenografts of LN-Z308. AEGFR and A 1207.AEGFR. The median
survival of mAb 806 treated mice bearing LN-Z308.AEGFR xenografts was extended
from 19 days for controls to 58 days (P<0.001). Remarkably, four of eight mAb 806
treated animals survived beyond 60 days. The median survival of animals bearing
Al1207.AEGFR xenografts was also extended from 24 days for controls to 29 days
(P<0.01).

MAD 806 Treatment Inhibits ABGFR-overexpressing Brain Tumor Growh,
Mice bearing U87MG.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, mAb 806 treatment significantly reduced the volumes by about 90%
ofU8TMG.AEGFR.(P<0.001) andLN-Z308.AEGFR by more than 95% (P< 0.001)
xenografts in comparison to that of the control groups. Similar results were obtained

for animals bearing A1207.AEGFR tumors (65% volume rcduction, P<0.01).

Intratumoral Treatment with mAb 806 Extends Survival of Mice Bearing
U87MG.AEGFR Brain Tumors.

The efficacy of direct intratumoral injection of mAb 806 for the treatment of
UBTMG.AEGFR xenografts was also determined. Animals were given intratumoral

injections of mAb 806 or isotype control IgG one day post—implantzition. Control

109

-114-




WO 02/092771 PCT/USO2/15185

animals survived for 15 days, whereas mAb 806 treated mice remained alive for 18
days (P<0.01). While the intratumoral treatment with mAb 806 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.

MAD 806 Treatment Slightly Extends Survival of Mice Bearing US7MG.wtEGFR but
not U7MG or US7MG.DK Intracranial Xenografts.

To determine whether the growth inhibition by mAb 806 was selective for tumors
expressing AEGFR, we treated animals bearing U87MG, US7MG.DK (kinase-
deficient AEGFR) and U87MG.wtEGER brain xenografts. MAb 806 treatroent did not
extend survival of mice implanted with U87MG tumors which expressed a low level
of endogenous wild-type EGFR (WtEGFR), or animals bearing U87MG.DK
xenografts which overexpressed a kinase-deficient AEGFR in addition 1o a low level
of endogenous wiEGFR. The mAb 806 treatment slightly extended the survival of
mice bearing U§7MG . wtEGTR tumors (P<0.05,median survival 23 days versus 26
days for the contro] groups) which overexpressed wtEGEFR

MAD 806 Reactivity Correlates with In Vivo Anti-tumor Efficacy.

To understand the differential effect of mAb 806 on tumors expressing various levels
or different types of EGFR, we determined mAb 806 reactivity with various tumor
cells by FACS analysis. Consistent with previous reports, the anti-EGFR monoclonal
antibody 528 recognized both AEGFR and wtEGFR, and demonstrated stronger
staining for U§7MG.AEGFR cells compared to US7MG cells. In contrast, antibody
EGFR.1 reacted with wiEGTR but not AEGFR, as US7MG.AEGFR cells were as
weakly reactive as URTMG cells. This EGIR.1 antibody reacted with
US7MG.wtEGFR more intcnsively than US7MG cells, as US7MG.wtEGFR cells
overexpressed wtEGFR, While mAb 806 reacted intensely with U87MG.AEGFR and
US7MG.DK cells and not with U87MG cells, it reacted weakly with
US7MG.WtEGFR, indicating that mAb 806 is selective for AEGFR with a weak
cross-activity to overexpressed wtEGFR. This level of reactivity with

UB7MG.wtEGFR was quantitatively and qualitatively similar to the extension of
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survival mediated by the antibody treatment.

‘We further determined mAb 806 specificity by immunoprecipitation. EGFRs in
various cell lines were immunoprecipitated with antibody 528, EGFR.1 and mAb 806.
Blots of electrophoretically-separated proteins were then probed with the anti-EGFR
antibody, C13, which recognizes wtEGER as well as AEGFR. and DK. Consistent
with the FACS analysis antibody 528 recognized wtEGFR and mutant receptors,
while antibody EGFR.1 reacted with wtEGFR but not the mutant species. Moreover,
the levels of mutant receptors in USTMG.AEGFR and US7MG.DK cells are
comparable to those of wtEGFR in the US7TMG.wtEGER cells. However, antibody
mAb 806 was able to precipitate only a small amount of the wtEGFR from the
UBTMG.wtEGEFR cell lysates as compared with the larger amount of mutant receptor
precipitated from U87MG.AEGFR and U87MG.DK clls, and an undetectable
amount from the U§7MG cells. Collectively, these data suggest that mAb 806
recognizes an epitope in ALGIR which also exists in a small fraction of wtEGFR

only when it is overexpressed on cell surface.

MAb 806 Treatment Reduces AEGFR Autophosphorylation and Down- regulates

Bcl.X; Expression in UR7MG.AEGFR Brain Tumars.
‘We next investigated the mechanisms underlying the growth inhibition by mAb 806.

Since the constitutively active kinase activity and autophosphorylation of the carboxyl
terminus of AEGFR are essential for its biological functions we determined AEGFR
phosphorylation status in tumors from treated and control animals. It was found that
mAb 806 treatment dramatically reduced AEGFR autophosphorylation, even though
receptor levels were only slightly decreased in the mAb 806 treated xenografts. We
have previously shown that receptor antophvsphorylation causes up- regulation of the
antiapoptotic gene, Bel-Xp, which plays a key role in reducing apop.tosis of AEGFR
overexpressing tumors. Therefore, we next determined the effect of mAb 806
treatment on Bel-XI, expression. AEGHR tumors from mAb 806 treated animals did

indeed show reduced levels of Bel-X.
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MAD 806 Treatment Decreases Growth and Angiogenesis, and Increases Apoptosis in
U8TMG.AEGFR Tumors.
In light of the in vivo suppression caused by mAb 806 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
mAb 806-treated tumors, was significantly lower than that of the contro! tumors (P<
0.00 1). In addition, analysis of the apoptotic index through TUNEL staining
demonstrated a significant increase in the number of apopiotic cells in mAb 806
treated tumors as compared with the control tumors (P< 0.001). 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
(MVA) were measured using computerized image analysis. MAb 806 treated tumors
showed 30% less MVA than control tumors (P<0.001). To understand whether
interaction beiween receptor and antibody may elicit an inflammatory response, we
stained tumor sections for the macrophage marker, T'4/80, and the NK cell marker,
asialo GM1. Macrophages were identified throughout the tumor matrix and especially
accumulated around the mAb 806 treated-U87MG.AEGFR. tumor periphery. We
observed a few NK cells infiltrated in and around the tumors and no significant

difference between mAb 806 treated and isotype-control tumars.

EXAMPLE 17
COMBINATION IMMUNOTHERAPY WITH mAb806 AND mAb528
Are you sure this works. The example is in a somewhat different format to the others

preceding it

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.
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The animals received either US7TMG.D2-7, U87MG.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, (ii) mAb 806
(0.5mgfinjection), (iii) mAb 528 (0.5mg/injection), or (iv) a combination of both
mAbs. With respect to “(iv),” different groups of mice received either

0.5mg/injection of each mAb, or 0.25mg/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, uﬁd 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 115mm’. Bach 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. Figure 18A shows the results graphically.

In a second group of mice, the injected materials were the same, except the
combination therapy contained 0.25mg 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 114mm°. Results are shown in Figure 18B.

The third group of mice received inoculations of US7MG.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 107mm”. Figure

18C summarizes the results. The therapeutic injections were the same as in the first

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

At the start, the average tumor size was 7imm>. Results are shown in Figure 18D.

The results indicated that the combination antibody therapy showed a synergistic
effect in reducing tumors. See Figure 18A. A similar effect was seen at a lower

dose, as per Figure 18B, indicating that the effect is not simply due to dosing levels.

The combination therapy did not inhibit the growth of USTMG.DK (Figure 18C),
indicating that antibody immune function was not the cause for the decrease seen in

Figures 18A and 18B.

Ttis noted that, as shown in Figure 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.
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EXAMPLE 18 .

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

The following experiments were presented in Johns et al, (2002) Int. J. Cancer, 98,
and in co-pending application Serial No. 60/342,258 filed December 21, 2001, the
entire disclosure of both of which are incorporated herein by reference with cross
referencing to the Figures herein where appropriate. The monoclonal antibody mAb
806 was studied and additional data respecting its binding characteristics as to the
EGF receptor were developed, which is in addition to and corroborative of the data
presented earlier herein. Accordingly, the following represents a review and
presentation of the material set forth in the patent application and corresponding

publication.

Monoclonal antibody (MAb 806) potentially overcomes the difficulties associated
with targeting the EGFR expressed on the surface of tumor cells. MAb 806 bound to
de2-7 EGER transfected US7MG glioma cells (US7TMG.A2-7) with high affinity (~1 x
10° M), but did not bind parental cells that express the wild type EGFR. Consistent
with this observation, MAb 806 was unable to bind a soluble version of the wild type

EGFR containing the extracellular domain. In contrast, immobilization of this
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extracellular domain to ELISA plates induced saturating and dose response binding of
MAD 806, suggesting that MAb 806 can bind the wild type EGFR under certain v
conditions. MAb 806 also bound to the surface of A431 cells, which due to an
amplification of the EGFR gene express large amounts of the EGFR. Interestingly,
MADb 806 only recognized 10% of the total EGFR molecules expressed by A431 cells
and the binding affinity was lower than that determined for the de2-7 EGFR, MAb
806 specifically targeted US87MG.A2-7 and A431 xenografts grown in nude mice with
peak levels in US7TMG.A2-7 xenografts detected 8 h after injection. No specific
targeting of parental U87MG xenografts was observed. Following binding to
UBTMG.A2-T7 cells, MAb 806 was rapidly internalized by macropinocytosis and
subsequently transported to lysosomes, a process that probably contributes to the early
targeting peak observed in the xenografts. Thus, MAb 806 can be used to target tumor
cells containing amplification of the EGFR gene or de2-7 EGER but does not bind to

the wild type EGFR when expressed on the cell surface.

As discussed above, MAb 806 is specific for the de2-7 EGFR yet binds to an epitope
distinct from the unique junctional peptide. Interestingly, while MAD 806 did not
recognize the wild type EGFR expressed on the cell surface of glioma cells, it did
bind to the extracellular domain of the wild type EGFR immobilized on the surface of
ELISA plates. Furthermore, MAb 806 bound to the surface of A431 cells, which have
an amplification of the EGFR gene but do not express the de2-7 EGFR. Therefore, it
is possible that MAb 806 could be used to specifically target tumors with amplified
EGFR regardless of their de2-7 EGFR status, although our results suggest tumors
coexpressing the mutated receptor would still show preferential targeting. As MAb
806 does not bind wild type receptor in the absence of gene amplification, there
would be no uptake in normal tissue, a potential problem associated with EGFR

antibodies currently being developed.'®™®

MATERIAL AND METHODS
MAbs and cell lines
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The US7MG astrocytoma cell line has been described in detail previously.® This cell
line was infected with a retrovirus containing the de2-7 EGFR to produce the
U87MG.A2-7 cell line.10 Human squamous carcinoma A431 cells were obtained
from ATCC (Rockville, MD). These cell lines were cultured in DMEM/F-12 with
GlutaMAX™ (Life Technologies, Melbourne, Australia) supplemented with 10%
FCS (CSL, Melbourne, Australia). The murine pro-B cell line BaF/3, which does not
express any known EGFR related malecules, was transfected with de2-7 EGFR as
described above. The DH8.3 antibody (IgG1) has been described previously and was
obtained following immunization of mice with the unique junctional peptide found in
de2-7 EGFR.' MAb 806 (IgG2b) was produced following immunization of mice with
NR6 mouse fibroblasts transfected with the de2-7 EGFR. It was selected for further
characterization as hemagglutination assays showed a high titer against NR6.AEGFR
cells but low backgrounds on NR6.wtEGFR cells. The 528 antibody, which
recognizes both de2-7 and wild type EGFR, has been described previously”! and was
produced in the Biological Production [acility (Ludwig Institute for Cancer Research,
Melbourne) using a hybridoma obtained from ATCC. The polyclonal antibody sc-03
directed to the COOH-terminal domain of the EGER was purchased from Santa Cruz
Biotechnology (Santa Cruz, CA).

Other reagents

The recombinant extracellular domain (amino acids 1-621) of the wild type EGFR
(sEGFR) was produced as previously described.” The biotinylated unique junctional
peptide (Biotin-LEEKKGNY VVTDH) from de2-7 EGFR was synthesized by
standard 'moc chemistry and purity (-96%) determined by re-verse phase IIPLC and

mass spectral analysis (Auspep, Melbourne, Australia).

FACS analysis

Cells were labeled with the relevant antibody (10 pg/ml) followed by fluorescein-
conjugated goat anti-mouse 1gG (1:100 dilution; Calbiochem, San Diego, CA). FACS
data was obtained on a Coulter Epics Elite ESP by observing a minimum of 5,000

events and analyzed using EXPQ (version 2) for Windows.
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ELISA assays

Two types of ELISA were used to determine the specificity of the antibodies. In the
first assay, plates were coated with Segfr (10 pg/ml in 0.1 M carbonate buffer pH 9.2)
for 2 hr and then blocked with 2% human serum albumin (HSA) in PBS. 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. In
the second assay, the biotinylated de2-7 specific peptide was bound to ELISA plates
precoated with streptavidin (Pierce, Rock-ford, Illinois). Antibodies were bound and

detected as in the first assay.

Scatchard analysis

Antibodies were labeled with 1 (Amrad, Melhoume, Australia) by the chloramine
T method and immunoreactivity determined by Lindmo assay.23 All binding assays
were performed in 1% HSA/PBS on 1-2 X 10° live USTMG.A2-7 or A431 cells for
90 min at 4°C with gentle rotation. A set concentration of 10 ng/ml '*T-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 MAb 806 or the DHS.3
antibody bound to parental US7MG cells. After the incubation was completed, cells
were washed and counted for bound ‘2I-labeled antibody using a COBRA II gamma
counter (Packard Instrument Company, Meriden, CT). Scatchard analysis was done

following correction for immunoreactivity.

Internalization assay

U8TMG.A2-7 cells were incubated with either MAb 806 or the DH8.3 antibody (10
pg/ml) for I hrin 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
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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 time, - background
fluorescence)/(mean fluorescence at time0 _ background fluorescence) X 100. This
method was validated in 1 assay using an iodinated antibody (MAb 806) to measure
internalization as previously described.” Differences in intemalization rate at

different time points were compared using Student’s t-test.

Electron microscopy of USTMG.A2-7 cells

U87TMG.A2-7 cells were grown on gelatin coated chamber slides (Nunc, Naperville,
IL) to 80% confluence and then washed with ice cold DMEM. Cells wete then
incubated with MAb 806 or the DHS.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 IgG (BBInternational, Cardiff, UK) at 4°C, Following a further
wash, pre-warmed DMEM/10% FCS was added to the cells, which were incubated at
37°C for various times from 1-60 min. Internalization of the antibody was stepped by
ice-cold media and cells fixed with 2.5% glutaraldehyde in PBS/0.1% HSA and then
postfixed in 2.5% osmium tetroxide. After dehydration through a graded serics of
acetone, samples were embedded in Epon/Araldite resin, cut as ultrathin sections with
a Reichert Ultracut-S microtome (Leica) and collected on mickel grids. The sections
were stained with uranyl acetate and lead citrute 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 y” test.

Immunoprecipitation studies

Cells were labeled for 16 hr with 100 uCi/ml of Tran™ S-Label (ICN Biomedicals.
CA) in DMEM without methionine/cysteine supplemented with 5% dialyzed FCS.
After washing with PBS, cells were placed in lysis buffer (19 Triton X-100, 30 mM
HEPES, 150 mM NaCl, 500 pM AEBSF, 150 nM aprotinin, 1 pM E-64 protease
inhibitor, 0.5 mM EDTA and 1 uM leupeptin, pH 7.4) for 1 hr at 4°C. Lysales were
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clarified by centrifugation for 10 min at 12,000g, then incubated with 5 pg of
appropriate antibody for 30 min at 4°C before the addition of Protein A-Sepharose.
Immunoprecipitates were washed 3 times with lysis buffer, mixed with SDS sample
buifer, separated by gel electrophoresis using a 4-20% Tris/glycine gel that was then
dried and exposed to X-ray film.

Biodistribution in tumor bearing nude mice

Tumor xenografts were established in nude BALB/c mice by s.c. injection of 3 X 10°
UBTMG, US7TMG.A2-7 or A431 cells. de2-7 EGFR expression in US7MG.A2-7
xenografts remains stable throughout the period of biodistribution as measured by
immunohistochemistry at various time points (data not shown). A431 cells also
retained their MAb 806 reactivity when grown as tumor xenografts as determined by
immunohistochemistry. US7MG or A431 cells were injected on 1 side 7-10 days
before US7MG.A2-7 cells were injected on the other side because of the faster growth
rate observed for de2-7 EGIFR expressing xenografts. Antibodies were radiolabeled
and asscssed 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
2 different antibodies (2 pg per antibody): 2 RCi of ' Llabeled MAb 806 and 2 pCi
of ! Llabeled DHS.3 or 328. Unless indicated, groups of 5 mice were sacrificed at
various time points post-injection and blood obtained by cardiac puncture. The
tumors, iiver, spleen, kidneys and lungs were obtained by dissection. All tissues wete
weighed and assayed for 5 fand By activity using a dual-channel counting window.
Data was expressed for each antibody as percentage injected dose per gram tumor (%
ID/g tumor) determined by comparison to injected dose standards or converted into
tumor to blood/liver ratios (i.e., % ID/g tumor + % ID/g blood or liver). Differences
between groups were analyzed by Student’s t-test. After injection of radiolabeled
MAD 806, 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.

RESULTS
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Binding of antibodies to cell lines

In order to confirm the specificity of MAb 806 and the DH8.3 antibody, binding to
UBTMG and UBTMG.A2-7 cells was analyzed by FACS. An irrelevant murine IgG2b
was included as an isotype control for MAb 806 and the 528 antibody was included as
it recognizes both the de2-7 and wild type EGFR. Only the 528 antibody was able to
stain the US7MG cell line (Figure 1) consistent with previous reports demonstrating
that these cells express the wild type EGFR."® Both MAb 806 and the DHS$.3 antibody
had binding levels similar to the irrelevant antibody, clearly demonstrating they are
unable to bind the wild type receptor (Figure 1). Binding of the isotype control
antibody to U87MG.A2-7 cells was similar as that observed for the USTMG cells.
MAD 806 and the DHS.3 antibody immunostained US7TMG.A2-7 cells, indicating that
these antibodies specifically recognize the de2-7 EGFR (Figure 1). The 528 antibody
stained U87MG.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 (Figure 1).
Tmportantly, MADb 806 also bound the BaF/3.A2-7 cell line, demonstrating that the co-
cxpression of wild type EGFR is not a requirement for MAb 806 reactivity (Figure 1

but data not shown herein).

Binding of antibodies in ELISA assays

To further characterize the specificity of MAb 806 and the DHS8.3 antibody, their
binding was examined by ELISA. Both MAb 806 and the 528 antibody displayed
dose-dependent and saturating binding curves to immobilized wild type SEGFR
(Figure 2A). As the unique junctional peptide found in the de2-7 BGFR is not
contained within the sSEGFR, MAb 806 must be binding to an epitope located within
the wild type EGER sequence. The binding of the 528 antibody was probably lower
than that observed for MAb 806 as it tecognizes a conformational determinant. As
expected the DH8.3 antibody did not bind the wild type sEGFR even at
concentrations up to 10 pg/mi (Figure 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 MAb 806 (Figure 2B). This suggests that MAb
806 can only bind wild type EGFR once immobilized on ELISA plates, a process that
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may induce conformational changes. Similar results were observed using a BIAcore
whereby MAb 806 bound immobilized SEGFR but immobilized MAb 806 was not
able to bind sEGFR in solution (data not shown). Following denaturation by heating
for 10 min at 95°C, sEGFR in solution was able to inhibit the binding of MAb 806 to
immobilized sEGFR (Figure 2C but data not shown herein), contirming that MAb
806 can bind the wild type EGFR under certain conditions. Interestingly, the
denatured SEGFR was unable to inhibit the binding of the 528 antibody (Figure 2C
but data not shown herein ), demonstrating that this antibody recognizes a
conformational epitope. The DH8.3 antibody exhibited dose~dependent and saturable
binding to the unique de2-7 EGFR peptide (Figure 2D). Neither MAb 806 or the 528
antibody bound to the peptide, even at concentrations higher than those used to obtain
saturation binding of DHB.3, further indicating MAb 806 does not recognize an
epitope determinant within this peptide.

Scatchard analysis of antibodies
A Scatchard analysis was performed using US7TMG.A2-7 cells in order to defermine
the relative affinity of each antibody. Both MAb 806 and the DHS.3 antibody retained
high immunoreactivity when iodinated and was typically greater than 90% for MAb

- 806 and 435-50% for the DHS8.3 antibody. MAb 806 had an affinity for the de2-7
EGER 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 jodinated antibody bound to U87MG parental cells.
MAD 806 recognized an average of 2.4 X 10° binding sites per cell with the DHS.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.25

Internalization of antibodies by US7TMG.A2-7 cells
The rate of antibody internalization following binding to a target cell influences both
its tumor targeting properties and therapeutic options. Consequently, we examined the

intemalization of MAb 806 and the DH8.3 antibody following binding to US7MG.A2-
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7 cells by FACS. Both antibodies showed relatively rapid internalization reaching
steady-state levels at 10 min for MAb 806 and 30 min for DHS.3 (Figure 3).
Tnternalization of DH8.3 was significantly higher both in terms of rate (80.5% of
DHS.3 internalized at 10 min compared to 36.8% for MAb 806, p < 0.01) and total
amount internalized at 60 min (93.5% vs. 30.4%, p < 0.001). MAb 806 showed
slightly lower levels of internalization at 30 and 60 min compared to 20 min in all 4
assays performed (Figure 3). This result was also confirmed using an internalization

assay based on iodinated MAb 806 (data not shown).

Electron microscopy analysis of antibody internalization

Given this difference in internalization rates between the antibodies, a detailed
analysis of antibody intracellular trafficking was performed using electron
microscopy. Although the DH8.3 anti-body was intemalized predominantly via
coated-pits (Figure 19A), MAD 806 appeared to be internalized by macropinocytosis
(Tigure 19B). In fact, a detailed analysis of 32 coated pits formed in cclls incubatcd
with MADb 806 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 2030 min both antibodies could be seen in
structures that morphologically resemble lysosomes (Figure 19C). The presence of

cellular debris within these structures is also consistent with their lysosome nature.

Biodistribution of antibodies in tumor bearing nude mice

The biodistribution of MAb 806 and the DHS8.3 antibody was compared in nudc mice
containing U87MG xenografts on 1 side and U87MG.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 hr."® In terms of % ID/g tumor, MAb 806 reached its peak level in US7MG.A2-7
xenografts of 18.6% ID/g tumor at 8 hr (Figure 4A), considerably higher than any
other tissue except blood. Although DH 8.3 also showed peak tumor levels at 8 hr, the
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level was a statistically (7 < 0.001) lower 8.8 % TD/g tumor compared to MAb 806
(Figure 4B). Levels of both antibodies slowly declined at 24 and 48 hr.
Autoradiography of US7MG.A2-7 xenograft tissue sections collected 8 hr after
injection with 123 1. labeled MAD 806 alone, clearly illustrates localization of antibody
to viable tumor (Figure 20), Neither antibody showed specific targeting of US7TMG
parental xenografts (Figure 4A, 4B). With regards to tumor to blood/liver ratios,
MAD 806 showed the highest ratio at 24 hr for both blood (ratio of 1.3) and liver
(ratio of 6.1) (Figure 54, 5B). The DHS.3 antibody had its highest ratio in blood at 8
hr (ratio of 0.38) and at 24 hr in liver (ratio of 1.5) (Figure SA, 5B), hoth of which are
considerably Jower than the values obtained for MAb 806.

Binding of MAb 806 10 cells containing amplified EGFR

To examine if MAb 806 could recognize the EGFR expressed in cells containing an
amplified receptor gene, its binding to A431 cells was analyzed. Low, but highly
reproducible, binding of MAb 806 to A431 cells was observed by FACS analysis
(Figure 6). The DH8.3 antibody did not bind A431 cells, indicating that the binding
of MAD 806 was not the result of low level de2-7 EGFR expression (Figure 6). As
expected, the anti-EGFR 528 antibody showed strong staining of A431 cells (Figure
6). The average of 3 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, MAb 806 appears to only
recognize a small portion of EGFR found on the surface of A431 cells. Using the 528
antibodyapproximately 2 X 10° receptors per cell were measured, which is in
agreement with numerous other studies.?® To ensure that these resulis were not
simply restricted to the A431 cell line, MAb 806 reactivity was cxainined in 2 other
cells lines exhibiting amplification of the EGFR gene. Both the HNS head and neck
cell line ™ and the MDA-468 breast cancer cell line 28 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 (Figure 21). As with the A431 cell line,
the MADb 806 clearly stained both cell lines but at a lower level than that observed
with the 528 antibody (Figure 21). Thus, MAb 806 binding is not simply restricted to
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A431 cells but appears to be a general observation for cells containing amplification
of the EGFR gene.

Immunoprecipitations

MAD 806 reactivity was further characterized by inﬂnunoﬁrecipitation using ¥ S-
labeled cells, The sc-03 antibody (a commercial polyclonal antibody specific for the
c-terminal domain of the EGFR) immunoprecipitated 3 bands from US7TMG.A2-7
cells; a doublet corresponding fo the 2 de2-7 EGFR bands observed in these cells and
a higher molecular weight band corresponding to the wt EGFR (Figure 22). In
contrast, while MAb 806 immunoprecipitated the 2 de2-7 EGFR bands, the wt EGFR
was completely absent. The sc-03 antibody immunoprecipitated a single band
corresponding to the wt EGFR from A431 cells (Figure 22), The MAb 806 also
immunoprecipitated a single band corresponding to the wi BGFR from A431 cells
(Figure 22) but consistent with the FACS and Scatchard data, the amount of EGFR
immunoprecipitated by MAD 806 was substantially less than the total EGFR present
on the cell surface. Given that MAb 806 and the sc-03 immunoprecipitated similar
amounts of the de2-7 EGFR, this result supports the notion that the MAb 806
antibody only recognizes a portion of the EGFR in cells overexpressing the receptor.
An irrelevant IgG2b (an isotype control for MAb 806) did not immunaprecipitate
EGFR from either cell line (Figure 22). Using identical conditions, MAb 806 did not
immunoprecipitate the EGFR from the parental US7MG cells (data not shown).

In vivo targeting of A431 cells by MAb 806

A second biodistribution study was performed with MAb 806 to determine if it could
target A431 tumor xenografts. The study was conducted over a longer time course in
order to obtain more information regarding the targeting of US7MG.A2-7 xenografts
by MAb 806, 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 xenografis,
since a previous study demonstrated low but significant targeting of this antibody to
A431 cells grown in nude mice.” During the first 48 hr, MAb 806 displayed almost

identical targeting properties as those observed in the initial experiments (Figure
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TAcompared with Figure 4A). In terms of % [D/g tumar, levels of MAD 806 in
UB7MG.A2-7 xenografts slowly declined after 24 hr 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 hr not
observed in normal tissues such as liver, spleen, kidney and lung (Figure 7A). Uptake
of the 528 antibody was low in both xenografts when expressed as % ID/g tumor
(Figure 7B). Autoradiography of A431 xenograft tissue sections collected 24 hr after
injection with 1551 ]abeled MAb 806 alone, clearly illustrates localization of antibody
to viable tumor around the periphery of the tumor and not central areas of necrosis
(Figure 23). In terms of tumor 10 blood rativ MAb 806 peaked at 72 hr for
UB7MG.A2-7 xenografts and 100 hr for A431 xenografts (Figure 84, 8B). Although
the tumor:blood ratio for MAb 806 never surpassed 1.0 with respect to the A431
tumor, it did increase through-out the entire time course (Figure 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 MAb 806
although higher levels were noted in the A431 xenografts (Figure 8A, 8B). MAb 806
had a peak tumor to liver ratio in U87MG.A2-7 xenografts of 7.6 at 72 hr, clearly
demonstrating preferential uptake in these tumors compared to normal tissue (Figure
8C). Other tumor to organ ratios for MADb 806 were similar to those observed in the
liver (data not shown). The peak tumor to liver ratio for MAb 806 in A431 xenografts
was 2.0 at 1od hr, again indicating a slight preferentially uptake in tumor compared

with normal tissue (Figure 8D).

DISCUSSION

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 MAb 806.% Using
U87MG cells transfected with the de2-7 EGFR, this antibody had a similar

internalization rate (35% at 1 hr compared to 30% at 1 hr for MAb 806) and displayed
compatable in vivo targeting when using 3T3 fibroblasts transfected with de2-7 EGFR
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(peak of 24% ID/g tumor at 24 hr compared to 18% ID/g tumor at 8 hr for MAh
306).% .

Pethaps the most important advantage of MAb 806 compared to current EGFR
antibodies, is that MADb 806 can be directly conjugated to cytotoxic agents. This
approach is not feasible with current EGFR specific antibodies as they target the liver
and cytatoxic conjugation would almost certainly induce severe toxicity. Conjugation
of cytotoxic agents such as drugs “or radioisotopes “ to antibodies has the potential
to improve efficacy and reduce the systemic toxicity of these agents. The ability of a
conjugated antibody to mediate tumor kill is dependent upon its potential to be
internalized. Thus, the rapid internalization observed with MAb 806 in US7MG.A2-7
cells, suggests MADb 806 is an ideal candidate for this type of approach.

MAD 806 is novel in that it is the first de2-7 EGFR specific antibody directed to an
epitope not associated with the unique junctional peptide. It has superior affinity and
better tumor targeting properties than DHS.3, a previously described de2-7 EGFR
antibody. An important property, however, is its ability to recognize a subset of EGFR
molecules expressed on the surface of tumor cells exhibiting amplification of the
EGFR gene. This suggests that MAb 806 may possess a unique clinical property; the
ability to target both de2-7 and amplified EGFR but not wild type receptors. If proven
correct, this antibody would not target organs such as liver and therefore would be
more versatile thin current antibodies directed to the EGFR,'™" which cannot be used
for the coupling of cytotoxic agents. Finally, MAb 806 may be a usetul reagent for
analyzing the conformational changes induced by the truncation found in de2-7
EGFR.
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EXAMPLE 19
GROWTH SUPPRESSION OF INTRACRANIAL XENOGRAFTED
GLIOBLASTOMAS OVEREXPRESSING MUTANT EPIDERMAL GROWTH
FACTOR RECEPTORS BY SYSTEMIC ADMINISTRATION OF
MONOCLONAL ANTIBODY (mAb) 806, A NOVEL, MONOCLONAL
ANTIBODY DIRECTED TO THE RECEPTOR

This example presents the evaluation of mAb 806 on the growth of intracranial
xenografted gliomas in nude mice. The following corresponds to and was presented
in Mishima et al, {2001) Cancer Research, 61:5349-5354, and the entire publication is
incorporated herein by reference with cross referencing to the Figurcs hercin where
appropriate. and made a part hereof. The data and findings of Mishima et al. are set
forth below.

Systemic treatment with mAb 806 significantly reduced the volume of lumors and
increased the survival of mice bearing xenografts of U87 MG.AEGFR, LN-
7Z308.AEGFR, or A1207 gliomas, cach of which expresses high levels of AEGER. In
contrast, mAb 806 treatment was ineffective with mice bearing the parental U87 MG
tumors, which expressed low levels of endogenous wild-type EGFR, or U87 MG.DK
tumors, which expressed high levels of kinase-deficient AEGFR. A slight increase of
survival of mice xenografted with a wild-type BGFR-overex-pressing

U87 MG glioma (U87 MG.wtEGFR) was cffccted by mAb 806 concordant with its
weak cross-reactivity with such cells. Treatment of US7 MG.AEGFR tumors in mice
with mAb 806 caused decreases in both tumor growth and angiogenesis, as well as
increased apoptosis. Mechanistically, in vivo mAb 806 treatment resulted in reduced
phosphorylation of the constitutively active AEGFR and caused down-regulated

expression of the apoptotic protector, Bcl-XL . These data provide preclinical
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evidence that mAb 806 {reatment may be a useful biotherapeutic agent for those
aggressive gliomas that express AEGFR.

The present example demonstrates that systemic treatment with the novel AEGFR-
specific mAb, mAb 806, causes reduced phosphorylation of the constitutively active
AEGFR and thereby suppresses growth of intracranially implanted gliomas
overexpressing this mutant receptor in nude mice and extends their survival. The
inhibition of tumor growth was mediated by a decrease in proliferation and
angiogenesis and increased apoptosis of the tumor cells, This suppression affected
active signaling by AEGER because intracranial xenografts that were derived from
cells overexpressing kinase-deficient AEGFR (DK), which are recognized equally
well by mAb 806, were not significantly suppressed after the same therapy.

MATERIALS AND METHODS

Cell Lines. Because primary explants of human glioblastomas rapidly lose expression

of amplitied, reatranged receptors in culturc, no cxisting glioblastoﬁla cell lines
exhibit such expression. To force maintenance of expression levels comparable with
those seen in human tumors, U87 MG, LN-Z308, and A1207 (gift from Dr. S.
Aaronson, Mount Sinai Medical Center, New York, NY) cells were infected with
AEGER, kinase-deficient AEGFR (DK), or wtEGFR viruses which also conferred
resistance to G418 as described previously (21). 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 (21) and designated as U87 MG.AEGFR,
U87 MG.DK, U87 MG.wtEGFR, LN-Z308. AEGFR, LN-Z308 DK, LN~

7308 wtEGFR, A1207.AEGFR, A1207.DK, and A1207 wtEGFR, respectively. Each
was maintained in medium containing G418 (U87 MG cell lines, 400 mg/ml; LN-
7308 and A1207 cell lines, 800 mg/ml). mAbs. mAb 806 (IgG2b, k), a AEGFR
specific mAb, was produced after immunization of mice with NRG mouse fibroblasts

expressing the AEGFR. It was selected from several clones because hemagglutination
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assays showed that it had a high reactivity against NR6.AEGFR cells, low reactivity
for NR6.wtEGFR cells, and none for NRG cells.

Tmmunoprecipitation and Western Blot Analysis. Cells were lysed with lysis
butter containing 50 mM HEPES (pH 7.5), 150 mM NaCl, 10% glycerol, 1% Triton
X-100, 2 mM EDTA, 0.1% SDS, 0.5% sodium deoxycholate, 10 mM sodium PP; ,1
mM phenylmethlsulfonyl fluoride, 2 mM Naz VO, ,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. Immuno-precipitates were washed twice with
lysis buffer and once with HNTG buffer [S0 mM HEPES (pH 7.5), 150 aM NaCl,
0.1% Triton X-100, and 10% glycerol], electrophoresed, and transferred to
nitrocellulose membranes. Blots were probed with the anti-EGFR antibody, C13, and
proteins were visualized using the ECL chemiluminescent detection system
(Amersham Pharmacia Biotech.). The mAbs used for precipitation were mAb 806,
anti-LGTR mAb clone 528 (Oncogene Research Products, Boston, MA), or clonc
EGFR.1 (Oncogene Research Products). A mAb, C13, used for detection of both
wild-type and AEGFR on immunoblots was provided by Dr. G. N. Gill (University of
California, San Diego, CA). Antibodies to Bcl-X (rabbit poly-clonal antibody;
Transduction Laboratories, Lexington, K'Y) and phosphotyrosine (4G10, Upstate
Biotechnology, Lake Placid, NY) were used for Western blot analysis as described
previously (26).

Flow Cytometry Analysis. Cells were labeled with the relevant antibody followed by
fluorescein-conjugated goat antimouse IgG (1:100 dilution; Becton-Dickinson
PharMingen, San Diego, CA) as described previously (21). Stained cells were
analyzed with a FACSCalibur using Cell Quest software (Becton-Dickinson
PharMingen). For the first antibody, the following mAbs were used: mAb 806, anti-
EGFR mAb clone 528, and clone EGFR.1. Mouse IgG2a or IgG2b was used as an

isotype control.
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Tumor Therapy. US7 MG.AEGFR cells (1 X 10°Yor 5X 10° LN-Z308. AEGFR,
A1207. AEGFR, U87 MG, U87 MG.DK, and U87 MG.wtEGFR cells in 5 1l of PBS
were implanted into the right corpus striatum of nude mice brains as described
previously (27). Systemic therapy with mAb 806, or the IgG2b isotype control, was
accomplished by i.p. injection of 1 g of mAbs in a volume of 100 pl every other day
from postimplantation day 0 through 14. For direct therapy of intracerebral U§7
MG.AEGFR tumors, 10 pg of mAb 806, or the IgG2b isotype control, in a volume of
5 ul were injected at the tumor-injection site every other day starting at day 1 for 5

days.

Immunohistochemistry. To assess angiogenesis in tumors, they were fixed in a
solution containing zinc chloride, paraffin embedded, sectioned, and immunostained
using & monoclonal rat antimouse CD31 antibody (Becton-Dickinson PharMingen;
1:200). Assessment of tumor cell proliferation was performed by Ki-67
immunohistochemistry on formalin-fixcd paraffin-cmbedded 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:totul nuclei in high-power
(3400) fields. Approximately 2000 nuclei were countcd in cach casc by systematic
random sampling. For macrophage and NK cell staining, frozen sections, fixed with
buffered 4% paraformaldehyde solution, were immunostained using bio-tinylated
mAb F4/80 (Serotec, Raleigh, NC) and polyclonal rabbit antiasialo GM1 antibody
(Dako Chemicals, Richmond, VA), respeciively. 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 capluring digital
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images of the sections at 3200 magnification using a CCD color camera as described
previously (27). 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).

TUNEL Assay. Apoptotic cells in tumor tissue were detected by using the TUNEL
method as described previously (27). 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.

Statistical Analysis. The data were analyzed for significance by Student’s 7 test,

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

Systemic Treatment of mAb 866 Extends the Survival of Mice Bearing AEGFR-
overexpressing Intracranial Glioma Tumors.

To test the efficacy of the anti-AEGFR mAb, mAb 806, we treated nude mice bearing
intracranial AEGFR-overexpressing glioma xenografts with i.p. injections of mAb
806, the isotype control IgG, or PBS. U87 MG.AEGER cells were implanted
intracranially into nude mice, and the treatments began on the same day as described

in “Materials and Methods.”

Animals treated with PBS or isotype control IgG had a median survival of 13 days,
whereas mice treated with mAb 806 had a 61.5% increase in median survival up to 21
days (P < 0.001;Figure 24A). Treatment of mice 3 days postimplantation, after tumor
establishment, also extended the median survival of the mAb 806-treated animals by
46.1% (from 13 days to 19 days; P < 0.01) compared with that of the control groups
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(data not shown). To determine whether these antitumor effects of mAb 806 extended
beyond U87 MG.AEGFR xenografis, we also did similar treatments of animals
bearing other glioma cell xenografts of LN-Z308.AEGER and A1207.AEGFR. The
median survival of mAb 806-treated mice bearing LN-Z308.AEGFR xenografts was
extended from 19 days for controls to 58 days (P < 0.001; Figure 24B). Remarkably,
four of eight mAb 806-treated animals survived beyond 60 days (Figure 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). 4

mADb 806 Treatment Inhibits AEGFR-overexpressing Brain Tumor Growth.
Mice bearing U87 MG.AEGFR and LN-Z308. AEGFR xenogralls were killed at day

9 and day 15, respectively. Tumor sections were histopathologically analyzed, and
tumor volumes were determined as described in “Materials and Methods.” Consistent
with the results observed for animal survival, mAb 806 treatment significantly
reduced the volumes of U87 MG.AEGFR by 90% (P < 0.001; Figure 24C), and of
LN-Z308.ABGFR by .95% (P < 0.001; Figure 24D), uf xenografts in comparison
with those of the control groups. Similar results were obtained for animals bearing
A1207.AEGFR tumors (65% volume reduction; P < 0.01; data not shown).

Intratumoral Treatment with mAb 806 Extends Survival of Mice Bearing U87
MG.AEGFR Brain Tumors.

We also determined the efficacy of direct intratumoral injection of mAb 806 for the
treatment of US7 MG.AEGFR xenografts. Animals were given intratumoral injections
of mAb 806 or isotype control IgG at 1 day postimplantation, as described in
“Materials and Methods.” Control animals survived for 15 days, whereas mAb 806
treated mice remained alive for 18 days (P < 0.01; Figure 24E). Although the
intratumoral treatment with mAb 806 was somewhat cffective, it entailed the
difficulties of multiple intracranial injections and of increased risk of infection. We,

therefore, focused on systemic treatments for additional studies.
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mADb 806 Treatment Slightly Extends Survival of Mice Bearing US7
MG.wtEGFR but not of Mice Bearing U87 MG or U387 MG.DK Intracranial
Xenografts.

To determine whether the growth inhibition by mAb 806 was selective for tumors
expressing AEGFR, we treated animals bearing U87 MG, U87 MG.DK (kinase-
deficient AEGFR) or U387 MG.wtEGFR brain xenografts. mAb 806 treatment did not
extend the survival of mice implanted with U87 MG tumors (Figure 25A), which
expressed a low level of endogenous wtEGFR (22), or of animals bearing U87
MG.DK xenografts, which overexpressed a kinase-deficient AEGFR in additionto a
low level of endogenous wtEGFR (Figure 25B). The mAb 806 treatment slightly
extended the survival of mice bearing U87 MG.wtEGFR tumors (P < 0.05; median
survival, 23 days versus 26 days for the control groups), which overexpressed
wtEGFR (Figure 25C).

mADbD 806 Reactivity Correlates with in Vive Antitumor Efficacy.

To understand the differential effect of mAb 806 on tumors expressing various levels
or different Lypes of EGFR, we determined mAb 806 reactivity with various tumor
cells by FACS analysis. Consistent with previous reports (21), the anti-EGFR mAb
528 recognized both AEGFR and wtEGFR and demonstrated stronger staining for
U87 MG.AEGFR cells compared with UR7 MG cells (Figure 264, 528). In contrasl,
antibody EGFR.1 reacted with wiEGFR but not with AEGFR (21), because U87
MG.AEGFR cells were as weakly reactive as U87 MG cells (Figure 26A, panel
EGFR.1). This EGFR.1 antibody reacted with U87 MG.wtEGFR more intensively
than with U87 MG cells, because U87 MG.wtEGFR cells overexpressed wtEGFR
(Figure 26A, panel EGFR.1). Although mAb 806 reacted intensely with U87
MG.AEGFR and U87 MG.DK cells and not with U87 MG cells, it reacted weakly
with U&7 MG . wiFEGFR, which indicated that mAb 806 is selective for ABGFR with a
weak cross-activity to overexpressed wtEGFR (Figure 264, panel mAb 806). This
level of reactivity with U87 MG.wtEGFR was quantitatively and qualitatively similar
to the extension of survival mediated by the antibody treatment (Figure 25C)

142

-147-




WO 02/092771 PCT/USO2/15185

We further determined mAb 806 specificity by immunoprecipitation. EGFRs in
various cell lines were immunoprecipitated with antibody 528, EGFR.1, and mAb
806. Blots of electrophoretically separated proteins were then probed with the anti-
EGFR antibody, C13, which recognizes wiEGFR as well as AEGFR and DK (22).
Consistent with the FACS analysis, antibody 528 recognized wtEGFR and mutant
receptors (Figure 26B-panel IP: 528), whereas antibody EGFR.1 reacted with
wtEGFR but not with the mutant species (Figure 26B, panel [P: EGFR.1). Moreover,
the levels of mutant receptors in U87 MG.AEGFR and U87 MG.DX cells are
comparable with those of wtEGFR in the U87 MG.wtEGER cells (Figure 26B, panel
IP: 528).

However, antibody mAb 806 was able to precipitate only a small amount of the
wtEGFR from the U87 MG.wtEGFR cell lysates as compared with the larger amount
of mutant receptor precipitated from U87 MG.AEGFR and U87 MG.DK cells, and an
undetectable amount from the U87 MG cells (IFligure 26B, panel I mAb 806).
Collectively, these data suggest that mAb 806 recognizes an epitope in AEGFR that
also exists in a small fraction of wtEGFR only when it is overexpressed on the cell

surface.

mADb 806 Treatment Reduces AEGFR Autophosphorylation and Down-Regulates
Bcl-XL. Expression in U87 MG.AEGFR Brain Tumors.

The mechanisms underlying the growth inhibition by mAb 806 were next
investigated. Because the constitutively active kinase activity and
autophosphorylation of the COOH terminus of AEGFR are essential for its biological
functions (21, 22, 28, 29), AEGFR phosphorylation status was determined in tumors
from treated and control animals. As shown in Figure 27A, mAb 806 treatment
dramatically reduced AEGFR autophosphorylation, although receptor levels were
only slightly decreased in the mAb 806-treated xenografts. We have previously shown
that receptor autophosphorylation causes up-regulation of the antiapoptotic gene, Bel-
X 1., which plays a key role in rcducing apoptosis of ABGFR -overexpressing tumors

(28, 29). Therefore, the effect of mAb 806 treatment on Bcl-X [ expression was next
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determined. AEGER tumors from mAb 806-treated animals did indeed show reduced
levels of Bcl-XL (Figure 27A).

mAb 806 Treatment Decreases Growth and Angiogenesis and Increases
Apoptosis in US7 MG.AEGFR Tumors.

In light of the in vivo suppression caused by mAb 806 treatment and its biochemical
effects on receptor signaling, we determined the proliferation rate of tumors from
control ar treated mice. The proliferative index, measured by Ki-67 staining of the
mAb 806-treated tumors, was significantly lower than that of the control tumors (P <
0.001; Figure 28). In addition, analysis of the apoptotic index through TUNEL
staining demonstrated a significant increase in the number of apoptotic cells in mAb
806-treated tumors as caompared with the control tumors (P < 0.001; Figure 28). The
extent of tumor vascularization was also analyzed by immunostaining of tumors from
treated and control specimens for CD31. T.o quantify tumor vascularization, MVAs
were measured using computerized image analysis. mAb 806-treated tumors showed
30% less MVA than did contro] tumors (P <0.001; Figure 28). To understand
whether interaction between receptor and antibody may elicit an inflammatory
tesponse, we stained tumor sections for the macrophage marker, F4/80, and the NK
cell marker, asialo GM1. Macrophages were identified throughout the tumor matrix
and especially accumulated around the mAb 806-treated-U87 MG. AEGFR —tumor
periphery (Figure 28). We observed few NK cells infiltrated in and-around the tumars
and no significant difference between mAb 8§06-treated and isotype-control tumors

(data not shown).
DISCUSSION

AEGFR appears to be an attractive potential therapeutic target for cancer treatment of
gliomas. It is correlated with poor prognosis (25), whereas its genetic or

pharmacological inhibition effectively suppresses growth of AEGFR. -overexpressing
cells both in vitro and in vive (29, 30). Because this mutant EGFR is expressed on the

cell surface, it represents a potential target for antibody-based therapy, and, here, we
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tested the efficacy of a novel anti- ARGFR mAb, mAh 806, on the treatment of
intracranial xenografts of AEGFR —overexpressing gliomas of different cellular
backgrounds in nude mice. The systemic administration of mAb 806 inhibited tumor
growth and extended animal survival. The effect of mAb 806 was evident for each
cell line and was independent of the p33 status of the tumors, because U87 MG.
AEGER and A1207. AEGFR expressed wild-type p53, whereas LN-Z308. AEGFR
was p53-null.

The enhanced tumorigenicity of AEGFR is mediated through its cclmstirutively active
kinase activity and tyrosine autophosphorylation at the COOH terminus (22, 28, 29).
Phosphorylation of AEGFR in mAb 806-treated tumors was significantly decreased,
proliferation was reduced, and apoptosis was elevated, which suggests that the
antitumor effect of mAb 806 is, at least in part, attributable to the inhibition of the
intrinsic function of the receptor. The AEGFR signaling caused up-regulation of the
antiapoptotic gene, Bcl»XL (28), and treatment with mAb 806 resulted in down-
regulation of Bcl-X L expression, which further suggests that the antitumor effect of
mAb 806 is mediated through the inhibition of AEGFR signaling. The level of
AEGFR in the mAb 806-treated tumors was also slightly reduced (Figure 27A), but
not to a degree that was consistent with the degree of dephosphorylation of the mutant
teceptor or sufficient to explain the magnitude of its biological effect. The antitumor
effect of mAb 806 is likely to result, at least in part, from the inhibition of the intrinsic
signaling function of AEGFR. This assertion is also supported by the lack of

antitumor effects on DK tumors, which bind to the antibody but are kinase deficient.

Intratumoral injection of a different anti- AEGFR antibody, mAbYlAO, inhibited the
growth of AEGFR -expressing B16 melanoma tumors in mouse brains through a
Fc/Fc receptor-dependent mechanism (31). In conjunction with this, mAbY10 was
shown to mediate antibody-dependent macrophage cytotoxicity in vitro with both
murine and human effector cells (17), although it had little effect with macro-phage
infiltration found in our mAb 806-ireated tumors raises the question as to whether the

antitumor effect of mAb 806 may be accomplished by macrophage-mediated
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cytotoxicity. We believe this to be unlikely, because macrophage infiltration also
occurred on mAb 806 treatment of U87 MG.DK (kinase-deficient AEGFR) tumors, in

which it was ineffective in regulating tumor growth.

mAb 806 appears to be selective for AEGFR. with a weak cross-reactivity with
overexpressed wtEGFR. Consistent with the in vitro specificity, mAb 806 treatment
was very effective in AEGFR -over-expressed tumors, whereas it showed a much less
tobust, but reproducible, growth inhibition for tumors overexpressing wtEGFR.
However, the simple interaction between mAb 806 and its target molecules is
insufficient to inhibit tumor growth because, although mAb 806 is capable of binding
equally well to kinase-deficient AEGFR (DK) receptors and AEGFR, it is ineffective
in affecting DK-expressing tumor growth. The inability of mAb 806 to interact with
the low-level of wtEGFR normally present in cells suggests a large therapeutic
window for AEGFR -overexpressed as well as, to a lesser extent, wtEGFR-

overexpressed cancers when compared with normal tissues.

Although the mAb 806 treatment was effective for suppression of intracranial
xenografts, it should be noted that the AEGFR-tumors eventually grew, and durable
remissions were not achieved. This may have resulted from inefficient distribution of
antibody in the tumor mass. mAbs in combination with other therapeutic modalities
such as toxins, isotopes or drugs, for cancer treatments have been shown to be more
effective than antibody alone in many cases (2, 3, 32-34). Chemotherapeutic drugs
such as doxorubicin and cisplatin in conjunction with wtEGFR antibodies have also
shown enhanced antitumor activity (35, 36). Combination treatments targeted at
tumor growth as well as angiogenic development have more effectively inhibited
glioblastoma growth than either treatment alonc (27). This raises the possibility that
mAb 806 in combination with chemotherapeutic drugs or compounds modulating

angiogenesis may be even more effective than mAb 806 alone.
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EXAMPLE 20
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
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The following example presents findings by the prosent inventors that is also set forth
in Luwor et al., (2001) Cancer Research, 61:5355-5361. The disclosure of this
publication is incoxporated herein in its entirety with cross referencing to the Figures
herein where appropriate.and made & part hereof,

The monoclonal antibody (mAb) 806 was raised ageinst the delta2-7 epidermal
growth factor receptor (de2-7 BCGER or BOFRVIID, a truncated version of the EGFR
commonly cxpressed in glioma. Unexpectedly, mAb 806 also bound the EGRR
expressed by cells exhibiting amplification of the EGFR gene but not to cells or
normal tissye expressing the wild-type receptor in the absence of gene amplification,
The unique specificity of mAb 806 offers an adyantage aver cutrent EGER
antibodies, which all display significant binding to the liver and skin in humans.
Therefore, we examined the antitumor activity of mAb 806 against human mrmor Xe-
nografts grown in nude tmice. The growth of U37 MG Xenograffs, a glioma cell line
that endogenausly expresses ~L0° EGFRs in the absence of gene amplification, was
not inhibited by mAb §06. In contrast, mAb 806 significantly inhibited the growth of
U87 MG xenografts transfected with the de2—7 EGFR in a dose-dependent manner
using both preventative and estublished tumor models. Signilieanily, U87 MG cells
transfected with the wild-type EGFR, which increased expression to ~10° EGFRs/cell
and mimics the situation of gene umplification, were also inhibited by mAb 806 when
grown as xenogralts in nude mice. Xenografis treated with mAb 806 all dis played
large areas of necrosis that were absent in control tumors. This reduced xenograft
viability was not mediated by receptor down.reguiation or clonal selection bacunse
lovels of antigen expression were similar in control and treated groups. The antitumor
sifect of mAb 806 was not restricted to US7 MG cells becanse the antibody inhibited
the growth of new and established A431 xenografis, a cell live expressing >10°
EGFRs/ccll. This study demonstrates that mAb 806 possesses significant antitumor

activity.

The de2-7 BGFR specific mAb 806 was produced after immurnization of mice with
NR& mouse fibroblasts expressing the truncated de2-7 EGFR, mAb 806 binds the
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U7 MG glioma cell tine transfected with the de2-7 EGFR but not the parental U7
MG cell line, which expresses the wt EGFR without gene amplification.? Similar
results were observed in vivo with mAb 806 showing specific targeting of de2—7
EGFR expressing U87 MG xenografts but not parental U87 MG tumors.®
Tnterestingly, mAb 806 was capable of binding an EGFR subset (~10%) on the
surface of the A431 cell line, which contains an amplified EGFR gene. Therefore,
unlike all other de2-7 EGFR-specific antibodies, which recognize the unique peptide
junction that is generated by the de2-7 EGFR truncation, mAb 806 binds to an
epitope also found in overexpressed wt EGFR. However, it would appear that this
epitope is preferentially exposed in the de2—7 EGFR and a small proportion of
receptors expressed in cells containing wt EGFR gene amplification. Importantly,
normal tissues that expresses high levels of endogenous wt EFGR, such as liver and
skin, show no significant mAb 806 binding. On the basis of the unique property of the
mAb 806 to bind both the de2-7 and amplified wt EGFR but not the nativc wt EGFR
when expressed at normal levels, we decided to examine the cfficacy of mAb 806

against several tumor cell lines grown as xenografts in nude mice.

MATERTALS AND METHODS

Cell Lines and Monoclonal Antibodies. The human glioblastoma cell line U87 MG,
which endogenously expresses the wt EGFR, and the transfected cell lines U87
MG.A2-7 and U87 MG.wtEGER, which express the de2-7 EGER and overexpress
the wt BGFR, respectively, have been described previously (16, 23). The epidermoid

carcinoma cell line A431 has been described previously (24).

All cell lines were maintained in DMEM (DMEM/F12; Life Technologies, Inc.,
Grand Island, NY) containing 10% FCS (CSL, Melbourne, Victoria, Australia), 2 mM
glutamine (Sigma Chemical Co., St. Louis, MO), and peni-cillin/ streptomycin (Life
Technologies, Inc., Grand Island, NY). In addition, the U87 MG.D2-7 and U87
MG.w{EGFR cell lines were maintained in 400 mg/ml of geneticin (Life

Technologies, Inc., Melbourne, Victoria, Australia). Cell lines were grown at 37°C in
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a umidified atmosphere of 5% CO2. The mAb 806 (TgG2b) was produced after
immunization of mice with NR6 mouse fibroblasts expressing the de2—7 EGFR. mAb
806 was selected after rosette assays showed binding to NR6 cells, which
overexpressed the de2-7 EGFR (titer of 1:2500). mAb 528, which recognizes both
de2-7 and wt EGFR, has been described previously (10) and was produced in the
Biological Production Facility (Ludwig Institute for Cancer Research, Melbourne,
Victoria, Australia) using a hybridoma obtained from American Type Culture
Collection (Rockville, MD). The DHS8.3 mAb, which is specific for the de2—7 EGFR,
was kindly provided by Prof. William Gullick (University of Kent and Canterbury,
Kent, United Kingdom) (19). The polyclonal antibody sc-03 directed to the COOH-
terminal domain of the EGFR was purchased from Santa Cruz Bio-technology (Santa

Cruz Biotechnology, Santa Cruz, CA).

FACS Analysis of Receptor Expression. Cultured parental and trans-fected U87
MG cell lines were analyzed for wt and de2-7 TLGT'R expression using the 528, 806,
and DH8.3 antibodics. Cells (1 3 10 6 ) were incubated with 5 mg/m! of the
appropriate antibody ot an isotype-matched negative 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 FITC-coupled goat antimouse 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.

Scatchard Analysis. The mAb 806 was labeled with 125 I (Amrad, Mel-bourne,
Victoria, Australia) by the Chloramine T method. All binding assays were performed
in 1% HSA/PBS on 1-2 X 10° live U87 MG.A2-7 or A431 cells for 90 min at 4°C
with gentle rotation. A set concentration of 10 ng/ml 125 I-labeled mAb 806 was used
in the presence of increasing concentrations of unlabeled antibody. Nonspecific
binding was determined in the presence of 10,000-fold excess of unlabeled antibody.
Aftér incubation, cells were washed and counted for bound 125 I-labeled mAb 806

153

-158-




WO 02/092771 PCT/US02/15185

using a COBRA II gamma counter (Packard Instrument Company, Meriden, CT).

Scatchard analysis was done after correction for immunoreactivity.

Immunoprecipitation Studies. Cells were labeled for 16 h with 100 mCi/ml of Tran
35 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 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 1 h at4°C. Lysates were
clarified by centrifugation for 10 min at 12, 000 3 g and then incubaled with 5 g 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 ge! electrophoresis using a 7.5% gel that was then dried,
and exposed to X-ray film. '

Xenograft Models. Consistent with previous reports (23, 25), U87 MG cells
transfected with de2—7 EGFR grew more rapidly then parental cells and U87 MG
cells transfected with the wt EGFR. Tumor cells (3 X 10%)in 100ml of PBS were
inoculated s.c. into both flanks of 4-6-week-old, female nude mice (Animal Research
Center, Western Australia, Perth, Australia). Therapeutic efficacy of mAb 806 was
investigated in both preventative and established tumor models. In the preventative
model, five mice with two xenografts each were treated i.p. with either 0.1 or 1 mg of
mADb 806 or vehicle (PBS) starting the day before tumor cell inoculation. Treatment
was continued for a total of six doses, threc times per week for 2 weeks. In the
established model, treatment was started when tumors had reached a mean volume of
65 mm 3 (U$7 MG.A2-7), 84 mm 3 (U87 MG), 73 mm 3 (U87 MG, wiEGFR), or 201
mm 3 (A431 tumors). Tumor volume in mm 3 was determined using the formula
(length 3 width 2 )/2, where length was the longest axis and width the measurement
at right angles to the length (26). Data were expressed as mean tumor volume 6 SE fo
each treatment group. This ressarch project was approved by the Animal Ethics
Committec of the Austin and Repatriation Medical Centre.

154

-159-




WO 02/092771 PCT/USO2/15185

Histelogical Examination of Tumor Xenografts. Xenografts were excised at the
times indicated and bisected. One half was fixed in 10% formalin/PBS before being
embedded in paraffin. Four- mm sections were then cut and stained with H&E for
routine histological examination. The other half was embedded in Tissue Tek OCT
compound (Sakura Finctek, Torrance, CA), frozen in liquid nitrogen, and stored at
280°C. Thin (5- mm) cryostat sections

were cut and fixed in ice-cold acetone for 10 min, followed by air drying for an
additional 10 min. Sections were blocked in protein blocking reagent (Lipshaw
Tmmunon, Pittsburgh, PA) for 10 min'and then incubated with biotinylated primary
antibody (1 mg/ml) for 30 min at room temperature. All antibodies were biotinylated
using the ECL protein biotinylation module (Amersham, Baulkham Hills, NSW,
Australia), as per the manufacturer’s instructions. After rinsing with PBS, sections
were incubated with a streptavidin- horseradish peroxidase complex for an additional
30 min (Silenus, Melbourne, Victoria, Australia). After a final PBS wash, the sections
were exposed to 3-amino-9-ethylcarbazole substrate [0.1 M acetic acid, 0.1 M sodium
acetate, 0.02 M 3-amino-9-ethylcarbazole (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.

Statistical Analysis. The in vivo tumor measurements in mm 3 are ex-pressed as the |
mean 6 SE. Differences between treatment groups at given time points were tested for

statistical significance using Student’s # test.
RESULTS

Binding of Antibodies to Cell Lines. To determine the specificity of mAb 806, its
binding to U87 MG, U87 MG.D2-7, and U87 MG.wiEGFR cells was analyzed by
FACS. An irrelevant IgG2b (mAb 100-310 directed to the human antigen A33) was
included as an isotype control for mAb 806, and the 528 antibody was included
because it recognizes both the de2-7 and wt EGFR. Only the 528 antibody was able
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to stain the parental U87 MGG cell line (Figure 29), consistent with previous reports
demonstrating that these cells express the wt EGFR (16). mAb 806 had binding levels
similar to the control antibody, clearly demonstrating that it is unable to bind the wt
EGFR (Figure 29). Binding of the isotype control antibody to the U87 MG.D2-7 and
U87 MG.wtEGFR cell lines was similar to that observed for the U87 MG cells. mAb
806 stained U87 MG.D2~7 and U87 MG. WtEGFR cells, indicating that mAb §06
specifically recognized the de2~7 EGFR and a subset of the overexpressed EGFR
(Figure 29). As expected, the 528 antibody stained both the U87 MG.D2-7 and U87
MG.wtEGFR cell lines (Figure 29). The intensity of 528 antibody staining on U87
MG.wIBGFR cells was much higher than mAb 806, suggesting that mAb 806 only
recognizes a portion of the overexpressed EGFR, The mAb 806 reactivity observed
with U87 MG.wtEGTR cells is similar to that obtaincd with A431 cells, another cell
line that over expresses the wt EGFR.3

A Scatchard analysis was performed using U87 MG.D2-7 and A431 cells to
determine the relative affinity and binding sites for mAb 806 on each cell line. mAb
806 had an affinity for the de2-7 EGFR receptor of 1.1 X 10° " and recognized an
average (three separate experiments) of 2.4 X 10° binding sites/cell. In contrast, the
affinity of mAb 806 for the wt EGFR on A431 cells was only 9.5 X 107 M™.
Tnterestingly, mAb 806 recognized 2.3 X 10° binding sites on the suxface 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 '*T-labeled 528 antibody. As expected, this antibody bound
to approximately 2 X 10° sites on the surface of A431 cells. Thus, it appears that mAb
806 only binds a portion of the EGFR receptors on the surface of A431 cells.
Tmportantly, ' I-labeled mAb 806 did not bind to the parental U87 MG cells at all,

even when the number of cells was increased to 1 X 10",

Immunoprecipitations. We further characterized mAb 806 reactivity in the various
cell lines by immunoprecipitation after 35 S-labeling using mAb 806, sc-03 (a

commercial polyclonal antibody specific for the COOH-terminal domain of the
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EGFR) and a [gG2b isotype control. The sc-03 antibody immunoprecipitated three
bands from U87 MG.A2-7 cells, a doublet corresponding to the two de2-7 EGFR
bands observed in these cells and a higher molecular weight band corresponding to
the wt EGFR (Figure 30). In contrast, although mAb 806 immunoprecipitated the two
de2-7 EGFR bands, the wt EGFR was completely absent (Figure 30). The pattern
seen in U87 MG.wiBGFR and A431 cells was essentially identical. The sc-03
antibody immunoprecipitated a single band corresponding to the wt EGFR from bath
cell lines (Figure 30). The mAb 806 also immunoprecipitated a single band
corresponding to the wt EGFR from both U87 MG.wtEGFR and A431 cells (Iigure
30). Consistent with the FACS and Scatchard data, the amount of EGFR
immunoprecipitated by mAb 806 was substantially less than the total EGFR present
on the cell surface. Given that mAb 806 and the sc-03 immunoprecipitated similar
amounts of the de2-7 EGFR, this result suppoxts the notion that the mAb 806
antibody only recognizes a portion of the EGER in cells overexpressing the receptor.
Comparisons between mAb 806 and the 528 antibody showed an identical pattern of
reactivity (data not shown). An irrelevant IgG2b (an isotype control for mAb 806) did
not immunoprecipitatc EGFR from any of the cell lines (Figure 30). Using identical
conditions, mAb 806 did not immunoprecipitate the EGFR from the parental U7 MG

cells (data not shown).

Efficacy of mAb 806 in Preventative Models. mAb 806 was examined for efficacy
against U87 MG and U87 MG.A2-7 tumors in a preventative xenogtaft model.
Antibody or vehicle was administered 1.p. the day before tumor inoculation and was
given three times per week for 2 weeks (see “Materials and Methods”). Al a dose of 1
mg/injection, mAb 806 had no effect on the growlh of parental U87 MG xenografts
that express the wt EGFR (Figure 94). Tn contrast, mAb 806 inhibited significantly
the growth of U87 MG.A2-7 xcnografts in a dose-dependent manner (Figure 9B).
Twenty days after tamor inocu-lation, when conirol animals were sacrificed, the mean
tumor volume was 1600 = 180 mm® for the control group, a significantly smaller S00
+95 mm® for the 0,1 mg/injection group (P < 0.0001) and 200 = 42 mm’ for the 1
mgfinjection group (P< 0.0001). Treatment groups were sacrificed at day 24, at which
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time the mean tumor volumes were 1300 + 240 mm 3 for the 0.1 mg treated group
and 500 £ 100 mm?® for the 1 mg group (P <0.005).

Efficacy of mAb 806 in Established Xenogratt Models. Given the efficacy of mAb
806 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 U87 MG.A2-7
xenografts and 84 mm?® (19 days after implantation) for the parental U87 MG
xenografts. Once again, mAb 806 had no effect on the growth of parental U87 MG
xenografts, even at a dose of 1 mg/injection (Figure 10A). In contrast, mAb 806
significantly inhibited the growth of U87 MG.A2-7 xenografts in a dose-dependent
manner (Figure 10B). At day 17, 1 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 | mgfinjection group (P
< 0.002). Treatment of U87 MG.A2-7 xenografts with an IgG2b isotype control had

no effect on tumor growth (data not shown).

To examine whether the growth inhibition ohserved with mAb 806 was restricted to
cells expressing de2-7 EGFR, its efficacy against the U87 MG.wtEGFR xenografis
was also examined in an established model. These cells serve as a model for tumors
containing amplifi-cation of the EGFR gene without de2-7 EGFR expression. mAb
806 treatment commenced when tumors had reached a meun tumor volume of 73 num
3 (22 days after implantation). mAb 806 significantly inhibited the growth of
established US7 MG.wtEGFR xenografts when comparcd with control tumors treated
with vehicle (Figure 10C). On the day control animals were sacrificed, the mean
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).

Histological and Immunohistochemical Analysis of Established

158

-163-




WO 02/092771 PCT/USO2/15185

Tumors. To evaluate potential histological differences between mAb 806-treated and
comtrol U87 MG.A2-7 and U7 MG.wtEGFR xenografts, formalin-fixed, paraffin-
embedded sections were stained with H&E (Figure 31). Areas of necrosis were seen
in sections from mAb 806-treated U87 MG.A2-7 (mAb 806-treated xenografts were
collected 24 days after tumor inoculation and vehicle treated xenografts at 18 days),
and U87 MG.wtEGFR xenografts (mAb 806 xenografts were collected 42 days after
tumor inoculation and vehicle treated

xenografts at 37 days; Figure 31). This result was consistently observed in a number
of tumor xenografts (n 5 4 for each cell line). However, sections from U87 MG.A2-7
and U87 MG.wtEGFR xenografts treated with vehicle (n 5 5) did not display the same
areas of necrosis seen after mAb 806 treatment (Figure 31). Vehicle and mAb 806-
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 mAb 806-treated xenografts. Furthermore,
sections from mAb 806-treated U7 MG xenografts werc also stained with H&E and
did not reveal any areas of necrosis (data not shown), further supporting the
hypothesis that mAb 806 binding induces decreased cell viability, resulting in

increased necrosis within tumor xenografts.

An immunohistochemical analysis of U87 MG, U87 MG.A2-7, and U87
MG.wtEGFR xenograft sections was petformed to determine the levels of de2-7 and
wt EGFR expression after mAb 806 treatment (Figure 32). As expected, the 528
antibody stained all xenografts sections with no obvious decrease in inlensity between
treated and control tumors (Figure 32). Staining of U87 MG scctions was
undetectable with the mAb 806; however, positive staining of U87 MG.A2-7 and U87
MG.wtEGFR xenograft sections was observed (Figure 32). There was no difference
in mAb 806 staining intensity between control and treated U87 MG.A2-7 and U87
MG.wtEGFR xenografts, suggesting that antibody treatment does not lead to the

selection of clonal variants lacking mAb 806 reactivity.
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Treatment of A431 Xenografts with mAb 806. To demonstrate that the antitumor
effects of mAb 806 were not restricted to US7 MG cells, the antibody was
administrated to mice containing A431 xe-nografts. These cells contain an amplified
EGFR gene and express approximately 2 X 10° receptors/cells. We have previously
shown that mAb 806 binds ~10% of these EGFRs and targets A431 xenografts.(3)
mAb 806 significantly inhibited the growth of A431 xenografts when examined in the
preventative xenograft model described previousty (Figure 11A). At day 13, when
control animals were sacrificed, the mean tumor volume was 1400 + 150 mm’ in the
vehicle-treated group and 260 x 60 mm?® for the 1 mg/injection treatment group (P <
0.0001). In a separate experiment, a dose of 0.1mg of mAb also inhibited significantly

(P <0.05) the growth of A431 xenografts in a preventative model (data not shown).

Given the efficacy of mAb 806 in the preventative A431 xenograft model, its ability
to inhibit the growth of established tumor xenografts was examnined. Antibody
treatment was as desctibed in the preventative model, except it was ‘ot started until
tumors had reached 2 mean tumor volume of 200 + 20 mm® . mAb 806 significantly
inhibited the growth of established A431 xenografts (Figure 11B). At day 13, the day
control animals were sacrificed, the mean tumor volume was 1100 + 100 mm 3 for the

control group and 450 +70 mm?® for the 1 mgfinjection group (P < 0.0001).

We have shown previously’ that mAb 806 targets both de2-7 EGFR-transfected U87
MG xenografts and A431 xenografts thal over express the wt EGFR. mAb 806 did not
target parental U87 MG cells, which express ~10° EGFR? (16). As assessed by FACS,

immunohistochemistry, and immunoprecipitation, we now demonstrate that mAb 806
is also able to specifically bind U87 MG.wtEGFR cells, which express >10°
BGFRs/cell. Thus, the previous observed binding of mAb 806 to A431 cells is not the

result of some unusual property of these cells but rather appears to be a more general

phenomenon telated to over expression of the wt EGER.
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() We were unable to detect mAb 806 binding to the parental U87 MG cell line,
which expresses 1 X 10° wt EGFRs/cell (16), either by FACS, immunaprecipitation,
immunohistochemistry, or with iodinated antibody. Indeed, iodinated mAb 806 did
not bind to U87 MG cell pellets containing 1 X 107 cells, which based on the
Scatchard datausing 1X 10° A431 cells, are conditions that should detect low level

antibody binding (i.c., the total number of receptors being similar in both cases).

(b) Scatchard analysis clearly showed that mAb 806 only bound to 10% of the total
EGFR on the surface of A431 cells. If mAb 806 simply binds to the wt EGFR with
Tow affinity, then it should have bound to a considerably higher percentage of the

receptor.

(c) Comparative immunoprecipitation of the A431 and U87 MG. wtEGFR cell lines
with mAb 806 and the sc-03 antibody also supported the hypothesis that only a subset
of receptors are recognized by mAb 806, Taken together, these results support the
notion that mAb

806 recognizes a EGFR subset on the surface of cells overexpressing the EGFR. We
are currently analyzing the EGFR immunoprecipitated by mAb 806 to see if it
displays altered biochemical properties related to glycosylation or kinase activity.

The xenograft studies with mAb 806 described here demonstrate dose-dependent
inhibition of U87 MG.D2-7 xenograft growth. In contrast, no inhibition of parental
U87 MG xenografts was observed, despite the fact that they continue to express the
wit EGFR in vivo. mAb 806 not only significantly reduced xenograft volume, it also
induced significant necrosis within the tumor. As noted above, other de2-7 EGFR-
specific mAbs have been generated (20 —22), but this is the first report showing the
successful therapeutic use of such an antibddy in vivo against a human de2—7 EGFR-
expressing glioma xenograft. A recent report demonstrated that the de2-7 EGEFR-
specific Y10 mAb had in vivo antitumor activity against murine B16 melanoma cells
transfected with a murine homologue of the human de2-7 EGFR (33). Y10 mediated
in vitro cell lysis (>90%) of B16 melanoma cells expressing the de2-7 EGFR in the
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absence of complement or effector cells. In contrast to their in vitro observations, the
in vive Y10 antibody efficacy was completely mediated through Fc function when
using B16 melanoma cells grown as xenografts in an immuno-competent model.
Thus, the direct effects observed in vitro do not seem to be replicated when cells are

grown as tumor xenografts.

Overexpression of the EGFR has been reported in a number of different tumors and is
observed in most gliomas (4, 14). It has been proposed that the subsequent EGFR
over expression mediated by receptor gene amplification may confer a growth
advantage by increasing intracellular si gna]ipg and cell growth (34). The U87 MG
cell line was transfected with the wt EGFR to produce a glioma cell that mimics the
process of EGFR gene amplification. Treatment of established U87 MG.wtEGFR
xenografts with mAb 806 resulted in significant growth inhibition. Thus, mAb 806
also mediates i vivo antitumor activity against cells overexpressing the EGFR.
Interestingly, mAb 806 inhibition of U§7 MG.wtEGEFR xenografts was less
pronounced than that observed with U87 MG.A2-7 tumors. This probably reflects the
fact that mAb 806 has a lower affinity for the overexpressed wt EGFR and only binds
a small proportion of receptors expressed on the cell surface.(3) However, it should
be noted that despite the small effect on U87 MG.wtEGFR xenograft volumes, mAb
806 treatment produced large areas of necrosis within these xenografts. To exclude
the possibility that mAb 806 only mediates inhibition of the UB7 MG-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 mAb 806 produced
significant growth inhibition in both a preventative and established model, indicating

the antitumor effects of mAb 806 are not restricted to transfected U87 MG cell lines.

Complete prevention of A431 xenograft growth by antibody treatment has been
reported previously. The wt EGER mAbs 528, 225, and 425 all prevented the
formation of A431 xenografts when administered either on the day or 1 day after
tumor inoculation (9, 10). The
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reason for this difference in efficacy between these wt BGFR anti-bodics and mAb
806 15 not known but may be related to the mechanism of cell growh inhibition. The
wt EGFR antibodies function by blocking ligand binding fo the BGFR, but this is
probably not the case with mAb 806 because it only binds 2 small EGTR subset ox the
surface af A431 cells. The significant ctficacy of mAb 506 against U87 MG cells
expressing the ligand-independent de2—7 EGFR further gupports the notion that this
antibody medfates its antitumor activity by # mechanism not invol ving ligand
blackade, Therefore, we arc currenily investigating the nonimmunological and
immunological mechanisms that coniribute to the antitumor effects of mAb 806,
Nonimmunological mechanigms may inchude subtle changes in receptor levels,
blockade of signaling, ot induction of inappropriate signaling.

Previously, agents such as doxorubicin and cisplatin in conjunction with wt BGFR
antibodies have produced enhanced antitumor activity (35, 36). The combination of
doxorubicin and mAb 528 resulted in total eradication of established A431
xemografts, whereas treatroent with either agent alone canged only temporary in vivo
growth inhibition (36). Likewise, the combination of cisplatin and ejther mAb 528 or
225 also led to the eradication of well-established A431 xenografis, which was not
observed when treatment with either agent was used (35), Thus, future studies
involving the combination of chemotherapentic agents with mAb 806 we plunnéd
using xenograft models,

Maybe the mast important advantage of mAb 806 compared with current EGFR
antibodies is that it should be possible w direotly conjugate cytotoxic agents to mAb
806. This approach is not feasible with current RGFR-specific antibodies because they
target the liver and cytotoxic conjugation would almost certainly induce severe
toxicity. Conjugation of oyiotoxic agents such as dmugs

163

-168-




WO 02/092771 PCT/US02/15185

(37) or radioisotapes (38) to antibodies has the potential to improve efficacy and
reduce the systemic toxicity of thése agents, This study clearly deimonstrates that mAb
806 has significant in vivo autitumor nctivity against de2-7 EGFR-positive xenografts
and tumors overexpressing the EGFR. The unique specificity of mAb 8§06 suggests
immunotherapeutic potential in targeting a number of tumnor types, particularly head
and neck tumors and glioma, without the restrictions associated with normal tissue
uptake.
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EXAMPLE 21
CONSTRUCTION, EXPRESSION AND ANALYSIS OF CHIMERIC 806
ANTIBODY

Chimeric antibodies are a class of moleoules in which heavy and light chain variable
teglons of for instance, a mouse, mt or other species are joined onto human heavy and
light chain regions. Chimeric antibodies are produced recombinantly, One advantage
of chimeric antibadiss is that they ¢an reduce xenoantlgenic effects, the inherent
immunogenicity of mon-human antibodies (for instance, mouse, fat of other species).
In addition, recombinantly prepared chimeric antibodies can often he produced in
large quantitics, paﬁicularljr when utilizing high level expression vectors.

For high level production, the most widely vsed mammallan expression system is one
which utilizes the gene amplification procedure offered by dehydrofolate reductase
deficiont (“dhir-") Chinese hamster ovary cells. The systerm is well known to the
skilled artisan. The systemn is based npon the dehydrofalate reductase “dhi” gene,
which encodes the DHEIR enzyme, which ¢asalyzes conversion of deh ydrofolate 1o
tetrahydrofolate. In order to achieve high production, dafi CHO cells are iransfected
with an expression vector containing s functional DEFR gene, togethor with 4 gene

that encodes a desired protein. In this case, the desiced proteiu {s vecombinant
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antibody heavy chain and/or Yight chain.

By increasing the smount of the competitive DHFR inhibitor methotrexate MTX),
the Tecombinant cells develop resistance by amplifyiug the dhfr gene. In standard
cases, the amplification unit employed is much larger than the size of the dhfr gene,
and as a reslt the antibody heavy chain is co-amplificd.

When farge scale production of the protein, such as the antibedy chain, is desired.
both the expression Jeve), and the stability of the cells being employed, are critical. Tn
long term culture, recombinant CHO cell pupulations Iose homogeneily with respect
to their specific antibody productivity during ampifficution, even though they derlve
from & single, parentul tlone,

Bicistronic expression veciurs wete prepared for use in recombinant expression of the
chimerie antibodies. These bicistronic expression vectors, employ an “intetnal
tibosomal entry site” or “IRES.” In these ¢onstructs for production of chimeric
sniEGER, the immunoglobulin chains and selectable markers cDNAs are linked via
an IRES. IRES axé cis-acting elements that rectuit the small ribosomal subimits to an
internal initiator codon in the mRNA wirh the help of cellular trans-acting factoss.
IRES fucilitate the expression of two or more proteins fram a palycistronic
transeription upit in eukaryotic cells. The use of bicistrovic expression veclors in
which the selcotsble marker gene is twanslated in a cap dependent manner, and the
gene of interest in an IRES dependent manmer has been applied to a varicty of
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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) Consiruction

The chimeric §06 antibody was generated by cloning the VH and VL of the 806
antibody from the parental murine hybridoma nsing standard molecular biology
techniques. The VH and VL were then cloned into the pREN mammalian expression
vectors, the construction of which are set forth in SEQ ID NO:7 and SEQ ID NO:§,
and transfected into CHO (DHFR -/-ve) cells for amplification and expression.
Briefly, following trypsinization 4 x 10° CHO cells were co-transferred with 10pg of
each of the LC and HC expression vectors using electroporation under standard
conditions. Following a 10min rest period at room temperature, the cells were added
to 15m1 medium (10%fetal calf serum, hypoxanthine/thymidine supplement with
additives) and transferred to 15x 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, 5nM methotrexatc, the replacement of fetal calf serum with
dialyzed fetal calf serumand 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
proding 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.
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Clones growing at 100nM MTX were then passed onto the Biological Procution
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 DHER vector is provided in
SEQID NO:8.

Figure 33 depicts the vectors pREN-HC and pREN-LC, which employ an IRES. The
PREN bicistronic vector system is described and disclosed in copending U.S.S.N.
60/355,838 filed February 13, 2002, which is incorporated herein by reference in its

entirety.

Ch806 was assessed by FACS analysis to demonstratc that the chimeric 806 displays
identical binding specificity to that of the murine parental antibody. Analysis was
performed using wild type cells (U87 MG parental cells), cells overéxpressing the
BGF receptor (A431 cells and UA87 wi EGFR cells) and UAS7 A2-7 cells (data not
shown). Similar binding specificity of Mab806 and ch806 was obtained using cells
overcxpressing EGPR 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 6.4x10° M using US7MGde2-7 cells (data not shown).

Biodistribution analysis of the ch806 antibody was performed in BALB/c nude mice
bearing US7MG-de2-7 xenograft tumors and the results are shown in Figure 34.
Mice were injected with Sug 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 gamma counter. 'L-labelled ch806 displays reduced
targeting to the tumor compared to 1y Jabelled ch806, which has high tumor uptake
and cumulative tumor retention over the 74 hour time period. At 74 hours, the ""n-

labelled antibody displays approximately 30% ID/gram tissue and a tumor to blood
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ratio of 4.0 (Figure 35). The '"'In-labelled ch806 shows some 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 theraeutic efficacy in an established tumor
model. 3x10° USTMG.A2-7 cells in 100ul of PBS were inoculated s.c. into both
flanks of 4-6 week old female nude mice (Aminal Research Center, Western
Australia, Australia). The mAb806 was included as a positive control. The results
are depicted in Figure 36. Treatment was started when tumors had reached a mean
volume of 50 mm® and consisted of 1 mg of ch806 or mAb806 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 widih the
measurement at right angles to the length. Data was expressed as mean fumor volume
+/- S.E. for each treatment group. The ch806 and mAb806 displaycd nearly identical

anti-tumor activity against U§7MG.A2-7 xenografis.
Analysis of Ch806 Immune Effector Function

Materials and Methods

Antibodies and Cell lines:

Murine anti-de2-7 EGFR monoclonal mAb 806, chimeric antibody ch806 (IgGy) and
control isotype matched chimeric anti-G250 monoclonal antibody ¢G250 were prepared
by the Biological Production Facility, Ludwig Institute for Cancer Research, Melbourme,
Australia. Both complement-dependant cytotoxicity (CDC) and antibody-dependent
cellular- cytotoxicity (ADCC) assays utilised U87MG.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, R. 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, Melbouine,
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Australia) supplemented with 10% heat-inactivated FCS (CSL, Melbourne, Australia),
100 units/ml penicillin and 100 ug/ml streptomycin, To maintain selection for retrovirally
transfected U87MG.de2-7 cells, 400 ug/ml G418 was included in the media.

Preparation of human peripheral blood mononuclear cells (PBMC) Ettector Cells:
PBMCs wete isolated from healthy volunteer donor blood. Heparinised 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 ug/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. Sirober (eds.), Current Protocols in Immunology, pp. 7.27.1. New
York: Greene Publishing Wiley Interscience). Briefly, 5 X 10° target USTMG.de2-7 and
Ad31cells were labeled with 50 uCi *'Cr (Geveworks, 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 7.1) and a fourth wash with culture medium., Aliquots (1 x 10* cells/50 ul) of
the labeled cells were added to each well of 96-well microtitre plates (NUNC, Roskilde,

Denmark).

CDC Assay:
To 50 ul Iabeled target cells, SO ul ch806 or isotype control antibody cG250 were added in

triplicate over the concentration range 0.00315 — 10 ug/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 31Cr in the supernatant was counted (Cobra IT

automated Gamma Counter, Canberra Packard, Melbournc, Australia). Percentage specific
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Iysis was calculated from the experimental *'Cr release, the total (50 ul target cells + 100

ul 10% Tween 20) and spontaneous (50 ul target cells -+ 100 ul medium) release.

ADCC Assay:

Ch806-mediated ADCC effected by healthy donor PBMCs was measured by two 4-hr Sy
relcase 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 ug/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 mAb 806 over
a range of Effector: Target cell ratios with the test antibody concentration constant at 1
ug/ml. In both assays, micotitre plates were incubated at 37°C for 4 hours, then 50 ul
supernatant was harvested from each well and released S1Cr was determined by gamma
counting (Cobra II automated Gamma Counter, Canberra Packard, Melbourne, Australia).
Controls included in the assays corrected for spontaneous release (mnedium 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

The percent (%) cytotoxicity was plotted versus concentration of antibody (ug/mi).

Results
The results of the CDC analyses arc presented in Figure 37. Minimal CDC activity
was observed in the presence of up to 10 ug/m! ch806 with CDC comparable to that

observed with isotype control ¢G250.

Ch806 mediated ADCC on target USTMG.de2-7 and A431 cells at E:T ratio of 50:1is
presented in Figure 38. Effective ch806 specific cytotoxicity was displayed against
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target U7MG.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 USTMG.de2-7 cells express ~ 1 x 10° de2-7TEGER which
are specifically recognised by ch806, while only a subset of the 1 x 108 wild-type
EGFR molecules expressed on A431 cells are recognised by ch806 (see above
Examples).

Further ADCC analyses wete performed to compare the ADCC mediated by 1 ug/ml
¢ch806 on target U87TMG.de2-7 cells with that effected by 1 ug/ml parental murine
mADb 806. Results are presented in Figure 39. Chimerisation of mAb 806 has effected
marked impravement 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 mAb 806 immune effector function has been markedly

improved upon chimerisation. Ch806 mediates good ADCC, but minimal CDC

activity.

EXAMPLE 22
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
Tesponses to the mouse-human chimeric antibody. Mouse monoclonal anti-idiotypic
antibodies (anti-ids) were generated and characterised for suitability as ELISA
reagents for measuring ch806 in patient sera samples and use as positive controls in
human anti-chimeric antibody immune response analyses. These antiidiotype
antibodies may also be useful as therapeutic or prophylactic vaccines, generating a

natural anti-EGFR antibody response in patients.
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Methods for generating anti-idiotype antibodies are well known in the art
(Bhattacharya-Chatterjee, Chatterjee et al. 2001, Uemura et al. 1994, Steffens,
Boerman et al. 1997, Safa and Foon 2001, Brown and Ling 1988).

Mouse monoclonal anti-idiotypic antibodies (anti-ids) were, briefly, generated as
follows. Splenocytes from mice immunized with ch806 were [used with SP2/0-AG14
plasmacytoma cells and antibody producing hybridomas were selected through
ELISA for specific binding to ch806 and competitive binding for antigen (Figure 40).
Twenty-five hybridomas were initially selected and four, designated LMH-11, -12 -13
and -14, secreted antibodies that demonstrated specific binding to ch806, mAb 806
and were able to neutralise ch806 or mAb 806 antigen binding activity (Figure 41).
The recognition of the ch806/mAb 806 idiotope or CDR region was demonstrated by
lack of cross-reactivity with purified polyclonal human IgG.

In the absence of readily available recorﬁbinant antigen de2-7 EGFR to assist with the
determination of ch806 in serum samples, the ability of the novel anti-idiotype ch806
antibodics to concurrently bind 806 variable regions was exploited in the development
of a sensitive, specific ELISA for measuring ch806 in clinical samples (Figure 42).
Using LMH-12 for capture and Biotinylated - MH- 12 for detection, the validated
ELISA demonstrated highly reproducible binding curves for measuring ch806 (2
ug/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 ug/ml, Coefficient of Variation < 15%).
No background hinding was evident with the three healthy donor sera tested and
negligible binding was observed with isotype control hu3$193. The hybridoma
produces high levels of antibody LMH-12, and larger scale production is planned to
enable the measurement of ¢h806 and quantitation of any immune responses in
clinical samples. (Brown and Ting 1988)

RESULTS
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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, were initially
selected. The binding characteristics of some of these hybridomas are shown in
Figure 42A and 42B. 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 Tnstitute for Cancer
Research Melbourne Hybridoma (LMH) -11,-12,-13, and -14, respectively (Figure
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 dcmonstrated concurrent

binding (data not shown).

After clonal expansion, the hybridoma culture supernatants were ex'amined by ELISA
for the ability to neutralise ch806 or mAb 806 antigen binding activity with
sEGFRG21. 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 mAb 806
binding to plates coated with SEGFR (Figure 41 for LIMH-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 verificd by ELISA.
LMH-11 through ~14 antibodies were identified as isotype IgG1lk by mouse

monoclonal antibody isotyping kit.

¢ch806 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

178

-183-




WO 02/092771 PCT/USO2/15185

in the development of a sensitive and specific ELISA assay for ch806 in clinical
samples. The three purified clones LMH-11, -12, and -13 (Figure 49 , B, and C
respectively) were compared for their ability to capture and then detect bound ch806
in sera. Results indicated using LMH-12 (10 pug/ml) for capture and biotinylated-
LMH-12 for detection yielded the highest sensitivity for ch806 in serum (3 ng/ml)
with negligible background binding. ’

Having established the optimal pharmacokinetic ELISA conditions using 1 pg/ml
anti-idiotype LMIT-12 and 1 pg/ml biotinylated LMH-12 for capturé 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 Figure 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 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 hu35193.
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EXAMPLE 23
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
mAbB06 antibody.

To determine if carbohydrate structures are directly involved in the mAb 806 epitope,
the recombinant sSEGFR 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 mAb 806 (Figuredd). As
expected, the deglycosylated sEGFR ran faster on SDS-PAGE, indicating that the
carbohydrates had been successfully removed. The mAb 806 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 358, were
immunoprecipitated with different antibodies directed to the EGFR (Figure45). As
expected, the 528 antibody immunoprecipitated 3 bands from USTMG.A2-7 cells, an
uppoer band corresponding to the wild type (wt) BGFR 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, mAb 806 only
immunoprecipitated the two de2-7 EGFR bands, with the wt receptor being
completely absent even after over-exposure (data not shown). Interestingly, mAb806

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 IgG2b antibody
as a control for mAb 806.

The 528 antibody immunoptecipitated a single band from U87MG.wtEGER cells
corresponding to the wt receptor (Figure 45). MADb 806 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 US7MG.wtEGTFR cells, further confirming that the mAb 806 and
528 recognize different forms of the EGFR in whole cell lysates from these cells.

As observed with USTMG.wtBGFR cells, the 528 antibody immunoprecipitated a
single EGER band from A431 cells (Figure 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 mAb 806. 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 US7TMG.A2-7
cell lysates, the total amount of EGFR immunoprecipitated by mAb 806 from A431
lysates was considerably less than with the 528 antibody, a result consistent with our
Scatchard data showing mAb 806 only recognizes a portion of the EGFR on the
surface of these cells (see Example 4 above). Immunoprecipitation with SC-03
resulted in a single broad BGFR band as for the 528 antibody. Similar results were
obtained with HNS cells (data not shown). Taken together, this data indicates that
mAb 806 preferentially reacts with faster migrating species of the EGFR, which may
represcnt differentially glycosylated forms of the recepior.
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In order to determine at what stage of receptor processing mAb 8§06 reactivity
appeared a pulse/chase experiment was conducted. A431 and US7MG.A2-7 cells
were pulsed for 5 min with 35S methionine/cysteine, then incubated at 370C for
various times before immunoprecipitation with mAb 806 or 528 (Figure46). 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 O min (i.e.after 5 min pulse) with the amount of
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 mAb 806 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 mAb 806 preferentially recognizes a
form of the EGFR found at an early stage of processing.

The antibody reactivity observed in pulse-labelled US7MG.A2-7 cells was more
complicated. Immunoprecipitation with the 528 antibody at 0 min revealed that
small amount of the lower de2-7 EGFR band was labelled (Figure 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. MAb 806 reactivity also varied during the time
course study, however mAb 806 preferentially precipitated the lower band of the de2-
7 EGFR. Indeed, there were no significant levels of mAb 806 upper band seen until 4
h after labelling.

The above experiments suggest that mab 806 preferentially reacts with a more
immature glycosylation form of the de2-7 and wt EGFR. This possibility was tested
by immunoprecipitating the EGFR from different cells lines labelled overnight with
358 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
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complex carbohydrates (i.e. mature glycoslation) intact. Immunoprecipitation and
digestion with Endo H of labelled U87TMG.A2-7 cell lysates with 528, mAb 806 and
SC-03 gave similar results (Figure 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 vnly a very slight difference in migration after Tndo IT digestion, indicating
that the majority of the carbohydrate structurcs 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 thev upper de2-7 EGFR
band are predominantly of the complex type, it does possess some high mannose
structures. Interestingly, these cells also express low amounts of endogenous wt
EGFR that is clearly visible following 528 immunopreciptitation. There was also a
small but noticeable reduction in molecular weight of the wt receptor following Endo

H digestion, indicating that it also contains high mannose structures.

The sensitivity of the immunoprecipitated wt EGFR to Endo H digcstion was similar
in both US7MG.wtEGFR and A431 cells (Figure 47). The bulk of the material
precipitated by the 528 antibody was resistant to the Endo H enzyme although a smail
amount of the material was of the high mannose form. Once again there was a small
decrease in the molecular weight of the wt EGFR 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 mAb 806 was sensitive to Endo H in both US7MG.wiEGFR
and A431 cells, confirming that mAb 806 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 mAb 806 was sensitive to Endo H digestion,
whilc the majority of the material precipitated by mAb528 and SC-03 was resistant to
Endo H digestion (data not shown).
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Cell surface iodination of the A431 cellline, was performed with "I followed by
immunoprecipitation with the 806 antibody. The protocol for surfaée iodination was
as follows: The cell lysis, immunoprecipitation, Endo H digestion, SDS PAGE and
autoradiography arc 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 2’
(100 mCi/ml stock), 100 ul bovine lactoperoxidase (1 mg/ml) stock, 10 ul H>0; (0.1%
stock) and this was incubated for S min. A further 10 ul of 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 Iysatcs described above, the predominant form of the
EGER recognized by 806 bound on the cell surface of A431 cells was sensitive to
EndoH digestion (Figure 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 fs the high

mannose type.

This invention may be embodied in other forms or camied 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 throughont this Specification, each of which is

incorporated herein by reference in its entirety.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Anisolated antibody or active fragment thereof which recognizes an EGFR epitope
which is found in tumorigenic, hyperproliferative or abnormal cells and not detectable
in normal cells under non-denaturing conditions, wherein said antibody ar active
fragment thereof binds to an epitope that is present on aberrantly expressed EGFR, said
aberrantly expressed EGFR consisting of mutant de2-7 EGFR and/ or wtEGFR that has
undergone aberrant post-translational modification characteristic of EGFR gene
amplification, that is distinct from the junctional peptide of said mutant de2-7 EGFR,
LEEKKGNYVVTDH.

2. Anisclated antibody or active fragment thereof according to claim 1 wherein the
EGFR epitope does not demonstrate any amino acid sequence alterations or
substitutions from normal EGFR.

3. Anisolated antibody or active fragment thereof according to claim 2 wherein said
epitope is located within the region comprising residues 273-501 of EGFR.

4. An isolated antibody or active fragment thereof according to any one of claims 1to 3
wherein said antibody or active fragment thereof comprises a polypeptide binding
domain comprising an amino acid sequence substantially as set out in residues 93-102
of SEQ ID NO:2.

5. The antibody or active fragment thereof of claim 4 wherein the polypeptide binding

domain further comprises an amino acid sequence substantially as set out in any one or
more of residues 26-35A and 49-64 of SEQ ID NO:2.

6. The antibody or active fragment thereof of claim 4 or 5 which further comprises a
second polypej)tide binding domain comprising an amino acid sequence substantially
as set out in residues 89-97 of SEQ ID NO4.
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7. The antibody or active fragment thereof of claim 6 wherein the second polypeptide
binding domain further comprises an amino acid sequence substantially as set out in
any one or more of residues 24-34 and 50-56 of SEQ TD NO:4.

8. The antibody or active fragment thereof of any one of claims 4 to 7 wherein said
antibody or active fragment thereof comprises the polypeptide sequence substantially
as set out in either one or both of SEQ ID NO:2 or SEQ ID NO:4 or a substantially
homologous analog or allelic variation.

9. The antibody or active fragment thereof of claim 8, wherein the polypeptide
sequence is as set out in SEQ ID NO:2.

10. The antibody or active fragment thereof of claim 8, wherein the polypeptide
sequence is as set out in SEQ ID NO4.

11. Anisolated antibody or active fragment thereof which recognizes an EGFR epitope
which is found in tumerigenic, hyperproliferative or abnormal cells and not detectable
in normal cells under non-denaturing conditions, wherein the epitope is enhanced or
evident upon aberrant expression, wherein said antibody or active fragment thereof
binds to an epitope that is present on aberrantly expressed EGFR, said aberrantly
expressed EGFR consisting of mutant de2-7 EGFR and/or wtEGER that has undergone
aberrant post-translational modification characteristic of EGFR gene amplification, that
is distinct from the junctional peptide of said mutant de2-7 EGFR, LEEKKGNYVVTDH,
and wherein said antibody or active fragment thereof comprises the polypeptide
sequence substantially as set out in either one or both of SEQ ID NO:2 or SEQ ID NO4.

12. The antibody or active fragment thereof of claim 11, wherein the polypeptide
sequence is as set out in SEQ ID NO:2.

13. The antibody or active fragment thereof of claim 11, wherein the polypeptide
sequence is as set out in SEQ ID NO4.
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14. Anisolated antibody or active fragment thereof according to any one of claims 1 to
13 wherein the antibody or active fragment thereof is fully human, humanized or

chimerized.

15. The isolated antibody or active fragment thereof according to claim 14, wherein the
antibody binding domains are carried by a human antibody framework.

16. The isolated antibody or active fragment thereof according to claim 15, wherein said

human antibody framework is a human IgGl antibody framework.

17. Anisolated antibody or active fragment thereof according to any one of claims 14 to
16 in the form of an antibody F(ab')s, scFv fragment, diabody, triabody or tetrabody.

18. An antibody or active fragment thereof according to any one of claims 1 to 17 which
carries a detectable or functional label.

19. An antibody or active fragment thereof according to claim 18, wherein said label is
a covalently attached drug.

20. An antibody or active fragment thereof according to claim 18, wherein said label is
a racdtiolabel.

21. The antibody or active fragment thereof according to claim 20, wherein said
radiolabel is any one of 3H, 14C, 2P, 55, %Cl, 1Cr, 5Co, %o, *Te, 20, 121], 124, 125], 131],

Wn, 21 At, 198 Ay, ¥Cu, 28Ac, 22Bi, #Tc or %Re.

2. An antibody or active fragment thereof according to any one of claims 1 t0 21,
wherein said antibody or active fragment thereof is pegylated.

23. Anisolated nudleic acid which comprises a sequence encoding an antibody or
active fragment thereof as defined in any one of claims 1 to 22.
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24. A method of preparing an antibody or active fragment thereof according to any one
of claims 1 to 22 which comprises expressing the nucleic acid of claim 23 under
conditions to bring about expression of said antibody or active fragment thereof, and
recovering the antibody or active fragment thereof.

25. Anantibody or active fragment thereof according to any one of claims 1 to 22 for
use ina method of treatment or diagnosis of the human or animal body.

26. A method of preparing an antibody or active fragment thereof capable of binding a
tumor antigen, which method comprises:

a) providing a starting repertoire of nucleic acids encoding a VH domain which lack a
CDR3 encoding region;

b) combining said repertoire with a donor nucleic acid encoding an amino acid
sequence substantially as set out in any one or more of residues 26 to 354, 49 to 64 or 93
to 102 of SEQ ID NO:2 such that said donor nucleic acid is inserted into the missing
CDR?3 region, 50 as to provide a product repertoire of nucleic acids encoding a VI
domain;

¢) expresging the nucleic acids of said product repertoire; and

d) selecting a specific binding member which has a maximum tumor:blood localization
ratio in a test animal of > 111 and optionally, at said ratio, a non-tumor bearing organ to
blood ratio of < 1:1; and

€} recovering said antibody or active fragment thereof or the nucleic acid encoding it,
wherein said antibody or active fragment thereof binds to an epitope that is present on
aberrantly expressed EGFR, said aberrantly expressed EGFR consisting of mutant de2-7
EGER and/ or wtEGFR that has undergone aberrant post-translational modification
characteristic of EGFR gene amplification, that is distinet from the junctional peptide of
said mutant de2-7 EGFR, LEEKKGNYVVTIDH.

27. A method of treatment of a tumor in a human patient which comprises
administering to said patient an effective amount of an antibody or active fragment
thereof according to any one of claims 1 to 22.
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28. 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, said kit comprising an antibody or active
fragment thereof according to any one of claims 1 to 22, optionally with reagents

and/ or instructions for use.
29, A pharmaceutical composition comprising an antibody or active fragment thereof
according to any one of claims 1 to 22 and, optionally, a pharmaceutically acceptable

vehicle, carrier or diluent.

10 30. Akit for the treatment of a tinor i a human patient, comprising a pharmaceutical

2002311919 23 Jan 2007

dosage form of the pharmaceutical composition of claim 29, and a separate
pharmaceutical dosage form comprising an additional anti-cancer agent selected from
the group consisting of chemotherapeutic agents, anti-EGFR antibodies,

radioimmunotherapeutic agents, and combinations thereof.

15
31. The kit of claim 30, wherein said chemotherapeutic agents are selected from the
group consisting of tyrosine kinase inhibitors, phosphorylation cascade inhibitors,
postiranslational modulators, cell growth or division inhibitors (e.g. anti-mitotics),
signal transduction inhibitors, and combinations thereof.

20

32, The kit of claim 31, wherein said tyrosine kinase inhibitors are selected from the
group consisting of AG1478, ZD1839, STI571, OSI-774, SU-6668, and combinations
thereof.

25 33. The kit of claim 30, wherein said anti-EGFR antibodies are selected from the group
consisting of the anti-EGFR antibodies 528, 225, SC-03, DR8.3, L8A4, Y10, ICR62, ABX-
EGF, and combinations thereof.

34. A unicellular host transformed with a recombinant DNA molecule comprising a
30 DNA sequence or degenerate variant thereof, which encodes and expresses the

antibody or active fragment thereof of any one of claims 1 to 22, which recognizes an

EGER epitope which is found on tumorigenic, hyperproliferative or abnormal cells and
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not detectable in normal cells under non-denaturing conditions and wherein said
antibody or active fragment binds the de2-7 EGFR at an epitope which is distinct from
the junctional peptide LEEKKGNYVVTIDH selected from the group con.éisﬁng of:
(A)  the DNA sequence of FIGURE 14 (SEQID NO:);
(B) the DNA sequence of FIGURE 15 {SEQ ID NO:3);
(C) the DNA sequence of FIGURE 14 (SEQ ID NO:I) and the DNA sequence of
FIGURE 15 (SEQ ID NO:3);
(D)  the DNA sequence of FIGURE 14 (SEQ ID NO:I) with a constant IgG1 sequence
as set out in SEQ ID NO:8 and the DNA sequence of FIGURE 15 (SEQ ID NO:3) with a
constant kappa sequence as set out in SEQ ID NO:7;
(E) DNA sequences that hybridize to any of the foregoing DNA sequences under
standard hybridization conditions; and
(F) DNA sequences that code on expression for an amino acid sequence encoded by
any of the foregoing DNA sequences;

wherein said DNA sequence is operatively linked to an expression control

sequence.

35, The unicellular host of claim 34, wherein the uniceltular host is selected from the
group consisting of E. coli, Psevwdonionas, Bacillus, Streptomyces, yeasts, CHO, YB/20,
NSO, SP2/0, RL1, B-W, L-M, COS 1, COS 7, BSC1, BSC40, and BMT10 cells, plant cells,
insect cells, and human cells in tissue culture.

36. A method for detecting the presence of amplified EGFR, de2-7EGFR or EGFR with
high mannose glycosylation wherein said EGFR is measured by:
(A) contacting a biological sample from a mamma in which the presence of
amplified EGFR, de2-7EGFR or EGFR with high mannose glycosylation is suspected
with an antibody according to any one of claims 1 to 22 under conditions that allow
binding of said EGFR to said antibody to occur; and
(B) detecting whether binding has occurred between said EGFR from said sarnple
and the antibody;

wherein the detection of binding indicates that presence or activity of said EGFR
in said sample.
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37. A method for detecting cancer in mammals comprising detecting the presence or
activity of an EGFR according to the method of claim 36, wherein detection of the

presence of the EGFR indicates the existence of a tumor or cancer in said mammal,

38. A method of preventing and/ or treating cancer in mammals, comprising
administering to a mammal a therapeutically effective amount of the pharmaceutical
composition of claim 29 or the kit of any of claims 30 to 33,

39. 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 the pharmaceutical composition of claim 29 or the kit of any one of
claims 30 to 33. '

40. The method of claim 39, wherein said brain-resident cancers are selected from
glioblastomas, medulloblastornas, meningiomas, neoplastic astrocytomas and

neoplastic arteriovenous malformations.

41. The method of claim 39 or 40, wherein said pharmaceutical composition or said kit
is administered systemically.

42. A method for the treatment of malignant neural tumors in mammals, comprising
administering to a mammal a therapeutically effective amount of the pharmaceutical
composition of claim 29 or the kit of any one of claims 30 to 33.

43. An antibody comprising a variable heavy chain with the polypeptide sequence as
set out in SEQ ID NO:2 and a human IgGl constant region, wherein said antibody binds
to an epitope that is present on aberrantly expressed EGFR, said aberrantly expressed
EGFR consisting of mutant de2-7 EGFR and/or wiEGFR that has undergone aberrant
post-translational modification characteristic of EGFR gene amplification, that is distinct
from the junctional peptide of said mutant de2-7 EGFR, LEEKKGNYVVIDH.
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44. An antibody comprising a variable light chain with the polypeptide sequence as set
out in SEQ ID NO:4 and a human kappa constant region, wherein said antibody binds
to an epitope that is present on aberrantly expressed EGFR, said aberrantly expressed
EGFR consisting of mutant de2-7 EGFR and/or wtEGFR that has undergone aberrant
post-translational modification characteristic of EGFR gene amplification, that is distinet
from the junctional peptide of said mutant de?-7 EGFR, LEEKKGNYVVTDH.

45. Anantibody comprising a variable heavy chain with the polypeptide sequence as
set out in SEQ ID NO:2, wherein said antibody binds to an epitope that is present on
aberrantly expressed EGFR, said aberrantly expressed EGFR consisting of mutant de2-7
EGFR and/or wtEGFR that has undergone aberrant post-translational modification
characteristic of EGFR gene amplification, that is distinct from the junctional peptide of
said mutant de2-7 EGFR, LEEKKGNYVVTDH.

46. An antibody comprising a variable light chain with the polypeptide sequerice as set
out in SEQ ID NO:4, wherein said antibody binds to an epitope that is present on
aberrantly expressed EGFR, said aberrantly expressed EGFR consisting of mutant de2-7
EGFR and/ or wiEGFR that has undergone aberrant post-tranglational modification
characteristic of EGFR gene amplification, that is distinct from the junctional peptide of
said mutant de2-7 EGFR, LEEKKGNYVVTDH.

47. An antibody, wherein said antibody comprises a polypeptide binding domain
copprising an amino acid sequence substantially as set out as any one or more of
residues 26-35A, 49-64 or 93-102 of SEQ ID NO:2, and wherein said antibody binds to
an epitope that is present on abetrantly expressed EGFR, said aberrantly expressed
EGER consisting of mutant de2-7 EGFR and/or wtEGER that has undergone aberrant
post-translational modification characterietic of EGFR gene amplification, that is distinct
from the junctional peptide of said mutant de2-7 EGFR, LEEKKGNYVVTDH.

48. An antibody, wherein said antibody comprises a polypeptide binding domain
comprising an amino acid sequence substantially as set out as any one or more of

residues 24-34, 50-56 ot 89-97 of SEQ ID NO'4, and wherein said antibody binds to an
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epitope that is present on aberrantly expressed EGFR, said aberrantly expressed EGFR
consisting of mutant de2-7 EGFR and/or wtBGFR that has undergone aberrant post-
translational modification characteristic of EGFR gene amplification, that is distinct
from the junctional peptide of said mutant de2-7 EGFR, LEEKKGNYVVTDH.

49. Use of an antibody or active fragment thereof of any one of claims 1 to 22 and 43 to
48 for the treatinent or prevention of cancer in a mammal,

50. Use of a pharmaceutical composition according to ¢claim 29 or the kit of any of

claims 30 to 33, for the treatment or prevention of cancer in a manumal.

51. Use of an antibody or active fragment therecf of any one of claims 1 to 22 and 43 to
48 for the preparation of a medicament for the treatment or prevention of cancer ina
mammal.

52. A use according to any of one of claims 49 to 51, wherein said cancer is located in or

adjacent the brain.
53. A use according to claim 52, wherein said cancer is a brain-resident cancer selected
from a glicblastoma, medulloblastoma, meningioma, necplastic astrocytoma and

neoplastic arteriovenous malformation.

54. A use according to any one of claims 49 to 51, wherein said cancer is a neural

tumonr.
55. A use according to any one of claims 49 to 54, wherein said specific binding
member, antibody, pharmaceutical composition or medicament is administered

systemically.

56. A use according to any one of claims 49 to 55, wherein the procedure for treatment

comprises radioimmunotherapy.
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57. A use according to any one of claims 49 to 56, wherein the antibody or active
fragment thereof pharmaceutical composition or medicament is administered first, and

thereafter a composition comprising a chemotherapeutic agent is administexed.
58. A method for detecting cancer in mammals comprising conducting diagnostic

imaging, employing the antibody or active fragment thereof of any one of claims 18 to
21

59. A use of the antibody or active fragment thereof of any one of claims 18 to 21 for the

marufacture of a medicament for use in diagnostic imaging,
60. Anantibody or active fragment thereof according to any one of claims 1 to 22, 25,
and 43 to 48, substantially as described herein, with reference to the Detailed

Description and Examples.

61. Anisolated nucleic acid according to claim 23, substantially as described herein,
with reference to the Detailed Description and Examples.

62. A method of preparing an antibody or active fragment thereof according to claim 24
or 26, substantially as described herein, with reference to the Detailed Description and

Examples.

63. A method of freatment according to any one of claims 27 and 38 to 42, substantially
as described herein, with reference to the Detailed Description and Examples.

64. A kit according to any one of claims 28 and 30 to 33, substantially as described
herein, with reference to the Detailed Description and Examples.

65. A composition according to claim 29, substantially as described herein, with
reference to the Detailed Description and Examples.
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66. A unicellular host according to claim 34 or 35, substantially as described herein,
with reference to the Detailed Description and Examples.

67. A method of detection according to any one of claims 36, 37 and 58, substantially as
described herein, with reference to the Detailed Description and Examples.

68. A use according to any one of claims 49 to 57 and 59, substantially as described
herein, with reference to the Detailed Description and Examples.
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Fig. 14

DNA and Protein Sequence of 806 VI and Signal Peptide

A. DNA Sequence

ATGAGAGTGCTGATTCTTTTGTGGCT GITCACAGCCTTTCCTGGTGTCCTGTCT
GATGTGCAGCTTCAGGAGTCGGGACCTAGCCTGGT GAAACCTTCTCAGTCTCT
GTCCCTCACCTGCACTGTCACTGGCTACT! CAATCACCAGTGATITTGCCTGGA
ACTGGATCCGGCAGTTTCCAGGAAACAAGCTGGAGT GGATGGGCTACATAAG
TYATAGTGGTAACACTAGGTACAACCCATCTCT CAAAAGTCGAATCTCTATCA
CTCGAGACACATCCAAGAACCAATTCTTCCTGCAGTT! GAATTCTGTGACTATT
GAGGACACAGCCACATATTA CTGTGTAACGGCGGGACGCGGGTTTCCTTATT
GGGGCCAAGGGACTCTGGTCACTGTCTCTGCA

Blue highlighted area is signal peptide.

Remaining sequence is 806 VH region.

B. Protein Sequence
YH

MRVL]LLWLFTAFPG'VL—SDVQLQESGPSLV_KPSQSLSLTC
TVTGYSITSDFAWNWIRQFPGNKLEWMGYISYSGNTRVN
PSLKSR!SITRDTSKNQFFLQLNSVT!EDTATYYCVTAGRG
FPYWGQGTLVTVSA
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Fig. 15

DNA and Protein Sequence of 806 V1, and Signal Peptide
A. DNA Sequence

ATGGTGTCCACAGCTCAGTTCCTT GCATTCTTGTTGCTTTGGTTTCCAGGTGCA
AGATGTGACATCCTGATGACCCAATCTCCATCCTCCATGTCTGTATCT CTGGG
AGACACAGTCAGCATCACTTGCCATTCAAGTCAGGACATTAA CAGTAATATA
GGGTGGTTGCAGCAGAGACCAGGGAAATCATTTAAGGGCCTH GATCTATCATG
GAACCAACTTGGACGATGAAGTTCCATCAAGGTT! CAGTGGCAGTGGATCTGG
AGCCGATTATTCTCTCACCATCAGCAGCCTGGAA TCTGAAGATTTTGCAGACT
ATTACTGTGTACAGTATGCTCAGTTTCCGTGGACGTTCGGT GGAGGCACCAAG
CTGGAAATCAAACGT )

Highlighted area is signal peptide.

Remaining sequence is 806 VL region.

B. Protein Sequence
YL

MVSTAQFLAFLLLWEPGARCD!LMTQSPSSMSVSL(}DTVS
!TCHSSQDXNSNIGWLQQRPGKSFKGLIYHGTNLDDEVPSR
FSGSGSGADYSLTISSLESEDFADYYCVQYAQFPWTFGGG

TKLEIKR
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EDITORIAL NOTE

APPLICATION NUMBER - 2002311919

The following Sequence Listing pages 1 to 10 are part of the

description, The claims pages follow on pages 185 to 195,
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19 Mar 2004

2002311919

SEQUENCE LISTING

<110> Ludwig Institute for Cancer Research
0ld, Lloyd
Johns, Terence Grant
Panousis, Con
Kew, Andrew Mark Scott
Homburg/Saar, Christoph Renner
Ritter, Gerd
Jungbluth, Achim
Stockert, Elisabeth
Collins, Peter
Cavenee, Webster K.
Huang, Huei-Jen Su
Burgess, Antony Wilks
Nice, Edouard Collins

<120> Specific Binding Proteins and Uses
Thereof

<130> 2332-1-006PCT1

<150> 60/290,410
<151> 2001-05-11

<150> 60/326,019
<151> 2001-09-28

<150> 60/342,258
<151> 2001-12-21

<160> 12
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 402

<212> DNA

<213> Mus musculus

<400> 1

atgagagtgc tgattetttt gtggctgtte acagecttte ctggtgtect
cagcttcagg agtcgggacc tagcectggtyg aaaccttete agtctctgtce
actgtcactg gctactcaat caccagtgat tttgcctgga actggatccg
Jggaaacaagc tggagtggat gggctacata agttatagtg gtaacactag
tctectcaaaa gtcgaatcte tatcactcga gacacatcca agaaccaatt
ttgaattctg tgactattga ggacacagcc acatattact gtgtaacgge
tttcettatt ggggecaagyg gactctggte actgtctectg ca

<210> 2

<211> 134

<212> PRT

<213> Mus musculus

<400> 2

-252-

gtctgatgtg 60
cctcacctge 120
gcagtttceca 180
gtacaaccca 240
cttcctgecag 300
gggacgcggg 360

402




19 Mar 2004

2002311919

Leu Phe Thr
10

Ser Gly Pro

25

Thr Val Thr

Arg Gln Phe

Ser Gly Asn
75
Thr Arg Asp

Thr Ile Glu
105
Phe Pro Tyr

ttgttgettt
atgtctgtat
agtaatatag
ggaaccaact
tattctcteca

Met Arg Val Leu Ile Leu Leu Trp
1 5
Leu Ser Asp Val Gln Leu Gln Glu
20
Ser Gln Ser Leu Ser Leu Thr Cys
35 40
Ser Asp Phe Ala Trp Asn Trp Ile
50 55
Glu Trp Met Gly Tyr Ile Ser Tyr
65 70
Ser Leu Lys Ser Arg Ile Ser Ile
85
Phe Phe Leu Gln Leu Asn Ser val
100
Tyr Cys val Thr Ala Gly Arg Gly
115 120
Leu Val Thr Val Ser Ala
130
<210> 3
<211> 384
<212> DNA
<213> Mus musculus
<400> 3
atggtgtcca cagctcagtt ccttgeatte
gacatcctga tgacccaatce tccatcctec
atcacttgce attcaagtca ggacattaac
gggaaatcat ttaagggcct gatctatcat
aggttcagtg gcagtggatce tggagccgat
gaagattttg cagactatta ctgtgtacag tatgctcagt
ggcaccaagc tggaaatcaa acgt
<210> 4
<211> 128
<212> PRT

<213> Mus musculus

<400> 4

Met Val Ser
1

Gly Ala Arg

Val Ser Leu

Ile Asn Ser
50

Lys Gly Leu

65

Arg Phe Ser

Ser Leu Glu

Gln Phe Pro
115

Thr Ala Gln
5

Cys Asp Ile

20

Gly Asp Thr

Asn Ile Gly

Ile Tyr His
70
Gly Ser Gly

Ser Glu Asp
100
Trp Thr Phe

Phe Leu
Leu Met
Val Ser
40

Trp Leu
55

Gly Thr
Ser Gly
Phe Ala

Gly Gly
120

Ala Phe Leu
10

Thr Gln Ser

25

Ile Thr Cys

Gln Gln Arg

Asn Leu Asp
75
Ala Asp Tyr
90
Asp Tyr Tyr
105
Gly Thr Lys

Ala Phe Pro Gly Val

Ser Leu Val
30

15
Lys Pro

Gly Tyr Ser Ile Thr

45
Pro Gly Asn
60
Thr Arg Tyr

Thr Ser Lys

Asp Thr Ala

110

Trp Gly Gln
125

ggtttccagg
ctctgggaga
ggtggttgeca
tggacgatga
ccatcagcag
ttcegtggac

Leu Leu Trp

Pro Ser Ser
30
His Ser Ser
45
Pro Gly Lys
60
Asp Glu Val

Ser Leu Thr

Cys val Gln

110

Leu Glu Ile
125

-253-

Lys Leu

Asn Pro
80
Asn Gln

Thr Tyr

Gly Thr

tgcaagatgt
cacagtcagc
gcagagacca
agttcecatca
cctggaatcet
gtteggtgga

Phe Pro
15
Met Ser

Gln Asp

Ser Phe

Pro Ser
80

Ile Ser

95

Tyr Ala

Lys Axg

60

120
180
240
300
360
384




ﬂ_
(e} <210> 5
QS <211> 14
[Q\] <212> PRT
E <213> Artificial Sequence
2 <220>
o <223> synthetic
y—
<223> biotinylated at position 1
o)) <400> 5
— Asx Leu Glu Glu Lys Lys Gly Asn Tyr Val val Thr Asp His
N 1 5 10
—
—
o <210> 6
N 211> 14
8 <212> PRT
o~ <213> Artificial Sequence
<220>
<223> synthetic
<223> biotinylated at position 13
<400> 6
Leu Glu Glu Lys Lys Gly Asn Tyr Val Val Thr Asp His Asx
1 5 10
<210> 7
<211> 6149
<212> DNA
<213> Artificial Sequence
<220>
<223> synthetic vector
<400> 7
ctcgagagcg ggcagtgagce gcaacgcaat taatgtgagt tagctcactc attaggcacc
ccaggcttta cactttatge tceeggeteg tatgttgtgt ggagattgtg agcggataac
aatttcacac agaattcgtg aggctceggt geecgtcagt gggcagagcg cacatcgccc
acagtcceceg agaagttggg gggaggggtc ggcaattgaa ccggtgccta gagaaggtgg
cgcggggtaa actgggaaag tgatgtcgtg tactggctee gectttttec cgagggtggg
ggagaaccgt atataagtgc agtagtcgece gtgaacgttc tttttcgcaa cgggtttgee
gccagaacac aggtaagtgc cgtgtgtggt teccegeggge ctggectett tacgggttat
ggccecttgeg tgccttgaat tacttccacg ccectggetyg cagtacgtga ttcttgatce
cgagcttegg gttggaagtg ggtgggagag ttcgaggect tgcgettaag gageccctte
gcctegtget tgagttgagg cctggeetgg gegetgggge cgcegegtge gaatctggtg
gcaccttcge gectgtcteg ctgetttcga taagtctcta gccatttaaa atttttgatg
acctgctgeg acgctttttt tctggcaaga tagtcttgta aatgcgggee aagatctgea
cactggtatt tcggtttttg gggccgeggg cggcgacggg geccgtgegt cccagegeac
atgttcggcg aggcggggee tgcgagegeg gecaccgaga atcggacggg ggtagtctca
agctggeegyg cctgetetgg tgectggect cgcgecgeeg tgtatcgece cgeectggge
ggcaaggctyg gcccggtegg caccagttge gtgagcggaa agatggccgce tteceggece
tgctgcaggg agctcaaaat ggaggacgcg gecgcteggga gagcgggegg gtgagtcacc
3
——
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420
480
540
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720
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cacacaaagg
ccgggegeeyg
ttggggggag
taggcceaget
ttggttcatt
cgcgtctegg
gcattcttgt
tecteecatgt
attaacagta
tatcatggaa
gccgattatt
gtacagcatg
gtgagtggat
attatgcgca
cttctttect
cagttgaaat
gccaaagtac
acagagcagyg
gcagactacg
cccgtcecacaa
caacggttte
ccgcttggaa
ttttggcaat
tctttecceet
tctggaaget
cccacctgge
ggcggcacaa
ctccteaage
atctgatctg
ctaggeeecce
tgaacaagat
tgactgggca
ggggcgeecyg
cgaggcagceg
cgttgtcact
cctgtcatcet
gctgcatacg
gcgagcacgt
tcaggggcte
ggatctcgte
cttttctgga
gttggctacc
gctttacggt
gttctrtctga
caacagttge
gcgggtgtgg
cctttegett
aatcggggge
cttgattagg
tgacgttgga
accctatcte
agctgattta
ggcactttte
caaatatgta
ggaagagtat
gccttactgt
tgggtgcacg

aaaagggcct
tccaggeace
gggttttatg
tggcacttga
ctecaagectce
gaagctttag
tgctttggtt
ctgtatctet
atatagggtyg
ccaacttgga
ctctcaccat
ctcagtttcc
ccatctggga
aacaacacac
caggaactgt
ctggaactgce
agtggaaggt
acagcaagga
agaaacacaa
agagcttcaa
cctetagegyg
taaggccggt
gtgagggcce
ctcgccaaag
tcttgaagac
gacaggtgcc
ccecagtgee
gtattcaaca
gggccteggt
cgaaccacgg
ggattgcacg
caacagacaa
gttectttteg
cggctategt
gaagcgggaa
caccttgete
cttgatcegg
actcggatgg
gcgccagecg
gtgacccatg
ttcatcgact
cgtgatattg
atcgecgete
gtcgatcgac
gcagcctgaa
tggttacgeg
tcttecectte
tccectttagg
gtgatggttc
gtccacgttce
ggtctattta
acaaaattta
ggggaaatgt
tcegetcatg
gagtattcaa
tcttgcteac
agtgggttac

ttecegtectce
tcgattagtt
cgatggagtt
tgtaattcte
agacagtggt
tttaaacgcec
teccaggtgca
gggagacaca
gttgcagcag
cgatgaagtt
cagcagcctg
gtggacgttc
taagcatgcet
ccaagggcag
ggctgecacca
ctctgttgtyg
ggataacgcc
cagcacctac
agtctacgcece
caggggagag
gatcaattcc
gtgcgtttgt
ggaaacctgg
gaatgcaagg
aaacaacgtc
tctgeggeca
acgttgtgag
aggggctgaa
gcacatgctt
ggacgtggtt
caggttctece
tcggetgete
tcaagaccga
ggctggccac
gggactggct
ctgccgagaa
ctacctgcec
aagccggtct
aactgttcge
gcgatgectg
gtggccgget
ctgaagagct
ccgattegea
ctggcgtaat
tggcgaatgg
cagcgtgacc
ctttectegee
gttccgattt
acgtagtggg
tttaatagtg
taagggattt
acgcgaattt
gcgcggaacc
agacaataac
catttcegtg
ccagaaacgc
atcgaactgg

agccgteget
ctcgagettt
tceccacact
cttggaattt
tcaaagtttt
gccaccatgg
agatgtgaca
gtcagcatca
agaccaggga
ccatcaaggt
gaatctgaag
ggtggaggea
gttttetgte
aactttgtta
tctgtcttea
tgcctgctga
ctccaatcgg
agcctcagea
tgcgaagtca
tgttgagcta
gceccceeccec
ctatatgtta
ccetgtette
tctgttgaat
tgtagcgacc
aaagccacgt
ttggatagtt
ggatgcccag
tacgtgtgtt
ttcetttgaa
ggccgettgg
tgatgccgece
cctgteeggt
gacgggegtt
gctattgggce
agtatccatc
attcgaccac
tgtcgatcag
caggctcaag
cttgeecgaat
gggtgtggeg
tggcggcgaa
gcgeategee
agcgaagagg
gacgecgccct
gctacacttg
acgttcgeeg
agtgctttac
ccatcgecct
gactcttgtt
tgcecgattte
taacaaaata
cctatatttg
cctgataaat
tcgeecttat
tggtgaaagt
atctcaacag

tcatgtgact
tggagtacgt
gagtgggtgg
gceectttttg
tttcttccat
tgtccacage
tcetgatgac
cttgccatte
aatcatttaa
tcagtggcag
attttgcaga
ccaagctgga
tgtecctaac
cttaaacacc
tctteeegee
ataacttcta
gtaactccca
gcaccctgac
cccatcaggg
gaactaacta
cctaacgtta
ttttccacca
ttgacgagca
gtcgtgaagg
ctttgcagge
gtataagata
gtggaaagag
aaggtaccce
tagtcgaggt
aaacacgata
gtggagaggc
gtgttcegge
gccctgaatg
ccttgcgcag
gaagtgcegg
atggctgatg
caagcgaaac
gatgatctgg
gecgcgeatge
atcatggtgg
gaccgetate
tgggctgacc
ttctatcgece
cccgcaccga
gtagcggege
ccagegeect
gctttececeeg
dggcacctcga
gatagacggt
ccaaactgga
ggcctattgg
ttaacgctta
tttattttte
gcttcaataa
tececetttett
aaaagatgct
cggtaagatc
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ccacggagta
cgtctttagg
agactgaagt
agtttggatc
ttcaggtgta
tcagttectt
ccaatctcca
aagtcaggac
gggcctgate
tggatctgga
ctattactgt
aatcaaacgg
atgcectgtg
atecctgtttg
atctgatgag
tcccagagag
ggagagtgtc
gctgagcaaa
cctgagcteg
actaagctag
ctggccgaag
tattgcegte
ttcectagggg
aagcagttece
agcggaaccc
cacctgcaaa
tcaaatggct
attgtatggg
taaaaaacgt
ataccatggt
tattcggcta
tgtcagegca
aactgcagga
ctgtgctega
ggcaggatct
caatgcggcyg
atcgcatcga
acgaagagca
ccgacggcga
aaaatggccg
aggacatagce
gcttectegt
ttcttgacga
tegeccttee
attaagcgceg
agcgceccget
tcaagcteta
ccccaaaaaa
ttttegeett
acaacactca
ttaaaaaatg
caatttaggt
taaatacatt
tattgaaaaa
gcggcatttt
gaagatcagt
cttgagagtt

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
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ttcgccecga
tattatceccg
atgacttggt
gagaattatg
caacgatcgg
ctcgecttga
ccacgatgcc
ctctagette
ttctgegete
gtgggtcteyg
ttatctacac
taggtgccte
agattgattt
atctcatgac
aaaagatcaa
caaaaaacca
tcecgaaggta
gtagttaggce
cctgttacca
acgatagtta
cagcttggag
cgccacgett
aggagagcgce
gtttcgeccac
atggaaaaac
tcacatgttc
gtgagctgat
agcggaagag
caggtatcac

<210> 8
<211> 6625
<212> DNA

agaacgtttt
tattgacgece
tgagtactca
cagtgctgec
aggaccgaag
tegttgggaa
tgtagcaatg
ccggcaacaa
ggcectteeg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatgttct
ccgctaccag
actggecttceca
caccacttca
gtggetgetyg
ccggataagg
cgaacgacct
cccgaaggga
acgagggagc
ctctgacttg
gccagcaacg
tttectgegt
accgctegee
cgecccaatac
gaggcecttt

ccaatgatga
gggcaagagc
ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt
ttaatagact
gctggetggt
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt
cggtggtttg
gcagagcgca
agaactctgt
ccagtggcga
cgcageggtce
acaccgaact
gaaaggcgga
ttccaggggg
agcgtcgatt
cggecttttt
tatccectga
gcagccgaac
gcaaaccgcce
cgtcttcac

<213> Artificial Sequence

<220>

<223> synthetic vector

<400> 8

ctcgagagcyg
ccaggcttta
aatttcacac
acagtcccey
c€gcggggtaa
ggagaaccgt
gccagaacac
ggcecttgeg
cgagcttegg
gcctegtget
gcaccttege
acctgetgeg
cactggtatt
atgttcggeg
agctggecgg
ggcaaggctyg
tgctgcaggg
cacacaaagg

ggcagtgagce
cactttatge
agaattcgtg
agaagttggg
actgggaaag
atataagtgc
aggtaagtgce
tgcettgaat
gttggaagtg
tgagttgagg
gcctgteteg
acgetttete
tcggtttttyg
aggeggggcece
cctgectctgg
gccecggtegyg
agctcaaaat
aaaagggcecet

gcaacgcaat
teceeggeteg
aggctcoggt
gggaggggtce
tgatgtcgtg
agtagtcgcce
cgtgtgtggt
tacttccacg
ggtgggagag
cctggeetgg
ctgctttega
tctggcaaga
gggcegeggg
tgcgagegeg
tgectggect
caccagttge
ggaggacgeg
ttcegteete

gcacttttaa
aactcggtecg
aaaagcatat
gtgataacac
cttttttgca
atgaagccat
tgcgcaaact
ggatggaggc
ttattgctga
ggccagatgg
tggatgaacg
tgtcagacca
aaaggatcta
tttcgtteca
tttttctgea
tttgceggat
gataccaaat
agcaccgect
taagtcgtgt
gggctgaacg
gagataccta
caggtatccg
aaacgcctgg
tttgtgatge
acggtteectyg
ttctgtggat
gaccgagege
tctcceegeg

taatgtgagt
tatgttgtgt
gccegtcagt
ggcaattgaa
tactggctce
gtgaacgttc
tcecgeggge
cceetggetg
ttcgaggect
gcgetgggge
taagtctcta
tagtcttgta
cggcgacggg
gccaccgaga
cgecgeegeeg
gtgagcggaa
gcgeteggga
agccgtcget

agttctgcta
ccgeatacac
tacggatggce
tgeggccaac
caacatgggg
accaaacgac
attaactggce
ggataaagtt
tasatctgga
taagcectee
aaatagacag
agtttactca
ggtgaagatc
ctgagegtca
cgtaatctge
caagagctac
actgtecctte
acatacctcg
cttaccgggt
gggggttcegt
cagcgtgage
gtaagcggca
tatctttata
tegtecagggg
gcettttget
aaccgtatta
agcgagtcag
cgttggccga

tagctcactc
ggagattgtg
gggcagageg
ccggtgecta
gcectttttee
tttttegeaa
ctggcetett
cagtacgtga
tgcgettaag
cgcegegtge
gccatttaaa
aatgcgggece
gccegtgegt
atcggacggyg
tgtatcgeccc
agatggccgce
gagcgggegg
tcatgtgact
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tgtggcgegg
tattctcaga
atgacagtaa
ttacttctga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gccggtgage
cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gacccecgtag
tgcttgcaaa
caactctttt
tagtgtagcc
ctctgctaat
tggactcaag
gcacacagcc
tatgagaaag
gggtcggaac
gtcctgtegg
dggcggagect
ggccttttge
cegeetttga
tgagcgagga
ttcattaatg

attaggcacc
agcggataac
cacatcgeec
gagaaggtgg
cgagggtggg
cgggtttgcc
tacgggttat
ttecttgatee
gagcccectte
gaatctggtyg
atttttgatg
aagatctgca
cccagegeac
ggtagtctca
cgcecetggge
tteeecggeee
gtgagtcacc
ccacggagta

4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6149

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
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cegggcgeeg
ttggggggag
taggccagcet
ttggttcatt
cgcgtetegy
ctgttcacag
ctggtgaaac
agtgattttg
tacataagtt
actcgagaca
acagccacat
ctggtcactg
accgeggtca
cctggcacce
ggactacttc
gcacaccttc
cgtgcectee
caacaccaag
accgtgccca
caaggacacc
ccacgaagac
caagacaaag
cgtcctgecac
ccteecagece
ggtgtacacc
cctggtcaaa
ggagaacaac
cagcaagctce
gatgcatgag
atgagctaga
ccececctaa
tgttattttc
tcttettgac
tgaatgtcgt
cgaccctttg
cacgtgtata
tagttgtgga
cccagaaggt
gtgtttagtc
ttgaaaaaca
atatggggat
acttccaaag
gtaggaaaac
gttcgatata
caaaagtttg
catggtttgg
cctcagactce
aattgatttg
ggaggaaaaa
tgctttcaag
ttgctggteg
agttgcgcag
gtgtggtggt
tegetttett
gggggctecce
attagggtga
gttggagtcc

tcecaggcace
gggttttatg
tggcacttga
ctcaagccte
gaagctttag
ccttteetgg
cttctcagac
cctggaactg
atagtggtaa
catccaagaa
attactgtgt
tetetgcaca
catggcacca
tccteccaaga
ccecgaaccgy
ccggetgtee
agcagettgg
gtggacaaga
gcacctgaac
ctcatgatct
cctgaggtceca
ccgegggagy
caggactggc
cccatcgaga
ctgceccceat
ggcttctatc
tacaagacca
accgtggaca
gctctgcaca
aactaactaa
cgttactggc
caccatattg
gagcattcct
gaaggaagca
caggcagcgg
agatacacct
aagagtcaaa
accccattgt
gaggttaaaa
cgataatacc
tggcaagaac
aatgaccaca
ctggttctee
gttctcagta
gatgatgect
atagtcggag
tttgtgacaa
gggaaatata
ggcatcaagt
ttctctgete
atcgacctgg
cctgaatgge
tacgcgcage
ccettecttt
tttagggttc
tggttcacgt
acgttcttta

tcgattagtt
cgatggagtt
tgtaattcte
agacagtggt
tttaaacgcc
tgtcctgtcet
tectgteecte
gatccggeag
cactaggtac
ccaattctte
aacggcggga
gtgagtggat
cctetettge
gcacctctgyg
tgacggtgtce
tacagtcctc
gcacccagac
aagttgagcc
tcectgggggg
cccggaccec
agttcaactg
agcagtacaa
tgaatggcaa
aaaccatctc
ccecgggagga
ccagcgacat
cgccteceegt
agagcaggtg
accactacac
gctagcaacg
cgaagccgcet
cegtettttg
aggggtettt
gttecctetgg
aaccccccac
gcaaaggegg
tggctetect
atgggatctg
aacgtctagg
atggttcgac
ggagacctac
acctcttcag
attcctgaga
gagaactcaa
taagacttat
gcagttctgt
ggatcatgca
aacttctecce
ataagtttga
cectectaaa
cgtaatagcg
gaatgggacg
gtgaccgcta
ctcgecacgt
cgatttagtg
agtgggccat
atagtggact

ctcgagettt
teececcacact
cttggaattt
tcaaagtttt
gccaccatga
gatgtgcagce
acctgecactg
tttccaggaa
aacccatctc
ctgcagttga
cgegggttte
cctetgegee
agectccacce
gggcacageg
gtggaactca
aggactctac
ctacatctgce
Caaatcttgt
accgtcagtc
tgaggtcaca
gtacgtggac
cagcacgtac
ggagtacaag
caaagccaaa
gatgaccaag
cgccgtggag
gctggactcec
gcagcagggg
gcagaagagc
gtttceetet
tggaataagg
gcaatgtgag
ccectetege
aagcttcttg
ctggcgacag
cacaacccca
caagcgtatt
atctggggece
cccececgaac
cattgaactg
cctggectee
tggaaggtaa
agaatcgacc
agaaccacca
tgaacaaccg
ttaccaggaa
ggaatttgaa
agaataccca
agtctacgag
gctatgcatt
aagaggccceg
cgccectgtag
cacttgccag
tegeeggett
ctttacggca
cgccctgata
cttgttccaa

tggagtacgt
gagtgggtgg
gccetttttg
tttctteeat
gagtgctgat
ttcaggagtc
tcactggcta
acaagctgga
tcaaaagtcg
attctgtgac
cttattgggg
tgggceccage
aagggccecat
gcecetggget
ggcgecctga
tcectcagea
aacgtgaatc
gacaaaactc
ttcctettee
tgegtggtgg
ggcgtggagg
cgggtggtca
tgcaaggtct
gggcagecce
aaccaggtca
tgggagagca
gacggctccet
aacgtcttet
ctetecetgt
agcgggatca
ccggtgtgeg
ggcccggaaa
caaaggaatg
aagacaaaca
gtgcetetge
gtgccacgtt
caacaagggyg
tcggtgcaca
cacggggacg
catcgtegece
gctcaggaac
acagaatctg
tttaaaggac
cgaggagctc
gaattggcaa
gccatgaatce
agtgacacgt
ggcgtectet
aagaaagact
tttataagac
caccgatege
cggcgecatta
cgcectageg
tceceegteaa
cctegacccec
gacggttttt
actggaacaa
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cgtctttagg
agactgaagt
agtttggatc
ttcaggtgta
tcttttgtgg
gggacctage
ctcaatcacc
gtggatgggce
aatctctatce
tattgaggac
ccaagggact
tctgtececac
cggtcttecee
gcctggtcaa
ccagcggcegt
gegtggtgac
acaagcccag
acacatgcce
ccecaaaacce
tggacgtgag
tgcataacge
gcgtecteac
ccaacaaagc
gagaaccaca
gcctgacctyg
atgggcagce
tcttecteta
catgcteccgt
ctcecgggtaa
attcecgeccece
tttgtctata
cctggecectg
caaggtctgt
acgtctgtag
ggccaaaage
gtgagttgga
ctgaaggatg
tgctttacgt
tggttttecet
gtgtcccaaa
gagttcaagt
gtgattatgg
agaattaatg
attttcttge
gtaaagtaga
aaccaggcca
ttttccecaga
ctgaggtcca
aacaggaaga
catgggactt
ccttcecaac
agcgeggegg
ccecgetectt
gctctaaatc
aaaaaacttg
cgectttgac
cactcaaccc

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
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tatcteggte
gatttaacaa
cttttcgggg
tatgtatccg
gagtatgagt
tactgttttt
tgcacgagtyg
ccccgaagaa
atccecgtatt
cttggttgag
attatgcagt
gatcggagga
ccttgatcgt
gatgcctgta
agcttccegg
gcgeteggec
gtctegeggt
ctacacgacg
tgcctcactg
tgatttaaaa
catgaccaaa
gatcaaagga
aaaccaccgce
aaggtaactg
ttaggccacc
ttaccagtgg
tagttaccgg
ttggagcgaa
acgcttcceg
gagcgcacga
cgccacctet
aaaaacgcca
atgttcttte
gctgataccg
gaagagcgcec
tatcacgagg

<210> 9
<211> 234
<212> PRT

tatttataag
aatttaacgc
aaatgtgcge
ctcatgagac
attcaacatt
gctcacccag
ggttacatcg
cgttttcecaa
gacgecggge
tactcaccag
gctgccataa
ccgaaggagc
tgggaaccgg
gcaatggcaa
caacaattaa
Cttececggetg
atcattgcag
gggagtcagg
attaagcatt
cttcattttt
atcccttaac
tgttcttgag
taccagcggt
gcttcagcag
acttcaagaa
ctgctgecag
ataaggcgca
cgacctacac
aagggagaaa
gggagcttcc
gacttgagcyg
gcaacgcggc
ctgcgttatc
ctegeegeag
caatacgcaa
ccectttegte

ggattttgce
gaattttaac
ggaaccccta
aataaccctg
tcegtgtege
aaacgctggt
aactggatct
tgatgagcac
aagagcaact
tcacagaaaa
ccatgagtga
taaccgettt
agctgaatga
caacgttgeg
tagactggat
gctggtttat
cactggggcee
caactatgga
ggtaactgtc
aatttaaaag
gtgagtttte
atcctttttt
ggtttgtttg
agcgcagata
ctctgtagea
tggcgataag
gecggteggge
cgaactgaga
ggcggacagyg
agggggaaac
tcgatttttg
ctttttacgg
ccectgattet
cecgaacgacce
accgectetce
ttecac

<213> Artificial Sequence

<220>
<223> synth

<400> 9
Met Val Ser
1

etic vector

Thr Ala Gl
5

Gly Ala Arg Cys Asp Il

Val Ser Leu
35

20

n Phe Leu

e Leu Met

Gly Asp Thr Val Ser

Ile Asn Ser Asn Ile Gl

50
Lys Gly Leu
65

Ile Tyr Hi

Arg Phe Ser Gly Ser Gl

40
y Trp Leu
55
s Gly Thr

Yy Ser Gly

gatttecggec
aaaatattaa
tatttgttta
ataaatgcett
ccttattece
gaaagtaaaa
caacagcggt
ttttaaagtt
cggtcgeege
gcatattacg
taacactgeg
tttgcacaac
agccatacca
caaactatta
ggaggcggat
tgctgataaa
agatggtaag
tgaacgaaat
agaccaagtt
gatctaggtg
gttccactga
tctgcacgta
ccggatcaag
ccaaatactg
ccgectacat
tegtgtctta
tgaacggggg
tacctacagc
tatccggtaa
gcctggtatce
tgatgctegt
ttcectggect
gtggataacc
gagcgcageyg
ccegegegtt

Ala Phe Leu

Thr Gln Ser
25
Ile Thr Cys

Gln Gln Arg
Asn Leu Asp

75
Ala Asp Tyr

tattggttaa
cgcttacaat
tttttctaaa
caataatatt
ttttttgegg
gatgctgaag
aagatccttg
ctgctatgtg
atacactatt
gatggcatga
gccaacttac
atgggggatc
aacgacgagce
actggcgaac
aaagttgcag
tctggageey
ccctecegta
agacagatcg
tactcatata
aagatcecttt
gcgtcagacce
atctgetget
agctaccaac
tecttetagt
acctcgetcet
ccgggttgga
gttcgtgcac
gtgagctatg
gcggcagggt
tttatagtecc
caggggggcyg
tttgctggee
gtattaccge
agtcagtgag
ggccgattca

Leu Leu Trp

Pro Ser Ser
30
His Ser Ser

Pro Gly Lys
60
Asp Glu Val

Ser Leu Thr
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aaaatgagcet
ttaggtggca
tacattcaaa
gaaaaaggaa
cattttgcct
atcagttggg
agagttttcg
gcgeggtatt
ctcagaatga
cagtaagaga
ttctgacaac
atgtaactcg
gtgacaccac
tacttactct
gaccacttct
gtgagcgtgg
tcgtagttat
ctgagatagg
tactttagat
ttgataatct
ccgtagaaaa
tgcaaacaaa
tectttttecg
gtagccgtag
gctaatcctg
ctcaagacga
acagcccagce
agaaagcgec
cggaacagga
tgtcgggttt
gagcctatgg
ttttgctcac
ctttgagtga
cgaggaagcg
ttaatgcagg

Phe Pro
15
Met Ser

Gln Asp
Ser Phe
Pro Ser

80
Ile Ser

4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6625
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Ser Leu Glu

Gln
Thr
Leu

145
Pro

Val
225

Phe
Val
130
Lys
Arg
Asn
Ser
Lys

210
Thr

<210> 10

<211> 463
<212> PRT
<213> Artificial Sequence

<220>

<223>

<400> 10

Met
1
Leu
Ser
Ser
Glu
65
Ser

Phe

Tyr

Ala
145
Leu
Gly

Ser

Leu

Arg
Ser
Gln
Asp
50

Trp
Leu
Phe
Cys
Val
130
Pro
val
Ala
Gly

Gly

Pro
115
Ala
Ser
Glu
Ser
Leu
195
Val

Lys

Val
Asp
Thr
35

Phe
Met
Lys
Leu
Val
115
Thr
Ser
Lys
Leu
Leu

195
Thr

Ser
100
Trp
Ala
Gly
Ala
Gln
180
Ser

Tyr

Ser

Leu
val
20

Leu
Ala
Gly
Ser
Gln
100
Thr
Val
Ser

Asp

Thr
180

Tyr

Gln

85
Glu

Thr
Pro
Thr
Lys
165
Glu
Ser

Ala

Phe

Ile
Gln
Ser

Trp

Ser
Lys
Tyr
165
Ser

Ser

Thr

Asp
Phe
Ser
Ala
150
Val
Ser
Thr
Cys

Asn
230

synthetic vector

Leu
Leu
Leu
Asn
Ile
Ile
Asn
Gly
Ala
Ser
150
Phe
Gly

Leu

Tyr

Phe
Gly
Val
135
Ser
Gln
val
Leu
Glu

215
Arg

Leu
Gln
Thr
Trp
55

Ser
Ser
Ser
Arg
Ser
135
Thr
Pro
Val

Ser

Ile

Ala

Gly Gly

120
Phe

Val
Trp
Thr
Thr
200
Val

Gly

Trp
Glu
Cys
40

Ile
Tyr
Ile
val
Gly
120
Thr
Ser
Glu
His
Ser

200
Cys

Asp
105
Ile
Val
Lys
Glu
185
Leu

Thr

Glu

Leu
Ser
25

Thr
Arg
Ser
Thr
Thr
105
Phe
Lys
Gly
Pro
Thr
185
Val

Asn

90
Tyr

Thr
Phe
Cys
Val
170
Gln
Ser
His

Cys

Phe
Gly
Val
Gln
Gly
Arg
90

Ile
Pro
Gly
Gly
Val
170
Phe
Tyr

Val

Tyr
Lys
Pro
Leu
155
Asp
Asp
Lys

Gln

Thr
Pro
Thr
Phe
Asn
Asp
Glu
Tyr
Pro
Thr
155
Thr
Pro
Ser

Asn

Cys
Leu
Pro
140
Leu
Asn
Ser

Ala

Gly
220

Ala
Ser
Gly
Pro
60

Thr
Thr
Asp
Trp
Ser
140
Ala
Val
Ala

Val

His

-259-

Val
Glu
125
Ser
Asn
Ala
Lys
Asp

205
Leu

Phe
Leu
Tyr
45

Gly
Arg
Ser
Thr
Gly
125
Val
Ala
Ser
Val
Pro

205
Lys

Gln
110
Ile
Asp
Asn
Leu
Asp
150
Tyr

Ser

Pro
val
30

Ser
Asn
Tyr
Lys
Ala
110
Gln
Phe
Leu
Trp
Leu
190

Ser

Pro

95
His

Lys
Glu
Phe
Gln
175
Ser

Glu

Ser

Gly
15
Lys

Lys
Asn
Asn
95

Thx
Gly
Pro
Gly
Asn
175
Gln

Ser

Ser

Ala
Arg
Gln
Tyr
160
Ser
Thr
Lys

Pro

Val
Pro
Thr
Leu
Pro
Gln
Tyr
Thr
Leu
Cys
160
Ser
Ser
Ser

Asn




19 Mar 2004

2002311919

210
Thr Lys Val Asp Lys
225
Thr Cys Pro Pro Cys
245
Phe Leu Phe Pro Pro
260
Pro Glu val Thr Cys
275
Val Lys Phe Asn Trp
290
Thr Lys Pro Arg Glu
305
Val Leu Thr val Leu
325
Cys Lys Val Ser Asn
340
Ser Lys Ala Lys Gly
355
Pro Ser Arg Glu Glu
370
Val Lys Gly Phe Tyr
385
Gly Gln Pro Glu Asn
405

'Asp Gly Ser Phe Phe

420
Trp Gln Gln Gly Asn
435
His Asn His Tyr Thr
450

<210> 11

<211> 116

<212> PRT

<213> Mus musculus

<400> 11
Asp Val Gln Leu Gln
1 5
Ser Leu Ser Leu Thr
20
Phe Ala Trp Asn Trp
35
Met Gly Tyr Ile Ser
50
Lys Ser Arg Ile Ser
65
Leu Gln Leu Asn Ser
85
Val Thr Ala Gly Arg
100
Thr Val Ser Ala
115

Lys
230
Pro
Lys
val
Tyr
Glu
310
His
Lys
Gln
Met
Pro
390
Asn
Leu

val

Gln

Glu
Cys
Ile
Tyr
Ile
70

val

Gly

215
val

Ala
Pro
val
val
295
Gln
Gln
Ala
Pro
Thr
375
Ser
Tyr
Tyr
Phe

Lys
455

Ser
Thr
Arg
Ser
55

Thr

Thr

Phe

Glu
Pro
Lys
val
280
Asp
Tyr
Asp
Leu
Arg
360
Lys
Asp
Lys
Ser
Ser

440
Ser

Gly
Val
Gln

40
Gly

Ile

Pro

Pro
Glu
Asp
265
Asp
Gly
Asn
Trp
Pro
345
Glu
Asn
Ile
Thr
Lys
425
Cys

Leu

Pro
Thr
Phe
Asn
Asp
Glu

Tyr
105

Lys
Leu
250
Thr
Val
Val
Ser
Leu
330
Ala
Pro
Gln
Ala
Thr
410
Leu

Ser

Ser

Ser
Gly
Pro
Thr
Thr
Asp

90
Trp

Ser
235
Leu
Leu
Ser
GIlu
Thr
315
Asn
Pro
Gln
val
val
395
Pro
Thr

val

Leu

Leu
Tyr
Gly
Arg
Ser
Thr

Gly

220
Cys

Gly
Met
His
Val
300
TYyr
Gly
Ile
Val
Ser
380
Glu
Pro
Val

Met

Ser
460

Val
Ser
Asn
Tyr
60

Lys

Ala

Gln

-260-

Asp Lys Thr

Gly
Ile
Glu
285
His
Arg
Lys
Glu
Tyr
365
Leu
Trp
Val
ASp
His

445
Pro

Lys
Ile
Lys
45

Asn
Asn

Thr

Gly

Pro
Ser
270
Asp
Asn
Val
Glu
Lys
350
Thr
Thr
Glu
Leu
Lys
430
Glu

Gly

Pro
Thr
30

Leu
Pro
GIn
Tyr

Thr
110

Ser
255
Arg
Pro
Ala
val
Tyr
335
Thr
Leu
Cys
Ser
Asp
415
Ser

Ala

Lys

Ser
Ser
Glu
Ser
Phe
Tyr

95
Leu

His
240
Val
Thr
Glu
Lys
Ser
320
Lys
Ile
Pro
Leu
Asn
400
Ser

Arg

Leu

Gln
Asp
Trp
Leu
Phe
80

Cys

Val




19 Mar 2004

2002311919

<210> 12
<211> 108
<212> PRT

<213> Mus musculus

<400> 12

Asp Ile Leu
1

Asp Thr Vval

Ile Gly Trp
35
Tyr His Gly
50
Ser Gly Ser
65
Glu Asp Phe

Thr pPhe Gly

Met Thr Gln Ser

Ser
20

Leu
Thr
Gly
Ala

Gly
100

5
Ile

Gln
Asn
Ala
Asp

85
Gly

Thr Cys
Gln Arg

Leu Asp
55

Asp Tyr

70

Tyr Tyr

Thr Lys

Pro
His
Pro
40

Asp

Ser

Cys

Ser
Ser
25

Gly
Glu
Leu

Val

Glu
105

Ser
10

Ser
Lys
val
Thr
Gln

90
Ile

10

Met Ser
Gln Asp
Ser Phe
Pro Ser
60

Ile Ser
75

Tyr Ala

Lys Arg
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Val
Ile
Lys
45

Arg

Ser

Gln

Ser
Asn
30

Gly
Phe

Leu

Phe

Leu
15

Ser
Leu
Ser

Glu

Pro
95

Gly
Asn
Ile
Gly
Ser

Trp
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