087019375 A2 | 0 000 A

=
=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO T OO 0O

International Bureau

(43) International Publication Date
14 February 2008 (14.02.2008)

(10) International Publication Number

WO 2008/019375 A2

(51) International Patent Classification:
GOIN 33/68 (2006.01) GOIN 33/574 (2006.01)

(21) International Application Number:
PCT/US2007/075393

(22) International Filing Date: 7 August 2007 (07.08.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
60/836,176 7 August 2006 (07.08.2006) US
(71) Applicant (for all designated States except US): THE
BOARD OF REGENTS OF THE UNIVERSITY OF
TEXAS SYSTEM [US/US]; 201 West 7th St., Austin, TX

78701 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HENNESSY,
Bryan, T., J. [IE/US]; 1617 Fannin, Apt. 1804, Hous-
ton, TX 77002 (US). MILLS, Gordon, B. [CA/US];
1515 Holcombe Blvd., Houston, TX 77030-4009
(US). COOMBES, Kevin [US/US]; 1515 Holcombe
Blvd.,, Houston, TX 77030-4009 (US). GONZA-
LEZ-ANGUELO, Ana [CO/US]; 1515 Holcombe
Blvd., Houston, TX 77030-4009 (US). CAREY, Mark

(74)

(81)

(34)

[US/US]; 1515 Holcombe Blvd., Houston, TX 77030-4009
(US).

Agent: LANDRUM, Charles, P.; Fulbright & Jaworski
L.L.P, 600 Congress Avenue, Suite 2400, Austin, TX
78701 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

(54) Title: PROTEOMIC PATTERNS OF CANCER PROGNOSTIC AND PREDICTIVE SIGNATURES

(57) Abstract: The invention provides method for predicting whether a cancer patient will respond to a therapy. Methods of the
& invention may involve examining protein from a cell of the cancer patient by determining the binding of a panel of antibodies to the
protein. Methods of the invention may be used to generate both expression and activation profiles for cells from a cancer patient.
Profiles from a cancer patient may then be compared to known profiles for therapy responders and non-responders to predict the
individual response of the patient. For example, methods of the invention may be used to determine whether an ovarian or breast

cancer patient will respond to a therapeutic protocol.



10

15

20

25

30

WO 2008/019375 PCT/US2007/075393

DESCRIPTION

PROTEOMIC PATTERNS OF CANCER PROGNOSTIC AND

PREDICTIVE SIGNATURES

[0001] This application claims priority to U.S. Provisional Patent application serial number
60/836,176 filed August 7, 2006, entitted “PROTEOMIC PATTERNS OF CANCER
PROGNOSTIC AND PREDICTIVE SIGNATURES,” which is incorporated herein by

reference in its entirety.

BACKGROUND OF THE INVENTION

I FIELD OF THE INVENTION

[0002] This invention relates to the use of a novel quantitative high throughput approach to
characterize levels of proteins and their activation as continuous variables in cancer patient
samples and/or cell lines. The patterns of protein expression and activation combined with
quantitative or semi-quantitative analysis identify novel predictors of cancer behavior and

response to therapy.

II. BACKGROUND

[0003] Cancer remains a major health concern in the United Sates and world wide. For
example, breast cancer is the second highest cause of cancer death in North American women
(Pisani e al, 2002; Parkin et al., 2001). The breast cancer mortality rate in developing
countries is even higher. Breast cancer exemplifies many types of cancer in that that it is a
heterogeneous disease.  Clinicopathologic criteria are used to guide therapy decisions,
however this approach does not define tumor biology and tumors of the same grade and stage
often behave very differently. As a result, a large percentage of patients treated with
chemotherapy would not have relapsed, and thus receive needless toxic therapy, while a
significant proportion of patients given therapy relapse anyway. To make more informed
therapy decisions, a better understanding of the molecular mechanisms underlying the wide

variation in cancer behavior is required.

[0004] In breast cancer for instance, hormone receptor status of breast cancer and other
clinicopathologic factors have driven patient management for decades (Early Breast Cancer

Trialists’ Collaborative Group, 1998). More recently, several reports have described the use
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of transcriptional profiling to obtain a clinically relevant molecular classification of breast
cancer (Sorlie et al, 2001). Breast cancer gene profiles can predict response to
anthracyclines and taxanes (Ayers et al., 2004). The polymerase chain reaction-based
Oncotype Dx (Genomic Health Inc.) can predict response to tamoxifen (Paik et al., 2004).
However, these studies require validation and unfortunately using these algorithms, the
positive and negative predictive values are not adequately optimal so as to allow truly
individualized molecular therapy. In fact, although many individual proteins have been
extensively studied as potential prognostic and predictive factors in breast cancer, only 3 are
routinely accepted in current practice — estrogen receptor (ER), progesterone receptor (PR)
and HER2/neu. However, several additional proteins have been found to correlate
individually with some aspects of breast cancer behavior. Thus, the integrated study of the
expression and activation of multiple proteins and signaling pathways may potentially
provide a powerful breast cancer classifier and predictor. This approach may have utility on

its own or may add to the power of assessment of gene expression changes.

[0005] Reverse Phase Protein Arrays (RPPAs) mRNA expression arrays have the ability
to simultaneously measure the expression level of thousands of genes and identifies genomic
subclasses that have advanced our understanding of breast cancer classification and to predict
response to therapy (Sorlie et al., 2001; Ayers et al., 2004). However, comprehensive
analysis of the transcriptome of cancer does not capture all levels of biological complexity.
mRNA and protein levels are only roughly correlated and protein function is frequently
uncoupled from mRNA levels. It is likely that important additional information resides at the
protein level and in particular at the level of protein function (Gygi et al., 1999; Diks and
Peppelenbosch, 2004). Furthermore, protein levels and function depend not only on
translation but also on post translational modifications such as phosphorylation, prenylation,
and glycosylation. As proteins are the major effectors of genomic information and changes
as well as the direct mediators of cellular function, functional proteomic analysis has the
potential to characterize cellular and cancer behavior as well as, if not better than,
transcriptional profiling. Traditional protein assay techniques like Western blotting (WB) can
assess the expression and phosphorylation of only a limited number of proteins. Additional
methods of assessing levels and activation status (e.g., phosphorylation) of proteins in cancer

cells are needed.
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SUMMARY OF THE INVENTION

[0006] Reverse phase protein microarrays (RPPAs) offer a new method to conduct
comprehensive quantitative profiling of levels and activation status (e.g., phosphorylation) of
many proteins in cancer cells (Charboneau et al., 2002). RPPAs can map intracellular signal
transduction, proliferation, and apoptotic pathways in a comprehensive, convenient and
sensitive manner (Charboneau et al., 2002). Since RPPAs can assay the total levels of a large
number of proteins and their active (e.g., phosphorylated) forms, this technology may more
accurately reflect pathogenic cellular molecular machinery than gene profiling. Potent
clinical uses of RPPAs are being explored (Wulfkuhle ez al., 2003; Grubb et al., 2003).
However, to date their have not been methods described for using RPPA to predict the
prognosis of a cancer patient or the propensity for response to a therapy. Prognosis is a
medical term denoting how a patient’s disease will progress and whether there is a chance for
recovery. Whereas, a propensity for response to therapy is a prediction or assessm.ent of the

success of a treatment and is not necessarily related to prognosis.

[0007] In certain embodiments the present invention provides methods for evaluating a
cancer patient. In certain aspects, the methods include predicting a cancer patient’s (i.e.,
propensity) response to a therapy by examining proteins in the cells of the cancer patient.
Typically, a sample obtained from the patient will contain at least one or more cancer cells.
Such a method may comprise subjecting (e.g., contacting) proteins of the caner patient’s cells
to an antibody panel, i.e., two or more antibodies, under binding conditions and assessing the
binding of the antibodies to the proteins. An assessment of the binding of the proteins and
antibodies binding can be used to generate a profile that can then be compared to a known
profile for a therapy responder or non-responder. Thus, a comparison of the profiles can be
used to predict the patient’s response or propensity for response to a therapy or the lack
thereof. In certain aspects the comparison of profile is used to evaluate the propensity of a
patient to be effectively treated by a therapy or combinations of therapies. In another aspect,
a detrimental therapy may be identified so that a treating physician can choose an alternative
therapy or minimize the detrimental effects of a selected therapy. In some specific cases,
methods of the invention may be used to predict the probability that a cancer patient will
respond or will not respond to a therapy at a level sufficient for a therapeutic benefit. A
therapeutic benefit includes, but is not limited to reduction or cessation of growth of a‘tumor

or cancer; relief, mitigation, or palliation of a condition directly or indirectly resulting from a
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tumor or cancer, a killing or growth cessation of all or part of a tumor or cancer, and other

measures of therapeutic benefit recognized in the art.

[0008]  As used herein the phrases “panel of antibodies” or “antibody panel” refer to a set of
antibodies that bind to a plurality of different cellular targets or proteins. For example, a
panel of antibodies may bind to at least 2, 3, 4, 5, 6, 7, 8, 9, 10 15, 20, 25, 50 or more cellular
targets, proteins, and/or protein modifications, including all values and ranges there between.
In a preferred embodiment, at least one antibody in a panel is an antibody that binds
preferentially to a protein that comprises a posttranslational modification. A skilled artisan
will recognize that the term post-translational modification comprises a number of covalent
protein modifications that have important regulatory functions, such as protein
phosphorylation, methylation, acetylation, glycosylation, myristoylation, prenylation, and/or
protein ligation (e.g., ubiqutination, sumylation or NEDDylation of proteins). Furthermore,
post-translational modifications may also refer to protein cleavage. Thus, in certain aspects,
an antibody panel comprises at least one phosphorylation, methylation, acetylation,
gylcosylation, myristoylation, prenylation, ubiquitination, sumylation, NEDDylation or
proteinase cleavage product specific antibody. Such a post-translational modification
specific antibody will preferentially bind (e.g., bind at a detectably higher level to one form
of a protein as compared to another form) to a protein that comprises or does not comprise a

particular posttranslational modification (e.g., a phosphorylated protein).

[0009] Thus, it will be understood that in certain aspects the invention provides a method
for predicting a cancer patient’s response to a therapy and/or a patient’s propensity to
sufficiently benefit from a therapy by examining protein expression or activation in the cells
of the cancer patient. In some embodiments, examining protein may comprise quantifying or
estimating the amount of a protein, activated protein, or inactivated protein, and/or detecting
the presence or absence of a protein or protein modification at a certain level. As used herein
the term “activated protein” means a protein that is functionally active. For example, an
activated kinase phosphorylates target molecules and activated transcription factors mediated
transcription at target promoters. In some aspects, an activated protein may be a protein that
comprises or does not comprise a specific post-translational modification (e.g.,
phosphorylation may deactivate certain proteins). The term protein expression as used here

refers to the amount of a protein in a cell or population of cells.
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[0010] Quantifying or estimating expression or activation of protein according to the
invention may be a relative quantification, fof example comparing the expression or
activation in patient sample to expression or activation in a known sample or reference (e. g,
digital or standard reference profile). In still further cases, quantifying protein in a sample
(e.g., activated or inactivated protein) may comprise determining the concentration of a
protein. In other aspects, the proportion of modified protein in a sample compared to
unmodified protein can be determined. For example, in some aspects protein from a cell may
be examined at a two more dilutions in order to more accurately quantify the amount of a
protein. It will further be understood that a comparison between a patient sample or profile
and a know sample or profile may be normalized by comparing about an equal number of
cells, an equal mass of protein or an equal number of a particular protein known to have a

approximately equal expression in a number of cell types.

[0011] It will also be understood by the skilled artisan that assessing the bihding of an
antibody in the methods of the invention may be by detection of a label. In certain cases, an
antibody or panel of antibodies may be labeled, however in certain cases proteins from the
cells of a patient may labeled. Labels for use in the invention include but are not limited to
enzymes, radio isotopes, fluorescent labels, and luminescent labels. Thus, in certain cases
detecting the binding of an antibody will involve immobilizing either the antibody and/or
protein from the cells of a patient. In some aspects of the invention, cell proteins may be
immobilized within an array, such as solid support may be made of nitrocellulose or a
nitrocellulose coated support, and then labeled antibodies are bound to the protein and
detected. In yet a further aspect, methods according to the invention may be automated. For
example, robotic devices may be used to deposit spots of cell proteins or antibodies onto an
array and/or computers may be used to compare binding profiles, such as a target, responder,

and/or non-responder profiles.

[0012] In certain embodiments an antibody panel of the invention comprises at least one
antibody that binds to a hormone receptor or growth factor receptor protein. For example, a
panel may comprise an antibody that binds to an estrogen receptor (e.g., estrogen receptor
alpha) and/or progesterone receptor. In another example, an antibody panel may comprise an
antibody that binds to epidermal growth factor receptor (EGFR). Furthermore, in some cases
an antibody panel may comprise antibodies that bind to two or more proteins in growth factor

receptor signaling pathway. In the case of the epidermal growth factor receptor (EGFR) /
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HER?2 / phosphatidylinositol 3-kinase(PI3K) / AKT pathway for instance antibody panels
comprising multiple pathway member binding antibodies may be advantageous since
multiple mutations in the PI3K pathway are present in certain cancers (e.g., breast cancer)
(Stoica et al., 2003; Bachman et al., 2004). In certain aspects, since activating mutations in
PI3K itself are common mutations in cancer at least one antibody that binds to activated PI3K

may included in an antibody panel of the invention.

[0013] In still a further embodiment, and antibody panel of the invention may bind to at
least one kinase protein. For example, an antibody panel of the invention may comprise at
least one antibody to a Janus kinase (JAK), Mitogen activated protein kinase (MAPK),
ERK1/2, MNK 1/2, S6 kinase, Akt, p38, mTor, PI3K, PKC, ras, b-raf or INK. Furthermore,
in preferred aspects of the invention the kinase binding antibody may be a phosphorylation
specific antibody. In a specific example, an antibody panel of the invention comprises one or
more antibody that binds to a protein or activated protein in the MAPK/ERK1/2 pathway.
Some breast cancers have high levels of MAPK signaling, despite relatively infrequent
mutation of RAS or b-RAF. Dual blockade of EGFR and ERK1/2 phosphorylation increases
growth inhibition. MAPK pathway activation can bypass inhibition of EGFR/HER2 and may
lead to chemotherapy resistance, thus detection of activated MAPK may be used predict

therapeutic responsiveness.

[0014] In yet further embodiments an antibody array of the invention may be defined as an
antibody array comprising antibodies that bind to at least 1, 2, 3, 4, 5 or more proteins in the
Her2, PI3K, MAPK or STAT signaling pathways. In certain specific cases, an antibody
panel of the invention comprises an E cadherin, PKC, p27, Cyclin B1 or p53 binding
antibody. In some additional cases an antibody array or panel of the invention may comprise
a Glutathione-S-transferase (GST), topoisomerase Ila (TOPO), survivin and/or tau binding
antibody. These proteins have all been implicated in the responsiveness of breast tumors to
chemotherapy (Paik et al., 2004; Murthy et al., 2005; Pusztai ez al., 2004). Furthermore, they
are differentially expressed in breast tumors and amplification of GST, often in ER-positive
tumors, may lead to chemo resistance while amplification of TOPO may increase

chemotherapy responsiveness.

[0015] In certain aspects, an antibody panel according to the invention may comprise
antibodies that bind to estrogen receptor, E cadherin, phosphorylated Akt, phosphorylated
MAPK, phosphorylated JNK and/or phosphorylated S6. Such a panel of antibodies may be

-6 -
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used to predict an ovarian cancer patient’s response to a therapy. In another embodiment and
antibody panel may comprise antibodies that bind to estrogen receptor, phosphorylated p38
and p53. In some cases such a panel may be used according to the invention to predict a

breast caner patient’s response to a therapy.

[0016] In other aspects, the antibodies can be selected from E cadherin, 4 EBP, PKC, P53,
estrogen receptor, progesterone receptor, S6, AKT, Her2, Src, PI3K, p38, p27, mTOR, JNK,
MAPK (44/42), cyclin D1, and/or cyclin B1.

[0017] In still further aspects, the antibodies bind at least ER and p38.
[0018] In yet further aspects, the antibodies bind at least ER, PR, AKT, p38, and mTOR.

[0019] In certain aspects, the antibodies bind at least two of ER, E cadherin, AKT, MAPK
(44/42), C-jun N-Terminal kinase (JNK), or S6.

[0020] 1In a further aspect, the antibodies bind at least ER, E cadherin, AKT, MAPK
(44/42), C-jun N-Terminal kinase (JNK), and S6.

[0021] In still a further aspect, the antibodies bind at least src, AKT, HER2, S6, and cyclin
D1.

[0022] In certain embodiments, a group of antibodies may have a predictive value of 75,
80, 85, 90, 95, 98, or 99%, including all values and variables there between, in predicting a

tumor is susceptible or resistant to a particular therapy.

[0023]  In certain aspects of the invention methods may involve treating cells from a patient

with a growth or proliferation stimulator or inhibitor prior to examining the proteins from the

~cell. In certain cases, treatment with such a stimulator or inhibitor performed on cells in

tissue culture (in vitro or ex vivo) or on cells that are still in a patient (in vivo). For example,
preoperative (neoadjuvant) chemotherapy (PC) downstages tumors and permits in vivo
assessment of tumor response (e.g., via methods of the invention) providing an opportunity to
predict outcome, evaluate biological marker expression, and tailor therapy (Fisher et al.,
2002). In certain cases, methods of the invention may be used to determine if a particular
therapy is effective for a patient or optimally results in pathological complete response (pCR)
which is associated with an excellent long-term prognosis. For instance some stimulators and

inhibitors for use in methods of the invention include but are not limited to cancer as well
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insulin-like growth factor (IGF), fibroblast growth factor (FGF), epithelial growth factor
(EGF), platelet derived growth factor (PDGF), hormones (e.g., 'estrogen), trastuzumab,
tyrosine kinase inhibitors, PI3K inhibitors, as well as any other chemotherapeutic or

immunotherapeutic molecules.

[0024] The skilled artisan will understand that growth stimulators or inhibitors will agonize
or antagonize at least one cellular signaling pathway. Thus, it will be understood that in some
embodiments methods of the invention may involve agonizing or antagonizing a signaling
pathway in a cell from a patient and then examining the proteins of the cell by subjecting the
proteins of the cell to a panel of antibodies. In some embodiments, a panel of antibodies for
use in this aspect of the invention may comprise antibodies that bind to one, two or more

proteins in the signaling pathway that is being agonized or antagonized.

[0025] In certain aspects of invention the cancer patient may be a lung, breast, brain,
prostate, spleen, pancreatic, cervical, ovarian, head and neck, esophageal, liver, skin, kidney,
leukemia, bone, testicular, colon, or bladder cancer patient. For instance, in a preferred
embodiment the cancer patient is an ovarian or breast cancer patient. It will be understood
that cells from a cancer patient maybe comprised in a sample from the cancer patient. In
some embodiments, the cells may be cancer cells, for instance such as cells comprised in a
tumor biopsy sample. However, in certain other cases the cells will not comprise cancer
cells, for example a cell sample may be a sample of tissue surrounding a tumor, a blood

sample or a cheek swab.

[0026] As used herein the term therapy refers to any therapy administered or to be
administered to a cancer patient. For example, the therapy may be a chemotherapy, a
radiation therapy, an immunotherapy, or a surgical therapy. In certain embodiments the
therapy is chemotherapy. In a further embodiment the therapy is radiation therapy. In still
further embodiments the therapy is immunotherapy. Chemotherapies according to the
invention include but are not limited to a cisplatin (CDDP), carboplatin, procarbazine,
mechlorethamine, cyclophosphamide, camptothecin, ifosfamide, melphalan, chlorambucil,
busulfan, nitrosurea, dactinomycin, daunorubicin, doxorubicin, bleomycin, plicomyein,
mitomycin, etoposide (VP16), tamoxifen, raloxifene, estrogen receptor binding agents, taxol,
paclitaxel, gemcitabien, navelbine, farnesyl-protein transferase inhibitors, transplatinum, 5-
fluorouracil, vincristin, Velcade, vinblastin or methotrexate therapy. Immunotherapies of the

invention may include administration of antibodies that target hormone receptors, angiogenic

-8-
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factors, or cancer cell markers, e.g., Herceptin, Avastin, or a cancer cell targeted

immunotoxins.

[0027] In still yet a further embodiment, there is provided a kit for predicting a cancer
patient’s response to a therapy and/or propensity to benefit from a course of treatment. Such
a kit may comprise one or more of a panel of antibodies, a composition for detecting antibody
binding to proteins, a responder or non-responder antibody binding profile (e.g., a reference
array or a digital reference of either or both), a microarray slide, a protein extraction buffer, a
cell proliferation inhibitor, a cell proliferation stimulator, and/or a computer program for
comparing antibody binding profiles. In certain cases, such a kit may be comprised in a
convenient enclosure such as a box. Furthermore, a kit of the invention may include

instructions for use of the reagents therein.

[0028] Embodiments discussed in the context of a methods and/or composition of the
invention may be employed with respect to any other method or composition described
herein. Thus, an embodiment pertaining to one method or composition may be applied to

other methods and compositions of the invention as well.

[0029]  As used herein the specification, "a" or "an" may mean one or more. As used herein
in the claim(s), when used in conjunction with the word "comprising", the words "a" or "an"

may mean one or more than one.

[0030] The use of the term “or” in the claims is used to mean “and/or” unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alternatives and “and/or.” As used herein

“another” may mean at least a second or more.

[0031] Throughout this application, the term “about” is used to indicate that a value
includes the inherent variation of error for the device, the method being employed to

determine the value, or the variation that exists among the study subjects.

[0032] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detailed description and the specific examples, while indicating preferred embodiments of the

invention, are given by way of illustration only, since various changes and modifications
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within the spirit and scope of the invention will become apparent to those skilled in the art

from this detailed description.

DESCRIPTION OF THE DRAWINGS

[0033] The following drawings form part of the present specification and are included to
further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the detailed

description of specific embodiments presented herein.

[0034] FIG. 1: An example of a protocol for printing cell protein lysates onto

nitrocellulose micro array slides.

[0035] FIGs. 2A-2B: An example of data from a reverse phase protein array (RPPA).
FIG. 2A, shows the dilutions of cell lysate or protein standard used in the analysis. FIG. 2B,
dilutions samples for a protein standard (top two rows) or tissue culture cells that are either
stimulated or unstimulated (as indicated across the bottom) are printed on the array. The
array is probed with a monospecific antibody that binds to phosphorylated AKT
(AKT(S473)). The amount of protein in the standard for each dilution is shown.

[0036] FIGs. 3A-3D: Validation of the RPPA assay methods. FIG. 3A, spots comprising
the same protein samples reliably indicate the same amount of protein in the sample. FIG.
3B, HER2 protein assessed by RPPA (y-axis) correlates with HER2 gene copy number (x-
axis), p<0.0001. FIG. 3C, ER protein assessed by RPPA (y-axis) correlates with
transcription profiling of ER expression (x-axis), p<0.0001. FIG. 3D, PTEN protein assessed
by RPPA (y-axis) correlates with transcription profiling of PTEN expression (x-axis),
p<0.001.

[0037] FIG. 4: ‘Supervised’ outcome predictor: 44 stage III/IV high-grade ovarian cancer
patient test samples were assayed by RPPA using antibodies to ER, E cadherin,
phosphorylated AKT, phosphorylated S6, phosphorylated JNK and phosphorylated MAPK.

“>” indicates suboptimal tumor debulking while “<” indicates optimal debulking,

[0038] FIG.5: ‘Supervised’ outcome predictor from 44 patient test set applied to 28 high-
grade ovarian cancer patient validation set. Antibodies for RPPA are as indicated for FIG. 4.

“>” indicates suboptimal tumor debulking while “<” indicates optimal debulking,

-10 -
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[0039] FIG. 6: Predictive RPPA signature for relapse in patients with adjuvant
antihormone-treated high-grade early stage hormone receptor-positive breast cancer. The
components of this particular éignature that were derived from Table 1 are p70S6 Kinase, stat
3, MEK1(p)Ser217/221, p38, p38(p)Thr180/Tyr182 and S6(p)Ser235-236. On clustering, two
main subgroups were identified (called clusters 1 and 2) with significantly different outcomes

(all relapses/stage IV cases after adjuvant anti-hormone therapy occurred in group 1).

[0040] FIG. 7: Shows results from an RPPA employing antibodies that bind to
phosphorylated mTor, phosphorylated p38 ER, PR, and phosphorylated Akt. The RPPA

accurately predicts 6/6 relapses post adjuvant hormonal therapy.

[0041] FIG. 8: Shows results from an RPPA employing antibodies that bind to
phosphorylated mTor, phosphorylated p38 ER, PR, and phosphorylated Akt. The RPPA

accurately predicts 5/5 stage IV disease post adjuvant hormonal therapy.

- [0042] FIG. 9: Shows the result of an RPPA using antibodies that bind to ER and

phosphorylated AKT (phosphorylation/activation at Serine 473). Relapse cases indicated by
the black bar to the right of the figure.

[0043] FIG. 10: Activation of the membrane receptor tyrosine kinase (RTK) and
phosphatidylinositol-3-kinase (PI3K)/AKT pathways is associated with low tumor estrogen
receptor (ER) expression and poor outcomes of patients with epithelial ovarian cancer (EOC)
after standard primary platinum-based chemotherapy. Reverse phase protein lysate array
(RPPA) was used to quantify and integrate the expression of ER, EGFR and src with
activation (ie., phosphorylation) of protein kinase C (PKC) alpha (PKCa(p)657), AKT
(AKT(p)Serd73), glycogen synthase kinase (GSK) 3 (GSK3(p)Ser21/9) and ribosomal S6
protein (S6(p)Ser240/244) to form a prognostic RTK-PI3K/AKT pathway activation
signature. The signature components are EGFR, ER, src, AKT, GSK3, PKCa(p)657,
AKT(p)Serd73, GSK3(p)Ser21/9 and S6(p)Ser240/244. On unsupervised clustering, two
main subgroups were identified (called ER and Akt) with signiﬁcanﬂy different outcomes.
The prognostic ability of this signature is independent of stage and grade on multivariable

analysis.

[0044] FIG. 11: Even unsupervised clustering approaches can distinguish epithelial

ovarian cancer (EOC) subsets with significantly different survival outcomes, pointing to the

-11 -
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obvious importance of the antibodies in Table 1 below to the clinical behavior of EOC. O
indicates the percentage of EOCs in each group or cluster that progress at a time shorter than
the recognized median progression-free survival (PFS) time of 15.5 months for EOC after

standard paclitaxel/carboplatin primary chemotherapy in large prospective clinical trials.

[0045] FIG. 12: Activation of the membrane receptor tyrosine kinase (RTK) and
phosphatidylinositol-3-kinase (PI3K)/AKT pathways is associated with low estrogen receptor
(ER) expression and poor outcomes of 65 patients with early stage hormone receptor-positive
breast cancer after treatment with standard adjuvant antihormone therapy. Reverse phase
protein lysate array (RPPA) was used to quantify and integrate the expression of ER, EGFR
and src with the activation (i.e., phosphorylation) of protein kinase C (PKC) alpha, AKT,
glycogen synthase kinase (GSK) 3 and ribosomal S6 protein to form a prognostic RTK-
PI3K/AKT pathway activation signature. The signature components are EGFR, ER, src,
AKT, GSK3, PKCu(p)657, AKT(p)Ser473, GSK3(p)Ser21/9 and S6(p)Ser240/244. On
unsupervised clustering, two main subgroups were identified (called ER and PI3K) with
significantly different outcomes. The prognostic ability of this signature is independent of
stage and grade on multivariable analysis. The survival plot demonstrates relapse-free

survival.

[0046] FIGs. 13A-13B: When reverse phase protein array (RPPA) is used to quantify only
ER expression and Akt phosphorylation in early-stage hormone receptor-positive breast
cancer, the breast cancer signature retains significant predictive capability after adjuvant
antthormone therapy. This is shown in FIG. 13A utilizing AKT phosphorylation at Serine
473 (AKT(p)Ser473 as a surrogate for PI3K pathway activation) and ERa level (p=0.02 for
significant inverse correlation). This signature of low (=green) ERo. expression with high
(=red) AKT(p)Ser473 provides strong prediction of disease recurrence after adjuvant
antihormone therapy (relapses marked by the transecting line in FIG. 13A; Kaplan-Meier
curve shown in FIG. 13B (p=0.04)).

[0047] FIG. 14: Analysis of hormone receptor positive breast cancer reverse phase protein
array data by resampling analysis using pearson correlation, linear discriminant analysis
(LDA) and K nearest neighbours (KNN) methodology to determine (phospho)proteins
associated with breast cancer relapse after adjuvant antthormone therapy. The signature
components are those shown in the table below. The following are the antibodies that resulted

in high sensitivities (>0.8), ordered by frequency.
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[0048] FIG. 15: RPPA signature that we have preliminarily validated in adjuvant
antihormone-treated patients with early stage hormone receptor-positive breast cancer. The
signature components of this particular predictive signature that were derived from Table 1
are ER, PR, p38(p)Thr180/Tyr182, Akt(p)Thr308 and mTOR(p)Ser2448. On unsupervised
clustering, two main subgroups were identified in both tumor sets (called 1 and 2) with
significantly different outcomes (all relapses/stage IV cases after adjuvant anti-hormone

therapy occurred in group 1 in each case). The prognostic ability of this signature is

independent of stage and grade on multivariable analysis.

[0049] FIG. 16: Predictive RPPA signature for relapse in patients with adjuvant cytotoxic
chemotherapy-treated triple receptor-negative breast cancer. The components of this
particular signature that were derived from Table 1 are p70S6K(p)Thr389, FKHRLI,
FKHRLI1(p)Ser318/321 and S6(p)Ser240-244. On clustering, two main subgroups were
identified (called Groups A and B) with significantly different outcomes (all relapses/stage
IV cases after adjuvant cytotoxic chemotherapy occur in Group B). The survival plot

demonstrates relapse-free survival.

[0050] FIG. 17: Activation of the membrane receptor tyrosine kinase (RTK) and
phosphatidylinositol-3-kinase (PI3K)/AKT pathways is associated with low estrogen receptor
(ER) expression in early stage hormone receptor-positive breast cancer. However, this
signature is not prognostic when patients are not treated with adjuvant antihormone therapy.
Reverse phase protein lysate array (RPPA) was used to quantify and integrate the expression
of ER, EGFR and src with the activation (i.e. phosphorylation) of protein kinase C (PKC)
alpha, AKT, glycogen synthase kinase (GSK) 3 and ribosomal S6 protein to form the
PI3K/AKT pathway activation signature as in figures 2 and 4. The signature components are
EGFR, ER, src, AKT, GSK3, PKCo (p)657, AKT(p)Serd73, GSK3(p)Ser21/9 and
S6(p)Ser240/244. On unsupervised clustering, two main subgroups were identified (called

ER and PI3K). The survival plot demonstrates relapse-free survival.

[0051] FIG. 18: Analysis of reverse phase protein array data by resampling analysis using
pearson correlation, linear discriminant analysis (LDA) and K nearest neighbours (KNN)
methodology to determine (phospho)proteins associated with early stage hormone receptor-
positive breast cancer relapse after no adjuvant therapy. The signature components are those
shown in the table below. The following are the antibodies that resulted in high sensitivities

(>0.8), ordered by frequency.
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[0052] FIG. 19: A striking inverse association between ER expression and
PI3K/AKT/mTOR pathway activation (specifically between ER expression (on the right of
cach heat map below) and Akt(p)Ser473 (on the left of each heat map below)) has been
consistently seen in our breast cancer and epithelial ovarian cancer (EOC) tumor set RPPA
data. In each case, the correlation coefficient (CC) corresponds to a p value of < 0.05. These
data suggest an important association and the underlying mechanisms therefore need

exploration.

[0053] FIG. 20: Functional proteomic signature for PIK3CA mutation derived using
reverse phase protein array quantitation data for (phospho)proteins shown in Table 1. Heat
maps in hormone receptor-positive (ER+) breast cancer cell lines and human tumors were
constructed. This signature detects PIK3CA-mutant cell lines and human tumors with the
sensitivities and specificities shown. The PIK3CA mutation signature (b) was associated with
a trend (p=0.06) towards improved patient relapse-free survival (RFS) compared with the
PTEN signature (a) after adjuvant antihormone treatment for early stage hormone receptor-

positive breast cancer.

DETAILED DESCRIPTION OF THE INVENTION

[0054] The invention concerns cancer prognostic and predictive signatures developed using
quantification of the expression and/or activation of cellular proteins, for example using
reverse phase tissue lysate array-based methods. For instance, activation and expression of
protein kinases (e.g., phosphatidylinositol-3-kinase (PI3K)/Akt and mitogen activated protein
kinase (MAPK) for breast cancer) and steroid signaling pathways may be determined by
methods of the invention and used to predict a clinical outcome for patients. Thus, signatures
may be useful as a guide to patient prognosis and also for prediction of the likelihood
(propensity) that individuals with specific cancer subtypes will derive benefit from specific
therapies (hormonal therapy, chemotherapy, and targeted therapy (trastuzumab)). Consistent
with the latter use, the invention can be used to identify protein signatures indicative of
individual patient requirements for therapeutic strategies to overcome treatment (e.g.,

antihormone) resistance.

[0055] Various array and profiling methodologies (e.g., transcriptional profiling,
comparative genomic hybridization) are currently being explored in an attempt to improve
prediction of prognosis of and likelihood of benefit for individual patients with specific breast

cancer subtypes after treatment with appropriate therapy as specified by widely accepted

-14 -



10

15

20

25

30

WO 2008/019375 PCT/US2007/075393

clinicopathologic variables (e.g., hormonal therapy in those with hormone receptor-positive
breast cancer). However, in spite of multiple studies, the only test approved to further stratify
patients with a specific breast cancer subtype (in this case hormone receptor-positive) to
treatment based on their potential to benefit from specific therapies is Oncotype Dx (Paik et
al., 2004)). However, many current methodologies assay DNA and mRNA levels and are not
capable of providing information on the expression and activation of proteins, which are the
direct mediators of cell behavior. The approach described herein employs a new proteomic
technology capable of quantifying not only protein expression levels but also protein
activation status. Reverse phase tissue lysate arrays (i.e., reverse phase protein arrays
(RPPA)) quantify protein expression and activation and may thus be more useful than
genomic and transcriptional technologies in predicting probable behavior of individual
tumors, particularly when the proteins assayed or their encoding genes or mRNAs are already
implicated by other studies in carcinogenesis. In addition, lysate arrays are one of the most
sensitive protein detection technologies developed to date and are capable of determining
activation of cellular proteins present in the femtogram range. RPPAs are high-throughput
and can easily, efficiently, and simultaneously assay the levels of hundreds of proteins in a

multitude of tumor samples.

[0056] For example, only about 60% of hormone receptor positive tumors respond to
hormonal modulation. ER protein levels using tissue lysate arrays correlate inversely with
the amount of Akt phosphorylation in hormone receptor positive breast tumors. Other data
indicates that the PI3K/Akt and MAPK pathways may activate ER in a hormonally
independent manner through receptor phosphorylation. Since hormonal manipulation only
blocks hormone dependent ER activation and since studies herein may indicate that the
quantity of ER protein is the major driver of outcome after antihormonal therapy, this
suggests that tissue lysate array-based approach may be capable of stratifying patients with
hormone receptor positive breast cancer to a treatment decision based on quantification of ER

and activation status of various components of kinase signaling pathways.

I. REVERSE PHASE PROTEIN ARRAY (RPPA)

[0057] In certain embodiments, tissue or cellular lysates can be obtained by mixing tissue
sample material with lysis buffer and then serially diluted (e.g., 8 serial dilutions: full
strength, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128) with additional lysis buffer. Dilutions can be

made with Tecan liquid handling robot or other similar devices. This material can
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printed/spotted onto a substrate, such as nitrocellulose-coated glass slides (FAST Slides,
Schleicher & Schuell BioScience, Inc. USA, Keene, NH) with an automated GeneTac arrayer
(Genomic Solutions, Inc., Ann Arbor, MI) or other similar devices. In certain aspects, as
many as 80 samples can be spotted in 8 serial dilutions on a single substrate. Serial dilutions
can provide a slope and intercept allowing relative quantification of individual proteins.
Typically, measurements of protein are compared to control peptides allowing absolute

quantification.

[0058] Typically, after slide printing, the same stringent conditions for slide blocking,
blotting and antibody incubation used for western blotting are applied prior to the addition of
the primary antibody. The DAKO (Copenhagen, Denmark) signal amplification system can
be used to detect and amplify antibody-binding intensity. Signal intensity is measured by
scanning the slides and quantifying with software, such as the MicroVigene automated RPPA
software (VigeneTech Inc., MA), to generate sigmoidal signal intensity-concentration curves
for each sample. To accurately determine absolute protein concentrations, standard signal
intensity-concentration curves for purified proteins/recombinant peptides of known
concentration are generated for comparison with the samples in which protein concentrations
are unknown. The RPPAs are quantitative, sensitive, and reproducible. RPPA may also be

validated with mTOR, erk, p38, GSK3 and JNK as stable loading controls.

[0059] Quantified protein expression data is analyzed, using programs and algorithms
identical to those used for analysis of gene expression arrays. The data is analyzed for the
presence of clusters based on differential protein expression using methods available, for
example, in the R statistical software package (cran.r-project.org). A variety of clustering
methods (including hierarchical clustering, K-means, independent component analysis,
mutual information, and gene shaving) are used to classify samples into statistically similar
groups. For example, Xcluster (SMD software, Paulo Alto, CA) and TreeView (University
of Glasgow, Glasgow, Scotland) software may be used to put all this data together into
unsupervised hierarchical clusters or heat maps which arrange the samples in terms of
similarity in protein expression and activation. Robustness and statistical significance of
these groups may be evaluated by bootstrap data resampling (Kerr and Churchill, 2001). In
addition to primary clustering analysis based on all proteins, secondary bootstrap-resampled

clustering analyses may be performed using proteins in a signaling pathway of interest.
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[0060] Typically, for a cluster that is statistically significant based on bootstrap resampling
to represent an important subtype of breast cancer, the cluster should contain samples from at
least 5 patients. For instance, using the 80 samples a breast cancer subtype with 10%
prevalence will have a 90% probability of contributing at least 5 samples to the study
population. Thus, the proposed patient sample should be sufficient to detect subtypes with at
least 10% prevalence. A potential problem is batch effect since analyses are performed on
more slides than can be printed at one time. Howeverl, evidence suggests that inter-slide
variation is minimal (R2 > 0.8) when slides are printed at different times and stained with the
same antibody. ~As new, potentially relevant proteins are identified stored sample
preparations/plates may be used to probe for these novel proteins and the data can be
incorporated into the dataset for analysis. Thus, the sample set will be continuously enriched.
As only a small amount of lysate is required, the samples can accommodate analysis of up to

a thousand antibodies easily.

[0061] Patient samples are typically linked to an oncology database such as the Breast
Medical Oncology Database, which includes patient characteristics and outcome information
(response to PC, type of therapy, etc.). These data can be correlated with the RPPA clusters
using standard statistical methods, including Fisher’s exact test, analysis of variance, and Cox
proportional hazards models for time to recurrence. In this way, it can be determined if
clusters of patient samples generated by RPPAs have clinical significance and correlate with

a specific endpoint: e.g., pathological complete response (pCR).

[0062]  Supervised statistical approaches may also be employed to assist in building a pCR
predictor. Adequate power to determine differences will require a 'training set’ (e.g., 80
samples). In addition, the inventors contemplate identifying kinase signaling patterns in
chemotherapy-unresponsive tumors that can be targeted to augment the efficacy of cytotoxic

treatment.

II. PROTEINS, CELLS AND CELL SAMPLES

[0063] It will be understood by one of skill in the art that in order to assess the binding of
proteins from a cancer patient to a panel of antibodies a sample of protein from the patient
will be examined. In certain aspects of the inventioh, methods for obtaining such as sample
are included as part of the invention. However, in other aspects of the invention the proteins
for method of the invention may be obtained from samples that have already been collected,

such as frozen tissue, blood, or biopsy samples.
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[0064] In a certain embodiments of the invention, proteins from cells of a cancer patient are
analyzed. Such cells may be from any part of the patient for example the cells may be from
the bladder, blood, bone, bone marrow, brain, breast, colon, esophagus, gastrointestine, gum,
head, kidney, liver, lung, nasopharynx, neck, ovary, prostate, skin, stomach, testis, tongue,
uterus or other tissue or organ sample. In certain specific cases the cells from the cancer
patient may be cancer cells. Some cancer cells that may be used according to the invention
include but are not limited to: neoplasm, malignant; carcinoma; carcinoma, undifferentiated;
giant and spindle cell carcinoma; small cell carcinoma; papillary carcinoma; squamous cell
carcinoma; lymphoepithelial carcinoma; basal cell carcinoma; pilomatrix carcinoma;
transitional cell carcinoma; papillary transitional cell carcinoma; adenocarcinoma;
gastrinoma, malignant; cholangiocarcinoma; hepatocellular carcinoma; combined
hepatocellular carcinoma and cholangiocarcinoma; trabecular adenocarcinoma; adenoid
cystic carcinoma; adenocarcinoma in adenomatous polyp; adenocarcinoma, familial
polyposis coli; solid carcinoma; carcinoid tumor, malignant; branchiolo-alveolar
adenocarcinoma; papillary adenocarcinoma; chromophobe carcinoma; acidophil carcinoma;
oxyphilic adenocarcinoma; basophil carcinoma; clear cell adenocarcinoma; granular cell
carcinoma; follicular adenocarcinoma; papillary and follicular adenocarcinoma;
nonencapsulating sclerosing carcinoma; adrenal cortical carcinoma; endometroid carcinoma;
skin appendage carcinoma; apocrine adenocarcinoma; sebaceous adenocarcinoma;
ceruminous adenocarcinoma; mucoepidermoid carcinoma; cystadenocarcinoma; papillary
cystadenocarcinoma; papillary serous cystadenocarcinoma; mucinous cystadenocarcinoma;
mucinous adenocarcinoma; signet ring cell carcinoma; infiltrating duct carcinoma; medullary
carcinoma; lobular carcinoma; inflammatory carcinoma; paget's disease, mammary; acinar
cell carcinoma; adenosquamous carcinoma; adenocarcinoma w/squamous metaplasia;
thymoma, malignant; ovarian stromal tumor, malignant; thecoma, malignant; granulosa cell
tumor, malignant; androblastoma, malignant; sertoli cell carcinoma; leydig cell tumor,
malignant; lipid cell tumor, malignant; paraganglioma, malignant; extra-mammary
paraganglioma, malignant; pheochromocytoma; glomangiosarcoma; malignant melanoma;
amelanotic melanoma; superficial spreading melanoma; malig melanoma in giant pigmented
nevus; epithelioid cell melanoma; blue nevus, malignant; sarcoma; fibrosarcoma; fibrous
histiocytoma, malignant; myxosarcoma; liposarcoma; leiomyosarcoma; rhabdomyosarcoma;
embryonal rhabdomyosarcoma; alveolar rhabdomyosarcoma; stromal sarcoma; mixed tumor,
malignant; mullerian mixed tumor; nephroblastoma; hepatoblastoma; carcinosarcomas;

mesenchymoma, malignant; brenner tumor, malignant; phyllodes tumor, malignant; synovial
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sarcoma; mesothelioma, malignant; dysgerminoma; embryonal carcinoma; teratoma,
malignant; struma ovarii, malignant; choriocarcinoma; mesonephroma, malignant;
hemangibsarcoma; hemangioendothelioma, malignant; kaposi's sarcoma,
hemangiopericytoma, —malignant; lymphangiosarcoma; osteosarcomay juxtacortical
osteosarcoma, chondrosarcoma; chondroblastoma, malignant; mesenchymal
chondrosarcoma; giant cell tumor of bone; ewing's sarcoma; odontogenic tumor, malignant;
ameloblastic odontosarcoma; ameloblastoma, malignant; ameloblastic fibrosarcoma;
pinealoma, malignant; chordoma; glioma, malignant; ependymoma; astrocytoma;
prbtoplasmic astrocytoma;  fibrillary  astrocytoma; astroblastoma;  glioblastoma;
oligodendroglioma; oligodendroblastoma; primitive neuroectodermal; cerebellar sarcoma;
ganglioneuroblastoma; neuroblastoma; retinoblastoma; olfactory neurogenic  tumor;
meningioma, malignant; neurofibrosarcoma; neurilemmoma, malignant; granular cell tumor,
malignant; malignant lymphoma; hodgkin's disease; hodgkin's; paragranuloma; malignant
lymphoma, small lymphocytic; malignant lymphoma, large cell, diffuse: malignant
lymphoma, follicular; mycosis fungoides; other specified non-hodgkin's lymphomas;
malignant histiocytosis; multiple myeloma; mast cell sarcoma; immunoproliferative small
intestinal disease; leukemia; lymphoid leukemia; plasma cell leukemia; erythroleukemia;
lymphosarcoma cell leukemia; myeloid leukemia; basophilic leukemia; eosinophilic
leukemia; monocytic leukemia; mast cell leukemia; megakaryoblastic leukemia; myeloid

sarcoma; and hairy cell leukemia.

III.  ANTIBODIES AND METHODS FOR THEIR PRODUCTION

[0065] As described above certain aspects of the invention involve the use of antibodies.
Antibodies can be made by any of the methods that as well known to those of skill in the art.
In certain embodiments an antibody recognizes a covalently modified protein, such a
phosphorylated protein. The following methods exemplify some of the most common

antibody production methods.

A. Polyclonal Antibodies

[0066] Polyclonal antibodies generally are raised in animals by multiple subcutaneous (sc)
or intraperitoneal (ip) injections of the antigen. As used herein the term “antigen” refers to
any polypeptide that will be used in the production of antibodies. However, it will be
understood by one of skill in the art that in many cases antigens comprise more material that

merely a single polypeptide. In certain other aspects of the invention, antibodies will be
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generated against specific polypeptide antigens. In some cases the full length polypeptide
sequences may be used as an antigen however in certain cases fragments of a polypeptide
(i.e., peptides) may used. In still further cases, antigens may be defined as comprising or as
not comprising certain post translational modifications such, phosphorylated, acetylated,
methylated, glycosylated, prenylated, ubiqutinated, sumoylated or NEDDylated residues. In
another example, antibodies can be made against polypeptides that have been identified to be
expressed on the surface of cancer cells, such as Her-2. Thus one of skill it the art would
easily be able to generate an antibody that binds to any particular cell or polypeptide of

interest using method that are well known in the art.

[0067] In the case where an antibody is to be generated that binds to a particular
polypeptide it may be useful to conjugate the antigen or a fragment containing the target
amino acid sequence to a protein that is immunogenic in the species to be immunized, e.g.
keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin
inhibitor using a bifunctional or derivatizing agent, for example maleimidobenzoyl
sulfosuccinimide ester (conjugation through cysteine residues), N-hydroxysuccinimide
(through lysine residues), glytaraldehyde, succinic anhydride, SOCl,, or R' N=C=NR, where
R and R' are different alkyl groups.

[0068] Animals are immunized against the immunogenic conjugates or derivatives by, for
example, combining 1 mg or 1 pg of conjugate (for rabbits or mice, respectively) with 3
volumes of Freud's complete adjuvant and injecting the solution intradermally at multiple
sites. One month later the animals are boosted with about 1/5 to 1/10 the original amount of
conjugate in Freud's complete adjuvant by subcutaneous injection at multiple sites. Seven to
14 days later the animals are bled and the serum is assayed for specific antibody titer.
Animals are boosted until the titer plateaus. Preferably, the animal is boosted with the same
antigen conjugate, but conjugated to a different protein and/or through a different cross-

linking reagent. Conjugates also can be made in recombinant cell culture as protein fusions.

Also, aggregating agents, such as alum, or other adjuvants may be used to enhance the

Immune response.

B. Monoclonal Antibodies
[0069] In further embodiments of the invention, the cell targeting moiety is a monoclonal
antibody. By using monoclonal antibodies cell targeting constructs of the invention can have

greater specificity for a target antigen than targeting moieties that employ polyclonal
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antibodies. ~ Monoclonal antibodies are obtained from a population of substantially
homogeneous antibodies, i.e., the individual antibodies comprising the population are
identical except for possible naturally-occurring mutations that may be present in minor
amounts. Thus, the modifier "monoclonal" indicates the character of the antibody as not

being a mixture of discrete antibodies.

[0070] For example, monoclonal antibodies of the invention may be made using the
hybridoma method first described by Kohler & Milstein (1975), or may be made by
recombinant DNA methods (U.S. Patent 4,816,567).

[0071] In the hybridoma method, a mouse or other appropriate host animal is immunized as
described above to elicit lymphocytes (i.e., plasma cells) that produce or are capable of
producing antibodies that will specifically bind to the protein used for immunization.
Alternatively, lymphocytes may be immunized in vitro. Lymphocytes then are fused with
myeloma cells using a suitable fusing agent, such as polyethylene glycol, to form a

hybridoma cell (Goding 1986).

[0072] The hybridoma cells thus prepared are seeded and grown in a suitable culture
medium that preferably contains one or more substances that inhibit the growth or survival of
the unfused, parental myeloma cells. For example, if the parental myeloma cells lack the
enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture
medium for the hybridomas typically will include hypoxanthine, aminopterin, and thymidine

(HAT medium), which substances prevent the growth of HGPRT-deficient cells.

[0073] Preferred myeloma cells are those that fuse efficiently, support stable high level
expression of antibody by the selected antibody-producing cells, and are sensitive to a
medium such as HAT medium. Among these, preferred myeloma cell lines are murine
myeloma lines, such as those derived from MOPC-21 and MPC-11 mouse tumors available
from the Salk Institute Cell Distribution Center, San Diego, Calif. USA, and SP-2 cells
available from the American Type Culture Collection, Rockville, Md. USA.

[0074]  Culture medium in which hybridoma cells are growing is assayed for production of
monoclonal antibodies directed against the target antigen. Preferably, the binding specificity
of monoclonal antibodies produced by hybridoma cells is determined by Immunoprecipitation

or by an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme-linked
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immunoabsorbent assay (ELISA). The binding affinity of the monoclonal antibody can, for

example, be determined by the Scatchard analysis of Munson & Pollard (1980).

[0075] After hybridoma cells are identified that produce antibodies of the desired
specificity (e.g., specificity for a phosphorylated vs. un-phosphorylated antigen), affinity,
and/or activity, the clones may be subcloned by limiting dilution procedures and grown by
standard methods, Goding (1986). Suitable culture media for this purpose include, for
example, Dulbecco’'s Modified Eagle's Medium or RPMI-1640 medium. In addition, the

hybridoma cells may be grown in vivo as ascites tumors in an animal.

[0076] The monoclonal antibodies secreted by the subclones are suitably separated from
the culture medium, ascites fluid, or serum by conventional immunoglobulin purification
procedures such as, for example, protein A-Sepharose, hydroxylapatite chromatography, gel

electrophoresis, dialysis, or affinity chromatography.

[0077] DNA encoding the monoclonal antibodies of the invention may be readily isolated
and sequenced using conventional procedures (e.g., by using oligonucleotide probes that are
capable of binding specifically to genes encoding the heavy and light chains of murine
antibodies). The hybridoma cells of the invention serve as a preferred source of such DNA.
Once isolated, the DNA may be placed into expression vectors, which are then transfected
into host cells such as simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma
cells that do not otherwise produce immunoglobulin protein, to obtain the synthesis of
monoclonal antibodies in the recombinant host cells. The DNA also may be modified, for
example, by substituting the coding sequence for human heavy and light chain constant
domains in place of the homologous murine sequences, Morrison et al. (1984), or by
covalently joining to the immunoglobulin coding sequence all or part of the coding sequence
for a non-immunoglobulin polypeptide. In that manner, "chimeric" or "hybrid" antibodies are

prepared that have the binding specificity for any particular antigen described herein.

[0078] Typically, such non-immunoglobulin polypeptides are substituted for the constant
domains of an antibody of the invention, or they are substituted for the variable domains of
one antigen-combining site of an antibody of the invention to create a chimeric bivalent
antibody comprising one antigen-combining site having specificity for the target antigen and
another antigen-combining site having specificity for a different antigen. Chimeric or hybrid

antibodies also may be prepared in vitro using known methods in synthetic protein chemistry.
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[0079] For some applications, the antibodies of the invention will be labeled with a
detectable moiety. The detectable moiety can be any one which is capable of producing,
either directly or indirectly, a detectable signal. For example, the detectable moiety may be a
radioisotope, such as *H, “c, 32p 35 or 1% L, a fluorescent or chemiluminescent compound,
such as fluorescein isothiocyanate, rhodamine, or luciferin; biotin (which enables detection of
the antibody with an agent that binds to biotin, such as avidin; or an enzyme (either by
chemical coupling or polypeptide fusion), such as alkalipe phosphatase, beta-galactosidase or

horseradish peroxidase.

[0080] Any method known in the art for separately conjugating the antibody to the
detectable moiety may be employed, including those methods described by Hunter et al.
(1962); David et al. (1974); Pain et al. (1981); and Nygren (1982).

[0081] The antibodies of the present invention may be employed in any known assay
method, such as competitive binding assays, direct and indirect sandwich assays, and
immunoprecipitation assays (Zola, 1987). For instance the antibodies may be used in the

diagnostic assays described herein.

[0082] Additionally, antibodies may be used in competitive binding assays. These assays
rely on the ability of a labeled standard (which may be a purified target antigen or an
immunologically reactive portion thereof) to compete with the test sample analyte for binding
with a limited amount of antibody. The amount of antigen in the test sample is inversely
proportional to the amount of standard that becomes bound to the antibodies. To facﬂitate
determining the amount of standard that becomes bound, the antibodies generally are
insolubilized before or after the competition, so that the standard and analyte that are bound
to the antibodies may conveniently be separated from the standard and analyte which remain

unbound.

[0083] Sandwich assays involve the use of two antibodies, each capable of binding to a
different immunogenic portion, or epitope, of the protein to be detected. In a sandwich assay,
the test sample analyte is bound by a first antibody which is immobilized on a solid support,
and thereafter a second antibody binds to the analyte, thus forming an insoluble three part
complex (see for example U.S. Patent 4,376,110). The second antibody may itself be labeled
with a detectable moiety (direct sandwich assays) or may be measured using an anti-

immunoglobulin antibody that is labeled with a detectable moiety (indirect sandwich assay).
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For example, one type of sandwich assay is an ELISA assay, in which case the detectable

moiety is an enzyme.

[0084] Some specific antibodies that maybe used in conjunction with methods of the
current invention include but are not limited to those listed in Table 1 of U.S. Publication
2006/0040338 or Table 1 of Mandell (2003), each incorporated herein by reference. For
example, antibodies for use in the invention may include or may exclude 1, 2, 3, 4, 5,6, 7, 8,
9,10 or more of Akt (pS472/pS473) Phospho-Specific (PKBa) Antibodies, Caveolin (pY14)
Phospho-Specific Antibodies, Cdk1/Cdc2 (pY15) Phospho-Specific Antibodies, eNOS
(pS1177) Phospho-Specific Antibodies, eNOS (pT495) Phospho-Specific Antibodies,
ERK1/2 (pT202/pY204) Phospho-Specific Antibodies, (p44/42 MAPK) FAK (pY397)
Phospho-Specific Antibodies, IkBa (pS32/pS36) Phospho-Specific Antibodies, Integrin b3
(pY759) Phospho-Specific Antibodies, INK (pT183/pY185) Phospho-Specific Antibodies,
Lek (pYS05) Phospho-Specific Antibodies, p38 MAPK (pT180/pY182) Phospho-Specific
Antibodies, p120 Catenin (pY228) Phospho-Specific Antibodies, p120 Catenin (pY280)
Phospho-Specific Antibodies, p120 Catenin (pY96) Phospho-Specific Antibodies, Paxillin
(pY118) Phospho-Specific Antibodies, Phospholipase Cg (pY783) Phospho-Specific
Antibodies, PKARIIb (pS114) Phospho-Specific Antibodies, 14-3-3 Binding Motif Phospho-
specific Antibodies, 4E-BP1 Phospho-specific Antibodies, AcCoA Carboxylase (Acetyl
CoA) Phospho-specific Antibodies, Adducin Phospho-specific Antibodies, AFX Phospho-
specific Antibodies, AIK (Aurora 2) Phospho-specific Antibodies, Akt (PKB) Phospho-
specific Antibodies, Akt (PKB) Substrate Phospho-specific Antibodies, ALK Phospho-
specific Antibodies, AMPK alpha Phospho-specific Antibodies, AMPK betal Phospho-
specific Antibodies, APP Phospho-specific Antibodies, Arg-X-Tyr/Phe-X-pSer Motif
Phospho-specific Antibodies, Arrestin 1 beta Phospho-specific Antibodies, ASK1 Phospho-
specific Antibodies, ATF-2 Phospho-specific Antibodies, ATM/ATR Substrate Phospho-
specific Antibodies, Aurora 2 (AIK) Phospho-specific Antibodies, Bad Phospho-specific
Antibodies, Bcl-2 Phospho-specific Antibodies, Ber Phospho-specific Antibodies, Bim EL
Phospho-specific Antibodies, BLNK Phospho-specific Antibodies, BMK1 (ERK5) Phospho-
specific Antibodies, BRCA1 Phospho-specific Antibodies, Btk Phospho-specific Antibodies,
C/EBP alpha Phospho-specific Antibodies, C/EBP beta Phospho-specific Antibodies, c-Abl
Phospho-specific Antibodies, CAKb Phospho-specific Antibodies, Caldesmon Phospho-
specific Antibodies, CaM Kinase II Phospho-specific Antibodies, Cas p130 Phospho-specific
Antibodies, Catenin beta Phospho-specific Antibodies, Catenin p120 Phospho-specific
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Antibodies, Caveolin 1 Pho.spho-speciﬁc Antibodies, Caveolin 2 Phospho-specific
Antibodies, Caveolin Phospho-specific Antibodies, ¢-Cbl Phospho-specific Antibodies,
CD117 (c-Kit) Phospho-specific Antibodies, CD19 Phospho-specific Antibodies, cdc2 p34
Phospho-specific Antibodies, cdc2 Phospho-specific Antibodies, cdc25 C Phospho-specific
Antibodies, cdkl Phospho-specific Antibodies, cdk2 Phospho-specific Antibodies, CDKs
Substrate Phospho-specific Antibodies, CENP-A Phospho-specific Antibodies, c-erbB-2
Phospho-specific Antibodies, Chkl Phospho-specific Antibodies, Chk2 Phospho-specific
Antibodies, c-Jun Phospho-specific Antibodies, ¢c-Kit (CD117) Phospho-specific Antibodies,
c-Met Phospho-specific Antibodies, c-Myc Phospho-specific Antibodies, Cofilin 2 Phospho-
specific Antibodies, Cofilin Phospho-specific Antibodies, Connexin 43 Phospho-specific
Antibodies, Cortactin Phospho-specific Antibodies, CPI-17 Phospho-specific Antibodies,
cPLA2 Phospho-specific Antibodies, c-Raf (Rafl) Phospho-specific Antibodies, CREB
Phospho-specific Antibodiés, c-Ret Phospho-specific Antibodies, CrkII Phospho-specific |
Antibodies, CrkL Phospho-specific Antibodies, Cyclin B1 Phospho-specific Antibodies,
DARPP-32 Phospho-specific Antibodies, DNA-topoisomerase I alpha Phospho-specific
Antibodies, Dok-2 p56 Phospho-specific Antibodies, €eEF2 Phospho-specific Antibodies,
eEF2k Phospho-specific Antibodies, EGF Receptor (EGFR) Phospho-specific Antibodies,
elF2 alpha Phospho-specific Antibodies, eIF2B epsilon Phospho-specific Antibodies, elF4
epsilon Phospho-specific Antibodies, elF4 gamma Phospho-specific Antibodies, Elk-1
Phospho-specific Antibodies, eNOS Phospho-specific Antibodies, EphA3 Phospho-specific
Antibodies, Ephrin B Phospho-specific Antibodies, erbB-2 Phospho-specific Antibodies,
ERKI1/ERK2 Phospho-specific Antibodies, ERK5 (BMK1) Phospho-specific Antibodies,
Estrogen Receptor alpha (ER-a) Phospho-specific Antibodies, Etk Phospho-specific
Antibodies, Ezrin Phospho-specific Antibodies, FADD Phospho-specific Antibodies, FAK
Phospho-specific Antibodies, FAK2 Phospho-specific Antibodies, Fc gamma RIIb Phospho-
specific Antibodies, FGF Receptor (FGFR) Phospho-specific Antibodies, FKHR Phospho-
specific Antibodies, FKHRLI1 Phospho-specific Antibodies, FLT3 Phospho-specific
Antibodies, FRS2-alpha Phospho-specific Antibodies, Gabl Phospho-specific Antibodies,
Gab2 Phospho-specific Antibodies, GABA B Receptor Phospho-specific Antibodies, GAP-
43 Phospho-specific Antibodies, GATA4 Phospho-specific Antibodies, GFAP Phospho-
specific Antibodies, Glucocorticoid Receptor Phospho-specific Antibodies, GluR1
(Glutamate Receptor 1) Phospho-specific Antibodies, GluR2 (Glutamate Receptor 2)
Phospho-specific Antibodies, Glycogen Synthase Phospho-specific Antibodies, GRB10
Phospho-specific Antibodies, GRK2 Phospho-specific Antibodies, GSK-3 alpha/beta
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Phospho-specific Antibodies, GSK-3 alpha Phospho-specific Antibodies, GSK-3 beta
(Glycogen Synthase Kinase) Phospho-specific Antibodies, GSK-3 beta Phospho-specific
Antibodies, GSK-3 Phospho-specific Antibodies, H2A.X Phospho-specific Antibodies, Hck
Phospho-specific Antibodies, HER-2 (ErbB2) Phospho-specific Antibodies, Histone H1
Phospho-specific Antibodies, Histone H2A.X Phospho-specific Antibodies, Histone H2B
Phospho-specific Antibodies, Histone H3 Phospho-specific Antibodies, HMGN1 (HMG-14)
Phospho-specific Antibodies, Hsp27 (Heat Shock Protein 27) Phospho-specific Antibodies,
IkBa (I kappa B-alpha) Phospho-specific Antibodies, Integrin alpha-4 Phospho-specific
Antibodies, Integrin beta-1 Phospho-specific Antibodies, Integrin beta-3 Phospho-specific
Antibodies, IR (Insulin Receptor) Phospho-specific Antibodies, IR/IGF1R (Insulin/Insulin-
Like Growth Factor-1 Receptor) Phospho-specific Antibodies, IRS-1 Phospho-specific
Antibodies, IRS-2 Phospho-specific Antibodies, Jakl Phospho-specific Antibodies, Jak2
Phospho-specific Antibodies, JNK (SAPK) Phospho-specific Antibodies, Jun Phospho-
specific Antibodies, KDR Phospho-specific Antibodies, Keratin 18 Phospho-specific
Antibodies, Keratin 8 Phospho-specific Antibodies, Kinase Substrate Phospho-specific
Antibodies, Kipl p27 Phospho-specific Antibodies, LAT Phospho-specific Antibodies, Lck
Phospho-specific Antibodies, Leptin Receptor Phospho-specific Antibodies, LKB1 Phospho-
specific Antibodies, Lyn Phospho-specific Antibodies, MAP Kinase/CDK Substrate
Phospho-specific Antibodies, MAP Kinase p38 Phospho-specific Antibodies, MAP Kinase
p44/42  Phospho-specific Antibodies, MAPKAP Kinase la (Rskl) Phospho-specific
Antibodies, MAPKAP Kinase 2 Phospho-specific Antibodies, MARCKS Phospho-specific
Antibodies, Maturation Promoting Factor (MPF) Phospho-specific Antibodies, M-CSF
Receptor Phospho-specific Antibodies, MDM2 Phospho-specific Antibodies, MEK 1/MEK?2
Phospho-specific Antibodies, MEK1 Phospho-specific Antibodies, MEK2 Phospho-specific
Antibodies, MEK4 Phospho-specific Antibodies, MEK7 Phospho-specific Antibodies, Met
Phospho-specific Antibodies, MKK3/MKK6 Phospho-specific Antibodies, MKK4 (SEK1)
Phospho-specific Antibodies, MKK7 Phospho-specific Antibodies, MLC Phospho-specific
Antibodies, MLK3 Phospho-specific Antibodies, Mnk1 Phospho-specific Antibodies, MPM2
Phospho-specific Antibodies, MSK1 Phospho-specific Antibodies, mTOR Phospho-specific
Antibodies, Myelin Basic Protein (MBP) Phospho-specific Antibodies, Myosin Light Chain 2
Phospho-specific Antibodies, MYPT1 Phospho-specific Antibodies, neu (Her2) Phospho-
specific Antibodies, Neurofilament Phospho-specific Antibodies, NFAT1 Phospho-specific
Antibodies, NF-kappa B p65 Phospho-specific Antibodies, Nibrin (p95/NBS1) Phospho-
specific Antibodies, Nitric Oxide Synthase Endothelial (eNOS) Phospho-specific Antibodies,
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Nitric Oxide Synthase Neuronal (nNOS) Phospho-specific Antibodies, NMDA Receptor 1
(NMDART) Phospho-specific Antibodies, NMDA Receptor 2B (NMDA NR2B) Phospho-
specific Antibodies, nNOS Phospho-specific Antibodies, NPM Phospho-specific Antibodies,
Opioid Receptor delta Phospho-specific Antibodies, Opioid Receptor mu Phospho-specific
Antibodies, p53 Phospho-specific Antibodies, PAK1/2/3 Phospho-specific Antibodies, PAK2
Phospho-specific Antibodies, Paxilin Phospho-specific Antibodies, Paxillin Phospho-specific
Antibodies, PDGF Receptor alpha/beta Phospho-specific Antibodies, PDGF Receptor alpha
Phospho-specific Antibodies, PDGF Receptor beta Phospho-specific Antibodies, PDGFRb
(Platelet Derived Growth Factor Receptor beta) Phospho-specific Antibodies, PDK 1 Docking
Motif Phospho-specific Antibodies, PDK1 Phospho-specific Antibodies, PDK1 Substrate
Phospho-specific Antibodies, PERK Phospho-specific Antibodies, PFK-2 Phospho-specific
Antibodies, Phe Phospho-specific Antibodies, Phospholamban Phospho-specific Antibodies,
Phospholipase C gamma-1 Phospho-specific Antibodies, Phosphotyrosine IgG Phospho-
specific Antibodies, phox p40 Phospho-specific Antibodies, PI3K Binding Motif p85
Phospho-specific Antibodies, Pinl Phospho-specific Antibodies, PKA Substrate Phospho-
specific Antibodies, PKB (Akt) Phospho-specific Antibodies, PKB (Akt) Substrate Phospho-
specific Antibodies, PKC alpha/beta II Phospho-specific Antibodies, PKC alpha Phospho-
specific Antibodies, PKC delta/theta Phospho-specific Antibodies, PKC delta Phospho-
specific Antibodies, PKC epsilon Phospho-specific Antibodies, PKC eta Phospho-specific
Antibodies, PKC gamma Phospho-specific Antibodies, PKC Phospho-specific Antibodies,
PKC Substrate Phospho-specific Antibodies, PKC theta Phospho-specific Antibodies, PKC

zeta/lambda Phospho-spéciﬁc Antibodies, PKD (PKC mu) Phospho-specific Antibodies,

PKD?2 Phospho-specific Antibodies, PKR Phospho-specific Antibodies, PLC beta 3 Phospho-
specific Antibodies, PLC gamma 1 Phospho-specific Antibodies, PLC gamma 2 Phospho-
specific Antibodies, PLD1 Phospho-specific Antibodies, PP1 alpha Phospho-specific
Antibodies, PP2A Phospho-specific Antibodies, PPAR Alpha Phospho-specific Antibodies,
PRAS40 Phospho-specific Antibodies, Presenilin-2 Phospho-specific Antibodies, PRK2
(pan-PDK1 phosphorylation site) Phospho-specific Antibodies, Progesterone Receptor
Phospho-specific Antibodies, Protein Kinase A RII (PKARII) Phospho-specific Antibodies,
Protein Kinase B Phospho-specific Antibodies, Protein Kinase B Substrate Phospho-specific
Antibodies, Protein Kinase C alpha (PKCa) Phospho-specific Ahtibodies, Protein Kinase C
epsilon (PKCe) Phospho-specific Antibodies, PTEN Phospho-specific Antibodies, Pyk2
Phospho-specific Antibodies, Racl/cdc42 Phospho-specific Antibodies, Rac-Pk Phospho-
specific Antibodies, Rac-Pk Substrate Phospho-specific Antibodies, Rad 17 Phospho-specific
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Antibodies, Rad17 Phospho-specific Antibodies, Raf-1 Phospho-specific Antibodies, Ras-
GRF1 Phospho-specific Antibodies, Rb (Retinoblastoma Protein) Phospho-specific
Antibodies, Ret Phospho-specific Antibodies, Ribosomal Protein S6 Phospho-specific
Antibodies, RNA polymerase II Phospho-specific Antibodies, Rsk p90 Phospho-specific
Antibodies, Rskl (MAPKAP Kla) Phospho-specific Antibodies, Rsk3 Phospho-specific
Antibodies, S6 Kinase Phospho-specific Antibodies, S6 Kinase p70 Phospho-specific
Antibodies, S6 peptide Substrate Phospho-specific Antibodies, SAPK (JNK) Phospho-
specific Antibodies, SAPK2 (Stress-activated Protein Kinase SKK3 MKK3) Phospho-
specific Antibodies, SEK1 (MKK4) Phospho-specific Antibodies, Serotonin N-AT Phospho-
specific Antibodies, Serotonin-N-AT Phospho-specific Antibodies, SGK Phospho-specific
Antibodies, Shc Phospho-specific Antibodies, SHIP1 Phospho-specific Antibodies, SHP-2
Phospho-specific Antibodies, SLP-76 Phospho-specific Antibodies, Smadl Phospho-specific
Antibodies, Smad2 Phospho-specific Antibodies, SMC1 Phospho-specific Antibodies, SMC3
Phospho-specific Antibodies, SOX-9 Phospho-specific Antibodies, Src Family Negative
Regulatory Site Phospho-specific AntiBodies, Src Family Phospho-specific Antibodies, Src
Phospho-specific Antibodies, Statl Phospho-specific Antibodies, Stat2 Phospho-specific
Antibodies, Stat3 Phospho-specific Antibodies, Stat4 Phospho-specific Antibodies, Stat5
Phospho-specific Antibodies, Stat5A/Stat5SB Phospho-specific Antibodies, StatSab Phospho-
specific Antibodies, Stat6 Phospho-specific Antibodies, Syk Phospho-specific Antibodies,
Synapsin Phospho-specific Antibodies, Synapsin site 1 Phospho-specific Antibodies, Tau
Phospho-specific Antibodies, Tie 2 Phospho-specific Antibodies, Trk A Phospho-specific
Antibodies, Troponin I Cardiac Phospho-specific Antibodies, Tuberin Phospho-specific
Antibodies, Tyk 2 Phospho-specific Antibodies, Tyrosine Hydroxylase Phospho-specific
Antibodies, Tyrosine Phospho-specific Antibodies, VASP Phospho-specific Antibodies,
Vavl Phospho-specific Antibodies, Vav3 Phospho-specific Antibodies, VEGF Receptor 2
Phospho-specific Antibodies, or Zap-70 Phospho-specific Antibodies, as well as non-
phosphorylation specific counterparts.

C. Humanized Antibodies
[0085] As discussed previously, antibodies for use in the methods of the invention may be
polyclonal or monoclonal antibodies or fragments thereof. However, for certain therapeutic
purposes aspects the antibodies are humanized such that they do not elicit an immune

response in a subject being treated. Such humanized antibodies may also be used according
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to the current invention and methods for generating such antibodies are well known to those

of skill in the art (Jones et al., 1986); Riechmann et al., 1988; Verhoeyen et al., 1988).

D. Single Chain antibodies

-[0086] Single chain antibodies (SCAs) are genetically engineered proteins designed to

expand on the therapeutic and diagnostic applications possible with monoclonal antibodies.
SCAs have the binding specificity and affinity of monoclonal antibodies and, in their native
form, are about one-fifth to one-sixth of the size of a monoclonal antibody, typically giving
them very short half-lives. SCAs offer some benefits compared to most monoclonal
antibodies, including their ability to be directly fused with a polypeptide that may be used for
detection (e.g., luciferase or fluorescent proteins). In addition to these benefits, fully-human
SCAs can be isolated directly from human SCA libraries without the need for costly and time

consuming "humanization" procedures.

[0087]  Single-chain recombinant antibodies (scFvs) consist of the antibody VL and VH
domains linked by a designed flexible peptide tether (Atwell er al., 1999). Compared to
intact IgGs, scFvs have the advantages of smaller size and structural simplicity with
comparable antigen-binding affinities, and they can be more stable than the analogous 2-

chain Fab fragments (Colcher et al.,, 1998; Adams and Schier, 1999).

[0088] The variable regions from the heavy and light chains (VH and VL) are both
approximately 110 amino acids long. They can be linked by a 15 amino acid linker or longer
with the sequence, for example, which has sufficient flexibility to allow the two domains to
assemble a functional antigen binding pocket. In specific embodiments, addition of various
signal sequences allows the scFv to be targeted to different organelles within the cell, or to be
secreted. Addition of the light chain constant region (Ck) allows dimerization via disulfide
bonds, giving increased stability and avidity. Thus, for a single chain Fv (scFv) SCA,
although the two domains of the Fv fragment are coded for by separate genes, it has been
proven possible to make a synthetic linker that enables them to be made as a single protein
chain scFv (Bird et al., 1988; Huston et al, 1988) by recombinant methods. Furthermore,
they are frequently used due to their ease of isolation from phage display libraries and their
ability to recognize conserved antigens (for review, see Adams and Schier, 1999). Thus, in
some aspects of the invention, an antibody may be an SCA that is isolated from a phage
display library rather that generated by the more traditional antibody production techniques

described above.
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IV.  EXAMPLES

[0089] The following examples are given for the purpose of illustrating various
embodiments of the invention and are not meant to limit the present invention in any fashion.
One skilled in the art will appreciate readily that the present invention is well adapted to carry
out the objects and obtain the ends and advantages mentioned, as well as those objects, ends
and advantages inherent herein. The present examples, along with the methods described
herein are presently representative of preferred embodiments, are exemplary, and are not
intended as limitations on the scope of the invention. Changes therein and other uses which
are encompassed within the spirit of the invention as defined by the scope of the claims will

occur to those skilled in the art.

EXAMPLE 1

RPPA METHODS AND ANALYSES

[0090] RPPA Method: General methods for RPPA are exemplified in FIG. 1. Protein
lysates will be obtained by mixing tissue sample material with 1 ml of lysis buffer/40
milligrams of frozen tissue and then serially diluted (8 serial dilutions: full strength, 1/2, 1/4,
1/8, 1/16, 1/32, 1/64, 1/128) with additional lysis buffer. Dilutions will be made with Tecan
liquid handling robot. This material is printed onto nitrocellulose-coated glass slides (FAST
Slides, Schleicher & Schuell BioScience, Inc. USA, Keene, NH) with an automated GeneTac
arrayer (Genomic Solutions, Inc., Ann Arbor, MI) that transfers 1 nl of protein lysate per
touch. As many as 80 samples can be spotted in 8 serial dilutions on a single slide. The
serial dilutions provide a slope and intercept allowing relative quantification of individual
proteins. This is compared to control peptides (in house) allowing absolute quantification
(see FIGs. 2A-2B). After slide printing, the same stringent conditions for slide blocking,
blotting and antibody incubation used for western blotting are applied prior to the addition of
the primary antibody. The DAKO (Copenhagen, Denmark) signal amplification system can
be used to detect and amplify antibody-binding intensity.

[0091] Signal intensity is measured by scanning the slides and quantifying with the
MicroVigene automated RPPA software (VigeneTech Inc., MA) to generate sigmoidal signal
intensity-concentration curves for each sample. To accurately determine absolute protein
concentrations,  standard  signal intensity-concentration  curves  for purified
proteins/recombinant peptides of known concentration are generated for comparison with the

samples in which protein concentrations are unknown. It is demonstrated that RPPAs are
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quantitative, sensitive, and reproducible. FIG. 3A illustrates the reproducibility of RPPA and
FIGs. 3B-3D demonstrate that measurements with RPPA correlates with previously available
assay methods. RPPA may also be validated with mTOR, erk, p38, GSK3 and JNK as stable

loading controls.

[0092] Quantified protein expression data is analyzed, using programs and algorithms
identical to those used for analysis of gene expression arrays. The data is analyzed for the
presence of clusters based on differential protein expression using methods available in the R
statistical software package (cran.r-project.org). A variety of clustering methods (including
hierarchical clustering, K-means, independent component analysis, mutual information, and
gene shaving) are used to classify samples into statistically similar groups. For example,
Xcluster (SMD software, Paulo Alto, CA) and TreeView (University of Glasgow, Glasgow,
Scotland) software may be used to put all this data together into unsupervised hierarchical
clusters or heat maps which arrange the samples in terms of similarity in protein expression
and activation. Robustness and statistical significance of these groups may be evaluated by
bootstrap data resampling (Kerr and Churchill, 2001). In addition to primary clustering
analysis based on all proteins, secondary bootstrap-resampled clustering analyses may be

performed using proteins in a signaling pathway of interest.

[0093] In order for a cluster that is statistically significant based on bootstrap resampling to
represent an important subtype of breast cancer, the cluster should contain samples from at
least 5 patients. For instance, using the 80 samples, as in Example 4, a breast cancer subtype
with 10% prevalence will have a 90% probability of contributing at least 5 samples to the
study population. Thus, the proposed patient sample should be sufficient to detect subtypes
with at least 10% prevalence. A potential problem is batch effect since analyses are
performed on more slides than can be printed at one time. However, evidence suggests that
inter-slide variation is minimal (R2 > 0.8) when slides are printed at different times and
stained with the same antibody. An advantage of RPPA is that as new, potentially relevant
proteins are identified stored sample preparations/plates may be used to probe for these novel
proteins and the data can be incorporated into the dataset for analysis. Thus, the sample set
will be continuously enriched. As only a small amount of lysate is required, the samples can

accommodate analysis of up to a thousand antibodies easily.

[0094] Patient samples are typically linked to an oncology database such as the Breast

Medical Oncology Database, which includes patient characteristics and outcome information
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(response to PC, type of therapy, efc.). These data can be correlated with the RPPA clusters
using standard statistical methods, including Fisher’s exact test, analysis of variance, and Cox
proportional hazards models for time to recurrence. In this way, it can be determined if
clusters of patient samples generated by RPPAs have clinical significance and correlate with
a specific endpoint: e.g., pathological complete response (pCR). Supervised statistical
approaches may also be employed to assist in building the pCR predictor. Adequate power to
determine differences will require a 'training set' (e.g., 80 samples). In addition, the inventors
contemplate identifying kinase signaling patterns in chemotherapy-unresponsive tumors that

can be targeted to augment the efficacy of cytotoxic treatment.

EXAMPLE 2

PREDICTIVE MARKERS FOR BREAST CANCER PROGNOSIS

[0095] An algorithm is developed to predict clinical outcome in patients with hormone
receptor positive breast cancer. The algorithm is developed and validated in a set of breast
tumors and uses 5 protein markers: estrogen receptor (ER), progesterone receptor (PR), and
phosphorylation of Akt, p38, and mammalian target of rapamycin (mTor). ER is currently
assayed as a dichotomous variable and the validity of this approach is being questioned at
present by, for example, the Food and Drug Administration. Lysate arrays treat ER as a
continuous variable and data suggests that the quantity of ER protein is a major driver of
outcome after anti-hormonal therapy for hormone receptor-positive breast cancer. Thus, ER
quantification using lysate array technology may be capable of improving upon the current

immunohistochemical assays for determining the hormone responsiveness of breast tumors.

[0096] Reverse phase tissue lysate arrays and Microvigene software™ are used to quantify
the expression of estrogen receptor alpha (ER) and 36 total/activated components of the
HER?2, phosphatidylinositol-3-kinase (P13K), mitogen-activated protein kinase (MAPK), and
STAT pathways in 64 hormone receptor-positive breast cancers and 40 breast cancer cell

lines. Clustering is performed with Xcluster™

and Treeview ™. Forty seven of the 64
hormone receptor-positive breast cancer patients are treated with adjuvant hormone therapy
and 43 with chemotherapy. There are 12 recurrences including 5 patients diagnosed with
metastases within 0-3 months of diagnosis. Unsupervised analysis using the expression of all
37 proteins reveal two large subclusters of hormone receptor-positive breast cancers. One
large cluster is composed of tumors with lower ER expression levels and was driven by an

antibody group composed mostly of phosphoproteins indicative of activated growth factor
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signaling pathways. Thus, there are significant inverse correlations between ER expression
and the expression and activation of components of the PI3K/MAPK pathways including
EGFR, src, AKT, 4EBP1, and PKC alpha (p under 0.05 for each). Similar inverse
correlations were seen in 40 assayed breast cancer cell lines. The clinicoproteomic predictors
of relapse among hormone receptor-positive breast cancers are nuclear grade (p=0.001), low
expression of ER (p=0.04), low p38 phosphorylation (p=0.02), and high p53 (p=0.02). There
also is a trend (p under 0.1) to the association of low MAPK and S6 phosphorylation, low
p27, and high cyclin B1 with relapse. Using quantification with these 7 antibodies to perform
a supervised analysis a small group of p53-high, cyclin B1-high, ER-low hormone receptor-
positive breast cancers with a 75% likelihood of relapse are identified, significantly greater
than in other tumors (p<0.003). Since 10 of 12 relapses occur in 26 grade 3 hormone
receptor-positive breast tumors, a ‘grade 3’ protein signature associated with a recurrence-

free survival at 20 months of 17% compared to 100% in other patients (p=0.002).

[0097]  As described above, an algorithm to predict outcome in all patients with hormone
receptor positive breast cancers is developed. The algorithm comprises 5 protein markers:
estrogen receptor (ER), progesterone receptor (PR), and phosphorylation of Akt, p38, and
mammalian target of rapamycin (mTor) (FIG. 7 and 8). In addition, lysate arrays treat ER as
a continuous variable and studies suggest that the quantity of ER protein is the major driver
of outcome after antihormonal therapy for hormone receptor-positive breast cancer. Thus,
ER quantification using lysate array technology may be capable of improving upon the
current immunohistochemical standard approach of determining the hormone responsiveness

of breast tumors. Patients may stratify as follows:

[0098] 1.  Patients with high ER and low PI3K may be extremely sensitive to only

tamoxifen or aromatase inhibitors.

[0099] 2. Patients with low ER and high PI3K may be sensitive to PI3K inhibitors

combined with aromatase inhibitors.

[00100] 3.  Patients with low ER and high PI3K may need hormonal manipulation and
chemotherapy.

[00101] 4.  Patients with low ER and high PI3K might be sensitive to agents that decrease

ER levels (these are in clinical use) rather than aromatase inhibitors.
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[00102] Further, as described in the previous sections, the tissue lysate array-based approach
has clinical application in stratifying patients with hormone receptor positive breast cancer to
a treatment decision based on quantification of ER and activation status of various

components of kinase signaling pathways.

EXAMPLE 3

PREDICTIVE MARKERS FOR OVARIAN CANCER PROGNOSIS

[00103] Ovarian cancer prognostic and predictive signatures are developed using reverse
phase tissue lysate array-based quantification of the expression and activation of protein
members of kinase signaling pathways (e.g., phosphatidylinositol-3-kinase (PI3K)/Akt and
mitogen activated protein kinase (MAPK)) and steroid signaling pathways. Signatures may
be useful as a guide to patient prognosis and also for prediction of the likelihood that
individuals with ovarian cancer will derive benefit from specific chemotherapies and
potentially targeted therapies. Reverse phase tissue lysate arrays and Microvigene
software™ are used to quantify the expression of estrogen receptor alpha (ER), progesterone
receptor (PR), and 36 total/activated components of the HER2, phosphatidylinositol-3-kinase
(PI3K), mitogen-activated protein kinase (MAPK), and STAT pathways in a test set of 44
human ovarian cancers (FIG. 4) and a validation set of 28 human ovarian cancers (FIG. 5).
The majority are stage III/IV high-grade cancers in patients treated with surgery followed by
platinum-based chemotherapy. Clustering, both supervised and unsupervised, is performed
with Xcluster™ and Treeview™. A supervised algorithm to predict outcome in high grade
human ovarian cancer after surgery and platinum-based chemotherapy is developed and
validated in the preliminary validation set. The algorithm comprises 6 protein markers:
estrogen receptor (ER), E cadherin, and phosphorylation of Akt (serine 473), MAPK (44/42),
c-jun N-terminal kinase (JNK), and S6. This signature is prognostic after surgery and

chemotherapy for high-grade ovarian cancer patients.

EXAMPLE 4

RPPA SIGNALING SIGNATURES FROM FROZEN BREAST CANCER TISSUE
SAMPLES

[00104] A protein signaling signature will be characterized in multiple frozen breast cancer
samples by unsupervised hierarchical clustering of reverse phase protein arrays (RPPAs).
Lysates of several frozen breast cancer fine needle aspirate (FNA) samples are arrayed on

slides followed by probing with validated monospecific antibodies to multiple proteins and
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subsequent signal detection and quantification using Microvigene software (VigeneTech Inc.,
MA), we can use Xcluster (SMD software, Paulo Alto, CA) and TreeView (University of
Glasgow, Glasgow, Scotland) software to put all this data together into unsupervised
hierarchical clusters or heat maps which arrange the samples in terms of similarity in protein
expression and activation. Using this approach, there is evidence of a correlation with patient

outcome.

[00105] To classify breast cancer by characterizing the functional proteomic
expression/activation signature of 3 signal transduction cascades (PI3K, JAK/STAT, and
MAPK), the hormone receptors ER and PR, and the proteins GST, TOPO, survivin, and tau.
Signaling through the PI3K, JAK/STAT, and MAPK signaling pathways, and the proteins
ER, PR, GST, TOPO, survivin, and tau all have an important role in breast cancer. The
simultaneous characterization of this ‘proteome’ using RPPA in patient samples will allow us
to cluster breast cancers into distinct molecular types and identify proteins which together

play an important role in the cancer phenotype.

[00106] Tissue Collection: 80 snap frozen breast cancer FNAs collected from the primary
tumor prior to preopertive chemothery (PC) on IRB-approved protocol LAB 99-402 will be
studied by RPPAs using 48 antibodies. These antibodies provide quantitative analysis of the
signaling pathways noted above in detail as well additional signaling events implicated in

breast and other cancers.

[00107] Information obtained from pathologic surgical specimens from a completely
independent group of 50 patients treated with PC in whom pre-PC biopsies are obtained on
LAB 99-402 and correlate the tumor response to PC with the PC response predictor
constructed above from the functional proteomic expression/activation signature of 3 signal
transduction cascades (PI3K, JAK/STAT, and MAPK), the hormone receptors ER and PR,

and the proteins GST, TOPO, survivin, and tau in these tumors.

EXAMPLE 5

RPPA FUNCTIONAL PROTEOMIC PATTERNS TO PREDICTION CLINICAL
BEHAVIOR OF BREAST CANCER AND OVARIAN CANCER

[00108] The inventors have utilized RPPA to study functional proteomic patterns of
relevance to prediction of the clinical behavior of breast cancer and ovarian cancer using

antibodies of Table 1 that have been validated or are in the process of being validated for use
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in RPPA. These antibodies detect proteins that belong to the groups above and were selected
to develop a coordinate picture of expression and activation (e.g., phosphorylation (p)) of
signaling processes that play an important role in breast and ovarian carcinogenesis. The

inventors have analyzed protein lysates from:

[00109] 1. 116 early stage hormone receptor-positive breast cancers, treated with adjuvant

hormonal therapy (65 patients) vs. untreated (51 patients).

[00110] 2. 43 early stage HER2 amplified breast cancers, treated with adjuvant cytotoxic
chemotherapy.

[00111] 3. 52 early stage triple receptor-negative breast cancers, treated with adjuvant

cytotoxic chemotherapy.

[00112] 4. 112 high grade ovarian cancers obtained at primary surgery in patients with
newly diagnosed EOC who were then treated in a standard fashion with carboplatin and

paclitaxel.

[00113] Supervised analysis of the RPPA data was performed using standard and novel

statistical approaches.

[00114] In ovarian cancer, such analysis approaches have identified two overlapping groups
of functional proteomic biomarkers with excellent sensitivity, specificity, positive, and
negative predictive values for prediction of poor patient prognosis as a result of primary
ovarian cancer ‘platinum resistance,’ i.e., disease progression within six months of
completion of primary carboplatin/paclitaxel chemotherapy. By logistic regression with
multiple simulations using leave one out cross validation, the inventors have identified a 5
protein signature (src(p)Tyr416 (note: X(p)Y designates phosphorylation of protein X at
amino acid Y), AKT, HER2, S6(p)Ser235/236 and CCND1 (cyclin D1)) with a sensitivity,
specificity, positive, and negative predictive value of 81%, 94%, 78% and 87%, respectively,
for prediction of primary ‘platinum resistance’. Using committee modeling developed by Dr.
Jonas Almeida/Wenbin Liu (Dept. of Bioinformatics and Computational Biology)
(unpublished)), the inventors have further refined the analysis of protein signaling patterns
associated with primary ovarian cancer ‘platinum resistance’ by identification of unique
individual tumor functional proteomic signatures. Results of this study demonstrates

markedly different components of the functional proteomic ‘fingerprints’ from ovarian
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cancers in patient with progression-free survivals (PFS) of 0.66 months and 21 months after
completion of primary chemotherapy. This approach identifies prominent protein signaling
‘fingerprints’ in individual ovarian cancers and remarkably demonstrates: (1) significant
concordance in tumors from patients with progression-free survivals (PFS) of 6 months or
less after primary carboplatin-based therapy (i.e., with primary ‘platinum resistant’ ovarian
cancers), (2) overlap with the primary ‘platinum resistance’ model identified using logistic
regression, with similarity in the major protein components of the signatures, including src
and AKT, and (3) Receiver Operator Characteristic (ROC) curves with excellent
sensitivities/specificities (AUCs>90%). Based on the sensitivity and specificity of the
committee modeling approach for prediction of PFS in individual ovarian cancer patients
after completion of standard primary chemotherapy, the inventors have incorporated this into
software that will be used for analysis of RPPA data to be derived from validation ovarian
cancer sets to be analyzed. Of note, other modeling methodology, such as Xcluster and

Treeview, can be used to arrive at similar results.

[00115] Using unsupervised and supervised clustering with softwares including Xcluster and
Treeview, other potentially powerful prognostic and predictive signatures have also been
trained and developed in patients with ovarian cancer (FIG. 10). Even unsupervised
approaches can distinguish ovarian cancer tumor subsets with significantly different survival
outcomes (FIG. 11). These signatures will have clinical utility in guiding the management

and treatment of ovarian cancer patients.

[00116] Antihormone treated breast cancer. In antihormone-treated early stage hormone
receptor-positive breast cancer, utilizing RPPA with antibodies shown in Table 1, the
inventors have demonstrated in 65 early stage hormone receptor-positive breast cancer
patients treated with adjuvant hormonal therapy that there are significant inverse correlations
between activation of intracellular kinase pathway components and the level of tumor
expression of hormone receptors. Signatures derived using RPPA data to reflect this inverse
relationship are significantly predictive of outcome in these treated patients (FIG. 12). This is
similar to preliminary data above in ovarian cancer. However, unlike in ovarian cancer,
when only ER expression and Akt phosphorylation are used, the breast cancer signature
retains significant predictive capability after adjuvant antihormone therapy. This is shown in
FIG. 13 utilizing AKT phosphorylation at Serine 473 (AKT(p)Ser473 as a surrogate for PI3K

pathway activation) and ERa level (p=0.02 for significant inverse correlation).  This
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signature of low (typically green in heat map data display) ERo expression with high
(typically red in heat map data display) AKT(p)Ser473 also provides strong prediction of
disease recurrence after adjuvant antihormone therapy (relapses marked by black line in FIG.
13A). FIG. 14 shows an alternative approach to analysis of breast cancer RPPA data by
resampling analysis using pearson correlation, linear discriminant analysis (LDA) and K
nearest neighbors (KNN) methodology to determine (phospho)proteins most associated with
breast cancer relapse after adjuvant antihormone therapy. Supervised clustering of RPPA
data reflecting quantitation of the expression/activation of the proteins shown in Table 1 also
identifies other predictive biomarker signatures of breast cancer relapse (FIG. 15 and FIG.
16), some have been validated (preliminary validation specifically in antihormone-treated

patients with early stage hormone receptor-positive breast cancer).

[00117] This inverse relationship between kinase and steroid pathway signaling is also
reproduced in a primary tumor set derived from 51 early stage hormone receptor-positive
untreated breast cancer patients, but in this case the corresponding signatures are not
prognostic (i.e., are not predictive of outcome in the absence of adjuvant hormonal therapy
treatment - FIG. 17). This suggests that this signature has predictive rather than prognostic
utility in early stage hormone receptor-positive breast cancer. FIG. 18 shows an alternative
approach to analysis of these RPPA data by resampling analysis using pearson correlation,
linear discriminant analysis (LDA) and K nearest neighbors (KNN) methodology to
determine (phospho)proteins most associated with early stage hormone receptor-positive
breast cancer relapse after no adjuvant antihormone therapy. Clearly, these differ from those
(phospho)proteins most associated with breast cancer relapse after adjuvant antihormone
therapy (shown in FIG. 14). Hence, the RPPA approach clearly has the capacity to identify
differential biomarkers associated with hormone receptor-positive breast cancer relapse in the
presence and absence of adjuvant antihormone therapy. Such biomarkers will have utility
upon validation in terms of selection of patients for alternative/additional therapy approaches

and potentially in determination of treatment targets in these patients.

[00118] The inventors have found a proteomic signature of PI3K/AKT/mTOR pathway
activation as defined by phosphorylation of AKT, mTOR, GSK3, and p70S6K in over one-
third of hormone receptor-positive breast tumors although both sets specifically excluded
HER2 amplified breast cancers, providing evidence of frequent but undetermined pathway

activation mechanism(s) in hormone receptor-positive breast cancer. Further, these data
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suggest that kinase signaling interruption may have therapeutic utility in some hormone
receptor-positive breast cancer patients who have a poor outcome after treatment with

adjuvant antihormone therapy alone.

[00119] Association between ER expression and PI3K/AKT/mTOR pathway. A striking
inverse association between ER expression and PI3K/AKT/mTOR pathway activation has
been consistently seen in our breast cancer and ovarian cancer tumor set RPPA data (FIG.
19). This is one example of a potentially important and novel protein-protein association that

the RPPA platform is capable of discovering.

[00120] Predictive functional proteomic patterns for PIK3CA. Predictive functional
proteomic patterns for PIK3CA mutation and PTEN loss in breast cancer have been derived
from the RPPA data and confirmed in two small independent patient sample sets (FIG. 20).
These findings require expansion, integration with genomic data, and validation in
independent sets of uniformly treated patients with early stage hormone receptor-positive

breast cancer but clearly have much potential clinical utility.
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[00121] All of the compositions and methods disclosed and claimed herein can be made and
executed without undue experimentation in light of the present disclosure. While the
compositions and methods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to
the compositions and methods and in the steps or in the sequence of steps of the method
described herein without departing from the concept, spirit and scope of the invention. More
specifically, it will be apparent that certain agents which are both chemically and
physiologically related may be substituted for the agents described herein while the same or
similar results would be achieved. All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit, scope and concept of the invention

as defined by the appended claims.
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CLAIMS:

1. A method for evaluating a cancer patient for propensity to respond to a therapy
comprising:
(a) contacting a sample comprising cancer cell proteins from the cancer patient
5 with at least two antibodies under binding conditions, wherein the antibodies
are antibodies that bind E cadherin, 4EBP, protein kinase C (PKC), p53,
estrogen receptor (ER), progesterone receptor (PR), S6, AKT, Her2, Src,
PI3K, p38, p27, mTOR, c-jun N-terminal kinase (JNK), MAPK (44/42),
cyclin D1, or cyclin B1;
10 (b) analyzing the binding of the antibodies to the proteins to generate an antibody
binding profile;
(c) comparing the antibody binding profile to:
(1) an antibody binding profile indicative of a patient that responds to a
therapy, and/or
15 (i1) an antibody binding profile indicative of a patient that does not
respond to a therapy; and

(d) evaluating the cancer patient’s propensity for response to the therapy.

2. The method of claim 1, wherein the cancer cell protein is contacted with at least three,

at least four, at least five or at least twenty different antibodies.
20 3. The method of claim 1, wherein at least one antibody binds a hormone receptor.

4. The method of claim 3, wherein the hormone receptor is estrogen receptor or

progesterone receptor.
5. The method of claim 1, wherein at least one antibody binds a kinase.

6. The method of claim 5, wherein the kinase is Akt, p38, mTor, PI3K, MAPK, JNK or
25  S6.

7. The method of claim 5, wherein the kinase binding antibody is a phosphorylation
specific antibody.

8. The method of claim 1, wherein at least one antibody binds to a protein in the Her2,

PI3K, MAPK or STAT pathway.
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9. The method of claim 1, wherein the antibodies bind at least ER and p38.

10. The method of claim 9, wherein the antibodies bind at least ER, PR, AKT, p38, and
mTOR.

11. The method of claim 1, wherein the antibodies bind at least two of ER, E cadherin,

AKT, MAPK (44/42), C-jun N-Terminal kinase (JNK), or S6.

12. The method of claim 1, wherein the antibodies bind at least ER, E cadherin, AKT,
MAPK (44/42), C-jun N-Terminal kinase (JNK), and S6.

13. The method of claim 1, wherein the antibodies bind at least src, AKT, HER2, S6, and
cyclin D1.

14. The method of claim 1, wherein the cancer patient is a lung, breast, brain, prostate,
spleen, pancreatic, cervical, ovarian, head and neck, esophageal, liver, skin, kidney,

leukemia, bone, testicular, colon, or bladder cancer patient.

15. The method of claim 14, wherein the cancer patient is a breast or ovarian cancer
patient.
16.  The method of claim 14, wherein the cancer patient is a breast cancer patient and the

antibody panel comprises antibodies that bind to estrogen receptor and phosphorylated p38.

17. The method of claim 14, wherein the cancer patient is an ovarian cancer patient and
the antibody panel comprises antibodies that bind to estrogen receptor, E cadherin,

phosphorylated Akt, phosphorylated MAPK, phosphorylated JNK and phosphorylated S6.

18. The method of claim 1, wherein the therapy is a chemotherapy, a radiation therapy, an

immunotherapy, or a surgical therapy.
19.  The method of claim 18, wherein the therapy is a chemotherapy.

20.  The method of claim 19, wherein the chemotherapy is a cisplatin (CDDP),
carboplatin, procarbazine, mechlorethamine, cyclophosphamide, camptothecin, ifosfamide,
melphalan, chlorambucil, busulfan, nitrosurea, dactinomycin, daunorubicin, doxorubicin,
bleomycin, plicomycin, mitomycin, etoposide (VP16), tamoxifen, raloxifene, estrogen

receptor binding agents, taxol, paclitaxel, gemcitabien, navelbine, farnesyl-protein transferase
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inhibitors, transplatinum, 5-fluorouracil, vincristin, Velcade, vinblastin or methotrexate

therapy.

21. The method of claim 1, analyzing the binding of antibodies is by quantifying the
binding of the antibodies.

22. The method of claim 21, wherein quantifying the binding of the antibodies to the

proteins is used to determine the concentration or post-translational modification of a protein.

23. The method of claim 21, wherein quantifying the binding of the antibodies to the

proteins is used to determine the concentration of an activated protein.

24, The method of claim 1, further comprising the step of treating cells of a patient with

an composition that inhibits or stimulates cell proliferation prior to step (a).

25. The method of claim 24, wherein treating is in vitro.

26. The method of claim 24, wherein the composition comprises a hormone or a growth
factor.

27. The method of claim 24, wherein the composition comprises a kinase inhibitor or a

chemotherapeutic agent.
28. The method of claim 1, wherein the method is performed on a microarray.

29. A kit for predicting a cancer patient’s response to a therapy comprising one or more
of a panel of antibodies, a composition for detecting antibody binding to proteins, one or
more reference antibody binding profile, a microarray slide, a protein extraction buffer, a cell
proliferation inhibitor, a cell proliferate stimulator, or a computer program for comparing

antibody binding profiles.

-46-




PCT/US2007/075393

WO 2008/019375

1120

L Ol

FUER FLISHIOIND A0 30UIISLONY]
‘ssmsasaummpusys Ay padopanp wnt Ny
Apuonhasyns puy 501045 Jo Apognue
H3ta pagoad 908 Sapig

= il ggg

sgo7) pasnydey esey of
paipdde st aapnyg wonsBRy

SOPIEE ASOINIPIOII DB
paderis
378 SDIBSA] WRNAY

3NSST B WOSJ PIAGTIAL pHy
paindery 198877 248 §P7) POIOHRS

37y SEDIIIURY




PCT/US2007/075393

WO 2008/019375

2/20

dc-v¢Z s9Old

uwmm%— [I®d palejnuans-4oy oﬁ&m%— [[29 pojelnuai}s-uou
10 H9H JO uonnfip pjoj-¢ Jo uonnfip projy-g
\.\J -m e .\J} T-—w - e ’J

(©) @) (© ¢4 (m (© &) © (4] (1

e e ‘ LEZ-aIN-VaIN

oo B o N I I

. 89v-aIN-VAIN
. # T :
8de00 8dgro  Sdsgo  SdiL0  Sdgp'1  Sdegr  Sdig Sdpqg
3d €000 3d900'0 Sde100 3d9zoo 3desoo SdIro 3dyg0  SdgoT
ol 6 8 L 9 g 14 € rA I
- w»r -~ Wy -~ w5’ - W -
~ pub yoes upjods 3siy Y} WOy UOHN|IP PIOJ-Z d
8ZHL ¥9IL ZE/L 9LIL
sajeoljdn
1ol d 8CL/L P9Il 2L 9LiL
8L ¥lL 2L 0
sajealjdn(
8/l viL %21 0

'




PCT/US2007/075393

WO 2008/019375

3/20

dc-ve sold

<

Y

7]

B
u.
o}

X’

+*

+* “oe
gl , i 50
N3ild ¥3 o
uondiosqy (Boj) | jodg
1] 6 8 L 9 S
: . - ! 14
4
| S .n%
PO, 7 u— elvMvd . d S
¢ § \o\o« i Py . °3
. =
° G0, gie3sd -
’ R\@m@\.\\‘ ﬂ..—.m..—.w R W L m
S AV - >
* . Ly pER '3
T \oﬂ * 76 .Mv
ooe x. H m :
Zy3H

Aypgeray Bumods ajesridng

< %




PCT/US2007/075393

WO 2008/019375

4/20

¥ Old

HIYLS £F
HIYILS ¥F

HMIS 0€
EMIS FT

IS 6¢
FIYLS ¢T
FMILS TT

AL W ANe A

Iy

EMIS 02
FIHIS 6€
dHIS Fe
FMIS 8¢

0 :L1/9 :Ayanoe
Iseun] Mo[ pue Y YSi{ :7 dnoan

HNIS 8¢
FHIS TF
JMIS 6T
T > €& BMILS 6

¥
¥

€

£

£

¥

m :

£ BIMIS TF .
g

i

£

¥

£

£

€

AW A AN

£ ENIS 9T
mHﬁEMw
m

mHes mAros sMeEooss = o sMe e o=

MANYAYYYY
<
g
=
%2}
23
Gl

(qxenbs
YD) $00°0=d

0 :L1/b1 K1an0e
aseuny ysry pue g Moy :1 dnoax

corMaesvYrecossse

EMIS £E
0 < £ HHIS L

ELPAY
uLIayped [

a4

Ay
S E8TRHC

9£3-LEqUAS

(sypu g-gY
-1°ST) s[eLn DLIAOA Pue DOALODS
woaj SAJ UBIpIW S8 Udsoyd syjwr ¢°GJ

sSfpuowr &°ST <SAd — 1
sjpuowr S°S1 > SAd - 0



PCT/US2007/075393

WO 2008/019375

5/20

T> & IS L
0> £ EWIS 9
0 < & FIWIS 92

e F L]

S E8TNC
ELFAY

9ce-gezdag

-

G Ol

0 :T1/01 :7 dnoax)

(dxenbs
yD) €0°0=d

0 :$1/9 :1 dnoan

S[EL D LY OA PU DOALOIS
Wo.aj S Jd UBIPIW Sk UISOYd SYIW S°S|

Sjpuonwt S°CT < SAd — 1
sjpuowr &°ST > SAd - 0



PCT/US2007/075393

WO 2008/019375

6/20

\

7
7

.
_

\

T IT H9¥LS +dd/-d3 €

*

9 OId

I BMIS +Hd/+ 61
IT H9¥IS +Hdf+dd 66
ITT #WIS +Hdf+dd L3
I EWIS +ddf+0d 08 £

pasdesl
IT 3WLS +adf-Hd LT |
STOA +Hdf+aT 8T | aARY sjusned

I TIUIS +Hd/+0T 96 | Z1 84} Jo aUoN

7 19)sn[) |

L.

HH H—g_ﬂm +mm-—q+ﬂﬁ QF | . S R B SR B R S OSR R S _——
II FHIS +HdF 0 29
IT EWLS +ad/+dd Tt

[ 193sn[)

IT IS +ddf+8T 19

asdejal pLi0L

AT B9YIS -9d/+dd 97 |

gcd

dged
a2 F

Eyel}=

QETFCLTOS
ISEUTH S5nLd

asdefal oz., %/////////

G000 0>d

slasdejey I




PCT/US2007/075393

//20

WO 2008/019375

JARSE

I EOYIS +ddf+3dA GE
TIX BOMLS +ddsF+dTd ST

IX FIULS +Hdf+dd 08 g
IX FOULS +dds+¥d TP
IX EIULS —-JdF+UA 8€

I BEIHILS +WdF+dd 6T
IIX FWILS —JFdF+dd £2

IX SIS +~ddr+d33 ¥
TI FIHES +Ods+0d B
HSMYD YEAHLO0 (YSd TI BOVLS +HdF +dFE L6

I EFELS +JdF+0d GFL
ITI FIYILS +ddrF+dd 62
IX EWIS +9dF+Td ¥E

IIX FEWLS +3ds+3d Le
IX FEWWIS +dds+dd 2T

I EIHIS +UdF+dd ¢

IR XIT CEOWLIS +Hds -+l £8
=Y IXI SOYES +udf~ud £
IT BIELS +WIA+UH €

IT HOUHLS +JdF+9H 6€

IT FOWIS +Udf+¥d €

AX BIWELS +9dF 3 £T 8

IX EIHLS +dds+dd 2¢

R XX FPIYLS +ddF I 5T
IT 3IUES +WdS-TA 6

I FHLS ¢ ££

TH IXT FOULS +¥dsf—WHd 9
I FWLS +dHdF+Td 08

IIT HIYLS +EdA+TH 2€
STOA +Tds+FA BT

IX BIULS +JdF-8d LT
TR IXX FOYELS +3d7+dH 0F
ITT FOULS -d¥d/ 0 82




PCT/US2007/075393

8/20

WO 2008/019375

8 Old

IIX EWMILE +d3dF+IEd 66
I SEULS +dds+d3d 00T
IXTYT Y LS +T3dsr+uE 9L

IIT FOULS +3Wds+3d LE
IT FEOWILS +dds+aed 8o
IX HMMILS +H3ds+T3E F6

I LS +Wds+3TH 96
I HYLS +ddF -+ 09
IT FEIYILS +d3ds+Td ¥8
IT FOHILS —Wds+Id £40

IT LS +ds+d3d LG
IX LS +dHds+Td G8
I EHLS +Wds+0d L8
IT LS +dds+dd €9
ITY SIS +dds+ud 04
I¥T SV LS —ddsr+d3ad 79

IXYT FEOHLS +\Wds+3F TOT
LTI TTX 39U LS +dds—dA £F
AT EOHILS +dds+dH 9
IT LS +Uds+Td €9
ITY EOULS +3ds+Td 89
AT LS +dF+3d £E6
AL W ELS A3 06
IIX EHOHILS +dds+id 2L
AX LS —dJddrF+E"E oF
ITY EWILS —Wds -+ BL
I LS +dJ3ds+dd 6%

IX FEOYILS +Wdsr—TI L6
IX SIS +~ddsf I 66
IX WIS +dads -+ oL

X EHLS —ddsf+dd 6e

IT EWLS +dds+Td 69




PCT/US2007/075393

WO 2008/019375

9/20

6 Ol

€39 IT HIULS +WAF+TH 0L [

@) IIX SOYLS +Hds+asd COT |

— Y AT EOELS WA +OH 06 |
T3 IX FIOULS —HdF O B3 |

£330 XTI HOULS +ddF U 29 |

2 ITI SIULS +ddrF+0H 89

€39 XTI FIELS +Hdsf+HE 66

£¥9 I SOULS +dHds+EH 96

2D IX EFOULS +FaAS+UH E

ZE9 IT BOULS +3df+dHd F6 |

Z¥9 ITX SOULS +OdF+0n LI ||

G0 IX BIULS +WAF—EA T6 o

— £ T IIT EOULS +EAF WA 9 b
T3 I BOELS +ddF+Td GE

ZE9 I SPOYLS -—ddf+dd 68

2T IT FOULS +OdF+05H G

29 ITXI SOULS —Fdsf -+

—— £ T TIL EIULS A +H5 0
TEI T SOULS +~HdF a8

T ITX SOWLS +Wds -+ 8L §

Z¥I TIX SIULS —dHdsf+dH €2 |

o— O3S LRI XX SELS WA —TH £
smmm— 3 F AT FOULS +~HAF+UH €T
p—— 20 T LIL SEOULS +WAS—dOd €F

ZHD XXX SIVLS +OdF+dd €5
€I I FHOULS +Tdr -+ 08
£ IT LS +~Wds+d0d 85

e T T TTIX EOYLS +W3dsr X €8 [
CHI IX YIS +dds -+ 69 )
CHED IIY FEIUHILS +dds+dad 0S 3
S T EYLS +dds -+ 09 §
CHD ITIT WIS +~dds+dd 9L
£ IT HOYILS +WJds+3d L9 |
THES ITT SOH LS +dds+id 6£ |
D IT HOWIS +Wdsr -+ S8 §
CED I LS +~Wds+iE 00T
CXED IT FOHLS +~dlds+d3sl ¥ |
E¥EI T HIYELS +~Wds -+l 67T
THED IT BEOULS +ddsr+3d &F |
CED IT HOHILS +Wdsr 3 0

(3Juex 307)
10°0=d

23 ITT WOULS +H¥dsf+Tda ST
€139 IT FIWLS —dds+dd 8£
I I HOHLS +dds -+ L8 [
£330 FESNMYD EAHLO EEd IT BOYLS +ddsr+0d LG | |
TEa ITT BFINELS +ddf+dH 66 §
£339 IT SOYLS +adf+d" FE
YN X FIELS +udS W GL
Z¥I IT FOULS +ddf+dH e
ZW3 IT SOWLS +~EdfdH L
£H9 STOd +Gdsf+dad 8
— 0 AT BOWLS —WASTH 9T
£33 IT FOWLS —Hds+dE £G |
£ TXY SBOUES +dds+dHE Le
€89 IT FOYLS +dds+dd TF §

D IXT FOWILS +~dds+d 66 |
TED IXY HOULS +3ds+3d FF




PCT/US2007/075393

10/20

ques Bo
£600'0=d

BAIAINS HRISAD

(sypuour} aun)

PR T

lesMaang

By

WO 2008/019375

< G |

yues Ho
£000°0=d

{eanIns sa1j uoissaifold

NG

12A

Ja3Ued

ueLIeAo [eIppyud-g




PCT/US2007/075393

WO 2008/019375

11/20

0> ¥ IOEIS FE
> 8 EEIS T
#>%
848
[
T >t
J =g
g>%
[
g <8
84 <¢
8>8
IR
> v ITMIS 1599
T>€5
T>£
T>¢
Txt
<€
[
T Cg s
< £
T 4%
T <8y
# = £ IS
T>¢ WIS 6
T *g A
&
g
0 < ¢ ESUES 8% §
B8 ¥ J9ELS ¥F
T > ¥ 3BUES GF |
2 <% BMIS EF 3
8 < ¥ 3BYES 8£ 3
I < £ ZMIS B¢
T > £ ZDEIS 9%
€ OIS 62 ]
§ < b 3O¥Is ¢1
Buppong

pEnaingns ;o2

e

CUHEAS fiE fpe

SR

.

npgd

Yidyd
oy Lad afig
o,

lowzs,
Mo Y3 / pedg

0 %ZL

z

0 %07
(ouenbs iyo) 60°0 = d

| |0 %se

MOJ METd

S

ubiy ¥3 / peo3

0 %EY

0 %9

Slely D1d04 pug DO LODS Wwod)
Sd4d URIPaLU SB UBSOUD SYIUoW §°'ST

SUFUOW §°GT < Sdd * T
SYIUOW G°ST > S4d * 0

(steoued uerieAo AI/IIT @6e)s jjE)

ONIYALSNTY) AISIAYIANSNA




PCT/US2007/075393

WO 2008/019375

12/20

B g g —

NI L@ I .nﬂ; BPLLS ULFHT ar
£3% FIE S0RL8 M «¥T %
VB IR AR euﬂ?ﬁm T

L85 EIR ANLS -WdF 3R R
HIOEGY W LN VLR -HEFAEE Y
KU TY ROUAS YA UE 8%

L) TR IY ARLS -MAFHR ST
ROILE 2D BT BN ~8d-1EL
W AR ENAS AT

20 TIE ETE FOUMES VWEF-UE §
2. g g A R =

e X LS ,g»ﬁ £t

5@ 18 AR ~
TYS T IS ¥
53«@@ G TR APER +

§ TZULREG
EASS

od

2Aeld

oH

10id FeAnG

[BAAING




PCT/US2007/075393

WO 2008/019375

13/20

del-vel sold

she(]

oooot 0oss g'onG 00sZ oo
L 1 L 1 1 L L i 1 1 1 L 1 1 1 J. L 1 1 1 GDD.G
0570
- 0
- o
—o0sn =
L =<
, o
0520
Dy — -
43 — i
ﬂ_:Em_ _
, -0oa’ L

10/d [eAlAdRS sa.j-asdefay]

€W 1T FIULS +dd/+HA 0L
) IIT FASYLS +ddf+¥d T0

Su3 X YIS +HdS+UT €C g
G2 I FIYIS -¥d/+ud 68
Z¥D IT FIULS +Ed/+UH &
283 IIT FJYIS -dd/+dd 8.

o £H9 AT FYILS +Hd/+OT €

e £33 AT FIYLS +Wd/+UA S
€89 ITX FIYLS -HdF+UT W
o £F) T IXT FIHILS +Hd/+TH €
o3 I YIS +¥d/+ud 6!

ed9 ITY FIYILS +¥d/+¥H 0

2% I FIYLS +qd/+uH 09

¥ III FIYIS +Jd/+UX 9L

W) IX FIWES +4d/+uF 19

THY II FIUES +Ud/+dd 6E

¥4I 1T FILS +Yd/+Ud 8

¢¥) I YIS +Hd/+¥H 00T

W) II BWLS +8dF+UR

€Y I FIYIS +¥d/+ud 6T

T II FIUIS +¥d/+¥d 3T

o¥3 IT F9YIS +Wd/+Y¥d 0%

280 II1 FIYIS +ddf+ux ST

£ IY FJULS -dd/+HA 8E

o9 I HIYLS +Ud/+UE L8

£¥D FSMYD UIHIC QUAT IX FUIS +dd/+Ud L6
oW ITI FWIS +Wd/+dd 66

€W II FIYIS +Wd/+HH ¢

SW3 X YIS +¥ds+ud Gl

c¥d IT FIUIS +Ud/+ud 8

¢ IT YIS +¥d/+UH LG

£39 SIDA +¥d/+¥d 8T

— ) AT FWIS YA YT ¥
€99 IY FIWIS -Wd/+UH €6

€39 IIX WIS +Hd/+YH LT

£89 11 EWIS +¥d/+0 TV

¥ IX JOUIS +¥df+Ud 62

T II FYIS +Wd/+Ud %

dnoa$

LIV -

- dnoud yq f




PCT/US2007/075393

WO 2008/019375

14/20

vl Old

T81IA1/08 1L (d)ged

Lzd

Led

Lzd

9¢7/s£719s(d)os

I'TdHA

g¢ed

so(d)1dgary

07K 1L/20
LD zy/rrdIdvIN

so(d)1dgay

1TT/L1TRS(D) TIEN

7910G/85Y 1 (d)2Awd

R

h:El

- C

€= ‘NN ‘SHI'AA

1= ‘NN ‘ST

vat ‘sNim

Lzd

Lrzd

Lzd

8138 1/08 1y (d)ged

T811A1/08 1y 1(d)ged

Z811AL/081 41 (d)ged

dud

dd

dd

g¢d

ged

<

ged

gdq

R

4

=Y ‘NNDI 159 L

I=Y ‘NNDI ‘1891 L

vaT e L

@
~l
m
=1
+
<
p
o -
¥
e W g
i mm Q0
=0 M m EN- = ] _._.__dwlv.
o Ed Wt
o moro@ =
[ ] » 3 om » M TP~ O
— w, T T WO - “*n
oyt L2 O i w wwe® @ TR I3 com Bl e
TR MmN o 1 1 @l o= w0 ™ -
:ﬁﬁaSwWSBQBuHuHUS.;lHZEB Cgon My .._._._._.Ud:,n__unﬂaM+ T :Quﬁ_U.::T: =
0 g mmy D0 e T DT Moy

Q4+t Ly oy T A

T T W L STy oy 2Ty oy 1 Ty 4 Ty T
N BT oo+t

FTER ot U|Lu+ Vs, =]

P e by + PR T i Th 4o WSSHA T

Zo_pht o +Wﬂﬁ;lfwuwla DT g D TOE e LS T TR
T Us 2t S~ v, HHI_YO

T o enmy HmedV+SI|M.a:Wd R e

+ Quu.au:. t enen, DTT I T

. L)
e+ 0 O+ Ty D o T o,
L e e M A LTI o S e SWaMSSSLIE% e 000+

(o
M e D @R 3 D Pt L e mun L i,
ol il L M P iy anH,._|_._.§.|. e e S Sl
L ——m

uosiead

1ubieH

9120°0=d 1531 “ues
-8077 youeiq sty oyur [ref sid esdeyar 11 [V




PCT/US2007/075393

WO 2008/019375

15/20

Adesayy
[euouLIOy
yueanlpe 3sod
ISEISIP AJ 9¥)S

/S sporpaad
ApPILIo)

Adesay
[eUOULIOY
yueanlpe
3sod sasdepaua

9/9 spo1paad
APILIO))

(SX0)IqIYU] ISLIRUIOIE YJIM A[)soun)
32U JSedIq IANNS0d-10)da23.a JUOULIOY IFBIS ALIEI JO 138 PIIBALT,




PCT/US2007/075393

WO 2008/019375

16/20

STEAT TS

686 B19SOL

PR
Bsiiasanaaiin

0

100

9l "OId

it
0L 0% 005 052 00

e 0000

q dno.aoy osc0

0=Cquea sop) d Co0s0

msh.n

-Q.E._.

01d PannG  S2) asdejay

leAIAING




PCT/US2007/075393

WO 2008/019375

17/20

mmm_wmom.mw i}

sues o
76°0=d

[eAiAng 3a1) asdeiay

FEALAING

A OO0
¥ CUEUE £0-p
~H4F B0
YRR L30-RE-0G

#1348 ST 9500

AT FUEUR FLO-HY |
A P A-
+dde X RL0-M

ST S SR0-HY
QLIRSS R R P

38T TEY-UN
Y wg&mﬁéw
TR ¢ - 0%

“HECE GEO-AA-DG
+HEPUE FLO-M-00

< G |

LT £T0-Y

AT $40-5-05
“URSEE PUN-HE
Mg TH-A ]

WERE ST $50-3000 |
U4 TE0-Y
T 09006
FIR YR 6094
“HEUE SEO

% “HENE TL0-HA §
SRR TED-E-0G

SUEYT §90-RIAL
Y TLO M-8
R SR
“RETE TRE-0R
-1 9907 %.

“EEWE B50- 08 |

LERIRE TR




PCT/US2007/075393

WO 2008/019375

18/20

8L ©Old

4 Z8LIA
yz/0rzies(d)os Ldg93r | L/0814yL(d)ged
L\zz/
21249S(d)IMIN | 6/Lz4es(d)eNSD | 6/1zies(d)EMSD
22/
1423 dd | Zlzies(d)yan
o Lzd lzd
LZE/8)
A SE! DAY3 | eles(d) L 1dHMS
=) =)
‘NNM ‘SHIIM ‘NNM ‘SAIIM vai ‘siim
12/(d)e 1|18 4493 Geoey
v
72/0vzies(d)os 1423 Ldg3ay
14
g/Lzles(d)edss | ve/ovzies(d)os uyel3
ugel | 6/1z1es(d)eds | 6/1z4es(d)enso
L2d lzd Lzd
=)
‘NNM 1883 1 | 1=4 ‘NNMIs91 L vai9ses 1

i

;v tdn w« L] G
Qoko AAO Lo (4, l=] oo%q oo
N »._SS__ ol 11 % I
ARxNO 5 AR | == =
0 XRFRxx XX 00 o, = x an mR BT xO e
O mEIFxx =X 00 oo xxFF DlxaT FIRRRINADXE T2 m=
1 [l 11 1t 1 R=X R ¢ [ R 5 = ==
1l 1 B AT x T [ |1 ExxT
AR 0aO0gg _00RRE gugx) | 208 THoZ Y1 10eP2 1t ooRx= 0
X% PG SaNRRR Tl Lom=o0 QooNwdN®Too oo oo
RN ONO DN () TooSea  naloun lwoaRS0NENs gooblan
= hupurant
[=1=F i [ PoY=Y oo o P, RRO ram=x Doyato—
£y =} Moo P w o3-N = (SN
[L1-1-) “ B w n_un__ r_..,
2 = 26 2
! (= =3
o
na
n

uosiead ‘bBujisysn|a

1yBiey




PCT/US2007/075393

19/20

WO 2008/019375

6l Old

ARELS A DL ]
ITLL TR TOX
k- L T L
YA A T

LS CIME G
AL TR BN
UGS e 2
PUILEIL T E
CRELS A L
PIEAE - INT. T
COsEERS T G

- HREF LI NI
+ AL « L O
CSEAS eINE @
rUEIE w122,

IR I LB

AT LR
LA W, BOE
- 2 P -~ S -
+2EL +ILT G
TEELS O R
SIES ~WI DE
R X S
REA S U RE
AR S T, LR
Ay v 6§
FIE L FITE 66 3
RS AW G
. -

R U R NS
YA - L
SIEL TR B
Rk Uik S 5 g

Ps0
— D

saul|

11PD |
s L

E8
25
R L

SE€'0— DD
eS| “

——
=
=
B3
Ky



PCT/US2007/075393

WO 2008/019375

20/20

0¢ 9Old

S4d
2 : oeal L st | oS R %,
B - B
o 0570
2 :
I o
wmmmw ......... Hgm..o Ml
D 2
. mand DiTe e Los0
o) R TR g gt ”
- %65 = Ajdioedg i
= -000°L
B uans’ %68 = AJIAISURS 10id feAnms 2o11-osdey
o :SIown) UBWNH +33
Posicn)
- %0. = Ayooedg
,,,,, sinjeubis %SG/ = ANAlIsUSS
S50| N3 Ld- 'SaUl] |99 192Ued Jsealy +M3
. 4
1 $S0IN3ld o .

RECEATD

ueINW Yo EMId +43

¢ £8LAMNP ‘aLrdoss ‘1Myd ‘6 LzdeMsD
‘NILd ‘43 :siownj pue sauj |[32 ul Jybu-3ja



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings

