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(57) Abstract: The phosphorylation status of the BAD protein is a determinant of ovarian cancer cell responsiveness to platinum
chemotherapy. Indirect manipulation of BAD phosphorylation status influences cisplatin sensitivity. BAD phosphorylation repre-
sents a biomarker that predicts platinum sensitivity and is a therapeutic target to increase platinum sensitivity. The methods em-
O ploy phospho-specitic antibody against a particular amino acid residue or site. Phospho-specific protein characterization methods
include immunohistochemical (IHC), flow cytometric, immunofluorescent, capture-and- detection, or reversed phase assay.
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CANCER PLATINUM RESISTANCE DETECTION AND
SENSITIZATION METHOD

S8 REFERENC RE D APPLICATIONS

This application claims priority to U.S. provisional patent application No, 61/075,967,
entitied "Cancer Platinum Resistance Detection and Sensitization Method®, filed
10 26/06/2008 which is hereby Incorporated by reference into this diaclosurs.

FIELD OF INVENTION

This invention relates to cancer resistence delermination and $ensitization.
Specifically, the invention provides BAD proteln phosphorylation status and
manipulstion indicate cancer responsiveness to platinum chemotherapy.

1§ BACKGRQU NTION

The biologic basis to the evolution of platinum resistance has been attributed to
changes in many cellular functions including drug effiux, glutathlone levels, and
DNA repair capacity. However, a comprehensive understanding of the global
molecular changes that accompany the development of platinum-resistance in

70 gvarian cancer cells has not yet besn elucidated. Cument technologies cannot
efficlently determine the potential therapeutic response of a cancer prior to
treatment. Platinum compounds are chemotherapautic agents effective in treatment
of many human &olld tumors, Response to platinum-based chemotherapy Is one of
the most critical determinants of outcome for patients with advanced stage epithelial

25 ovaran cancer. Currently the standard trealment protocol used In the Initial
management of such patients is primary cytoraductive surgery. followed by adjuvant
therapy with a platinum and taxane. Approximately 70% of patients will have s
complete clinical response to this Inltlal therepy, with absence of clinically datectable
realdual disease on clinical examination, radiologic imaging, or serum CA125 tumor

30 marker. However, for most patients, remigsion is short-lived, and the majority will
develop recurrent disease that ultimately becomes resistant to further platinum
therapy, resulting In exiremely poor survival, '
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5 The BCL-2 family of proteins govern mitochendral outer membrane
permeabllization and constitute an intraceliular checkpoint of apoptoesis, largsly
defined by conserved molfs termed BCL-homology regions. (Yin et al, Nature
369:321-323, 1994 which is incorporated by reference). The BCL-homology reglons
1, 2, 3 and 4 (BH1 through BH4 ) domains have been shown cruclal for function (Yin

10 &t al. Nature 369:321-20 323,1994 which is incorporated by refarence; Boyd et al,,
Oncogene 11:1921-1928; Chittenden et al., Embo J 14:5589-5698, 60 1985 which
are incorporated by reference). Members of the BCL-2 family typically can
competitively heterodimerize and hemodimerize, determining whether a cefl will
respond to an apoptotic signal (Oltvai and Korsmeyer, Ce/l 78:188-192,1994 which

15 Isincorporated by refarence).

BAD (BCL-2 Aseociated Death Promotor) is a proapoptotic Bcl-2 famlly protein that
regulates the Intrinsic apoptosis pathway. In Its transient - state, BAD is
phosphorylated, rendering the protein inactive. Fhosphorylated BAD Interacts with
14-3-3 scaffold protelns In the cytoplasm, until cleavage by caspase-3 or

20 dephosphorylation by calcineurin allows the release of BAD, 14-3-3 binding has
besn shown to be sequence-spacific to a phosphoserine contalning matif (Muslin et
al. Cell B4:859-898, 1396 which is incorporated by referance), based on
phospharylation of serine residues (Serine-258 and Serine-621) in Raf-1. Once BAD
is dephosphorylated (posttransiational modification), it is active; It translocatss from

25 the cytosel to the mitochondria and forms heterodimers with BCL proteins to biock
the antiapoptotic functions of the proteins.

Current technology does not monitor cellular phosphorylation status to detenmine
the potential for platinum therapy resistance. Accordingly, there is an unmet need
to develop screening systems to aid in the analysis and prognosis of currant and

30  possible future therapy resistance.

SUMMARY OF INVENTION

Many genas associated with BAD phosphorylation status demonstrate increased of
. decreased expression 8§ clsplatin resistance increased with serial clsplatin in-vitro
treatments. Many of these genes alse show increased or decreased expression

SUBSTITUTE SHEET (RULE 26)
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5 wassoclated with CR (platinum sensiivity) versus IR (platinum reslstanca) In patient
samples. PP2C and Bcl2 expression dacreased with increasing clsplatin resistance
in cell lines. Conversely, COK1, 14-3-3, and JNK1, AKT expression increased with
increasing cisplatin resistance In cell lines. Further, PP2C AKT, and pSORSK
decreased in IR (platinum resistant) patient samples,

10 Phospho-BAD protein expression was found to increase, using IHC, as ovarian
cancer ¢ell lines became more raslstant to platinum with seria! in-vitd and
contained higher axpresslon in platinum reslatant versus platinum sensitive cells.
As expacted, phospho-BAD protein expression was higher In IR (platinum resistant)
patlent samples versus CR (platinum sensitive). (nhibition of AKT by triclribine

15 resulted in a decrease In cell survival (measured by MTT assay), and increased in
ovarian cancer ¢ell platinum senaitivity.

The phosphorylation status of the BAD protein is a detarminant of ovarian cancer
cell responsiveness to platinum chemotherapy and represents a blomarker that
pradicts platinum sensllivity, {ndirect manipulation of BAD phosphorylation status is

20 accomplished, for example, by Inhibiting AKT pathway phosphorylation of BAD by
TCN inhibition or sIRNA gene knockdown, or by Increasing BAD phospharylation
uging siRNA to PPLC. BAD phosphatase levels influence cisplatin sensitivity and
can be used as a therapsutic target to increase platinum sensitivity.

Tha methods and kits of the invention may employ virtually any phospho-specific
25 antbody capable of detecting a desired elgnal transduction protein when
phospheorylated at a particular residue or site. Phospho-specific antibodies are
widely commercially available (e.g. from Cell Signaling Technalogy, Inc.; BieSource,
Inc.; Santa Cruz Biotechnology, Inc.; Upstate Biotechnology, Inc.), and may aiso be
preduced by techniques in the art. |n the methods and kits for identifying protein
30 blomarkers, panels of one or more phospho-specific antibodies are employed. such
as the use of two or more phospho-specific antibodles to detect the phosphorylation
statuses of at leaat one phosphoylation site on the BAD protein. A single phospho-
epecific antbody (polyclonal or monoclonal) may be used to detact the
phosphorylation status of a single carrelated amino acid reéldue, for example, if only
35  one such residue has been |gentified as relevent to the disease for which therapy is
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5 being considered. Alternatively, two or more phospho-gpecific antibodies against
two or more correlated residues may ba used. The particular number of antibodies
selacted for predicting patient response In a given case will depsnd on the number
of amino acld resldues that have been identified as relevant, correlated to patient
rasponsiveness to the particular therapeutic compasition in a particular disease.

10 One or multiple biomarkers may be identified as relevant predictors of patient
redponse fo a particular therapeutic composition for a particular digease. For
example, Serine 155 phospharylation slatus may be probed to determine cisplatin
responsiveness, as discussed below.

In certaln embodiments, control antibodies may also be included which do not
15 detact phosphorylation status. For example, proteln-spacific antibodies that detect

merely the presence of a given signal transduction proteln (not its medification

status), or site-specific antibodies that detect a target In its unphosphoryiated form.

Phospho-gpecific antibodies may be use to detect phosphorylation of comelated

resides In the examined celiular sample sequentially, in tandem, or simultaneously
20 to detect activation statuses of tha various targats.

In stil ancther embodiment, the Invention provides a kit for identifying protein
biomarkera of disease outcome or patient réesponsiveness to a therapautic
compasition having efficacy against a disease involving altered signal franaduction,
comprising (a) a panel of phospho-spectfic antibodies against a piurality of signal
26 transduction proteins, and (b) one or more additional reegent(s) sultable for
detecting binding of the antibodies to said signal transduction pro- tein(s) in a
cellular assay, In a certain embediments of these kits, the cetlular assay comprises
an Immunohistochemical (IMC), flow cytometric, immunofivorescent, capture-and-
detection, or reversed phase assay, and the kit is optimized for staining or analyzing
30 atleast ona cellutar sample from & patient. In other prefarred embodiments, the kit
-comprises phospho-spacific antibodies agains! one or more residues of BAD.

' BRIEF DESCRIPTION OF THE DRAWINGS

SUBSTITUTE SHEET (RULE 26)
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5 For a fuller understanding of the Invention, reference should be made to the
following detailed description, taken in ¢connection with the accompanying drawings,
in which;

Figure 1 depicts the genes associated with BAD phosphorylation status whose
expresglon is affected by clsplatin resistence.

10  Figwe 2 deplcts BAD phosphorylation levels for IR (platinum resistant) and CR
(platinum eensitive) patient samples.

Figure 3(A) depicts a photomicrograph of the clsplatin sensitive cell line A2780s,
treated by a single administration of clsplatin at 1pg/ul. Light gray cells indicate
positive staining for BAD 155. :

15 Flgure 3{B) depicts a phatomicrograph of the clsplatin resistant cell line A2780¢p,
treated by a single administration of cisplatin at 1pg/ul, Light gray cells indicate
positive staining for BAD 155.

Flgure 3(C) depicts a photamicrograph of the cisplatin sensitive call line A2008,
troatad by a three separate treatments with clsplatin st 3 pg/ul, foliowed by an

20 additional three separate treatments at 5 pg/ul. Light gray cells indicate positive
staining for phosphoratad BAD 155.

Figure 3(D) depicts a photomicrograph of the cisplatin resistant cell lina C13, treated

by a three separate treatments with clsplatin at 3 pg/ul. followed by an additional

three separate reatments at 5 pg/pl. Light gray cells indicate pogitive stalning for
26 phosphoratad BAD 155.

Figure 3(E) depicts a photomicrograph of the cisplatin sensitive cell line A2780s,
treated by a three separaté treatments with cisplatin at 3 pg/ul, followed by an
additional three separate treatments at § pg/ul. Light gray signal around cells
indlcate positive staining for PP1MA (altarnative name PP2C). ‘

30 Flgure 3(F) depicts a photomicrograph of the cisplatin resistant call line A2780cp,
treated by a three geparate treatments with cisplatin st 3 pg/yl, followed by an
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6 additional three separate treatments at 5 pg/ul. Light gray cells indlcate positive
stalning for PP1MA (altermative name PP2C).

Figure 4(A) deplcls a photomicrograph of phospho-BAD protein expresalon In
platinum resistant celis.

Figure 4(B) depicte a pholomicrograph of phospho-BAD proteln expression In
10  platinum resistant cells.

Figure 4(C) depicts a magnified photomicrograph of phospha-BAD protein
expregsion in platinum resistant cells of Figurs 3(A).

Figure 4(D) depicts a magnified phetomicrograph of phospho-BAD protein
expression in platinum resistant cells of Figure 3(B).

15 Flgure 4(E) deplcts a photomicrograph of phospho-BAD protein expression In
platinum sensitive cells.

Figure 4(F) depicts a photomicrograph of phespho-BAD protein expression in
platinum sensitive cells.

FIG. 5 dapicts AKT expression in cisplatin registant and sensltive (G ROV1 ovarian

20 carcinoma cell lines. Protein levels were analyzed after an Initial anticancer
treatment with cisplatin, a second treatment with claplatin, and a third treatment with
cleplatin.

FIG. 6 deplcts AKT expression In cisplalin resistant and sensitive IG ROV1 (5.3.6)
pvansn carcinoma cell lines. Proteln levels were analyzed afier an initial anticancar

25 ftreatment with cisplatin, a second treatment with cleplatin, and a third treatment with
cisplatin,

FIG. 7 depicts AKT expression in cisplatin resistant and sensitive OVCAR4 ovarian
carcinoma cell lines. Proteln levels were enalyzed after an initial anticancer
treatment with cisplatin, a second tregtment with clsplatin, and a third treatment with

30 cisplatn.

SUBSTITUTE SHEET (RULE 26)
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6§ FIG. 8 depicts AKT expression in cisplatin reslstant and sensltive SKOV3 ovarian
adenocarcinoma cell lines, Protein levels were analyzed after an initial anticancer
treatment with cisplatin, a second treatment with cleplatin, and a third treatment with

clsplatin.

FIG. 9 depicts cell survival In QVCAR 4 ovarian carcinoma cell lines. Survival was
10 determined by MTS assay after an Initial anticancer treatment with cisplatin, a
sacond treatment with cisplatin, and a third eatment with cisplatin.

FIG. 10 deplcts cell survival in SKQV3 ovarlan adenocarcinoma cell lines. Survival
was determined by MTS assay after an Initial anteancer treatment with cisplatin, a
sacond treatment with clsplatin, and a third treatment with clsplatin.

15 FIG. 11 depicts call survival In SKOV3 (5_14) ovarian adenocarcinoma cell lines,
Survival was detarmined by MTS aseay after an Initial anticancer treatment with
dsplatin, a second treatment with cisplatin, and a third treatment with clepiatin.

FIG, 12 deplets cell survival in 1G ROV1 CP ovarian carcinoma cell lines. Survival
was determined by MTS assay after an initial anticancer treatment with cisplatin, a
20 second treatment with clsplatin, and a third treatment with cisplatin.

FIG. 13 depicts cell survival In IG ROV ovarian carcinoma cell lines. Survival was
determined by MTS assay after an Inltial anticancer treatment with cisplatin, a
second treatment with clsplatin, and a third treaimenit with clsplatin, *

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

25 The term "antibody” or "antbodies" refers to all types of immunoglobuling, including
lgG, 1gM. 19A, 19D, end IgE, Including Fab or antigan-recognition fragments thereof,
The antibodies may be monoclonal or polyclonal and may be of any epecies of
origin, including (for example) mouse, ral, rabbit, horse, or human, or may be
chimeric antibodies, See, e.g., M. Walker et al., Molec. Immunol 26. 403-11 (1989);
30 Morrislon et al, Proc. Nat', Acad, Sci. 81: 6851 (1984)). The antibodies may be
recombinant moneclonal antibodles produced according to the methode disclosed In
U.S. Pat. No. 4,474,893 (Reading) or U.S. Pat. No. 4,618,567 (Cabilly et al.) The
antibodies may also be chemically constructed by specific antibodies made
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§ according to the method disclosed in U.S. Pat. No, 4,676,980 (Segel et al)
Polyclonal antibodles useful In the practice of the methods and kits of the Invention
may be produced according to standard techniques by Immunizing a suitable animal
(e.g.. rabbit, goat, etc.) with an antigen encompassing the phosphorylated resldue
or &ita to which specificity is desired, collecting immune serum from the animal,

10 separating the polyclonal antibodies from the Immune serum, and screening for
phospho-epitope specificity In accordance with known procedures. Sea, 6.g.,
ANTIBODIES: A LABORATORY MANUAL, Chapter §, p, 75-78, Harlow & Lana
Eds., Cold Spring Herbor Laboratory (1588); Czemik, Methods in Enzymology, 201
284-283 (1991), Merrfield,/. Am. Chem. Soc. 85: 2148 (1962)) Monoclonal

15 antibodies suitable for use in the methods and Kits of the Invention may be produced
In @ hybridoma cell line according to the wellknown technique of Kohler and
Milstein. (Mafure 285: 495-87 (1975); Kohler and Milsteln, Eur. J. Immunol. 6: 511
(1976)). Monoclonal antlbodies so produced are highly specific, and improve the
selectivity and specificity of the therapeuticresponse predictive and mathods

20 provided by the invantion. For example, » salution containing the approprate
antigen (l.e. a deslred phospho-~ epltope of a signal transduction proteln) may be
Injected info 8 mouse or other specles and, after a sufficient time (in keeping with
conventional techniques), the animal is sacrificed and spleen celis obtained. The
spleen cells gra then immortalized by fusing them with myeloma cells, typicaily in

25 the presencé of polyethylene glycol, to produce hybridoma cells. Rabbit fusion
hybridamas, for example, mey be produced as described in U.S. Pat. No.
5,675,083, C. Knight, ssued Qct. 7, 1997). Monoclonal Fab fragments may also be
produced In Escherichia coll by recombinant technigues known to those skilled in
the art. See, e.g.,, W. Huse, Sclenca 246: 1276-81 (1988); Mullinax et al., Proc.

30 NatlAcad. Sci. 87. 8095 (1990). If monoclonal antibodies of one isotype ere
preferred for a partlcular application, particular isotypes can be prepared directly, by
selecting from the Initlal fuslon, or prepared secondarily, from a parental hybridoma
secreting a monoclonal antibody of different isotype by using the slb selection
technique to isolate class-switch variants (Steplewskl, et al., Proc. Natl Acad.

35 Sci, 82: 86853 (10985); Splra et al., /. Immunol, Mathods, 74: 307 (1984)).
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5 As used heraln, the term "BAD" or *Bad® refers to the mammaflan BAD gene and
mammalian BAD proteins, including isoforms thereof, unless otherwise identified.

The term “BAD native protein® and full-flength BAD protein” as used herein refers to
a full length BAD polypeaptide of 204 amino acids, as shown in FIG. 1 or as naturally
ocours In @ mammalian species, such as human, mouse, primate, slc. A preferred

10 BAD native proteln le a pelypeptide corresponding to the amino acld sequence
shown in FIG. 1. A native BAD proteln (s also one present in naturally-occurring
somatic oells which express the BAD gene.

Aas used herein, the terrn “cancer" or “cancerous” refer to or deserbe the
physiologlcal condition in mammals that is typically characterized by unregulated

15 cell growth, i.e., proliferative disorders, Examples of such proliferative dlsordgm
include cancera such as carcinoma, lymphoma, blastoma, sarcome, and Isukemia,
g8 well as other cancers disclosed herain. More particular examples of such
cancers Include breast cancer, proslale c¢ancer, colon cancer, squamous cell
cancer, small-cell lung cancer, non-small cell lung cancer, gastrointestinal cancer,

20 pancreatic cancer, cefvical cancer, ovarian cancer, liver cancer, e.g., hepatic
carclnoma, bladder cancer, colorectal cancer, endometrial carcinoma, kidney
cancer, and thyraid cancer.

The term “fragment” as Used herein refers to a polypeptide that has an amino-
termingl and/or carboxy-terminal deletion, but where the remaining amino acld

25 sequence [s ldentical to the corresponding positions in the sequence deduced from
a fulHlength cONA sequence.

The term "analog®, *mutein® or “mutant’ as used herein is a polypeptide which Is
comprised of a sagment of at least 10 amino acids that possess substantial Idantity
1o a potion of the naturally occurring pro'tsln. For example, a BAD analog comprises
30 @& segment of at least 10 amino aclds that has substantial identlfy to a BAD protsain,
such as the BAD protein of FIiG. 1. |n an embediment, the BAD analog has at Jeast
one property enabling it to hind to BCL-2 or bind to BCL-X under suitable conditions.
The analog typically comprises a conservative amino acld substitution, deletion, or
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6 addition, with respect to the naturally occurring protein. Some analogs may lack
aclivity, but still be usaful in the present invention,

The term “BAD polypeptide” Is used herem to refer to a BAD native protein,
fragment, or analog of BAD, or a fusion event between BAD and another
polypeptide, Also included are artificial polypeptide sequences substantially identical

10 fo a native proteln, fragment or enalog of BAD, such as a polypeplide string
generated from BAD cDNA.

The term “tabel* or “labels® as used herein refer to incorporation of a detactable
marker, such as by Incorporation of a'ra_dlolabeled amino acld, or biatinylated amino
acid thet can be detected by marked avidin, including streptavidin, or be detected by

15 other optical or calorimetric methods. Various labeling methods or polypeptides and
glycoproteins are known In the art, including radlolsotope labeling, such as 3H, 14C,
358m 128l) or fluorescent labeling, like horsersdish peroxdase). Other methods
are known In the art and may also be used In conjunction with or in replacement of
the examples.

20 The temn “significant correlation” with respect to a blomarker residue means the
blomarker (or a set of biomarkers) the activity of which, when compared to and
correlated with an outcoms, such as patient response to a therapy or patient
prognosig, is slatistically different than what would be predictad by ¢hance alone; in
the exemplary case of Chi-Squared tests calculations, the statistic characterizes

25 whether the observed distribution of frequencies in a sub-population is significantly
different than the overall distribution of frequencies observed In tha entire
population; the P value that is generally accepted to be statistically relevant Is below
0.05, which tranglates Into 3 confidence level of 85% that the observations are not
" due to charce alone, and that the correlation is thus significant,

30  Cefiular samples to be analyzed In the method of the invention may consist of tigsue
samples taken during the course of surgery, biopsies taken for the sake of patient
diagnosls, ductal lavages, fine needie asplrants, blood, serum, lymphatic, urine,
ascites fiuld, or other fluld samples or skin, bone marrow sample, half follicle or
scrapings taken for elinical analysls. The cells may also be derived as cell smears in
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8 which fresh or fixed cells are placed on slides. Suitable cellular samples from a
subject (l.e. blological samples comprising at least cne cell or its protein contents)
include tiseue or tumar samples, from Individual or multiple cell samples. Fresh
samples may be anslyzed by Immunchistochemical or Immunofluorescent methods
on whole cells or by reverse-phase aray methods on lysates preparsd from the

10 patlent samples. Tissue samples may be dispersed. enabling a flow cytometric
analysis. Altematively, the samples may be frozen or fixed using fixation methods
well known in the art as described below in the exampies. The fixad cells may be
paraffin-ermbedded or used in flow cytometric analyses.

The analysis of the tissue or cell samples may be done by standard
15§ immunchistochemical methods well known in the art as described in the examples.

This analysis may be done manually or by automatic cell stainlng instruments. The

detection of tha bound antihodies may be done with solid substrates or with

fluorescent labels. Scoring of the stained tissues or cells may be done manually or

by automatic analysis. The fixed celis may be analyzed by flow cytometry using
20. muitiple antibodles following standard methods well known in the art,

In cartaln ambodiments of the Invention, the cellular sample will be a tumor sample
from a cancer patient. In other embodiments, multiple tissue samples are prepared
as a tissue microarray for IHC-based stalning and analysis. Construction of tissue
microarrays is well Known In the art (Zhang D. et al. Mod Pathol (2003)

26 January;16(1):79-85).

Phosphorytation status(es) in a cellular sample are examined, in accordanca with
the methods and kits of the invention, using phospho-specific antibodies in a cellutar
assay, namely, any assay suitable for detecting in vivo protein activity in a particular
cell. Examples of suitable celluler assays Include the following assays:
30 immunhlstochemistry (IHC), flow cytometry (FC), immunoflucrescanca (IF) (all of
which are whale cell or tissue- based stalning aeeays), and capture-ang-detection
(e.g. ELISA), or reversed phasa assays (which are celllysate based aseays).Protain
localization, which plays a significant role in protein function, within a cell may also
be datermined, in addiion to phosphorylation status. Reagents suitable for
3s detecting binding of the antbadies may, for example, be a second antibody
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5 conjugated to a detectable group or label. The kit may include an appropriate assay
container, for example, a microtiter plate, slide, etc. The reagents may also include
ancillary agents such as buffering agents and prolein stabllizing agents, e.g.,
polysaccharidas and the like. The kit may further Include, other agents neceszary for
signal detection, such as blocking agents for reducing background interference In a

10 test, control reagents, apparatus for conducting a test, and the like.

The following Examples are provided only 1o further lllustrate the Invention, and are
not intended to fimit ite scope, except as provided in the clalms appended hereto,
The present invention ancompasses madifications and varlations of the methods
taught herein which would be obvious to one of ordinary skill in the art.

15 EXAMPLE 1, identification of Breast and Prostate Cancer Biomarkers Using
IHC-Based Analysis.

Ovarian cancer cell lines (C13, OV2008, A2780S, A2780CP, IGROVY, T8, A2008,
IOSER, and OVCARS) were grown in RPMI-1640 supplementad with 10% fetal
bovine serum, 1% sodium pyruvate, and 1% nonessential amino acids. IOSER cells

20 were grown In 1:1 MCBD105 and Medlum 199, HEPES, Bovine Piuitary Extmact,
Ingulin, hEGF, hydrocortisone and 16% FBS. All lissue culiure reagents were
obtained from Sigma Aldrich (5t Louis, MO). Cells ware malntained in a COs
Incubator at 37°C and subcultured at 70% conflusnce. The cell lines consist of two
from the NCI60 panel: IGR-OV1 (doubling time 31) and OVCAR-5 (doubling time

25 48,8). Several call lines have mother/daughter relationships including A2008 and
daughter C13; as well as A2780S8/A2780CP.

A total of 123 advanced (stage NI/IV) serous epithellal ovarian adenocarcinomas
were obtalned from patlents treated at Duke Unlversity Medical Center angd H. Lee
Moffitt Cancer Center between 1988 and 2003. All ovarlan cancers were obtained
30 at inltlel cytoreductive surgery from palients who then received platinum-based
adjuvant chemotherapy. Approximately 807120 patients demanetrated a compiete
response (CR) « and 40/120 patients demonstratad an incomplete response (IR) to
primary platinum-based therapy following surgery. All samples were subject to
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5 microarray gene expression analysis using Human GeneChips (Affymetrix, Santa
Clara, CA).

To induce the development of platinum-resistance, the nine ovarian cancer cell iines
were subjected to serial treatments with increasing dose cisplatin (Group A: 1 and
3ug/mL, Group B: 2 and dpg/mL, and Group C: 3 and Spg/ml) using a protocol

10 previously described by Hong et al (Antisense Bcl2 oligonuclectide in csplatin-
reslstant bladder cancer cell lines. BJU Int. 2002 Jul;B0(1);:113-7). For each of the 8
cell lines, three different dosage schedules wera used: Schedule A - 3
treatmentrecovery cycles at 1pg/mL, followed by 3 trealment/recovery cycles at
3pg/mL; Schedule B - 3 treatmentrecovery cycles st 2ug/mb, followed by 3

15 trealmentrecovery cycles at 4ug/ml; Scheaule C - 3 treatment/recovery cycles ai
3pg/mL, followed by 3 treatmentfrecovery cycles at Spg/mL.  After each treatment,
cells wore allowad to recover before re-reatment. Gene expression analysis was
performed prior to treatment, after 3 and 6 treatments. The experiment design and
notations used for each treatment schedule are outlined In Table 1.
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6 Table 1. Overview of experimental schema. lialics indicate RNA axtraction after

recovery from treatment.
Initial Treatment Final Treatment
Concentration Number  Notation Concentration Number  Notation
1 pg/mi 1 1.1
2 1.22
3 1.33 plus 2pg/mi=  3pg/mi 1 314
2 325
3 3.36
2ug/mi 1 21
2 222
3 . 233 plus 2pg/mi = 4ug/mi 1 414
2 425
3 4.36
3ug/mi 1 an
2 3.22
3 333 plus 2ug/mi = Spg/mi 1 5.14
2 525
3 536

Thus, for each of the 9 cell lines, 3 different starting doses of cisplatin were used
with three different recovery cycles, such that a total of 182 treatment/recovery
10 cycles were induced. Increasing platinum-resistance was confirmed by MTT cell

SUBSTITUTE SHEET (RULE 26)



WO 2009/158040 PCT/US2009/003863
15

5 proliferation assays prior to cisplatin treatment, and after 3 and 6 treatment/recovery
cycles (for each treatment schedule).

MTT solmtion was produced by dissolving 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazotium bromide (MTT; Sigma, Sv. Louis, MO, USA) in phosphate-buffered
saline (PBS; 5 mg/mL). Cells (1 x 10%) were incubated with 100 pL of culture medium for
10 48h in 96-well plates, and 100 pL of MTT solution with RPMI media in & J:10
concentation was added to each well. After 4 h of incubation, medium was decanted.
100uL of acidified isopropanol was added to each well. The dye was directly quantified
using a multiplawe absorbency reader at 570-6901um within 1 hour of addition of isopropanol.
MIT assays were performed independently in triplicate per each experimental time point
15 and means reported. For each cell line at each time-point for ¢ach schedule, an ICsy was
calculatcd using MTT assay, as well 28 & percent cell survival at a fixed cisplatin
concentration (besed upon the mid-point of the log-phase of the dose-response curve for
gach ‘cell line at baseline), seen in Table 2.7able 2. ICy values for the ovarian cancer cell

lines experiments.

[Treated
Cell
Lines 1.33 3.36 233 466 |3.33 5,36

IOSER [-<0.3018 |-0.05818 |-0.3278 |-0.3667 |-0.6876 |0.04473

C13 0.125 04154 |-0.4353 |0.6427 |-0.3381 [0.1516

0Ov2008 [.0.3752 |-0.07123 |-0.4324 [0.3972 |-0.89056 |0,03121

IGROV1 |-0.1092 |-0.551 -0.7421 }-0.3616 | -5697 |-0.6600

T8 -1.378 -0.05182 | -0.7823 |-0.6236 |-0.838 [-0.6746

A2008 -1.058 -1.038 | -0.9166 |-0.803@ |-1.358 |-0.8943

A27805 |-1.029 -0.8731 |-0.9976 {-1.165 |[-2.161 [-0.8829

A2780CP | 0.01735 |0.2333 |[D3288 [0.2137 |0.4186 | 05259

OVCARS |-0.6614 |-0.2545 |-0.5233 |-0.2349 |-0.9291 -0.3127
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s Gene expression analyses wera performed In parallel on a series of 63 cell line
' ciplatin treatment regimens o 132 primary advanced slage (lIAV) serous ovarian
cancers, resected from patients who demonstrated either a complete or incomplele
response 10 primary platinumsbased chemotherapy. For both cell lines and patient
samples, géne expression data was evaluated to [dentify genes and gene pathways

10 assoclated with platinum resistance.

Prior fo treatment (bassline), and at each dose level fallowing treatment (3 and 8
treatmenurecovery cycles) and cell recovery, RNA was extracted and genome-wide
expression analysis performed using U133 plus 2.0 Affymetrix chips and dsplatin-
resistance was quantified using MTT assay. In parallel, at each of these time-

16 points, RNA was extracted and genome-wide exprassion analysls performed using
U133 plus 2.0 Affymstrix chips. Array analysis was performed on 72 samples.
Following recovery from each dose lavel, cells were evaluated for platinum-
teslstance using MTT proliferation sssay, seen in Table 3. Cell line recovery was
defined as the time taken for the ¢alls to repopulate in a normal fashion (1o reach

20 70% confluence in 48 hours). Call line proliferation rate at 2jug/mlL was used as a
measyre_of resistance.

Teble 3. Call population measuraments for each experiment

’Tre ateqg | Treatment Regimen

Cell
Lines 1.33 [338 [233 [4.36 333 536

IOSER |62 8o 70 71 79 84

C13 e’ 53 73 81 17 67

Qvzoo8 | 62 64.8 54 98 67 86

IGROV1 |68 683 |48 69 9% 68

T8 42 684 |64 69 67 62

—

A2008 |19 756 |33 78 25 37

A2780% |28 305 |39 67 64 72
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A2780CP | 84 100 100 83 L4 98

OVCARS | 49 €6.5 (41 69 47 63

Cancer biomarkers were Identified, along with therapeutic response, using tissue
microarrays. Response to therapy was evaluated from the medical record using
standard criterla for patients with measurable disease, based upon WHO guidslines.
CA-125 was used to classify responses only in the absence of @ measyrable lesion;

10 CA-125 response criteria was based on established guidelines. A complete
response (CR) was defined as a complete disappearance of all measurable and
asaessable disease ar, in the absence of measurable lesions, a normalization of the
CA-125 level following edjuvant therapy. An incomplate response (IR) Included
petients who demonstrated only a partial response (PR), had stable disease (5D),

15 or demonstrated progresslve disease (PD) during primary therapy. A parnlal
rasponse was considared a 50% or grealer reduction In the product obtainad from
measurement of each bi-dimenslanal lesion for at least 4 weeks or a drop in the CA-
125 by at least 60% for at least 4 weeks. Disease progression was defined as a
S0% or greater Increase in the product from any lesion documented within 8 weeks

20 of initiation of therapy, the appearance of any new lesion within 8 waeks of Initiation
of therapy, or any increase in the CA-125 from baseline at Initiation of therapy.
Stable disease was defined as disease not meeting any of the above criteria,

Frozen tlssue samples were embedded in OCT medium and sections were cut and
mounted on slides. Tho slides were stained with hematoxylin and ecsin to assure
25 - that the samples included greater than 70% tumor content, Approximately 30 mg of
tiesue was added to a chilled BioPulverizer H tube (Bio101). Lysis buffer from the
Qlagen Rnaasy Mini kit was added and the lissue homogenlzed for 20 seconds In a
Mini-Baadbeater (Blospec Products). Tubes were spun briefly to pellet the gamet
mixiure and reduce foam. The lysate was transferred to a naw 1.5 ml tube using a
3o syringe and 21 gauge noedle, followed by passage through the needle 10 tmes to
shear genomic DNA, Total RNA was extracted from primary tumor samples and
cn_ll lines at baseline and at each time polnt (following 3 and & treatmentrecovery
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& cycles) using the Qiahredder an Qlagen RNeasy Minl kit Two extractions were
pertormed for each sample and the fotal RNA poocled et the end of the RNeasy
protocol, followed by a precipltation step to reduce volume. Quality of the RNA was
checked by an Agilent 2100 Bicanalyzer. The targets for Affymetrix DNA microarray
analysls were prepared according to the manufacturer's instructions. Blotindabaled

10 cRNA, produced by in vitro transcription, was fragmented and hybridized to the
Affynietrlx GeneChip arrays at 45 C for 16 hr and then washed end stalned using
the GeneChlp Fluidics. The arrays were scanned by a GeneArray Scanner alnd
pattens of hybridlzation detected as light emitted from the fluorescent reporter
groups Incorporated into the target and hybridized to oligonucieotide probes. Al

15 analyses were parformed In a MIAME (minimal Information about a microarray
expeniment}-compliant fashlon, as defined In the guldelines established by MGED
(MGED, hosted at EBI, Hinxton, UK). :

Linear regression was performed to identify genes with expression changes

associated with Increasing numbers of cisplatin traatments, end increasing ¢lsplatin
20 resistance as measured by ICsq of cell survival at a fixed concentration. In parallel,

patient mMRNA data was compared between patlents that demonstrated a. CR versus

IR. Genes aasociated with platinum resistance in both cell line ang patient samples

were analyzed using GeneGo's MetaCore software (GeneGO, Inc.; St. Joseph, M)

to Identify molecular pathways that are represented by genas associated with
% platinum resistance in both patient and cell line samples.

Data pre-processing prior to the formal statistical analysls involved standard
processes of normalization, expression intensity estimation and screening for ganes
showing reasonable variation across samples, For both training and validation
sample sets the expression Intensities for all genes across the samples were
3 estimated using Robust Mitroarray Analysls (RMA), with probe-level quantile
normallzation, as implemented In the Bioconductor software suite (Biotonductor 2.3,
Bloconductor, Seattie, WA). The resulling RMA expression intensily esimates were
then screened to identify probe sets showing some evidence of more than trivial
variation across samples above nolse levels. Spacifically, genes whose RMA levels
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5 vary less than 1.6 fold across the samples, or whose media value was less than 7.5
on the log2 scale were removed.

Cell line microarray data was then analyzed using a linear regression to model
increasing clsplatin resistance from changes In geme expression with factors
Including gene expression, number of treatments, and increasing dose level.
10 ANOVA was used to analyze factor effects. Pathway analysis was performed using
GeneGo's MetaCore software {GenaGO, Inc.; 5t Josoph, MI). The results indicate
that phospho-BAD pmthin expression is significantly higher for IR (platinum
resistant) than CR (platinum sensilive) patient samples and. This change in
phosphor-BAD is further Increased as ovarlan cancer cell lines became more
15 resistant to platinum with serial in-vitro freatments, indicating & positive correlation
between cellular resistance to platinum therapy and BAD phosphorylation levels.

EXAMPLE 2. Immunohistochemistry of amino acid residues function as
Blomarkers for Cancer.

Genes found fo be assaclated with platinum resistance In patient and cell line

20 samples were further studied using immunohletochemistry (IHC) to evaluate the
effect of differential mMRNA expression on proteln levels. |mmunohistochemical
(IHC) analysis of paraffin- embedded samples was used to analyze the pathology of
diseased tssues.

Determining the molecular pathology of & tumor In order to identify relevant
25 biomarkers of outcome may be accomplished using the methods of the present
invention with IHC analysis of paraffin-embedded tissues. IHC analysis of patient
tissue samples with phospho-specific antibodles to downstream signaling melecules
may be used, for example, to prescreen patients for Inclusion In a clinical trial, to
follow patients during treatment and to detect resistance to the largatad therapeutic.

30 BAD is phoephorylated at its Serine 155 residue, as seen in FIgu@sS(A)-(F) and
Figures 4(A) and (B) as compared to Figures 3(E) and (F).  Tissue samples of
ovarian tissue cultwre or ovarian serous adenccarcinoma were collected from
patients. The cisplatin response was confirmed for the samples, and an exemplary
serous adenocarcinoma with incomplete response to cisplatin, seen in Figures 4(A)
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5 and (C), and serous adenocarcinoma with complete response to clsplatin, seen In
Figures 4(B) and (D), were analyzed. For harvesiing, the cslls were washed,
pelletad, and fixed and embedded In OCT medlum and sections ware cut and
mounted on slides. The slides wera stained with hematoxylin and eosin to assure
that the samples Included greater than 70% tumor content. Cellular slices were cut

10 at 2-4 pm from the OCT medium blocks using & microtome and placad on glass
glides, The sections were then dried for about 30 minutes at room temperature and
fixed in acetons for 1-2 minutes at room temparature. After the eamples air dried for
about 10 minute, the sections wara blocked In 5% gost serum for 1 hour. The cell
slides were then stained with phospho-BAD155 (Cell Signaling Technology, Inc.) for

15 2 hours at room terperature or overnight at 4° C, After 3 washes in Tris-gallne, the
slides were then probed with a fiugrescent secondary antibedy (Invitrogan Gorp.,
Carlsbad, CA). Positive staining for snfibody staining was scored (positive-
negative) based upon staining intensity, number of cells stained and correct
locallzation of stain, The frequenclas of scores were tabulated and the Chi-Squared

20 tests of significanca were calculated using standard statistical methods.

In the initial phase of this analysis, antibedies to total BAD, phosphorylated BAD,

non-phosphortyated BAD, and PP2C, were used with cell linas after one treatment

with cisplatin, end afler 6 treatments. In paraliel, total BAD, phosphorylated BAD,

non-phosphorityated BAD, and PP2C was measured in a set of 40 patient samples
25 (20IR, 20CR),

Ovarian call cultures were the characterized for BAD status, and BAD status
correlated to cisplatin resisiance or sensltivity.: Figures 3(A) and (B) are a paired
ovarign cancer cell line A2780s (cisplatin sansitive) and A2780cp (cieplalin
resistant). AZ780 cells were treated once wilh 1pg/yl . followed by staining similar
30 to the profocaol discussed above, BAD 155 positive signal Is seen as medium gray
on the Images. In Flgures 3(C) and (D), A2008 (cisplatin sensillve) and C13
cisplatin resistant) cells were treated with 3 po/u! cisplatin, followed by 3
administrations of Sug/ul. The cells were then stalned with phospho-BAD155 (Cell
Sipnaling Technalogy, Inc) PP2C (also known as PP1MA) Is a serlne/threonine
33 specific protein phosphatase implicated In the negative control of cell growth and
division. It Is thought to target Raf, MEK, and Akt. A2780s ¢elis (cisplatin sensiliva)
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6§ and A2780cp (cisplatin reslstant csll line) were treated by cisplatin at 3 pp/pl 3
tmes, followed by 3 adminlstration of cisplatin at 5 pg/ul. PP2C staining was then
conducted, noting the PP2C stalning Is a light signal as eeen in Figures 3(E) and
{F). The results of the immunohistochemical study of the ovarian tumor sections
were then analyzed for significant correlations betwean phosphorylation states of

10 BAD and pathological indices Including therapeutic resistance, seen In Figure 3(A)-
{F). Thaugh total levels of BAD are similar between cisplatin reslstant and sensitive
cells. However, 83 seen in the cisplatin sensitlve celle of Figure 3(C) and cisplatin
resistant cells of Figures 3(C), phospho-BAD155 appears more prevalent in the
cisplatin resistant cells. In conjunction with phospho-BAD155, PP2C [evels are

15 elevaied In cisplatin resistant cells.

Figure 4{A} shows cells afler treatment early cisplatin treatments at 1.33, whereas
Figure 4(B) shows cells after late cigplatin treatment at 3.33. As cells attaln higher
cisplatin resislance, eeen In Figures 4(A) and (B), BAD Ser155 phosphorylation
Increases overall. Moraaver, some cells appear to greatly phosphorylate BAD Ser

20 155 during cisplatin resistance, eeen in Figures 4(C) and (D). These results indicate
the usefulness of the method of the invention in profiling treatment resistance
status, as well as cellular signaling events, in IKC embedded cells or tissues.

Results indicate phosphorylation of Serine 165 of BAD I8 diractly associated with
platinum therapeutic resistance, with phospho-BAD proteln expreéslon increasing
25  as ovarian cancer cell lines became more resistant to platinum with serial In-vitro
reatments. Further, the Immunohisotchemical results show phospho-BAD protein'
oxpression was higher in platinum’ resistant cell lines and patient samples versus
platinum sensitive calls and patlent eamples. Based upon this data, platinum
resistance may be predicted by monitoring BAD Sefine 155 phosphorylgtion. These
30 results further indicate the power of an IHC analysis using panels of phospho-
specific antibodies to provide new prognoéﬂc information for cancer patients.

EXAMPLE 3. Targeted inhibition of AKT in BAD Seri55 Phosphorylated Cells,

To further evaluate the relevance of BAD phosphorylation etatus on cisplatin
sengitivity, the ovarian cancer cell lines- IGROV1, IGROVI (5.3.6), OVCARA,
35 SKOV3- were subjected to treatment with the AKT inhibitor triciribing, both In the
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s presence and absence of cisplatin. Cells were incubatad at 37°C in CO;, followed
by administration of 3 doses of cisplatin, as discussed in Example 1.

Overexpresslon/activation and/or amplificaion of AKT 1 and AKT2 in human
ovarign and pancrealic cancer has been shown (Cheng, J. Q., and Nicosla, S. V,
AKT signal transduction pathway in oncogenesls. In Schwab D, Editor,
10 Encyclopedic Reference of Cancer. Berlin Heldelborg and New York: Springer;
2001. pp 35-7). Cells were treatad with 30 M triciribine (TCN), 25 M clsplatin, or
bath 30 TCN and 25 M cisplatin, and analyzed over a 72 hour period. TCN showed
a decrease In tumor call viabllity throughout all tested colls, even the cisplatin
realstant callg, such as SKOV3. AKT inhibltion by triciribine was confirmed over a
15 72 hour period, showing & time-gependent AKT reduction by all cell lines treated
with triciribine or cisplatin and triciribing, as seen In Figures 5-8. Intsrestingly, the
¢o-treatment of tricinbine and clsplatin considerably depressed AKT levels below
levais of tricirbine. Treatment of cell ines with TCN Inhibited AKT expression in
OVCAR4 and SKOV3 tumor cells by up to 80%. After confimming AKT proteln
20 levels, cell sutvival was Investigated by MTS assay, seen in Figures 9-13. MTS (3-
(4,5-dimethyithlazol-2-yl)-5-(3-carboxymethaxyphenyl)-2{4-sulfophenyl)-2H-
tetrazolium) was dissolved in phenazine methosulfate (PMS), and added to each
cell culture in 100 uL of RPMI media in a 1:10 concentratipn. The cell cultures
were Incubated for 4 h, the medium removed and the cells fixed with 100yL of
25 acidifigd [sopropanol to each 96-plate well. The dye was directly quantified using a
multiplate absorbency reader at 490-500 nm in phosphate-buffarad saline,

The adminlstration of triciibing and clsplatin further resulted in an overall decrease
in cell survival, which was expected since tumor xenografts with elevated Akt were
significantly Inhiblted by Intraturmoral injectlon of adenovitus of dominant negative
a0 Akt (Jetzt, A, et al. Cancer Res, 83 697-706, 2003). Further, inhibltion of AKT
increased ovarlan cancer cell platinum sengilivity. As seen In Figures 5 and 6,
treatment with vehicle did not significantly alter AKT expression levels from no
treatment (cefls only) in the first two treatment cycles, but did impact OVCAR and
SKOV3 cell linss slightly, seen in Figures 7 and 8. Taken together, these results
3  Indlcate that indirect manipuiation of BAD phosphorylation status Influences claplatin
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5 sensitivity. The BAD pathway, or at least BAD phosphorylatian, appears to
represent a therapeutic target to increass platinum sensitivity.

In the preceding specification, all documents, acts, or information disclesed does
not constitute an admission that the document, act, or Information of any
combination thereof was publicly availabla, known to the public, part of the general
10 knowledge in the art, or wae known to be relovant to solve any problem at the time
of priority.
The disclosures of all publications cited above are axprassly Incorporated herein by
reference, each in Its enlirety, to the same extent as If each were Incorporsted by
reference individually.

1§ While there has been desalbed and lllustraled specific embodiments of
phosphorylation-based diagnostic for tumor prediction, It will be apparent to those -
skilled In the art that variations and modifications are possible without deviating from
the broad spirit and principle of the present invention. it is also fo be understood that
the following claims are Intended to cover all of the generic and specific features of

20 Ihe Invention herein described, and sl stalements of the scope &f the Invention that,
8s a matter of language, might be said to fall {herebetween.
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What is clalimed is:

A

A method for determining cancer treatmant sensilivily, comprising:
providing a cellular sample; and
evaluating the phosphorylation status of at least one amine acld residue
on BCL-2 Assaclated Death Promotor.
The method of clalm 1, wherein the at feast one amino acid residue on
BCL-2 Assoclated Death Promotor Is at position 155.
The method of claim 1, wherein tha cancer assayed is avarian cancer.
The mathod of claim 1, wherein the cancer treatment Is platinum-based,
The mathod of clait 4, wharein the cancer treatment is cisplatin.
The methoed of claim 1, wherein the cellular samples are further collected
by blopsles, ductal lavages, fine needle sspirants, blood samplings,
serum samplings, urine samplings, ascites fluld collection, lymphatic fluid
samplings, skin samplings. bane mamow eampling, or hair follicles
eamplings.
The method of claim 1, wherein the phosphorylation status of BCL-2
Assoclated Death Promotor Is svaluatad by a testing method selected
from the group consisting of immunohistochemical, Immunofluorescent,
reverse-phase array, flow cytometric analysis, and tissue microarray.
The method of claim 1, wherein the cellular sample will bs a tumor
sample from a cancer patient
A method for sansitizing cancer to treatment, comprising:
manlpulating BAD phosphorylation status, further compnising:
providing a cellular sample from a patient,
evalusting the phosphorylation status of at ieast one amino acid
residue on BCL-2 Assoclated Death Promotor, whereln the at least
one amina acid residus includes Serine 155 and
administering an AKT inhibltor to the patient.

10. The method of ¢claim 8, wherein the AKT Inhibitor Is trieiribine.
11.The method of claim 9, whareln the cancer assayed is ovarian cancer.
12. The method of clalm B, whorein the cancer treatment Is platinum-based.

24
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5 13. The method of ¢laim 12, wherein the cancer treatment is clsplatin,

14 The method of claim 8, whereln the cellular samplas are further collected
by blopsies, ductal lavages, fine needle aspirants, blood samplings,
serum samplings, urine samplings, ascites fluld collection, Iymphatic fluid
samplings, skin samplings, bone marrow sampling, or hair follicles

10 samplings.

15.The method of ¢lalm ©, wherein the phosphorylation status of BCL-2
Assoclated Death Promotor is evaluated by & testing method selected
from the group consisting of Immunohlstochemical, immunofiuarescent,
reverse-phase array, flow cytometric analysis, and tissue microarray.

1§ 16.A method for determining clsplatin treatment sensitivity, comprising:
providing a cellular sampie; and
evalualing the phosphorylation status of at least one amino acid residue
on BCL-2 Assoclated Daath Promotor, wherein at least one of the amino
acid residues evaluated Is at position 155,

20 17. Tha method of claim 1, wherein the cancer assayed i ovarian cancer.

18.The method of claim 1, wherein the cellular samples are {urther collected

‘by biopsies,- ductal lavages, fine needle asplirants; blood -samplings, -
serum samglings, uring samplings, ascites fiuld collection, lymphatic fluid
samplings, skin samplings, bone marmrow sarnpling, or halr follicles

25 samplings.

19.The method of claim 1, wherein the phosphorylation status of BCL-2
Associated Death Promotor s evaluated by a testing method selected
from the group conslsting of Immunohistochemical, Immungfiuarescent,
reverse-phase ammay, flow cytometric analysis, and tissus microamay.

30 20.The methed of claim 1, wherein the cellular sample wil be a tumor
sample from & cancer patient
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