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METHOD OF INCREASING RADIATION SENSITIVITY BY INHIBITION
OF BETA ONE INTEGRIN

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority from U.S. Provisional Patent Application No.
60/577,252, filed on June 3, 2004, which is hereby incorporated by reference in its

entirety.
STATEMENT REGARDING FEDERAL FUNDING

This invention was made with U.S. Government support under Contract
Number DE-AC03-76SF00098 between the U.S. Department of Energy and The
Regents of the University of California for the management and operation of the
Lawrence Berkeley National Laboratory. The U.S. Government has certain rights in

this invention.
REFERENCE TO A COMPUTER PROGRAM
Noi Applicable.
BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of radiation and immunomodulation

of tumor cells.

2. Description of the relevant art

Upon diagnosis of early stage breast cancer, patients are faced with the choice
between having 1) a mastectomy (total removal of the breast) or 2) breast-preserving
surgery (lumpectomy) and radiation therapy (RT), each resulting in comparable local
recurrence rates and overall survival [Reference 1, 2]. RT decreases the risk of local
recurrence by ~70%, and remains the standard treatment after lumpectomy [Reference
1]. The typical course of RT after lumpectomy consists of daily treatments of 2.0 Gy
per fraction to a total dose of 50-60 Gy. This regimen has largely been derived

PCT/US2005/019396
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empirically over time, and has been shown to result in excellent outcomes, with
minimal morbidity [Reference 3]. However, the entire course usually requires 6-7
weeks of daily treatments, which often imposes a burden of time and cost that are
significant obstacles for many women who are then left with little better alternative
than mastectomy. In fact, a survey by the American College of Surgeons reported that
in 1999, the majority of women in the United States who were candidates for breast-
preservation (lumpectomy plus RT) were undergoing mastectomy! [Reference 4]
Indeed, the distance and accessibility to RT centers has been shown to be a significant
barrier to treatment [Reference 5]. Thus, in recent years, different strategies have been
used to decrease the total time required for RT; these include accelerating treatment
(increasing the daily fraction or dose), decreasing treatment volumes and using
different RT sources (e.g.) brachytherapy, or the in situ placement of radioactive
sources) [Reference 6-9]. These are still investigational, and it may take several years
before the optimal approach is determined, in part because late effects of RT may not
occur for several years. In addition, the use of accelerated treatment, or larger doses
per day, has been shown to increase the risk for late effects [Reference 10, 11]. Thus,
while the outcomes of clinical trials are ongoing to test these approaches against one
another (a large cooperative trial is planned to begin in the U.S. in 2004, but will not
reach maturity for 11 years after accrual, ~2016-2017), it is imperative to investigate
novel biologic approaches to improving RT for breast cancer that will increase the
efficacy of tumor eradication, while decreasing normal tissue toxicity. This strategy
will conceivably lead to decreasing RT doses, making RT less cumbersome and more

accessible for patients.

Breast cancer treatment has historically consisted of targeting cancer cells
using cytotoxic agents such as chemotherapy and radiation. With the growing
recognition that tumors are comprised not only of cancerous cells, but a tumor-
promoting microenvironment consisting of many cell types, extracellular matrix
(ECM) and stromal factors, novel biologic therapies directed specifically at these
targets are being considered and developed. In addition, the ability of tumor cells to
adhere to the ECM modify responsiveness to ionizing radiation (IR) [Reference 12]
and cell-cell and cell-ECM interactions have been shown to modulate radio sensitivity
[Reference 13, 14]. We have previously shown that radiation profoundly influences

the ability of mammary epithelial cells to form normal interactions with other cells
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and ECM [Reference 15]. In particular, single doses of IR resulted in a persistent
increase and aberrant expression of 1 integrin, a receptor that is critical in mediating
cell- ECM interactions; this observation has been corroborated by others in several
tumor cell types [Reference 16, 17]. Furthermore, the increased expression of B1
integrin in response to IR has been shown to be associated with increased
radioresistance. P1 integrin belongs to a family of transmembrane receptors that
directly mediate cell-ECM interactions (reviewed in [Reference 18, 19]) and are

critical in maintaining normal tissue architecture and function.

The family of integrin receptors comprises 18 a and 8 B subunits that may
heterodimerize with each other in various combinations to confer ligand and substrate -
specificity; the class of Bl integrin receptors is pivotal in signaling cell
communication with the microenvironment that governs a wide variety of cellular
events including cell growth, apoptosis, adhesion, migration, and differentiation. As is
true for many signaling receptors, B1 integrin function depends on the context in

which signaling takes place and is different in normal cell and malignant cell context.

In breast cancer, Bl integrin has been implicated in malignant progression in
human tissue-based studies as well as in vitro and in vivo models of breast cancer.
Studies in human breast cancers, largely based on retrospective analyses of paraffin
embedded tissue, indicate that specific heterodimers of B1 integrin are aberrantly
expressed as carcinomas become increasingly undifferentiated (Reviewed by Shaw
[Reference 20]). The role of B1 integrin as a prognostic factor remains unclear,
however, existing data are consistent in describing an association been altered B1
integrin expression and malignant progression. Among in vitro models of breast
cancer, B1 integrin has been associated with maintenance of normal tissue architecture
[Reference 21, 22], and xenograft models have implicated its role in metastasis
[Reference 23, 24].

The primary functional roles of B1 integrin in breast cancer progression have
linked B1 integrin expression and signaling associated with growth and differentiation
[Reference 21, 25]. These studies indicate that the relative levels of B1 integrin in
relationship to other cooperative signaling pathways are important in mediating
normal cell- ECM interactions, and the ability of cells to differentiate in 3-

dimensional tissue culture. In addition, an emerging body of evidence indicates that
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Bl integrin plays a significant role in mediating resistance to cytotoxic

chemotherapies, not only in breast cancer, but several other cancer cell types, by up-
regulating cell survival signals. In particular, B1 integrin mediated adhesion to the
ECM has been associated with resistance to cell death [Reference 12, 16, 17, 26], and
a cytoprotective effect has been observed against DNA-damaging agents in
hematologic malignancies, and lung and breast cancers. Recent studies in vivo using a
B1 integrin inhibiting peptide enhanced the effect of 5-FU chemotherapy against

colon cancer xenografts [Reference 27].

Antibodies to integrins, and, in particular, B1 integrin, useful in the practice of
the present methods, are known in the art. See Bissell et al. U.S. 6,123,941 for a
description of reverting malignant phenotype in cancer cells through application of
anti- B1 integrin antibody AIIB2. Anti beta-1 integrins against the CD-29 epitope are
available from Research Diagnostics, Inc., Flanders, N.J. Another anti- 1 integrin
antibody is CSAT, available from the University of lowa Hybridoma Bank. Another
commercially available anti-B1 integrin antibody is 4B7R, a Murine IgGlkappa

antibody available from Ancell Immunology Research Products.

Other antibodies (not anti-beta-1) are known for the treatment of cancer, e.g.
Herceptin. ™ antibody (rastuzumab). This antibody attaches to breast cancer cells
which possess a receptor site called HER2/neu. RT has been suggested for use with

Herceptin, but little data exist as to the desirability of such combination treatments.

RT is generally offered to breast cancer patients to rid the body of any
microscopic cancer cells that may remain near the area where the cancer was
originally receptor. Chemotherapy of cancer is often combined with radiation
therapy. Although there have been efforts to combine biologic agents with
radiotherapy, including monoclonal antibodies against the epidermal growth factor
receptor (EGFR) in head and neck cancers, and lung carcinomas, little is known about

the safety or efficacy of such treatments.

The usual course of RT includes daily treatments five days a week for five to
seven weeks. Each session generally lasts an hour or less. Radiation therapy works by
causing changes at the molecular level in tissues where the radiation beam is targeted.

Giving all the radiation needed at one time would cause significant and irreparable
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“damage not only to cancer cells, but also to normal cells. However, giving small doses

of radiation each day enables the majority of healthy cells to repair any damage, while

rendering cancer cells inactive.

In combining the present anti-integrin and radiation treatments, other known
radiation therapies may be employed. One possibility is to administer the radiation as
intraoperative radiation therapy. Another possibility is to administer the radiation
through radioisotopes coupled to the anti-integrin agent. As another possibility, high-
dose rate brachytherapy, which is a new form of internal radiation therapy, may be
employed. This aggressive, comprehensive approach to cancer treatment frequently
uses internal radiation therapy for cancers of the lung, breast, prostate, rectum, cervix,
and uterus. Brachytherapy is a quicker, more effective way to give radiation therapy
treatments. Brachytherapy as a radiation therépy places the radiation in the tumor,
tightly concentrated within the site of the cancer. This radiation therapy technique
allows that the maximum radiation dose is received where it is needed most, while
allowing little radiation to effect the surrounding healthy tissue. In many cases,
brachytherapy is an effective radiation therapy alternative to surgical removal of a
tumor and the affected organ, and may be used in connection with the present

methods.
BRIEF SUMMARY OF THE INVENTION

The present invention is directed to a method of modifying cellular responses
to ionizing radiation, involving radiation wherein a cell is adherent to an extracellular
matrix which contains ligands binding to cellular B1 integrin. A cellular response of
particular importance is apoptosis, which is a programmed cell death that is a goal of
radiation therapy of human cancer. Another cellular response is proliferation, which
may be measured, e.g., by tumor size. The present methods have a variety of uses in

scientific research as well as applicability to human health care.

The present methods comprise the step of delivering to a cell, cell line, or
tissue an inhibitory anti-B1 integrin composition. The preferred composition is an
inhibitory antibody that blocks the function of the B1 integrin, particularly insofar as it

involves adhesion to the extracellular matrix and/or intracellular signalling. The
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preferred anti- B1 integrin composition is a human or humanized monoclonal

antibody, but it may also comprise an antibody fragment or inhibitory peptide.

The present methods further comprise the step of delivering to the cell
ionizing radiation. This ionizing radiation is generally of the typé used in cancer
therapy and is intended to destroy or inhibit the ability of tumor cells to reproduce.
The radiaﬁon step may be carried out before, during or after delivering said anti- p1

integrin composition.

It is contemplated that the radiation will be delivered in doses of 2-8,
preferably 2-6 Gy per day. Further it may be delivered at a rate of 0.25 to 6 Gy per
minute. One method contemplates that delivering radiation is carried out after
delivering said anti- B1 integrin composition. The ionizing radiation may be in a total
dose of 2-20 Gy in one day, or in fractions in different days in the range of 0.1 to 6 Gy
per day and up to 30 days. For higher radiation doses, it is preferred that

administration of the anti-integrin composition precede the radiation.

The present method is applicable to cells comprising any type of tumor having
B1 integrin receptors, but it is particularly applicable to tumors in cells adherent to an
extracellular matrix, and most particularly to tumors involving human breast epithelial

cells.

The present method is useful in evaluating the proliferation and apoptotic
properties of a test cell that may be malignant. Its response to ionizing radiation and
anti-p1 integrin antibody will vary depending on the malignancy of the cell. As
discussed below, malignant cells are more susceptible to IR in combination with the
antibody. The present method is also applicable to treating human patients with
carcinomas, especially breast cancer. The patient receives a dose of an anti-B1
integrin antibody in conjunction with a course of IR therapy. The IR is given in a
dose effective to reduce cellular growth; and the anti-integrin composition causes an
additional reduction in tumor growth. Tumor growth may be measured by physical

size; cellular proliferation may also be measured by assays such as the Ki-67 assay.

PCT/US2005/019396



10

15

20

25

WO 2005/117976

The term antibody 1s used in a broad sense, defined below. Inhibitory peptides
may also be used in place of an antibody as a composition which binds to and

antagonizes the signaling and/or adhesion mediated by B1 integrin.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Figure 1 is a sketch showing the visual model of HMT 3522 breast cancer

progression from S1 (nonmalignant cell line) to T4 (malignant cell line);

Figure 2 is an immunoblot showing upregulation of B1 integrin in irradiated
cells (bottom panel); a and bar graph showing intensity of anti- B1 integrin staining

(top panel);

Figure 3 is a series of three bar graphs showing degrees of apoptosis of, from
left to right, S1 (nonmalignant) (3A), T4 (malignant) (3B) and MDA-MB-231
(invasive and hormone independent human breast cancer line) (3C) cells after varying
IR doses (solid bars on left) compared with IR plus anti- 1 integrin antibody (AIIB2)
pretreatment (hatched bars on right);

Figure 4 is a pair of bar graphs showing apoptotic (TUNEL) response (4A)
and cytostatic (Ki-67) responses (4B) to six different cell lines anti- B1 integrin
antibody, said responses being increased apoptosis and decreased cell proliferation
despite varying degrees of integrin expression; 4A is % apoptosis in three dimensional

cell culture (3D) and 4B is cytostatic response in 3D;

Figure § is a pair of bar graphs showing increase in apoptosis in S-1 non-
malignant cells (left panel) vs. MDA-MB-231 malignant cells (right panel) under
conditions of IR alone and IR + AIIB2 antibody;

Figure 6 is a line graph (6A) showing average tumor volume as a function of
treatment with anti- B1 integrin antibody, showing the inhibition of T4 xenograft
tumor formation in vivo, and a bar graph (6B) showing the histological response to an
anti- B1 integrin antibody on cell proliferation (Ki-67 assay) and apoptosis (TUNEL
assay); Ki67 bars are on the left;

PCT/US2005/019396
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. Figure 7'is a line graph showing tumor volume in an experiment in which
anti-integrin antibody is administered to mice with implanted tumors, followed by
different doses of IR;

Figure 8 is a line graph showing tumor volumes as in Fig. 7 when IR alone is

administered to mice with implanted tumors;

Figure 9 is a graph showing tumor volume in mice with implanted tumors in
which different doses of IR are followed by treatment with an AIIB2 anti-integrin

composition; and

Fig. 10 is a series of bar graphs showing cell proliferation (top panel) and
apoptosis (bottom panel) in animals receiving different doses of radiation after anti-

integrin composition (AIIIB2) treatment.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
1. Introduction

As discussed above, the present inventors have found that inhibiting p1
integrin signaling may improve the efficacy of cytotoxic agents such as radiation by
abrogating p1 integrin mediated resistance to apoptosis. In addition, via effects on
cell-ECM interactions and stroma, inhibiting B1 integrin may modulate the response
of tissues to ionizing radiation. The inventors suggest that B1 integrin inhibition, using
monoclonal antibody, AIIB2, will increase the efficacy of radiation in breast
carcinoma and other cancers and will increase the therapeutic efficacy of radiation

therapy.

The table below shows the involvement of B1 integrins in a variety of cancer
types. It is contemplated that the present methods of modifying cellular response are

applicable to all types of cancer wherein beta integrins play a role in drug resistance.

Table 1. Bl integrin mediated drug resistance
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Table 1
Cancer Agents Tested Mechanism Integrins involved
Breast cancer [Reference 28] | Paclitaxel AKT activation | a5B1, a2B1
CML [Reference 29, 30] VCR, STI-571, o interferon | AKT activation | a5B1
MultipleMyeloma [Reference | Doxorubicin, Melphalan P27 expression | adfl
31, 32]
Small cell lung cancer Doxorubicin, cisplatin unknown a2B1, a3pl, a6Pl
[Reference 26]

It has been shown that individuals with BRCA 1/2 mutations are also at higher
risk for ovarian, pancreatic, prostate and stomach cancers in addition to breast cancer,
suggesting a genetic relationship between certain forms of these cancers. Colon
cancer has also been shown to have enhanced metastatic activity associated with
increased P1 integrin expression. See, Okazaki et al, Enhancement of metastatic
activity of colon cancer as influenced by expression of cell surface antigens, J. Surg.
Res. 78(1): 78-84 (Jul 15 1998). Lymphomas involving cells expressing Bl integrin

may also be treated.

2. Materials, Methods and Definitions

Ionizing Radiation

The term “ioﬁizing radiation” (IR) as used in connection with the present
invention may refer to X-rays, gamma rays, or the use of fast moving subatomic
particles directed at target tissues for purposes of reducing the viability of such
tissues. They may be delivered from an external source or from an internal implant at
the site of the target tissue. When using X-ray, clinically relevant doses are preferred,
and these may be applied in single doses or fractionated, as is known in the art.
Ionizing radiation may be delivered by coupling of radioactive isotopes to delivery
molecules, including the present anti-B1 integrin antibody or antibody fragment. The
radiation may be directed to the tumor by any guidance procedure, typically involving
computed tomography (or CT) images taken shortly before treatment. The patient's
body is marked on the skin to indicate where the radiation should be directed. In some
centers, the patient also is positioned to lie in a body mold as an extra measure to try
to make sure the tumor is in the location indicated by the earlier CT scans. A margin
around the tumor is included in the radiation target area to avoid missing any part of a

tumor.
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“Anti-intégrin Afitibody

AIIB2 is a rat monoclonal IgGi that was originally isolated from a human
choriocarcinoma hybridoma, and identified as an anti-B1 integrin antibody that non-
specifically bound to all heterodimers of the 31 integrin extracellular domain
[References 36-38]. Experiments using F(ab)’ fragments of enzyme-digested AIIB2
indicated that the epitope-binding portion of the antibody was active, and resulted in
down modulation of B1 integrin mediated signaling and downstream signaling
intermediates [Reference 22, 39]. B1 integrin biology is made more complex by 5
known splice variants that differ primarily with regard to the cytoplasmic domain
[reviewed in Reference 40], further described below in connection with polypeptides
for immunization in preparing an anti-f1 integrin antibody. AIIB2 has been found to

recognize all variants via the extracellular domain.

An anti-integrin antibody suitable for use with the present method may be
produced by methods similar to those described in Werb, Z., Tremble, P., Berensten,
0., Crowley, E., and Damsky, C.H. (1989). Signal transduction through the
fibronectin receptors induces collagenase expression. J. Cell Biol. 109, 877-890; and
Damsky, C.H., Fitzgerald, M., and Fisher, S.J. (1992). This provides a screening
assay for potential antibodies. The immunogen used was whole human JAR
choriocarcinoma cells. The antibody blocks cell attachment to Fn, Col-I, IV and LN,

and so can be further characterized in these ways.

The term “human monoclonal antibody” as used herein, refers to an antibody
substantially free of non-human (e.g. mouse) sequence. It may be fully human, or
humanized, as is known in the art, by the removal of mouse sequences save for the

binding regions of the antibody, either the Fv portion or the CDR regions.

The term "antibody," as used herein, further includes various forms of
modified or altered antibodies, such as various fragments such as an Fv fragment, an
Fv fragment containing only the light and heavy chain variable regions, an Fv
fragment linked by a disulfide bond (Brinkmann, et al. Proc. Natl. Acad. Sci. USA,
90: 547-551 (1993)), a Fab or (Fab)'2 fragment containing the variable regions and

parts of the constant regions, a single-chain antibody and the like (Bird et al., Science

PCT/US2005/019396
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242 424-436'(1988); Huston et 4al., Proc. Nat. Acad. Sci. USA 85: 5879-5883

(1988)). The antibody may be originally of animal (especially mouse or rat) or human
origin or may be chimeric (Morrison et al., Proc Nat. Acad. Sci. USA 81: 6851-6855
(1984)). It may be humanized as described in Jones et al., Nature 321: 522-525
(1986), and published UK patent application #8707252.

Single chain recombinant antibodies may also be used, as described, for
example in US 5,840,300 to Williams et al, entitled “Methods and compositions
comprising single chain recombinant antibodies,” hereby incorporated by reference
for purposes of describing methods useful in the preparation of such compositions.
Briefly, Kappa, heavy, and lambda immunoglobulin chains are amplified separately
and are subsequently combined as single chains, using recombinant PCR, i.e., the
splicing by overlap extension (SOE) PCR method, wherein the single chains comprise
a heavy chain plus a kappa chain or a heavy chain plus a lambda chain. Flexible
linear-linker peptides are used in the primers which therefore comprise the linker used
to join V[ to Vg to form the novel recombinant Fv fragments containing integrin
binding variable regions comprising both light and heavy chains as a single chain. The
Fv fragments may be developed as a library of Fv fragments directed against B1

integrin subunits.

Suitable antibodies can also be prepared in genetically engineered mice
designed to express human antibodies. The mice can be immunized with an antigen
comprising a fragment of human B-1 integrin and the mouse splenocytes containing
active B cells fused with a suitable myeloma line. Mice with the human Ig repertoire
are commercially available. See Hemachandra et al., Human Monoclonal Antibodies
against Pseudomonas aeruginosa Lipopolysaccharide Derived from Transgenic Mice
Containing Megabase Human Immunoglobulin Loci Are Opsonic and Protective
against Fatal Pseudomonas Sepsis, INFECTION AND IMMUNITY, Apr. 2001, p.
2223-2229 Vol. 69, No. 4.

Another technique for preparing the present antibodies, phage display
combinatorial library technology, provides a useful method to generate large libraries
of human Mabs that may be screened for anti-integrin activity. The libraries made
from lymphocyte mRNA may consist of up to 10® recombinants of monoclonal Fab

repertoires. By displaying the library on a filamentous phage surface and panning

11
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“against a model epitope (1 integrin fragment as described below), monoclonal Fab
antibodies can be selected and analyzed for their immunological properties and
biological activities (integrin inhibition). Fabs are ideal for use in both therapeutic and
diagnostic methods as they can be produced in large quantities inexpensively and they
are innately non-immunogenic. See US 6,716,410 to Witzum et al. for a description

of this technique, which is hereby incorporated by reference.

As described by Marks et al., a human single-chain Fv (scFv) may be isolated
from a non-immune phage library which binds the B1 antigen. CDR3 of the light
(V(L)) and heavy (V(H)) chain variable region of a selected antibody may then be
sequentially mutated, the mutant scFv displayed on phage, and higher affinity mutants
selected on antigen. See Schier et al., “Isolation of picomolar affinity anti-c-erbB-2
single-chain Fv by molecular evolution of the complementarity determining regions in

the center of the antibody binding site,” J Mol Biol. 1996 Nov 8;263(4):551-67.

Bispecific antibodies (e.g. diabodies) which cross link with other antigens may
also be employed. Unlike other bispecific formats, diabodies can be produced in
functional form by secretion from bacteria (E.coli ) or yeast (P. Pastoris). Detailed
protocols can be found in: Tomlinson I. and Holliger P. (2000) Methods for
generating multivalent and bispecific antibody fragments, Methods Enzymol, 326,
461-479; and Holliger, P. (2001) Expression of antibody fragments in Pichia pastoris.
Meth. Mol. Biol. Dimeric antibody fragments, or minibodies, may be created in a
variety of known ways. These produce noncovalent or covalent dimers (sc(FV)2).
The present antibody composition may be prepared as a purified pharmaceutical
composition with known stabilizers and excipients in a sterile powder or liquid form
for intravenous administration as is known in the art and exemplified in the
description of a freeze dried monoclonal antibody in U.S. 6,165,467, hereby

incorporated by reference.

Apoptosis

The term “apoptosis” is used herein in its conventional sense. Apoptosis is
defined as a normal physiologic process of programmed cell death which occurs
during embryonic development and during maintenance of tissue homeostasis. The

process of apoptosis can be subdivided into a series of metabolic changes in apoptotic

12
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“celis. Individual enzymatic steps of several regulatory or signal transduction pathways
can be assayed to demonstrate that apoptosis is occurring in a cell or cell population,
or that the process of cell death is disrupted in cancer cells. The apoptotic program is
also observed by morphological features which include changes in the plasma
membrane (such as loss of asymmetry), a condensation of the cytoplasm and nucleus,
and internucleosomal cleavage of DNA. This is culminated in cell death as the cell

degenerates into "apoptotic bodies".

Apoptosis is measured by a standard assay known as the TUNEL assay. One
of the hallmarks of late stage apoptosis is the fragmentation of nuclear chromatin. The
DNA degradation generates DNA strands with exposed 3'-hydroxyl ends. The
TUNEL assay detects apoptosis-induced DNA fragmentation through a quantitative
fluorescence assay. Terminal deoxynucleotidyl transferase (TdT) catalyzes the
incorporation of bromo-deoxyuridine (BrdU) residues into the fragmenting nuclear
DNA at the 3'-hydroxyl ends by nicked end labeling. A TRITC-conjugated anti-BrdU
antibody can then label the 3'-hydroxyl ends for detection by a fluorescence detection

instrument.

Another apoptotic assay is Annexin-V detection. Normally,
phosphotidylserine (PS) is localized on the inner membrane of the plasma membrane.
However, during the early stages of apoptosis, externalization of PS takes place.
Annexin-V is a calcium binding protein which binds to PS and can be observed with
annexin-V-FITC staining by flow cytometry. The ability of cells treated with
compounds described in the literature to bind annexin-V, is taken as an indication that

cells were undergoing apoptosis.

3-D Cell Culture Model

A model of human breast cancer progression, HMT-3522, originally derived
from a woman with benign fibrocystic breast disease, from which both non-
malignant S1 cell lines and tumorigenic T4 cell lines were derived was used in the
present work [Reference 33]. When cultured in a 3-dimensional (3-D) basement
membrane rich matrix (Matrigel "™ artificial cell matrix), the non- malignant cell line,
S1, undergoes morphogenesis and after 7 days, forms acinar- like structures with

polarized cells, a central lumen and basement membrane, recapitulating normal ductal
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‘structures found in vivo. In"conttast, T4 and MDA-MB-231 cells, both malignant cell
lines, continue to proliferate and form disorganized tumor colonies when plated in
Matrigel. Thus, this model is capable of distinguishing between non- invasive
mammary epithelial cells (S1) and invasive tumorigenic cells by their growth

characteristics when plated in 3-D using Matrigel.T™™

Matrigel is a synthetic form of extracellular matrix. The “extracellular
matrix”(“ECM”) is an in vivo collection of molecules that, in vertebrates, is the
complex mixture of proteins, proteoglycans, and, in the case of bone, mineral
deposits, that contact cells. Almost all of the proteins of the ECM are glycoproteins,
such as collagens, laminins, and fibronectin. The ECM also contains elastins, which
are not glycosylated. Proteoglycans are also glycoproteins but consist of much more
carbohydrate than protein; that is, they are huge clusters of carbohydrate chains often
attached to a protein backbone. Cells attach to the ECM by means of transmembrane
glycoproteins called integrins. The extracellular portion of integrins binds to various
types of ECM proteins: collagens, laminins and fibronectin. The intracellular portion

of the integrin molecule binds to the actin filaments of the cytoskeleton.

Figure 1 illustrates the prior art HMT 3522 cell culture model. The non-
malignant human breast cancer epithelial cell line HMT 3522 may proceed from a
normal S1 subtype to a visibly malignant subtype (termed T4). S1, non-malignant
mammary epithelial cells undergo morphogenesis and form acinar like structures in 3-
D. In contrast, T4, malignant cells, form tumor-like disorganized and invasive
colonies. This assay, which models the three dimensional environment of cultured

cells, is generally regarded as predictive of in vivo behavior of malignant cells.

B1 Integrin

Integrins belong to a large family of cell surface proteins commonly referred
to as glycoproteins. Integrins are composed of noncovalently associated o and
subunits which make up heterodimers: the larger termed a chain and the smaller B
chain. At least 16 a subunits and 8 B subunits are expressed, which can give rise to 22
different integrins. Integrins are thought to play critical roles in cell migration,
differentiation, and survival. There is now considerable evidence that these

transmembrane receptors play an important role in the regulation of gene expression
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‘and signal transduction. Excelient reviews of integrin structure, function, and ligand

specificity may be found in: Hynes, R. 1992. Cell 69:11-25; Kramer, R. 1993.
“Integrin Structure and Ligand Specificity in Cell-Matrix.” Interactions” in Molecular

and Cellular Aspects of Basement Membranes.

The B1 integrin is found in any transmembrane protein that has this component

as part of the heterodimer.

3. The Present Method

The present method comprises the administration of an anti-p1 integrin
antibody in conjunction with a cytotoxic dose of IR. The antibody may be
administered intravenously or by other known means, or delivered directly to a tumor

to be treated.

The optimal schedule and dosing of IR in conjunction with the antibody may
be determined by routine experimentation using the tests described herein. In
addition, the antibody may be coupled to sources of IR to provide the combination
effect. It is preferred; however, that the IR be delivered to the tumor after the
antibody has had time to disrupt ECM binding. The apoptotic effect of the radiation
is thereby significantly increased over the effect of the radiation without the antibody.
Furthermore, as described below, the apoptotic effect is more significant in tumor

cells than in normal cells.

The antibody may be one of a wide variety of agents, as encompassed by the
definition given herein, but it is important that the antibody be antagonistic to the
function of the B1 integrin. That is, the antibody should inhibit the signaling between

the integrin and the extracellular matrix.

EXAMPLES

EXAMPLE 1 (Fig. 2)

B1 integrin expression is persistently increased in progeny of human mammary

epithelial cells after single doses of ionizing radiation.

Referring now to Figure 2, it can be seen that the progeny of human mammary

epithelial cells (S1) exposed to single doses of ionizing radiation (2 Gy) in 3-D culture

15



10

15

20

25

30

WO 2005/117976

‘upregulate expression of 31 integrin, shown in Figure 2 (bottom) by
immunohistochemistry and in protein immunoblot analysis [Reférence 15]. Fig. 2B
shows blots wherein the treated cells show an approximately two fold increase in
mean intensity. The bar graph at the top panel of Fig. 2 shows nearly a two fold

intensity of staining for beta-1 integrin after 2 Gy radiation treatment of the Sl cells.

This phenotype was shown to persist for multiple generations of daughter cells
among surviving colonies. These findings are consistent with other reports of IR-
induced integrin expression [Reference 16, 34, 35], and implicate cell-ECM
interactions as a mechanism of IR response in human mammary epithelial cells. This
data, together with the fact that B1 integrin was shown to modulated response to
cytotoxic therapies, provided the background for us to investigate B1 integrin as a

target to enhance the therapeutic effect of RT.

EXAMPLE 2 (Fig. 3)
Blintegrin inhibition results in enhanced dose-dependent IR induced apoptosis in
2-D culture

Initial studies began by testing the effect of AIIB2, a B1 integrin inhibitory
antibody, with escalating doses of IR inbhuman mammary epithelial cells plated on
standard tissue culture plastic. Mammary epithelial cell lines, S1 (non-malignant) and
T4 and MDA-MB-231 (malignant) were used. Cells were plated on Day 0, and 0.08
mg/ml AIIB2 was added at Day 2, media was washed prior to IR exposure delivered
at ~2 Gy/minute using a Cesium source on Day 3. Cells were assayed for apoptosis on
Day 4 using fluorescence-activated cell sorting (FACS) analysis for TUNEL and
Annexin V immunoreactivity. For all cell lines, AIIB2 alone resulted in increased
apoptosis, and the combination of AIIB2 and IR resulted in an IR dose-dependent

increase in apoptosis (Figure 3).

Referring now to Fig. 3, the three bar graphs show apoptosis (TUNEL assay)
after different IR doses in malignant S1 cells (3A) and malignant T4 cells (3B).
Malignant MDA-MB-231cells (3C) were measured for increased Annexin V

immunoreactivity, which is also indicative of apoptosis.

The S1, T4 and MDA-MB-231 cells were plated on standard tissue culture
plastic and treated with 0.08 mg/ml AIIB2. Media was washed and cells irradiated
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with increasing doses from 0-8 Gy before assaying for TUNEL or Annexin V by
FACS analysis.

As shown in the graphs, a combination of IR and the anti-integrin antibody
produces a 3-4 times greater apoptosis than IR alone. Furthermore, significantly more
apoptosis is observed in the malignant cells than in the non-malignant cells,

particularly at the 2-4 Gy range.

EXAMPLE 3 (Fig. 4)
Expression of 1 Integrin in a variety of cell lines

Both T4 and MDA-MB-231 cell lines overexpress B1 integrin compared to S1,
non-tumorigenic cells. To address whether or not 31 integrin expression predicted the
response to AIIB2 treatment, also tested were several other breast cancer cell lines for
B1 integrin expression, as shown in Fig. 4. Six cell lines (S1, T4, MDA-MB-231,
SKBR3, BT474 and MCF-7) were assayed for total B1 integrin expression using
Western immunoblot, and demonstrated different levels of expression. These cell
lines were tested for response to AIIB2, at both low and high doses of antibody as
indicated below. Controls included on-specific rat IgG (Pierce) indicating that
response to AIIB2 was specific. All malignant cell lines, regardless of B1 integrin
expression level, responded similarly to AIIB2 with increased apoptosis and
decreased proliferation (Figure 4). Therefore, in this in vitro model, B! integrin

expression level did not predict for response to inhibition using AIIB2.

The following cell lines were tested by Western blot, with the following

results (data not shown):

Cell line Blot

S1 weak

T4 strong
MDA231 strong
SKBR3 very faint
MCF-7 faint
BT474 faint

As shown in Fig. 4, the apoptosis induced by the anti-integrin antibody (Fig.
4A) and the cytostatic response (Fig. 4B) for the different cell lines showed that the

anti-integrin antibody tended to have greater effect in the more malignant cells.
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0:08 mg/ml or 0.24 mg/ml to cells grown in the three
dimensional Matrigel assay. Increased apoptosis and decreased proliferation was
observed among malignant cells in response to AIIB2 regardless of 31 integrin
expression. That is, in each case, it can be seen that the apoptosis and Ki-67 response
as significantly greater in the presence of the anti-integrin antibody than in the
control. Ki-67 is a commercially available monoclonal antibody that reacts with a
nuclear antigen expressed in proliferating cells but not in quiescent cells. Expression
of this antigen occurs preferentially during late G1, S, G2, and M phases of the cell
cycle, while in cells in GO phase the antigen cannot be detected. Consequently, the

antibody is used in tumor pathology to detect proliferating cells in neoplastic diseases.

EXAMPLE 4 (Fig. 5)
B1 integrin inhibition enhances radiation-induced apoptosis of malignant tumors
in 3-D culture

The effect of IR alone and the effect of IR and anti-integrin antibody was
examined in three dimensional cell culture of S1 non-malignant and MDA-MB-231
malignant cells lines. S1 acinar structures showed no discernible change with
increasing doses of IR alone, while MDA-MB-231 cells responded with increased
apoptosis with IR dose. The addition of AIIB2 to IR increases the apoptotic response
to IR in this model.

Cells were cultured in 3D, as described above, and 24 hours prior to IR,
0.08mg/ml of AIIB2 was added to the cultures and media was changed before
irradiation. This dose range was chosen as it had an inhibitory effect on cell
proliferation, but did not induce substantial apoptosis. Cells were exposed to
increasing doses of ionizing radiation using a Cesium source at ~2Gy/ minute.
Distinct from the classic colony formation assay, this model investigates the longer
term or persistent effect of IR, several days after colonies have been exposed to

treatments.

Fig. 5 shows that the combination of IR plus anti-integrin antibody has more
effect on the more malignant MDA-MB-231 cells than the non-malignant S1 cells, at

a variety of doses of IR.
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"EXAMPLE 5'(Fig. 6)"

AIIB2 results in decreased tumor formation, increased apoptosis and cytostasis
n vivo

To determine the optimal dose of anti-integrin antibody AIIB2 that had
activity against human breast cancer in vivo, the ability of AIIB2 to 1) inhibit tumor
formation and 2) affect formed tumors in vivo using T4 xenografts was tested. Adult
female nu -/- mice were implanted with 2x10e7 T4 cells either subcutaneously or into
the mammary fat pad on Day 0. Three groups of mice began receiving biweekly
intraperitoneal injections (i.p.) of 1) Control IgG, 2) 1mg/kg AIIB2 or 3) 5 mg/kg
AIIB2 in a blinded fashion. Tumors were measured and volume was estimated by

multiplying width x length x depth, measured bi-weekly.

After 4 weeks, animals were sacrificed and histologic analysis of tumors was
performed, assaying for apoptosis by TUNEL assay, and proliferation by Ki-67. Three
additional groups of mice were implanted with tumor cells at Day 0 and tumors were
allowed to grow for 4 weeks. Animals were stratified according to tumor size and
randomized to receive biweekly i.p. injections of 1) Control was 5 mg/kg of non-
specific rat IgG 2) 1mg/kg AIIB2 or 3) 5 mg/kg AIIB2 in a blinded fashion. Tumor
measurements were taken biweekly, and animals were sacrificed and tumors were

analyzed as described above. This experiment has been performed 2 times.

AIIB2 significantly inhibited formation of T4 tumors at both 1mg/kg and 5
mg/kg doses compared to animals receiving non-specific control rat IgG according to
average tumor volume. Figure 6A shows a comparison of average tumor volume in a
control versus mouse treated with either 1 mg/kg or 0.5 mg/kg AIIB2 antibody. As
can be seen in the lines with squares (1 mg/kg) and triangles (5 mg/kg), after 28 days

the average tumor volume was only approximately % that of untreated animals.

Also, histologic analysis revealed a significantly increased percentage of
TUNEL positive cells among the treated groups versus controls, and a significantly
decreased percentage of Ki-67 positive cells among treated groups versus controls
(Fig. 6B). Increased apoptosis and decreased proliferation in a dose-dependent

manner resulted.
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In'dddition, ATIB2"Was associated with significantly increased apoptosis and
cytostasis among formed tumors, at both 1mg/kg and 5 mg/kg, again in a dose-
dependent manner. However, tumor size did not significantly change between control
and treated groups. Histologically, one observes a central and cystic pattern of
apoptosis and necrosis of the tumor, which may account for moderate change in the
measured size. In both arms of the study, animals tolerated treatment without any
signs of toxicity; there were no differences in animal weight per group, size or
observed activity. Occasional animals developed dry skin, however, this was not
significantly correlated with treatment and there was no mortality attributable to

treatment.

The foregoing example indicates that AIIB2 is active in vivo, resulting in
apoptosis and cytostasis among treated tumors in vivo as well as in vitro. Results
from combining the antibody with radiation may be reasonably be expected to have

results in vivo similar to those observed experimentally in cell culture.

EXAMPLE 6 (Figs. 7 and 8)
In vivo treatment of tumors with anti-integrin antibody followed by IR
Results from experiments conducted with mice receiving anti-integrin

antibody followed by different doses of IR are shown in Fig. 7.

Adult female nu -/- mice were implanted wvith 2x10” MCF-7M1 cells either
subcutaneously or into the mammary fat pad on Day 0. Four groups of mice are
represented: those receiving AIIB2 + sham irradiation (i.e. going through the radiation
protocol with no radiation); AIIB2 + 2Gy radiation; AIIB2 + 8 Gy radiation; and a
control group receiving IgG and no (sham) radiation. In each case, antibody was
administered on day 4. The mice received intraperitoneal injections (i.p.) of either
Control IgG or 5Smg/kg AIIB2 followed by irradiation. IR was administered on day
18.

The radiated cohorts received either a total of 2GY radiation (200 rad), or a
total of 8 Gy. After 4 weeks, animals were sacrificed. Tumor volumes measured at
various times are shown in Fig. 7. ‘Tumors were measured and volume estimated by

multiplying width x length x depth, measured bi-weekly.
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‘Consistént with the resulis previously demonstrated, the anti-integrin antibody
was shown to have a significant effect on tumor size when used in conjunction with
IR therapy. At both 2 Gy and 8 Gy doses, the antibody produced significant
reduction in tumor size (i.e. growth) over the use of IR alone, shown as 2 Gy (m) and
8 Gy (A) in Fig. 7. (The results of IR alone are also shown in Fig. 8). The 8 Gy dose

showed the most reduction in tumor size over the control.

EXAMPLE 7 (Fig. 9)
In vivo treatment of tumors with anti-integrin antibody after IR
Results from experiments conducted with mice receiving anti-integrin

antibody after different doses of IR are shown in Fig. 9.

Adult female nu -/- mice were implanted with 2x10” MCF-7MI cells either
subcutaneously or into the mammary fat pad on Day 0. Three groups of mice were
evaluated: those receiving AIIB2 + sham irradiation (i.e. going through the radiation
protocol with no radiation); AIIB2 preceded by 2Gy radiation; and AIIB2 preceded by
8 Gy radiation. The radiated cohorts received either a total of 2GY radiation (200
rad), or a total of 8 Gy in a single dose on Day 7. Then, on day 8 they received
intraperitoneal injections (i.p.)of Smg/kg AIIB2.

After 4 weeks, animals were sacrificed. Results expressed as tumor volume in
Fig. 9. Tumors are measured and volume is estimated by multiplying width x length

x depth, measured bi-weekly.

As shown in Fig. 9, the Sham group, receiving no radiation, had the largest
tumor volumes. The tumor volumes of animals receiving 2 Gy were less than half
those of the sham group. The animals receiving 8 Gy radiation did not survive beyond

7 days.

At the 2 Gy dose, the antibody produces significant reduction in tumor size
(i.e. growth) over the use of IR alone. The 8 Gy dose showed that the radiation doses
should be lowered when administering IR prior to anti-integrin therapy. As discussed
below, the IR regimen may be tailored with routine experimentation, and/or within

known parameters, consistent with clinical practice.
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EXAMPLE § (Fig. 10)

Apoptosis Measurements after in vivo treatment of tumors with anti-integrin
antibody and IR

Figs. 10A and 10B show apoptosis data obtained from mice injected with
tumor cells. 2x10® T4 cells were injected on Day 0. Beginning on day 4, AIIB2 was
administered 5 mg/kg, biweekly. On day 18, either “sham” (radiation protocol, but no
radiation), 2 Gy, 4 Gy, or 8 Gy of radiation was administered. On Day 28, the tumors

and serum were analyzed ex vivo.

The percentage Ki-67 positive is shown in Fig. 10A. The Ki-67 antibody was
first developed by Gerdes and coworkers, who demonstrated the antigen to be present
in G1, S, G2 and M phases of continuously cycling cells, but absent in

GO cells. Since then, its utility as a proliferative marker has been generally accepted.

The results of Fig. 10A show a significant decrease in proliferation when
tumors are treated with anti-integrin antibody and radiation. In this case, a dose of 4
Gy showed the most benefit, in the sense that the AIIB2 +IR showed markedly less
proliferation than the IR alone. Thus, the administration of anti-integrin antibody in
conjunction with IR showed significant reduction in the numbers of dividing cells,

even at low IR doses.

Fig. 10B shows the degree of apoptosis in cells receiving either IR alone or IR

and antibody, as measured by percent caspase-3 positive cells.

The caspase-3 assay is a measure of apotosis. Execution of apoptosis depends
on proper functioning of effector caspases, in particular caspase 3, which is activated
on the induction of apoptosis through either the stress-induced pathway or the death
receptor-mediated pathway. Thus, high levels of caspase 3 activation should reflect
proper functioning of one or both identified apoptosis pathways. As shown in Fig.
10B, more apoptosis was seen in cells from animals that received antibody plus IR for
all doses studied. The most significant effect in this experiment was seen at 2 Gy,
wherein the cells receiving AIIB2 plus IR exhibited nearly 50% greater apoptosis than

the group receiving IR alone (left bars).

SUMMARY
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Thus, In"carrying otit the present method in the context of modifying the
cellular response of a carcinoma in a human patient, one would first obtain sufficient
amounts of an anti-integrin antibody appropriate for human use. While the presently
available mouse or rat antibodies may be appropriate for human use, more likely one
would obtain a humanized or fully human antibody shown to inhibit B1 integrin
signaling according to the methods discussed above. This monoclonal antibody
would be administered at a dosage level of 1-6 ng/kg, as determined by routine
experimentation (see below) to provide any measurable effect on tumor cell
growth/apoptosis (TUNEL, Annexin V or Ki-67 assays). Beginning, e.g. two days
after antibody administration, a standard course of IR therapy is administered to the
patient, and tumor cell regression is monitored with MRI or mammogram studies, as
is known in clinical practice. The present anti-B1 integrin compositions may be
formulated according to known pharmaceutical principles. It may be provided as an
oral formulation or an intravenous solution or administered locally via injection or
catheterization. It may be a sterile, clear, colorless liquid of pH 7.0 to 7.4, which may
contain a small amount of easily visible, white, amorphous, drug particulates. A
single-use, 50-mL vial may contain 100 mg of anti-integrin antibody at a
concentration of 2 mg/mL and be formulated in a preservative-free solution
containing 8.4 mg/mL sodium chloride, .88 mg/mL sodium phosphate dibasic
heptahydrate, 0.42 mg/mL sodium phosphate monobasic monohydrate, and Water for
Injection, USP.

Dosages are determined thorough routine experimentation, depending on the
potency of the antibody used. They may be below 1 mg, but typically may be
expected to range between 20 and 800 mg/m’ calculated body surface. For example,
a 400 mg/m® initial dosage might be followed by 250 mg/m* weekly doses.
Radiation may be administered prior to or after each dose. The IR regimen may be
extended up to once daily, five days per week, for five to seven weeks, as is current
clinical practice. The IR dosage may be increased by an order of magnitude or more
(e.g. 25 Gy) to approximate dosages given to breast cancer patients. A typical IR dose
in a breast cancer patient may be between 180-250 c¢Gy per day.

While the preferred embodiment of the present invention involves the

treatment of breast cancer, other solid tumors may be amenable to the present
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materials and combination therapy as well, as discussed above. B1 integrin inhibition
using a monoclonal antibody against B1 integrin results in increased apoptosis and
decreased proliferation among malignant cell lines regardless of total B1 integrin
expression. 2) The combination of AIIB2 and IR results in enhanced apoptosis, in a
radiation dose-dependent manner among malignant cell lines, in both standard 2-D
tissue culture plastic, and in a 3-D model. 3) In vivo, AIIB2 resulted in decreased
ability for tumors to form, and increased cytotoxic killing in treated versus control
tumors. 4) AIIB2 is minimally toxic in vivo. 5) Non-malignant S1, which form acini
in 3-D culture resembling normal tissue- like structures, do not exhibit apoptosis after

treatment with ATIB2 alone or in combination with IR.

B1 integrin inhibition using an anti-integrin composition is a promising
therapeutic which acts against the phenotype of breast cancer cells and may be used to

enhance the tumoricidal effect of ionizing radiation.

The apoptotic and cytostatic effect of AIIB2 was observed regardless of the
level of B1 integrin expression in several breast cancer cell lines. In vivo, the same

results may reasonably be expected.

It is possible that different dose of AIIB2, and sequencing with IR may have
different effects. Because others [Reference 17] and we [Reference 43] have
previously shown that 31 integrin is persistently upregulated after IR, it is conceivable

that this upregulation is associated with refractoriness to apoptosis, and that the

- addition of AIIB2 after IR is more relevant than prior to IR. Both dosing and

sequencing of radiation with chemotherapy have been shown to be clinically
significant [Reference 44, 45] resulting in different outcomes for subsets of individual
patients. Therefore, one may carry out routine experimentation to determine an it is

important to understand the optimal combination of biologic treatments and IR.

If a more pronounced effect is observed with the sequence IR followed by
AIIB2, further experiments can be designed to determine if a lower dose of IR or
AIIB2 could be used to produce similar results. In addition, mechanistic studies will

follow whichever sequence appears to be optimal.
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“This concept can be carried further to investigate the effects of fractionated IR

on tumor cell kill.

Fractionated treatment is more relevant to the clinical setting, and optimal
fraction size may be an important parameter in maximizing efficacy and minimizing
morbidity. This issue is timely as many efforts are now in place to investigate the use
of larger fraction sizes and accelerated treatment courses in the clinical setting. To
address this, one may employ the 3-D model, as it will provide a more physiologically
relevant context to investigate persistent effects of IR over time. 2Gy, administered
daily over 4 days or a total of 8 Gy administered at one time may be used in the
combination therapy. AIIB2 may then be added prior to IR (or at the optimal time,
determined from above experiments). These experiments will determine if
fractionated treatment results in equal tumor cell kill compared to an equivalent total
dose, and if the use of AIIB2 in a fractionated setting is more efficacious than given

with a single dose.

There are 3 primary areas where inhibition of 1 integrin signaling and

ionizing radiation may be acting synergistically to enhance apoptosis:

a) Cell cycle distribution: Cells in G2/M or late G1 have been shown to
be more susceptible to IR-induced apoptosis compared to quiescent or growth arrested
cells. B1 integrin inhibition may alter cell cycle distribution to favor radiation-
induced apoptosis. For these studies, the combination of AIIB2 and IR resulted in
enhanced dose-dependent apoptosis with parallel results observed in standard tissue

culture and in 3-D.

b) B1 integrin inhibition may be down modulating the AKT pathway,
enhancing cellular susceptibility to apoptosis and IR. Some cell lines (tumors) may
have other anti-apoptotic signaling pathways that predominate over the AKT
mediated pathway. If we observe an association between AKT and IR- induced
apoptosis, one may further directly test the role of AKT by transfecting a dominant-
negative form of AKT or alternatively, overexpressing AKT to observe its
relationship with IR and AIIB2. Other apoptotic pathways have been implicated in
radiation- induced cell killing, including BCL2/BAX mediated pathways, NFKB and
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P53, for example. Each of thése has also been implicated in integrin signaling
mediated cell death [Reference 12, 49, 50].

c) Specific o and B integrin heterodimers and also specific substrates may
influence response to B1 integrin inhibition and radiation. Among the family of
integrin receptors, 10 o subunits are capable of partnering with B1 integrin, providing
a diversity of ligand binding specificity and in particular cases, unique signaling
cascades [Reference 51]. In particular a5B1 has been shown to play a role in cell
survival and resistance to cytotoxic therapy, including breast cancer specific
chemotherapy [Reference 28, 30]. Different treatments may be suggested if there is a
predominant form present. In addition, differential effects of specific integrin
heterodimers have been shown to have substrate-specific activity. To test this,
different substrates such as fibronectin, laminin and collagen I may be used to plate
cells and then test the effect of AIIB2 and IR on these substrates. Activity of specific
heterodimers can be tested by inhibiting the o integrin subunit. It is possible that
multiple integrins are acting cooperatively within the same cell to effect cellular
behavior and that inhibiting B1 integrins globally may be more efficacious that

inhibiting any specific heterodimer.
COMPOSITIONS

Another aspect of the present invention is the use of monoclonal antibodies to
both disrupt 1 integrin signaling in the target epithelial (e.g. breast) cell and at the
same time deliver ionizing radiation to cells for the purpose of killing cancer cells.
Other carcinomas involving epithelial cells that express Preparation of antibodies that
contain therapeutic radionucleotides is described in U.S. 6,667,024. That patent
describes a therapeutic method used in cancer treatment that involves directing
antibodies carrying a therapeutic agent or cytotoxic compound to the diseased tissues.
When localized at the disease site, the antibody delivers the therapeutic agent or
cytotoxic compound to the cancerous cells. One approach to this methodology
involves delivering radioisotopes to the diseased cells. This approach has proven
useful in diagnosis where a radioisotope with particular imaging properties is
delivered to the targeted diseased tissue. This patent is hereby incorporated by

reference for purpose of describing the preparation of a radioimmunotherapeutic
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.............................

describing the preparation of a radioimmunotherapeutic antibody against B-1 integrin
is U.S. 5,246,691, Radioimmunotherapy Using Alpha-particle Emission.” Although
monoclonal antibodies to B-1 integrin have been prepared previously, novel
antibodies which inhibit -1 integrin are also contemplated by the present invention.
As stated above, the term antibody includes human antibodies, humanized mouse or
rat antibodies, Fv and FAb fragments. The above cited UK 9707252, now GB patent
2 188 638, described the preparation of chimeric antibodies in which the CDR’s have
been replaced with those of a different species. According to this method, a rat
monoclonal antibody, such as AIIB2 may be used to supply CDR’s to a human
monoclonal antibody. A mouse is immunized with a -1 integrin antigen and the
splenocytes are fused with a known myeloma partner. The resulting hybridomas are
characterized for B-1 integrin inhibition by reacting candidate antibodies with p-1
integrin bearing cells and measuring results of downstream signaling. Integrins have
been shown to associate with MAP kinase and receptor tyrosine kinases (RTKSs),
including c-Met, EGFR and ErbB2, and to cooperate with ligand-induced signaling
(see Christofori, “Changing neighbours, changing behaviour: cell adhesion molecule-
mediated signalling during tumour progression,” EMBO J. 2003 May; 22(10): 2318-
2323. Thus measurement of the effects of antibody binding on these downstream
signals provides a convenient way to screen for antibodies which have an antagonistic

(not an agonistic) effect on P1 integrin signaling.

A suitable antigen may be prepared from a protein or protein fragment
encoding human B1 integrin. Gene sequences for such proteins are available at the

following GenBank Accession Numbers:

NM_ 133376, Homo sapiens integrin, beta 1 (fibronectin receptor, beta
polypeptide, antigen CD29 includes MDF2, MSK12) (ITGB1), transcript variant 1E,
mRNA;

NM_033669 Homo sapiens integrin, beta 1 (fibronectin receptor, beta
polypeptide, antigen CD29 includes MDF2, MSK12) (ITGB1), transcript variant 1C-
2, mRNA;
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polypeptide, antigen CD29 includes MDF2, MSK12) (ITGB1), transcript variant 1D,
mRNA;

NM 033667 Homo sapiens integrin, beta 1 (fibronectin receptor, beta
polypeptide, antigen CD29 includes MDF2, MSK12) (ITGB1), transcript variant 1C-
1, mRNA;

NM_033666 Homo sapiens integrin, beta 1 (fibronectin receptor, beta
polypeptide, antigen CD29 includes MDF2, MSK12) (ITGB1), transcript variant 1B,
mRNA,; and

NM_002211 Homo sapiens integrin, beta 1 (fibronectin receptor, beta
polypeptide, antigen CD29 includes MDF2, MSK12) (ITGB1), transcript variant 1A,
mRNA.

Protein or proteins fragments expressed from these constructs may be purified
and conjugated to adjuvants for improved immunogenicity when immunizing animals
against B1 initegrin. The different isoforms differ mostly in their cytoplasmic domains
and tissue distribution, so that an antibody against the extracellular domain of one
isoform would be expected to be active against all isoforms. An area of particular
interest for antigen preparation is a conserved region near the N-terminus of the beta
subunit, which appears to be of particular importance in ligand binding. See
Tuckwell DS, Humphries MJ, “A structure prediction for the ligand-binding region of
the integrin beta subunit: evidence for the presence of a von Willebrand factor A

domain,” FEBS Lett. 1997 Jan 6;400(3):297-303.

Apart from the above-described antibodies, peptides may be constructed

which inhibit 1 integrin function.

For example, it is known that peptides which integrate an Arg-Gly-Asp
sequence have potential activity in the inhibition of ligand binding by integrin
receptors. An a3bl integrin—binding peptide from the N-terminal domain of TSP1
(Thrombospondin-1) also modulates endothelial cell proliferation and is a potent

inhibitor of endothelial wound repair in vitro. See, Chandrasekaran et al., “Cell
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“Contact—dependernt Activation of a3bl Integrin Modulates Endothelial Cell Responses
to Thrombospondin-1, Molecular Biology of the Cell Vol. 11, 2885-2900, September
2000.

Another inhibitory peptide is in development by Attenuon, LLC, San Diego,
CA and is described in Rabbani, S.A., Khalili, P. and Mazar, A.P. (2003) “A non-
RGD based integrin binding peptide (ATN-161) that targets activated alpha-5 beta-1
and alpha-v beta-3 blocks the development of osteolytic skeletal metastases in a

xenograft model of breast cancer.” Clin Cancer Res 9 (suppl.): 6181S

Other candidate peptides are suggested by the disintegrins. Disintegrins
represent a group of cysteine-rich peptides occurring in Crotalidae and Viperidae
snake venoms, and are potent antagonists of several integrin receptors. A novel
disintegrin, obtustatin, was isolated from the venom of the Vipera lebetina obtusa
viper, and represents the first potent and selective inhibitor of the binding of integrin
alpha(1)beta(1) to collagen IV. The primary structure of obtustatin contains 41 amino
acids and is the shortest disintegrin described to date. Obtustatin shares the pattern of
cysteines of other short disintegrins. However, in contrast to known short disintegrins,
the integrin-binding loop of obtustatin is two residues shorter and does not express the
classical RGD sequence. Using synthetic peptides, a KTS motif was identified as the
integrin-binding sequence. Although Obtustatin is a potent and selective inhibitor of
alphalbetal integrin, it does not inhibit the closely related integrin alpha2betal, or a
panel of other integrins tested. Importantly, it has recently been reported that
obtustatin potently inhibited angiogenesis in vivo in the chicken chorioallantoic
membrane assay and in the Lewis lung syngeneic mouse model. Furthermore,
Obtustatin also reduced tumor development by 50%, confirming and extending
previous results on the relevance of alphalbetal integrin to angiogenesis and
suggesting that this molecule may serve as a lead for the development of small

molecule angiogenesis inhibitors.

Thus there has been described a specific protocol for co-administration of an
anti-Blantibody with ionizing radiation that causes increased apoptosis in tumor cells.
Various alternatives to the specifically described embodiments can be achieved using

the teachings set forth herein. Accordingly, the present invention should not be
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construed as Tiffitted 16 the spemﬁc embodiments and experiments described, but by

the properly interpreted scope of the appended claims.
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CLAIMS
WHAT IS CLAIMED IS:
1. A method for reducing proliferation of tumor cells, wherein said cells express

B1 integrin, comprising the steps of:
(a) delivering to said cells an inhibitory anti-p1 integrin composition, and
(b) delivering to said cells ionizing radiation in a dose effective to reduce
cellular proliferation, whereby
said reduction of cell proliferation is greater than a reduction caused by

either the anti- B1 integrin composition alone or the radiation alone.

2. The method of claim 1 wherein said anti- B1 integrin composition is a human

monoclonal antibody.

3. The method of claim 1 wherein said anti- B1 integrin composition is an
antibody fragment.
4. The method of claim 1 wherein said delivering radiation of step (b) is carried

out after delivering said anti- B1 integrin composition of step (a).

5. The method of claim 4 wherein said ionizing radiation is in a dose of 2-6 Gy.

6. The method of claim 4 wherein said radiation is delivered at a rate of 0.25t0 6

Gy per minute.

7. The method of claim 6 wherein said radiation is delivered at a rate of less than

2 Gy per minute.

8. The method of claim 1 wherein said tumor cells are epithelial cells.
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"9, " " ke method of claim 2 wherein said antibody has attached thereto a

radioisotope for delivering ionizing radiation.

10.  The method of claim 1 wherein said inhibitory composition comprises a 1

inhibitory peptide.

11.  The method of claim 1 wherein said inhibitory composition is selected from
the group consisting of: a human monoclonal antibody, an antibody fragment having a
human Fv portion; and a single chain recombinant antibody having Fv portion;

wherein said Fv portions antagonize a human B1 integrin.

12. A monoclonal antibody comprising a FAb portion which binds to B1 integrin
and inhibits its activity, and further comprising a radioactive isotope attached thereto

for delivering ionizing radiation to cells binding the antibody.

13. A peptide inhibiting B1 integrin signaling having attached thereto a radioactive

isotope for delivering ionizing radiation to cells binding the peptide.

14. A method of modulating cellular apoptosis comprising the steps of:
(a) providing a cell that is adherent to an extracellular matrix having
components binding to cellular B1 integrin,
(b)  delivering to said cell an inhibitory anti-p1 integrin composition, and

(c) delivering to said cell ionizing radiation.

15.  The method of claim 14 wherein said anti- B1 integrin composition is a

human, mouse or rat monoclonal antibody.

16. A method of reducing tumor growth in a mammalian subject, comprising the
steps of:
(a) administering to the subject at least 2 Gy of ionizing radiation directed
to the tumor; and
(b)  administering to the subject an anti- $1 integrin composition, whereby

growth of the tumor cell is reduced.
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i7" The'method of claim 16 Wherein said anti- p1 integrin composition is a human

monoclonal antibody or an Fv antibody fragment.

18.  The method of claim 16 wherein said delivering radiation of step (b) is carried

out after delivering said anti- $1 integrin composition.

19.  The method of claim 16 wherein said ionizing radiation is in a total dose of 2-

20 Gy.

20.  The method of claim 16 wherein said ionizing radiation is delivered in

fractions in different days in the range of 1 to 6 Gy per day and up to 30 days.

37



WO 2005/117976 PCT/US2005/019396

1/9

S1
FIG. T
150
bt I
2 100
§§ I
= 50—
™
=
SHAM 2 Gy
TREATMENT
FIG. ZA

B1-INTEGRIN

B—ACTIN

SHAM 2 Gy

FIG. 2B



WO 2005/117976 PCT/US2005/019396

2/9

| ] ]
— >
— B3
_ r - %
>
& 19 ¢
< -8 .
£ | FE O
= L |« Lj\
H &
_L )
= © o~ co <+ o
JAILISOd A NIX3NNV IN3IO¥Y3d
| ] ] I
<)
1 00
a %
| >
gy
S— B 8 .
I = O
Y Ll\
| %)
L] S
2283282
JAILISOd 13INNL IN3O¥3d
| | 1 | | | ]
%)
I o0 q
D
F 0
F) B 8 .
[ - g; o %
l &
L] S

o O O O O O o O O
0 M~ © W <+ M N —

JAILISOd TINNL IN3O¥3d



WO 2005/117976 PCT/US2005/019396

3/9

=
<
(ol
Iz el : :
‘I—*g':roo'-- /A Y) B
| — XX O ’_& M
I o - — = '
< 3
O
&
KIXIERXRRIRXI oy (D.
8 T~
3 o
\ ==
*\C/L e NN =S
VIIII//II///I/IIIIIIII( O
i | | | | | | I [
o (e ] o (e (e»] O (@] O o (@]
(o] (s @] ™~ (o] u ~+ M N ~—
ST130 3JAILISOd £L9-™M %
=
~
o
................ 1=
d-
o] &
[ o
~
o
e
‘ 0o N
—zzzzzzzzy & O
N S E
< T S
~
T T S T2 =
v - =2 O un = v %
S Do mOs| Lo 3
| [ | | | [ [ |
() (Vo] (e ] ) o fp] o w (a]

ST130 3AILISOd TINNL %



PCT/US2005/019396

WO 2005/117976

4/9

g5 9l

3500 M1

£ ¥ k9 T
; r1 |
— 02
eIy + ¥1 [ L OF

41

— 09

LEC—-8N-YaW

SISOLd0dY %

vG Ol

3500 dI

£ 8 £ ¥ £y T 90

_Ilm__l]__lm_

Za1v + 81 [
¥ R

=S

SISOLdOdY %



WO 2005/117976 PCT/US2005/019396

5/9

——— CONTROL
---m--- 1 mg/kg AlIB2

100__ """ ‘ """ 5 mg/kg AIIBZ

90 —
80 —
70 4
60 —
50 —
40
30
20 —
10 —

AVERAGE TUMOR VOLUME

3 7 10 14 17 21 24 28

DAY POST TUMOR IMPLANTATION
FIG. 6A

35
30 Ki-67
25 TUNEL

20
15
10

hn ol

® .

\ N\ 7

OL Ig6 1 mg/kg ALIB2 = 5 mg/k

FIG. 6B

AVERAGE % POSITIVE NUCLEI

7

DI

-

CO

=
2

T AlIB2

Yol



PCT/US2005/019396

WO 2005/117976

6/9

SAYQ
8¢ o1 AN 116°) ) B ]| I (281IY)
| ] | ] |
\
. ==
\%\x
_— AVHS ——
- | ABg.+ zaIly ——
— foe + zally ——

AVHS + 28IV ——

41 + <8IV

¢ (ww)

00Z
00%
009
008
000!
00Z!
00%1
0091



WO 2005/117976 PCT/US2005/019396

7/9
IR ALONE
1600 :
—— SHAM
1400
> 1200 ) /
E —— 8 Gy /
£ 1000
¥ /
S 800 —
o 600 »
oS /
=
20 '_‘/_/__,%—‘/
0 i | | | |



WO 2005/117976 PCT/US2005/019396

8/9

IR(DAY 7) —> AIIB2(DAYS 8-18)

1400.0

1200.0 ————— SHAM (AIIB2) i
—— 26y => AlIB? /

1000.0 +—

—— 8Cy -> AlIB2

800.0 /

600.0 //P__-_

400.0 /

200.0 %
0.0 T | | | | T

T
4 (D7 IR, 11 15 18 22 25 28 32
08

AIIBZ) DAYS

TUMOR VOLUME (mm)?

FIG. 9



PCT/US2005/019396

WO 2005/117976

9/9

10A

FIG.

PROLIFERATION

= >
- I N
e 007
OO s
7 W

Il
777
LHH_.

) ) m>:rmmn_ B,H_x %

4Gy 8Gy
IR DOSE

26y

SHAM

1058

FIG.

APOPTOSIS

4Gy 8Gy
IR DOSE

ZGy

SHAM

07700777

— A
— \\\\\\\\\\x
HRaSSy
77 \\\ Y,

S IS NN\
o m 27227
N7 /////////

JAILISOd €-3SvdSVO % -



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

