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regimen. Also provided are methods for determining the difference between a basal level or state of a molecule in a sample and
the level or state of the molecule after stimulation of a portion of the live sample with a modulator ex vivo, wherein the difference
is expressed as a value which is indicative of the presence, absence or risk of having a disease. The methads of the invention may
also be used for predicting the effect of an agent on the disease and monitoring the course of a subject's therapy.
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COMPOSITIONS AND METHODS FOR PREDICTION OF DRUG SENSITIVITY,
RESISTANCE, AND DISEASE PROGRESSION

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
{001]  The invention relates generally 1o the prediction of drug response and monttoring a
diseasc state in a subject and more specifically to functional stratification of and signaling

profiles of cancer cells upon modulation.

BACKGROUND INFORMATION
[8602]  Traditional pathological samples have been largely processed using methods that
involve killing the cclls using processing technigues that compromise the biological integrity
of the sample. Such methods are generally performed in a laboratory well away from the point
of care. These traditional methods do not permit the examination of live cells, including
dvnamic, live-cell related biomarkers, and do not allow for rapid sample processing or
analytical result generation at or near the point of care. This lack of complete and rapidly
obtained information can prevent doctors from identifving the proper trealment regimen or at

the least slow the process which adversely affects the patient's quality of life.

[8003]  For example, oncologists have a growing number of treatiment options available to
them, including different cornbinations of drugs that are characterized as standard of care, and
a number of drugs that do not carry a label claim for a particular cancer, but for which there is
evidence of efficacy in that cancer, The best likelthood of goed treatment outcome requires
that paticnts bo assigned to optimal available cancer treatment, and that this assignmoent be

made as quickly as possible following diagnosis,

19004  While some cancers are beginning to be subclassified and treated using genomic
markers, reliable genomic mwarkers are not available for all cancers, which may be better
characierized as exhibiting abnormal expression of one or (typically) many normal genes.
Currently available biomarker tests to diagnose particular types of cancer and evaluate the
fikely effectiveness of different treatment strategies based on gene expression may have one
or more disadvantages, for example: (1) the tosts may be designed for testing blood and are
noi readily adapied {or testing solid tumers; (2) sample preparation methods {or solid tumor

samples, may be unsuitablc for handling live cells or performing subscquent measurements of
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marker expression; (3} small samples, e.g., obtained using fine needle biopsies, may not
provide sufficient tissue for complete analysis; (4) the tests may require in vitre culturing of
the cells, extended incubation periods, and/or signilicant delays between the time that the test
cells are obtained from the patient and the time the cells are tested, resulting potential for wide
variation and external influences on marker expression; (5) the tests may be unsuited for
measuring expression of a multiplicity of genes, phosphoproteins or other markers in parallei,
which may be critical for recognizing and characterizing the expression as abnormal; (6) the
tests may be non-quantitative, relving principally on immunochistochemistry to determine the
presence or absence of a protein as opposed to relative levels of expression of genes; {7} the
reagents and cell handling conditions are not sirictly controlled, leading to a high degree of
variability from test to test and lab to lab; (8) the tests may be unsuited to analyzing nucleic
acid levels, due to the instability of nucleic acid molecules and the practical difficulty of
obtaining sufficiently fresh samples from the patients; and (9) the tests may involve fixing of
the cells before any gene expression analysis can be performed, e.g., in the presence or

absence of selected reagents.

[9065]  Recently, several groups have published studies concerning the classification of
various eancer types by microarray gene expression analysis (seeg, e.g. Golub er ¢, Science
286:531-537 (1999); Bhattacharjae ¢f al., Proc. Nat. Acad, 5ci. US4 98:13790-13795 (2001
Chen-Hsiang ¢f ¢f., Bioinformatics 17 (Suppl. 1) S316-8322 (2001); Ramaswamy ef af.,
Proc. Natl. Acad Sci. USA 98:1514915154 (2001)). Certain clagsifications of human breast
cancers based on gene expression patterns have also been reported (Martin er o/, Cancer Res,
60:2232-2238 (2000); West et al., Proc. Natl. Acad. Sci. USA 98:11462-11467 (2001); Sorlie
etal., Proc, Natl, Acad. Sci. USA 981086910874 (2001}; Yan ef af., Cancer Res, 61:8375-
8380 (2001 ). However, these studies mostly focus on improving and refining the already
established classification of various types of cancer, including breast cancer, and generally do
not provide new insights into the relationships of the differentially expressed genes or
functional cellular information. These studies do not link the findings to treatment strategies
in order to improve the clinical outcome of cancer therapy, and they do not address the

sroblem of improving and standardizing existing technigues of cell handling and analvysis.
s =3 o = [ o

8006 Although modern molecular biology and biochenustry have revealed more than 100
& gY 3
genes whose activities influence the behavior of tumor cells, state of their differentiation, and

their sensitivity or resistance 1o certain therapeutic drugs, with a few exceptions, the status of
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these genes has been insufficient for the purpose of routinely making clinical decistons about
drug treatments. One notable exception is the use of estrogen receptor (ER) protein expression
in breast carcinomas {o select patients to treatment with anti-estrogen drugs, such as
tamoxifon. Another exceptional exampie is the use of ErbB2 (Her2) protein expression in
breast carcinomas to sclect patients with the Her2 antagonist drug HERCEPTIN®,
{Genentech, Inc., South San Francisco, Calif). For most cancers, however, the pathologies in
gene expression may be subtler and may nvolve patterns of expression of multiple genes or

expression of genes in response to particular stimuli

180077 A tumor cell’s response {0 a targeted therapeutic drug is dependent not only on the
presence of the target, but also 1o the multitude of molecules, and their variants, within the
signaling network. The term “ex vivo biomarker” defines a novel class of biomarkers—those
which are evoked by live turnor cells after they have been removed from the patient. Tn the
context of molecular biomarkers this refers to the process of removing viable celis from a
patient through peripheral blood or bone marcow collection, during surgery, circulating tumor
colls, or through a minimally-invasive biopsy such as a fine necdle aspiration biopsy (FNA}Y
The viable sample is then stinwlated i virro. In oncology applications these stimuli may be
growth factors, such as epidermal growth factor, that are relevant to the signal transduction
networks targeted by new therapeutic drugs. The biomarkers themselves can reprosent any
dyvoamic biomelecule, but toay be newly modified phosphoproteins or newly expressed
mRNAs in the signaling network. Cellnlar events occurring rapidly (minutes) afier ex vivo
stimulation, such as protewn phosphoryiation events, may be considered “proximal” to the
stinmulus and may be most valuable in determining the dominant signal transduction pathways
utilized by the tumor. Events occurring later following ex vive stimulation {(minutes to hours),
such as new mRNA transcription, may be considered “distal” markers and may be more
useful in assessing a compeosite view of the signal transduction events and their impact on
cellular functions such as proliferation or apoptosis. Multiplexed panels of such
phosphoproteins, or gene cxpression microarrays, may facilitate the generation of
comprehensive functional profiles that are distinct from, and more informative than profiles
gencrated from fixed tissues. In some cases the effect of a molecularly targeted agent (MTA)
on the pathway could be monitored ex vivo by stimulating the sample n the presence of a
modulator, such as a chemical pathway inhibitor or the MTA itself. Overall, ex vivo
biomarkers offer the possibility of functional assays that interrogate entire signal wransduction

networks. Such assays offer several possible applications, mcluding patient stratification
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based on functional information to inform clinical trial design or chinical managerent and
novel pharmacodynamic assays for use in the development of targeted therapies. {Clark DP.
£x vive biomarkers: functional tools to guide targeted drug development and therapy. fxper?

Rev Mol Diagn 2009.9(8).787-94},

[6008]  Thus, there remains a need to develop improved compositions and methods for
diagnosing discasc status and determining drug sensitivity of cancer cells based on functional

stratilication and/or signaling prodiles.

SUMMARY OF THE INVENTION
18009 The present invention is based on the discovery that functional stratification and/or
signaling profiles can be used for diagnosing or prognosing discase status, determining drug
resistance or sensitivily of cancer colls, montloring a disease or responsiveness o a
therapeutic agent, and/or predicting a therapeutic outcomce for a subject. Provided hercin arce
assays for diagnosis and/or prognosis of diseases in patients. Also provided are compositions
and methods that evaluate the resistance or sensitivity of diseases to targeted therapeutic
agents prior to inttiation of the therapentic regimen and to monttor the therapeutic effects of

the therapeutic regimen.

[8016]  Thus, in one aspect, the invention provides a method for the diagnosis of a disease
i a subject. The method inchides determining the difference between a basal level or state of
amolecule in a sample and the level or state of the molecule after contacting a portion of the
sample with a modulator ex vive, wherein the dilference 1s expressed as a value which is
indicative of the prescunce, absence or risk of having a discase. Proferably the sarapic containg
viable (live) cells. In one embodiment, the molecule is a protein or nucleic acid molecuie. In
another embaodiment, the molecule includes a protein, nucleic acid, lipid, sugar, carbohydrate,
or metabolite molecule. In one embodiment, the protein is modified by post-translational
meodification. In another embodiment, the posi-translational modification is selected from the
group consisting of phosphorylation, acetylation, amidation, methylation, nitrosylation, fatty

acid addition, hipid addition, glycosvlation, and ubiguttination.

[8011]  In one embodiment, the tumor sample is from a solid tumor. In another
embodiment, the tumer sarople 1s obtained by fine needle aspivation, core biopsy, circulating
tumor cells, or surgically excised tissue sample. In another embodiment, the method further

includes exposing the sample to a therapeutic agent or a combination thercof. o yel another
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embodiment, the step of determining the difference between a basal level or state of a
molecule in the sample is performed with a computer. In yet another embodiment, the
molecule 8 analyzed using a method selecied from the group consisting of an array, ELISA,
bioplex, huminex, LC-mass spectrometry, flow cytometry, RIA, Northern blot, Southern blot,

Western blot, and PCR,

[8012]  In ancther aspect, the invention provides a method for the prognosis of a disease in
a subjoct. The methed mcludes determining the difference between a basal level or state of a
moleculs in a sample and the lovel or state of the molecule afier contacting a portion of the
sample with & modulator ex vive; wherein the difference in the basal level or state of the
molecule expressed as a value is indicative of the prognosis. In one embodiment, the
molecule is a protein or nucleic acid molecule. In another embodiment, the molecule includes
a protein, nucleic acid, lipid, sugar, carbohydrate, or ruetabolite ruoleculs. Inone
embodiment, the protein is modified by post-transiational medification. In another
embodiment, the posi-translational modification is selecied from the group consisting of
phosphorviation, acciylation, amidation, mothylation, nitrosylation, fatty acid addition, lipid

addition, glycosylation, and ubiquitination.

[8013]  In one embodiment, the tumor sample is from a solid tumor. Tn another
embodiment, the tumor sample is obtained by fine needle aspiration, core biopsy, circulating
tumor cells, or surgically excised tissuc sampic. In another cmbodiment, the method further
includes exposing the sample 1o a therapeutic agent or a combination thereof. In yel another
embodiment, the step of determining the difference between a basal level or state of a
moleculs in the sample 15 performed with a computer. In yet another embodiment, the
molecule is analyzed using 4 method selected from the group consisting of an array, ELISA,
multiplex, bioplex, luminex, mass spectrometry, flow cytometry, Northera blot, Southern blot,

Western blot, PCR and RIA,

{8034}  In another aspect, the invention provides a method for predicting the effect of an
agent or combination of agents. The method wncludes determining the ditference between a
bagal lovel or state of a wolecule in a sample and the lovel or state of the molecule after
contacting a portion of the sample with a modulator ex vivo, wherein the difference in the
basal level or state of the molecule exprossed as a value is indicative of a positive or negative

effect of the agent. In one embodiment, the moelecule is a protein or nucleic acid molecule. In
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another embodiment, the molecule includes a protein, nucleic acid, lipid, sugar, carbohydrate,
or metabolite molecule. In another embodiment, the agent interacts directly with the molecule
in the sample. In another embodiment, the effect is the activation or inhibition ol a cellular
pathway selecled from the group counsisting of a metabolic pathway, a replication pathway, a
cellular signaling pathway, an oncogenic signaling pathway, an apoptotic pathway, and a pro-
angiogenic pathway. In yet another embodiment, the step of determining the difference
between a basal level or state of a molecule in the sample is performed with a computer. In
vet another embodiment, the molecule ts analyzed using a method selecled from the group
consisting of an array, ELISA, multiplex, bioplex, luminex, mass spectrometry, {low

cylomelry, Northern blot, Southern blot, Western blot, PCR and RIA,

[8015]  In ancther aspect, the invention provides a method of monitoring a disease or
responsiveness to 4 therapeutic ageunt, therapeutic regimen, ot course of therapy for a subject.
The method includes determining the difference between a basal level or state of a molecule
in a sample and the level or state of the molecule after contacting a portion of the sample with
a moduiator ex vivo, optionally prior to, simultancously with or following the therapoutic
agent, therapeutic regimen, or course of therapy: wherein the ditference n the basal level or

state of the molecale expressed as a value is indicative of a positive or negative treatment.

{9016]  In another aspect, the invention provides a method of monitoring a disease or
coursc of therapy for a subject. The methed includes determining the difference between a
basal level or state of a molecule in a sample and the level or state of the molecule afler
contacting a portion of the sample with a modulator ex vive, optionally prior to,
sirnultanecusly with or following the course of therapy; wherewn the difference in the basal
fevel or state of the molecule expressed as a value is indicative of a postiive or negative
treatment. In one embodiment, the molecule is 2 protein or nucleic acid molecule. In another
embodiment, the moleculs includes a protein, nucleic acid, lipid, sugar, carbohydrate, or
metabolite molecule. In another embodiment, a positive treatment i< indicative of the subject
being a responder to the course of therapy. In another embodiment, a negative treaiment is
indicative of the subjoct having resistance to the course of therapy. In yet another
embodiment, the step of determining the difference between a basal level or state of a
molecule in the sample is performed with a computer. n yet ancther emnbeodiment, the

moleculs is analyzed using a method selected from the group consisting of an array, ELISA,
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multiplex, bioplex, laminex, mass spectrometry, flow eytometry, Northern blot, Southern blot,

Western blot, PCR and RIA.

{0871 In anothor aspect, the invention provides a mcthod of scrooning tost agents for an
effect on a molecule. The method includes contacting a sample containing the molecule or
molecules with the test agent ex vivo, then deterrmining a difference between a basal level or
state of the molecule in the sample and the level or state of the molecule afier contacting a
portion ol the sample with a modulator ex vive; wherein a dilference n the basal level or state
of the moleculc before and after contacting with the test ageuat is indicative of an offoct on the
molecule. In one embodiment, functional signaling cirenitry is assessed to predict the effect
of two test agents in combination. In ancther embodiment, the sample is selected from the
group consisting of tissue, blood, ascites, saliva, urine, perspiration, tears, semen, Serum,
plasma, amniotic fluid, pleural fhud, cerebrospinal fhuid, a cell line, a xeuvograft, a tumor,

pericardial fluid, and combimations thergof.

[9018]  In one embodiment, the molecule is a protein or nucleic acid molecule. In another
embodiment, the molecule includes a protein, nucleic acid, lipid, sugar, carbohydrate, or
metabolite molecule. In another embodiment, the molecule activates or inhibits a cellular
pathway sclected from the group consisting of a metabolic pathway, a replication pathway, 2
cellular signaling pathway, an oncogenic signaling pathway, an apoptotic pathway, and a pro-
angiogenic pathway. Excmplary tost agents inchade, but arc not limited to, a small molecule
chernical, a chemotherapeutic agent, a hormone, a protein, a peptide, a peptidomimetic, a
protein, an antibody, a nucleic acid, an RNAI1 molecule, and an antisense molecule. In yet
another erabodiment, the step of determining the differcuce between a basal level or state of a
molecule in the sample is porformed with a computer. In yet another erabodiment, the
molecule is analyzed using a method selected from the group consisting of an array, ELISA,
multiplex, bioplex, luminex, mass spectrometry, flow cytometry, Northern blot, Southern blot,

Western blot, PCR and RIA.

[#019]  In anothor aspect, the invention provides a methed for stratification of patients
bascd on responsiveness to a therapeutic agent or therapoutic regimen. The method includes
determining the difference between a basal level or state of a molecule in a sample from a
subject and the level or state of the molecule after contacting a portion of the sample with a

modulator ex vive; wherein the difference in the basal level or state of the molecule expressed
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as a value is indicative of a positive or negative response to a therapeutic agent or therapeutic
regimen. In one embodiment, the molecule is a protein or nucleic acid molecule. In another
gmbodiment, the molecule inciudes a protein, nucleic acid, lipid, sugar, carbohydrale, or
metabolite molecule. In another embodiment, a positive response is indicative of the subject
being a responder to the therapeutic agent or therapeutic regimen. In another embodiment, a
negative response is indicative of the subject having resistance to the therapeutic agent or
therapeutic regimen. Exemplary test agents include, but are not limited to, a small molecule
cheroical, a chemotherapoutic agent, a hormone, a protein, a peptide, a peptidomimetic, a
protein, an antibody, a nucleic acid, an RNAI molecule, and an antisense molecule. In yet
another erubodiment, the step of determining the differcuce between a basal level or staie ofa
moleculs in the sample is performed with a computer. Tu yet another erabodiment, the
molecule 18 analyzed using a method selected from the group consisting of an array, ELISA,
mmnltiplex, bioplex, luminex, mass spectrometry, flow cytometry, Northern blot, Southern blot,

Western blot, PCR and RIA.

[8026] o another aspect, the invention provides a mothod of detcrmining drug resistance
or sensitivity in a subiect. The method includes comparing the basal level or state of a
molecule in a sample from a subject with the level or state of the molecule after ex vive
inhibition in the absence of a stimulatory compound, In one embodiment, the molecule is a
protein ot nuclete acid molecule. In another embodiment, the molecule includes a protein,

nucleic acid, lipid, sugar, carbohydrate, or metabolite molecule.

{8021}  In various aspects, the sample is selected from the group consisting of tissue, blood,
ascites, saliva, urine, perspiration, tears, semen, serum, plasma, amniotic flud, pleural ffuid,
cerebrospinal fhuid, a cel line, a xenograft, a tumor, pericardial fluid, and combinations
thereof. In various aspects, the tumor sample is from a solid tumor. In various aspects, the
tumor sample can include cancer selected from the group cousisting of colorectal, esophageal,
stomach, tung, prostate, uterme, breast, skin, endocrine, urinary, pancreas, ovarian, cervical,
head and neck, liver, bone, biliary tract, small intestine, hematopoietic, vaginal, testicular,
anal, kidney, brain, eye cancer, leukenua, lymphoma, soft tissue, melanoma, and metastases

thereof.



WO 2011/133477 PCT/US2011/032935
-G

{90221  Fxemplary diseases include, but are not hmited to, stroke, cardiovascular disease,
chronic obstructive pulmonary disorder, miyocardial infarction, congestive heart failure,
cardiomyopathy, myocardilis, ischemic heart disease, coronary arlery disease, cardiogenic
shock, vascular shock, pulmonary hypertension, pulmonary edema {inchuding cardiogenic
pulmonary edema), cancer, pathogen-mediated disease, pleural cffusions, rheumatoid arthritis,
diabetic retinopathy, retinitis pigmentosa, and retinopathies, including disbetic retinopathy
and retinopathy of prematurity, inflammatory diseases, restenosis, edema {(including edema
assoctated with pathologic situations such as cancers and edema induced by medical
interveations such as chemotherapy), asthma, acuie or adult respiratory distress syndrome
(ARDNS), lupus, vascular leakage, transplant (such as organ transplant, acule transplant or
heterograft or homograft (such as is employed in burn treatment)) rejection; protection from
ischemic or reperfusion injury such as ischemic or reperfusion injury incurred during organ
ransplantation, transplantation tolerance induction; ischemic or reperfusion injury following
angioplasty; arthritis (such as rheumatoid arthritis, psoriatic arthritis or osteoarthritis);
multiple sclerosis; inflammatory bowel disease, includmg ulcerative colitis and Crohn's
disease; lupus {systemic lupus crythematosis); graft vs. host diseases; T-cell mediated
hypersensitivity discases, including contact hypersensitivity, delayed-type hypersensitivity,
and gluen-sensitive enteropathy (Celiac diseass); Type 1 diabetes; psoriasis; contact
dermatitis {including that due to poison ivy); Hashimoto's thyroiditis; Sjogren's syndrome;
Auntoimrmune Hyperthyroidism, such as Graves' disease; Addison's disease (antoimmung
diseasc of the adrenal glands); autoimmune polvglandular discase {also known as autoimmune
polyglandular syndrome}; astoinroune alopecia; pernicious anemia; vitiligo: autotmoune
hypopituatarism; Guillain-Barre syndrome; other antoimmune discases; cancers, including
those where kinases such as Sre-fanuly kinases are activated or overexprossed, such as colon
carcinoma and thymoma, or cancers where kinase activity facilitates tumor growth or
survival; glomernlonephritis, serum sickness; uticaria; allergic diseases such as respiratory
allergies (asthma, hay{over, allergic vhinitis} or skin allergies; mycosis lungoides; acute
inflammatory responses (such as acute or adult respiratory distress syndrome and
wwchenua/teperfusion injury ) dermatomyositis; alopecia areata; chronic actinic dermatitis;
eczema; Beheet's disease; Pustulosis palmoplanteris; Pyoderma gangrenum; Sezary's
syndrome; atopic dermatitis; systemic schlerosis; morphea; peripheral limb ischemia and
ischemic limb disease; bone disease such as osteoporosis, osteomalacia, hyperparathyroidism,

Paget's discase, and renal ostecodystrophy; vascular leak syndromes, including vascular leak
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syndromes induced by chemotheraptes or immunomodulators such as TL-2; spinal cord and
brain injury or trauma; glaucoma; retinal diseases, including macular degeneration;
vifreoretinal disease: pancreatitis; vasculatides, including vasculitis, Kawasaki disease,

thromboangiitis obliterans, Wegener's granulomatosis, and Beheet's disease; scleroderma;

preeclampsia; thalassemia; Kaposi’s sarcoma; and von Hippel Lindau disease.

[9023]  In various aspects, the pathogen is selected from the group consisting of bacteria,
fungi, viruses, spirochetes, and parasites, In various aspects, the virus is sclected {rom the
group consisting of Horpes simplex viras 1 (HSV1), Herpes simplex virus 2 (H8V2),
respiratory syncyltal virus, measles virus (MV}, human cytomegalovirus (HCMV), vaccinia

viras, human immunodeficiency virus type 1 (HIV-1), and hepatitis C virus (HCV).

[6024]  In various embodiments, the modulaior ncluedes a stimulator or inhibitor, o
various cmbodiments, the modulator is sclected from a physical, biological or a chemica
modulator. In various embodiments, the physical or chemical modulator includes a
temperature change, density change, pH change, or color change. In various embodiments,
the modulator includes epidermal growth factor (EGF), tissue plasminogen activator (TPA),
other growth factors, or a combination thereof. In various embodiments, the at lsast one
molecule ineludes a protein involved in a cellular pathway sclected from the group consisting
of a metabolic pathway, a replication pathway, a cellular signaling pathway, an oncogenic
signaling pathway, an apoptotic pathway, and a pro-angiogenic pathway. In various
embodiments, the at least one ruolecule includes a protein involved in RAS-RAF-MEK-ERK
pathway. In various embodiments, the at ieast one molecule includes pErk1/2, pAKT,

pP7086kK, pGSK3a/B, pmaTOR, pSre, pEGER, pSTATS, or combinations thereof,

[9025]  In snother aspect, the invention provides an ex vive method for determining
functional stratification of a live tumor sample of a subject. The method includes measuring
at least one signal transduction phosphoprotein level for creating functional signaling profiles,
ex vive, in the absence of growth factor stimulation or in the absence of growth hormone
stimnulation, and, m the presence of an infhubifor and in the absence of the ihibitor, In one
cmbodiment, the method includes measuring at least one signal transduction phosphoprotein
level for creating functional signaling profiles, ex vive, in response to a growth factor
stimulation, in the presence of a MEK inhibitor and in the ahsence of the MEK inhibitor. In

one embodiment, the inhibitor includes a MEK inhibitor, mTOR inhibitor, BRAF inhibitor, or
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combinations thereot, In one emhodiment, the Hve turnor sample includes breast cancer cells,
melanoma cells, or pancreatic cancer cells. In another embodiment, the phosphoprotein
mcludes p-Erk 172, p-AKT, p-EGFR, p-Stal3, pP7086K, pmTOR, pSre, and/or pGSK30/B. In
another embodiment, the phosphoprotein is selected from the group consisting of p-Erk 1/2,
p-AKT, p-BGFR, p-Stat3, pP70S6K, pmTOR, pSrc, pGSK3a/B, or a combination thereof. In
various embodiments, the phosphoprotein is selected from at least one of the group consisting
of 4EBP, 4EBP p8635, 53BPI, ACT 879, AUCH, AlB-1, ART, AKT 5473, AKT T308,
AMPE, AMPK T172, Annexin, AR, Bak, BAX, Bcel-2, Bel-X, Bel-xL, Beclin, Bid, BIM,
Cadherin-E, Cadherin-N, Cadherin-I", Caspase 3 Active, Caspase 7 cleaved Aspl98, Catenin
Beta, Caveelinl, CD31, CDC2, Chkl, Chkl pSer34s, Chk2 (1C12), Chk2 pThrog, clun P-
§73, Claudin? CLDN7, Collagen V1, Cox-2, Cyelin B, Cyclin B1, Cvelin E1, DI-1, oEF2,
eEPFZK, BEGFR, EGFR Y992, EGFR Y1173, elF4E, ER-a S118, ERCCH, FAK, Fibronectin,
FOX03a, FOXO32 83187321, Gata3, GSK3 S21/89, GSK3-Beta, HER?2 pY 12438, IGFRP2,
IGFR1b, INPP4R, IRS-1, Ink?2, Kitc, K-RAS, Kul0, MAPK P-T202/204, MEK 1, MEK1
pS217/221, MIG-6, Mrel 1{31H4), MSH2Z, MSH6, Myc, NF-kB p63, NF2, Notch 1, Notch3,
p2l, p27,p27 pT157, p27 pT19K, p38/ MAPK, p38 TIBO/182, p33, p70Sek, p7056K T389,
p9U RSK P-13539/8363, PARY cleaved, Paxilling PONA, PDKI P-5241, Peals, Peald pSile,
PI3K PH10a, PI3K-pR3, PKC 8657, PKCa, PR, Prasdd pT246, PTCH, PTEN, Rab2§, Rad30,
Rad51, Raf-A pS299, Raf-B, Raf-C, Ratc pS388, Rb (4H1), Rb pSRO7/E1E, 86 S235/236,
36 8244/244, She pY317, Smad3, Snail, Src, Sre P-Y527, Src Y416, Stat3 P-8765, Stats,
Stathmin, Tau, Taz, Taz P-8er79, Telomerase, Transglutaminase, Tuberin/TSC2, Vasp,
VEGERZ, Xdap, XRCC1, Y Box Binding Protein 1, YAP, YAP pS127, YB1 pS102, ora
combination thorcof. In onc embodiment, at least two difforent groups of functional signaling
profiles are wdentified. In another embodiment, at least four different groups of functional
signaling profiles are identified. In one embodiment, the growth factor stimulation includes
an Epidermal Growth Factor Receptor ligand. In an additional embodiment, the Epidermal
Growth Factor Recoptor ligand is Hpidermal Growth Factor (EGF). In various embodiments,
the growth factor includes Epidermal Growth Factor (EGF), insulin-like growth factor (1GF},
platclei~derived growth factor (PDGE), fibroblast growth factor (FGF), melanocyle
stinrulating hormone, hepatocyte growth factor, vascular endothelial growth factor (VEGEF),
PTK7, Trk, Ros, MuSK, Mei, Ax], Tie, Eph, Ret Ryk, DDR, Ros, LMR, ALK, STYKl, ora

combination thereof.
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[8026] o another aspect, the invention provides a method for classifying cancer cell model
systems. The method includes (a} measuring at least one signal fransduction phosphoprotein
levels o a selected group of cancer cells; (b) contacling the cancer cells with at least one
growth factor or at least one inhibitor; {¢) measuring at least one signal transduction
phospheprotein levels after step (b}; (d) calculating a modulation score based on
measurements from step (a} and step {¢); and (e} classifying the cancer cells hased on the
madulation score of step {(d}. In one embodiment, the method further inchudes the step of
predicting drug resistance or sensitivity of a live tumor sample of a subjoct based on the

classification of the live tumor sample,

[6027]  In one embodiment, the cancer cells include breast cancer cells. In another
embodiment, the cancer cells include breast cancer celis, melanoma cells, or pancreatic cancer
cells. In another erobodiment, the phosphoprotein includes p-Eik 172, p-AKT, p-EGFR, p-
Stat3, pP7086K, pmTOR, pSre, and/or pGSK3e/B. In another embodiment, the
phosphoprotein is selected from the group consisting of p-Hrk 1/2, p-AKT, p-EGER, p-Stai3,
pP7086K, pmTOR, pSre, pGSK30/B, or a combination thereof, In various embodiments, the
phosphoprotein 13 selected from at least one of the group consisting of 4EBP1, 4EBP1 pS65,
33BPY, ACC 879, ACCH, AIB-1, AKT, AKT 5473, AXT T30, AMPK, AMPK T172,
Annexin, AR, Bak, BAX, Bcel-2, Bel-X, Bel-xl, Beclin, Bid, BIM, Cadherin-E, Cadherin-N,
Cadherin-P, Caspase 3 Active, Caspase 7 cleaved Aspi98, Catenin Beta, Caveolinl, CD31,
CDC2, Chkl, Chkl pSer34s, Chk2 (1C12), Chk? pThr6s, chun P-S73, Claudin? CLDN7,
Collagen VI, Cox-2, Cyclin B, Cychin D1, Cychn E1, DJ-1, eBF2, eEFIK, EGER, EGEFR
Y902, EGFR Y1173, elF4E, ER-a 8118, ERCCY, FAK, Fibronectin, FOX03a, FOX03a
S318/321, Gata3, GSK3 S21/89, GSK3-Beia, HER2 pY 1248, IGFBP2, IGFR1b, INPP4B,
IRS-1, Juk2, Kit-c, K-RAS, KuB8, MAPK P-T202/204, MEK 1, MEX1 p8217/221, MIG-6,
Mrel 1{31H4), MSH2, MSH6, Myc, NF-kB p65, NF2Z, Notch 1, Notch3, p21, p27, p27 pT157,
p27 pT198, p38 7/ MAPK, p38 TI&U/182Z, pSs3, p7U86K, p70S6K 1389, pBi RSK P-
T359/58363, PARP cleaved, Paxillin, PCNA, PDK1 P-8241, Peal$, Peals pS1is, PI3K
P110a, PI3K-p8S, PKC 8657, PK{Ca, PR, Prasd0 pT246, PTCH, PTEN, Rab23, Rad30,
Rad51, Raf-A pS299, Rat-B, Raf-C, Raf-c pS388, Rb (4H1), Rb pSLOT/ETL, 86 $235/236,
S6 5244/244, She pY 317, Smad3, Snail, Src, Sre P-Y527, Src Y416, Stat3 P-S7035, Stats,
Stathrun, Tay, Taz, Taz P-Ser79, Telomerase, Transglotamunase, Tubenin/TSCZ, Vasp,
VEGFRZ, Xiap, XRCC1, Y Box Binding Protein 1, YAP, YAP pS127, YBI pS102, 0ra

combination thereof. In one embodiment, at least two different groups of cancer cell
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classifications are identified. Tn another embodiment, at least four different groups of cancer
cell classifications are identified. In one embodiment, the growth factor stimulation includes
an Hpidermal Growth Factor Receplor igand. In an additional embodiment, the Epidermal
Growth Factor Receptor ligand 1s Epidermal Growth Factor (EGF). In various aspects, the
growth factor includes Epidermal Growth Factor (EGF}, insulin-like growth factor (1GF),
platelet-derived growth facior (PDGF), fibroblast growth factor (FGF), melanocyie
stinulating hormone, hepatocyte growth factor, vascular endothelial growth factor (VEGE),
PTK7, Trk, Ros, MuSK, Met, Axl, Tie, Eph, Ret Ryk, DDR, Ros, LMR, ALK, STYK!. ora

combination thereof,

[B#028]  In another aspect, the invention provides a method for predicting cutcome of a
therapeutic regimen in a subject. The method includes {a} measuring basal level of at least
one melecule of at least oue cell from a subject having a diseuse in need of therapy;

(b} exposing the at least onc ccll 10 a modulator ex vive; (¢) measuring level of the at least one
signal transduction protein afier step (b); and (d) comparing the difference between levels
moeasured in (a) and (b} to cclls with known property {or drug resistance or sensitivity, therchy

prediciing the outcome of the therapeutic regimen in the subject,

[8028]  In another aspect, the invention provides a method for predicting drug resistance or
sensitivity of cells. The method includes (a) measuring basal level of at least one molecule of
at least onc cell; {(b) cxposing the at least onc cell to a modulator ex vive; (¢ measuring lovel
of the at least one signal transduction protein after step (b); and (d) comparing the difference
between levels measured in {a} and (b} to cells with known property for drug resistance or
sensitivily, thereby predicting dvug resistance or sensitivity of the at least one cell. In one
embodiment, the cell includes a melanoma cell. In another embodiment, the drug includes a
BRAF inhibitor. In another embodiment, the drug includes a MEK inhibitor, mTOR

inhibitor, BRAK mhubitor, or combinations thereof,

JO036] in one embodiment, the at least one molecule includes a signal transduction protein.
In another embodiment, the at least one cell mcludes a tumor sample from a subject and the
fevels measured in (a) and (b} are performed ex vivo. In various embodiments, the tumor
sample is from a solid tumor. In an additional embodiment, the tumor sample includes cancer
selected from the group consisting of colorectal, esophageal, stomach, lung, prostate, uterine,

breast, skin, endocrine, urinary, pancreas, ovarian, cervical, head and neck, fiver, bone, biliary
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tract, small intestine, hematopoietic, vaginal, testicular, anal, kidney, brain, eye cancer,
leukemia, lymphoma, soft tissue, melanoma, and metastases thereof. In various
gmbodiments, the tumor sample 1s obtained by line needle aspiration, core biopsy, circulating

tumor cells, or surgically excised tissue sample.

[B8031] o one embodiment, the drug resistance includes BRAF inhibitor resistance. Tn
another embodiment, the at least one cell includes a serine/threonine-protein kinase B-Raf
{BRAF} mutation. In another embodiment, the at least one cell meludes a BRAF mutation
and Cancer Osaka thyroid oncogenc (COT) ampiification. In an additional cobodiment, the

BRAF mutation 1s VGO0E,

[8032]  In various embodiments, the comparing step is performed with a computer, In
various emboeditoents, the measurernents are performed using an assay selocied from the
group consisting of an array, ELISA, multiplcx, bioplex, luminex, mass spectrometry, flow

cytometry, Northern blot, Southern blot, Western blot, PCR and RIA.

190331 In anotber aspect, the invention provides a method for classifying melanoma cells.
The method imcludes (2) measuring a {irst basal level of at least one molecule of at least one
melanomma ccll; {(b) comparing the first basal level measured in {a) to a sccond basal lovel of
the at least one molecule of melanoma cells with known classifications, thereby classitving
the at least one melanoma cell. In one embaodiment, the at least one melanoma cell includes a
tumor sample from a subject and the first basal level is measured ex vive, In various
embodiments, the classificanons include metasialic stale. In various embodimenis, the tumor
sample is obtained by fine needle aspiration, core bilopsy, civcudating tumor cclls, or surgically

excised tissue sampile.

[8034] o another aspect, the invention provides a method for classifving melanoma cells.
The method includes (a) measuring basal fevel of al least one molecule of al leasi one
mclanoma ccll; (b} cxposing the at least onc melanoma cell to a inhibitory tost agent;

(¢} measuring level of the at least one molecule after step (b and {d) comparing the
difference between levels measured in (a} and (b} to melanoma cells with known
classifications, thereby classifying the at least one melanoma cell. In one embodiment, the at
feast one melanoma cell includes a tumor sample from a subject and measurernenis are
performed ex vive. In one embodiment, the inhibitory test agent includes a MEK inhibitor,

mTOR inhibitor, BRAF mbibtior, or combinations thereof. In another embodiment, the
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classifications include metastatic state. Tn varions embodiments, the tumeor sample is obtained
by fine needle aspiration, core biopsy, circulating tunior cells, or surgically excised tissue

sample.

18035  In another aspect, the invention provides a method for identifying drug resistance
mechanisrus or oncogene bypass mechanisms of welanoma cells. The method includes

{(a) exposing at least onc melanoma cell to a inhibitory test agent; (b} measuring reductions of
a plural ol molecules after exposure of (a), thereby identilying drug resistance mechanisims or

oncogene bypass moechanisms.

[8036]  In one embodiment, the at least one melanoma cell includes a tamor sample from a
subject and measurement are performed ex vive. In various embodiments, the tumor sample
includes cancer selected [rom the group consisting of colorectal, esophageal, storoach, lung,
prostate, uterine, breast, skin, endocrine, urinary, pancreas, ovarian, corvical, head and neck,
fiver, bone, biliary tract, small intestine, hematopoietic, vaginal, testicular, anal, kidney, brain,
eye cancer, leukemia, lymphoma, soft tissue, melanoma, and metastases thereof. In various
embodiments, the at least one molecule includes a protein involved in a cellular pathway
selected from the group consisting of a metabolic pathway, a replication pathway, a celhular
signaling pathway, an oncogenic signaling pathway, an apoptotic pathway, and a pro-
angiogenic pathway. lu various embodiments, the at least one molecule includes a protein
involved in RAS-RAF-MEK-ERK pathway. In various cmbodiments, the at least onc
molecule inclodes pErk1/2, pAKT, pP708S6k, pGSK30/B, pEGER, pSTAT3, pmiTOR, pSre, or
combinations thereof. In various embodiments, the tumor sample is obtained by fine needie

aspiration, core biopsy, circulating tumor cells, or surgically excised tissue sample,

BRIEF DESCRIPTION OF THE DRAWINGS
{80377 Figure | is a graphical diagram summarizing data derived from 2 phosphoprotein

array that conigins 29 different phosphoproteins.

19038]  Figures 2A and 2B are functional signaling profiles of baseline (Figure 2A) and
EGF stimulated (Figure 2B) for a set of five breast cancer cell lines.
[8039]  Figure 3 shows an exemplary dlustration of signal transduction pathway used by

the prosent invention.
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[8040]  Figure 4 shows an exernplary process flowchart of the present invention. Live
tumor samples are typically obtained from a subject and then at least one stimulation is
apphied io trigger signal transduction events in the five wmor samples. Basel levels and
stimulated levels of various mRNA or proteins can be evaluated and then functional

stratification can be determined.

[8041]  Figure S shows an excmplary illustration for various steps/equipments to apply
stimulations to live tumor samples ol'a subject.

[8042]  Figure 6 shows functional stratification of several breast cancer cell tines, The
upper left chambers are for AKT. The upper middle chambers are for Erk. The upper right
chambers are for EGFR. The lower left chambers are for GSK3Beta, The lower middie

charober are {or STAT3. The lower right charabers are for P70S6K.

[8043]  Figure 7 shows an exemplary cell Hue hievarchal clustering based on functional

stratification.

[6044]  Figures 8 shows exemplary correlations between monolayer cell line and process

cell Hne (i.e., after simulation such as SnapPath™,

[8045]  Figure 9 shows correlations belween processed cell Ime and xenograft for HCC-

1937,

[046]  Figure 10 shows correlations between processed cell line and xenograft for MDA-

MB-231.

19047  Figure 11 shows exemplary functional stratification and potential drug correlation,

where drug sensitivity and induced fold change affer stimulations are Hustrated,

[8648]  Figure 12 shows relationship between functional stratification and potential

therapeutic options.

[8049]  Figure 13 shows an exemplary illustration where potential drug sensitivity
associated with functional signaling profiles of TNBC. The upper row includes pAKT, pErk,

and pEGFR. The lower row inchides pGSK, pSTATS, and p70586k,
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[8050]  Figure 14 shows an exerplary illustration where ex vive stratification and celiular
functional circuitry analysis is possible through drug inhibition, and for example, on the
SnapPath™ yystemn. This analysis includes pAKT, pErk, pGEK, p7US6k, pSTATS, and
pEGFR.

[B031]  Figure 13 shows exemplary melanoma functional signaling profiles (modalation)
upon EGF stimulation. Protein levels are measured for pAKT, pERK, pGSK3, p705S6K,
pSTAT, pEGFR imn RPMI-7951, SK-MEL 2, SK-MEL 28, and SK-MEL 31 cells. Fold

changes arc calculated for protein tevel before and after EGF stimulation.

[8052]  Figure 16 shows exemplary melanoma functional signaling profiles {inhibition)
upon MEK inhibition by UB126, Protein levels arc measured for pERK, pAKT, pGSK3a/B,
p7086K, pSTAT, pEGFR m RPMI-7951, SK-MEL 2, SK-MEL 28, and SK-MEL 31 cells,

[8053]  Figure 17 shows exerplary differentiation of of PLX-4032 resistant cell line

RPMI-7651 through the induction of pErk following stimulation by TPA.

[6054]  Figure 18 shows exemplary pancreatic tumor functional signaling profiles. All
samples except 10195 are oxamples of human pancreatic neurocndocring tumors (PanNETS).
18195 is a sample of a human pancreatic adenocarcinoma. The data reveal differences in
fimctional protiles based on TPA stimulation using three ditferent phosphoprotein hiomarkers

{(p-ERK172, p-GSKa/f, and p-STAT3}

[B038]  Figure 19 shows exemplary melanoma cell Hine functional signaling profiles
following stimulation with TPA on the SnapPath™ instrurnent. Protein levels measured

inchade pAKT, pkrk, pGSK3B, pP7086k, pSTATS, and pEGFR.

{8056] Figure 20 shows exemplary melanoma cell line functional signaling profiles
following stimulation with EGF on the SnapPath™ instrument. Protein levels measured

include pAKT, pErk, pGSK3, pPT0S6k, pSTAT3, and pEGFR.

[9057]  Figare 21 shows exemplary melanoma cell line functional signshing profiles
following inhibition with UG126 in the absence of BEGF on the SnapPath™ instrument.

Protein levels measured inclade pAKT, pErk, pGSK3E, pPT7O86k, pSTATS, and pEGFR.
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[8058]  Figure 22 shows exemplary melanoma cell line functional signaling profiles
following inhibition with 0126 in the presence of EGF on the SnapPath™ instrument.

Protein levels measured include pAKT, pErk, pGSK3p, pP7086k, pSTATS, and pEGEFR.

[80389]  Figure 23 shows exemplary melanoma cell line functional signaling profiles
following stimulation of PDGF-f on the SnapPath™ instrument. Protein levels measured

inchude pAKT, pErk, pGSK3B, pP7056k, pSTAT3, and pEGFR.

[8066]  Figure 24 shows exemplary melanoma cell line functional signaling profiles
following stimulation of PDGF-§ and MEK inhibition by UG126 on the SnapPath™
instrument. Protein levels measured include pAKT, pErk, pGSK3R, pP7086k, pSTATS, and

pEGFR.

[9061]  Figure 25 shows exemplary kinetic curves of phosphoprotein inhibition in SK-
MEL-28, a melanoma cell Hine, following treatruent with a BRAF inhibitor (PLX-4702) on the
SnapPath™ instrument. Protein lovels measured include pAKT, pErk, pGSK3R, pP7036k,

and pSTATS

[9062]  Figure 26 shows exemplary dose response curves of phosphoprotein inhibition in
SK-MEL-28, a melanoma cell line following treatment with a BRAF inhibitor (PLX-4702) on
the SnapPath™ mstrument. Protein levels measured include pAKT, pErk, pGSK3B,
pP70S6k, and pSTATI.

[B8063]  Figure 27 shows exemplary kinetic curves of phosphoprotein inhibition in RPMI-
7951, a melanoma cell line, following treatment with a BRAF inhibitor (PLX-4702) on the
SnapPath™ justrament. Protein levels measured include pAKT, pEdk, pGSK3E, pP7056k,
and pSTAT3

[3064]  Figure 28 shows exemplary dose response curves of phosphoprotein inhibition in
RPMI-7951, a2 melanoma cell hine, following treatment with a BRAF inhibitor (PLX-4702) on
the SnapPath™ instrument. Protein fevels measured include pAKT, plirk, pGSK3S,

pP7086k, and pSTATS.

[065]  Figure 29 shows exemplary Kinetic curves of phosphoprotein inhibition in SK-

MEL-31, a melanoma cell ling, following treatment with a BRAF inhibitor (PLX-4702) on the



WO 2011/133477 PCT/US2011/032935

19 -

SnapPath™ instrament. Protein levels measured include pAKT, pErk, pGSK3B, pP7056k,

and pSTAT3

[3066]  Figure 30 shows exemplary dose response curves of phosphoprotein inhibition in
SK-MFEL-31, a melanoma cell line, following treatment with a BRAF inhibitor (PLX-4702)
on the SnapPath™ instrument. Protein levels measured include pAKT, prk, pGSK3R,

pP7056k, and pSTATI.

[8067] Figure 31 shows exemplary kinstic curves of phosphoprotein inhibition in SK-
MEL-2, 2 melanoma cell line, following treatment with a BRAF inhibitor (PLX-4702) on the
SnapPath™ instrament. Protein levels measured include pAk, pErk, pGSK3f, pP7086k, and

pPSTATS

[9068]  Figure 32 shows exemplary dose response curves of phosphoprotein inhibition in
SK-MEL-2, a melanoma cell line, following treatmuent with a BRAF inhibitor (PLX-4702) on
the SnapPath™ instrument. Protein levels measured mclude pAKT, pErk, pGSK3B,

pP7086k, and pSTATS.

[9069]  Figure 33 shows exemplary melanoma cell line (SK-MEL-28) functional signaling
profiles following stimulation of EGF on the SpapPath™ instrument, Protein levels measured

include pAKT, pErk, pMEK.

[80706]  Figure 34 shows exemplary melanoma cell line (RPMI-7951) functional signaling
profiles following stimulation of EGF as well as BRAF and ERK inhibition with PLX-4702
and U0126 on the SnapPath™ instrument. Protein levels measured include pAKT, pErk,

pMEK.

[9071]  Figure 35 shows exemplary melanoma cell line (RPMI-7851) functional signaling
profiles following stimulation of BGF as well as BRAF and ERK inhibition with PLX-4702
and U126 on the SnapPath™ mstrument. Protein levels measured include pAKT, pErk,

pMEK and pEGFR.

[8072] Figure 36 shows exemplary melanoma cell line (RPMI-7951) functional signaling
profiles following stimulation of PDGEB as well as BRAF and ERK mhibition with PLX-
4702 and UB126 on the SnapPath™ instrument. Protein levels measured include pAXT,

pErk, pMEK.
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PBETAILED DESCRIPTION OF THE INVENTION
{30731  Before the present composition, methods, and treatment methodology are
described, it is {o be understood that this invention is not Hmited (o particular compositions,
methods, and experimaental conditions described, as such compositions, methods, and
conditions may vary. 1t is aiso to be understood that the terminology used herein is for
purposes of describing particular embodiments only, and is not intended to be limiting, since

the scope of the present invention will be limited only m the appended claims.

{0747 As used in this specification and the appended claims, the singular forms "a”", "an”,
and "the" include plural references unless the context clearly dictates otherwise. Thus, for
example, references 1o "the method” includes one or more methods, and/or steps of the type
described herein which will become apparent to those persons skilled in the art upon reading

this disclosure and so forth,

[8075] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skiil in the art to which this
invention belongs. Although any methods and materials similar or equivalent 1o those
described hersin can be used in the practice or testing of the invention, the preferred methods

and materials are now described

[8076]  The invention provides a safe, effective, accurate, precise, reproducible,
inexpensive, cost effective, efficient, fast and convenient method and "cartridge-based”
system for collecting, handling and processing of collular specimens ex vive. These methods
and cariridges can maintain viability of the samples during the procoss to maintain biowarker
integrity, and optionally, eveking biomarkers such as phosphoproteins and nucleic acid
molecules not present in original sample through ex vivo stimulation and/or inhibition. The
invention provides fully integrated specimen and information management in a complete
diagnostic cytology laboratory system and controlled conditions following biopsy, which
minimizes variability between tests, minimizes the risk of biocontamination, and minimizes

the effect of the sarnpic preparation process itself on biomarker expression.

{60777  Embodiments of the present invention can be used to facilitate targeted treatment of
diseases, and optionally also provide a tissue sample adeguacy evahiation such as a cell-count,

cell function and/or other connected analyses,
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{60781  As one of skill in the art will appreciate, the devices, systems, kits and methods as
described herein provide numerous advantages in a clinical or research setting. For example,
they can be used o provide rapid, near patient, blopsy processing without the need (o send the
specimen to a reruote laboratory, They can also be used to standardize and automate biopsy
processing in a cost effective manner. The present invention can provide more detailed
molecular information shout the cells than current pathological processes allow which enables
greater sub-classifications of cells in a biopsy {e.g., cancer or disease cells}, optionally using
new ex vive biomarkers. Taken together, the advaniages of the present invention allow for a
rapid diagnosis near the point of care and the subsequent creation of more effective patient

specific trealmuent regimens.

[8079] i should be understoed that the methods of the invention may be performed alone
or in conjunction with the systems and devices set forth in U.S. Publication No.

2009/0162853, incorporated herein by reference.

18080}  In one aspect, the mvention provides molecular assays capable diagnosis and/or
progunosis of a discase in a subject. In addition, the molecular assays of the invention are
capable of both evaluating the sensitivity or resistance of a patient's disease to an agent prior
to initiation of therapy and monitoring the therapy offects during treatment. The diagnostic

assay directs therapy and determines prognosis of patients treated with targeted therapies.

{80811  Accordingly, the invention provides a method for the diagnosis and/or progunosis of
discase n a subject. The method mcludes determining the difference between a basal level or
state of a molecule in a savople and the level or state of the molocule afler stimulation of a

postion of the sample with a modulator ex vive, whercin the difference is expressed as a value

which is indicative of the prosence, absence or risk of having a disease.

[9082]  Excmplary modulators include, but are not Hrtied to, physical, biologieal, or
chemical modulators. Included in the torm “modulators” are stimulators and inhibitors, such
as small molecules {e.g, erlotinib, gefitinib, or lapatanib), and antibodies (e.g.,
HERCEPTIN®). In one embodiment, the modulator i3 an epidermal growth factor receptor
EGFR} inhibitor or activator. As used herein, the term “EGFR” refers to erbB gene family
products. | will be understood by those sialled in the art that the EGFR way be a product of
any crbB receptor encoded by any gene from the crbB gene family, and any homo- and

heterodimers that these molecules are known to form. While erbB-1 product s the main
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receptor, the expression of which has been detected in previous studies, there 1a reason to
believe that the cell lines and tumors tested herein also express other erbB gene family
members. Lastly, the EGFR ligand or combination of ligand we used binds o almost all of
the known EGFR receptor forms, and therefore our assay measures the effects exerted by
those proteins. In another embodiment, the modulator is a2 combination of one or more

modulators such as, for example, one or more of EGF, TGF-4, and Heregulin.

[8083]  Thus, the guantiialive or gualilative oflecl measured can be the expression level of
a gene, such as, an immcediate or delayed carly gone family momber. Suitable immediate or
delayed early gene family members include, but are not limited to, FOS, JUN and DUSP {-

28.

[8084]  As used herein, the term “disease” 1s used broadly {o refer to any pathological
condition of a part, organ, or system of a subject resulting from various causcs, such as
wfection, genetic defect, or euviroumental stress, and characierized by an identifiable group
of signs or symptoms. Exemplary diseases include, but are not limited to, stroke,
cardiovascular disease, chronic obstructive pulmonary disorder, myocardial infarction,
congestive heart failure, cardiomyopathy, myocarditis, ischemic heart disease, coronary artery
disease, cardiogenie shock, vascular shock, pulmonary hypertension, pulmonary cdema
{including cardiogenic pulmonary edemaj}, cancer, pathogen-mediated disease, pleural
cffusions, rheumatoid arthritis, diabetic retinopathy, retinitis pigmentosa, and retinopathics,
including diabetic retinopathy and retinopathy of prematurity, inflammatory discases,
restenosis, edema {including edema associated with pathologic situations such as cancers and
edema induced by medical interventions such as chemotherapy), asthma, acute or adult
respiratory distress syndrome (ARDS), lupus, vascular leakage, transplant (such as organ
transplant, acute transplant or heterograft or homograft {(such as is cmploved in burn
treatment)} rejection; protection from ischemic or reperfusion injury such as ischemic or
reperfusion injury incurred during organ transplaniation, transplantation iolerance induction;
ischemic or reperfusion injury following angioplasty; arthritis (such as rheumatoid arthritis,
psoriatic arthritis or ostecarthritis); multiple sclerosis; inflammatory bowel discase, including
sleerative colitis and Crohn's disease; lupus {systemic lupus crythematosis); graft vs, host
diseases; T-cell mediated hypersensitivity discases, including contact hypersenstiivity,
delayed-type hypersensitivity, and gluter-sensitive enteropathy (Celiac disease); Type 1

diabetes; psoriasis; contact dermatitis (including that due to poison ivy); Hashimoto's
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thyroiditis; Sjogren's syndrome; Autoimmune Hyperthyrotdism, such as Graves' disease;
Addison's disease {autoimmune disease of the adrenal glands): autoimmune polvglandular
disease (also known as autoimmune polyglandular syndrome); autoimmune alopecia;
pernicious ansmia; vitilige; antoimrmune hypopitustarism; Guillain-Barre syndrome; other
autoinunune diseases; cancers, including those where kinases such as Sre-famidy kinases are
activated or overexpressed, such as colon carcinoma and thymoma, or cancers where kinase
activity facilitates tumor growth or survival; glomerulonephuitis, serum sickness; uticaria;
allergic diseases such as respiratory allergies (asthima, hayfever, allergic rhinitis) or skin
allergies; mycosis fungoides; acute inflamimatory responses {such as acute or adult respiratory
distress syndrome and ischemma/reper{usion mjury); dermatomyositis; alopecia areata; chronic
actinic deruatitis; eczema; Behceet's discase; Pustulosis palwoplanteris; Pyoderma
gangrenum; Sezary's syndrome; atopic dermatitis; systemuic schierosis; morphea; peripheral
Hmb ischemia and ischemic limb disease; bone disease such as osieoporosis, osteomalacia,
hyperparathyroidism, Paget's discase, and renal osteodystrophy;vascular leak syndromes,
inchuding vascular leak syndromes induced by chemotherapies or immunomodulators such as
11.~2; spinal cord and brain injury or trauma; glancoma; retinal diseases, including macular
degeneration; vitreoretinal disgase; pancreatifis; vasculatides, including vasculitis, Kawasali
disease, thromboangiitis obiiterans, Wegener’'s granalomatosis, and Behcet's disease;

scleroderma; preeclampsia; thalassemia; Kapost’s sarcoma; and von Hippel Lindau disease.

[8085]  In onc embodiment, the disease is cancer. Excmplary cancers include, but are not
lmited to, colorectal, esophageal, stomach, lung, prostate, wterine, breast, skin, endocrine

urinary, pancreas, ovarian, cervical, head and neck, liver, bone, biliary tract, small intestine,
hematopoictic, vaginal, testicular, anal, kidney, brain, eye cancer, leukenua, lymphoma, soft

tissue, melanoma, and metastases thereof,

[8086] o another embodiment, the disease is a pathogen-mediated disease. HExenmplary
pathogens include, but are not limited to, bacteria, fungi, vituses, spirochetes, and parasites.
Exemplary viruses include, but are not limited 1o, Herpes simplex virus 1 (HSV1), Herpes
stmplex virus 2 (HSV2}, respiratory syncytial virus, measies virus (MV}, human
cytoruegaloviras (HCMV), vaccinia virus, human jmmunodeficiency viras type 1 (HIV-1),

and hepatitis O virus (HCV)L
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[8087]  As used herein, the terms “sample” and “hiclogical saraple” refer to any sample
suitable for the methods provided by the present invention. A sample of cells used in the
present method can be oblaimed {Tom tissue samples or bodily {luid from a subject, or Lissue
oblained by a biopsy procedure (e.g., a noedle biopsy) or a surgical procedure. Thus,
exemplary samples include, but are not Limited to, a tissue sample, a frozen tissue sampie, a
biopsy specimen, a surgical specimen, a cytological specimen, a cell line, a xenografi, a
tunior, a fine needle aspiration, whole blood, bone marrow, cerebral spinal fluid, peritoneal
fluid, pleural fluid, lyraph fluid, serum, plasma, amniotic fhuid, mucus, plasma, vrine, chyle,
stool, sputum, perspiration, tears, semen, nipple aspirate, saliva, and any conbination thereof.
in certain embodiments, the sample can be a {raction of a blood sample such as a peripheral
blood lymphocyte (PBL) fraction. Methods for isolating PBLs from whole blood are well
known in the art. in addition, it is possibie te use a blood sample and enrich the small amount
of circulating cells from a tissue of interest, e.g., ovaries, breast, ete., using methods known in

the art.

[8G88]  Finc neoodle aspiration (FNA) has domonstrated fo be a robust and saft method to
acquire tumor material i sufficient quantitics to asscss pharmacodynamic endpoints m a
serial manner. In addition, preliminary evidence is provided suggesting that this methodology
can be efficiently used in procuring tissue to reproduce in vitro conditions and develop an ex
vive melecular sensitivity and resistance assay. This approach has classically drawn
considerable interest and the outcome and ultimate significance of a number of these studies
has been the subject of recent reviews, Most studies analyzed whether cells derived from a
sample of viable tumor tissue show a response when exposed to selected therapeutic agenis
under in vitro conditions. Thus, in one embodiment, the assay is based on fine needle
aspiration of any lesion and processing the aspirated material for protein and/or nucleic acid
analysis. Depending on the particular pharmaceutical agent used, the assay allows for
determination of sensitivity of the lesion to treatment, effectiveness of specific pathway
blockade, and monitoring of therapy effects at the molecular level. The assay can be
performed with mindmal morbidities and discomfort, and can be used for drug sensitivity

assessment, dosing regimen, therapy effect measurement, and prognostication.

" - ™ ¢ y " ~ R . . . i AT
[8089]  SnapPath ™ Ak Vive Biomarker Platiorm: Fine needle aspiration biopsies (FNABs)
are a minimally-invasive method for sampling human tomors that is widely used in the United

States. Historically FNAR samples have provided adequate material for microscopic
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examination, however the successful development and use of targeted cancer drags will also

require biomarker information derived from these clinical saruples.

[8090]  While ex vivo biomarkers have been used successfully in various clinical trials
using manual live tissuc manipuiation at the patient’s bedside. £x vivo tests are not clinically
feasible unless an automated, rapid processing device, such as SnapPath™ exists.  The ability
to interrogate live tumor ceils with novel ex vivo biomarker tests to determine the most
ellective cancer {reatment [or individual patients 1s the promise of the SnapPalth™ biomarker

platform.

[8081]  SnapPath™ benchtop units will utilize automated fluidic technologies to process
and manipulate live tumor biopsy samples, within uniquely designed insertible cartridges. In
the SnapPath™ system, radiologisis will deposil (FNA) biopsy samples juto a SnapPath™
cartridge immediatcly after the needic is removed from the patient. Cartridges will then be
rapidly delivered to pathology where the SnapPath™ platform will be located, in a process

similar to that required for lymphoma samples processed by flow cytometry.

18092]  The SoapPath™ biomarker platform is being developed with a $2.3 million Fast-
Track SBIR contract from the National Cancer Institute. In the NCT's contract award, the
agency stated that the company’s SnapPath™ technology presented an “jnnovative” FNA
biopay approach and instrament that wag “exiremely responsive” to the NCTs contract
announcement which expressed interest in “biopsy insiruments and devices that preserve
molecular profiles in tumors,” including those that will “creaie an entirely new diagnostc
arca” aud “enable individualized molecular thorapy of solid tumors based on accurate
information about signal transduction pathways, meolecular drug targets and biomarkers.” The
NCT also recently stated that technologies focusing on ex vivo diagnostics and ex vivo tissue-

analysis are a “priority” for the NCPs SBIR Phase 1 Bridge Award program,

{0937 The torm “subjoct” as used hercin rofors to any individual or paticat 1o which the
subject methods are performed. Generally the subject is human, although as will be
appreciated by those in the art, the subject may be an animal. Thus other animals, including
mammals such as rodents (including mice, rats, hamsters and guinea pigs), cats, dogs, rabbits,
farm anials mcluding cows, horses, goats, sheep, pigs, etc., and primates (including

monkeys, chimpanzees, orangutans and gorillas) are included within the definition of subject.
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o addition, the terrn “subject” may refer to a culture of cells, where the mothods of'the

invention are performed in vifro to assess, for exampie, efficacy of a therapeutic agent.

190847  As used horein, the torms “molecule” or “blomolecule” refor to any organic
molecule in a living organism. Exemplary biomolecules include, but are not limited to,
peptides, lipids, nucleic acids, metabolites, and carbohydrates. In one embodiment, the
biomolecule is a peptide, such as a protein, or a nucleic acid molecule. The terms
“polypeptide,” “peptide” and “prolein” arc used inlerchangeably herein 1o refer 1o two or
more aming acid residucs joined to cach other by poptide bonds or modificd peptide bonds,
i.e., peptide 1sosteres, The terms apply to amino acid polymers in which one or more amino
acid residue is an artificial chemical mimetic of a corresponding naturally occurring amino
acid, as well as to naturally occurring amino acid polymers, those containing modified

residues, and non-naturally occurring amino acid polyrmer.

[9095]  The term “nucleic acid molecule” 1s used broadly herein io vocan a sequence of
deoxyribonucleotides or ribonucleotides that are linked together by a phosphodiester bond.
As such, the term “nucleic acid molecule” is meant to include DNA and RNA, which can be
single stranded or double stranded, as well as DNA/RNA hybrids. Furthermore, the term
“nucleic acid molecnle” as used herein ineludes naturally occurring mucleie acid molecules,
which can be isolated from a cell, for example, a particular gene of interest, as well as
synthetic molccules, which can be preparced, for cxample, by methods of chemical synthesis
or by cnzymatic methods sach as by the polymerase chain reaction (PCR), and, in various
embodiments, can contain nuclestide analogs or a backbone bond other than a phosphodiester

bond.

[9096]  Asused herein, the term “EGFR modulator” refers to a compound or drug that is a
biclogical melecule or a small molecule that directly or indirectly modulates EGYVR activity or
the EGFR signal transduction pathway. Compounds or drugs as used herein 18 intended to
inchude both smail molecules and biological molecules. Direct or indirect moduiation
includes activation or inhibition of EGFR activity or the EGFR signal transduction pathway.
{nhibition refors to inhibition of the binding of EGFR to an EGFR Hgand including, for
example, BEGF. In addition, inhibition can also refer to inhibition of the kinase activity of

EGFR.
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{0977  EGFR modulators include, for example, EGFR specific ligands, small molecule
EGFR mhibitors, and EGFR monoclonal antibodies. In one aspect, the EGFR modulator
inhibits BGFR activity and/or inhibits the EGFR signal transduction pathway. In another
aspect, the EGFR modulator is an EGFR antibody that inhibits EGFR activity and/or inhibits

the EGFR signal transduction pathway.

[8098]  EGFR modulators include biclogical molecules or small molecules. Biological
molecules include all Hpids and polymers ol monosaccharides, amino acids, and nucleotides
having a molccular weight greator than 450, Thus, biological molccules include, for example,
oligosaccharides, polysaccharides, oligopeptides, polypeptides, peptides, protetas,
oligonucleotides, and polynucleotides. (Migonucleotides and polynucleotides include, for
example, DNA and RNA. Biological molecules further include derivatives or combination of
any of the molecules described above. For example, derivatives of biological melscules
include lipid and glycosylation derivatives of oligopeptides, polypeptides, peptides, and

proteins,

[8699]  In addition to the biclogical molecules discussed above, the EGFR modulators
useful in the invention may also be small molecules. Any molecule that is not a biclogical
molecule can be considered herein to be a small molecule. Some examples of small
molecules include organic compounds, organometallic compounds, salts of organic and
organometallic compounds, saccharides, amine acids, and nuclootides. Small moleculcs
further wclude molecules that would otherwise be considered biological melecules, except
their molecular weight is not greater than 450, Thus, small molecules may be lipids,
oligosaccharides, oligopeptides, and oligonucieotides and their derivatives, having a

molecular weight of 450 or less.

[8100]  H is noted that small molecules are merely called small molecules because they
tvpically have molecular weights less than 450, Small molecunles inclade compounds that are
found in nature as well as synthetic compounds. In one embodiment, the EGFR modulator is
a small molecule that mhibits the growth of tutnor cells that express EGFR. In another
cmbodiment, the EGFR modulator is a small molecule that inhibits the growth of refractory
tumor cells that express EGFR. Numerous small molecules have been described as being

aseful 1o inhihit EGFR and are well known in the art.
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{8104} The invention also inclndes specialized microarravs, e.g., oligonucleotide
microarrays or cI3INA microarrays, comprising one or more biomarkers, showing expression
profiles that correlate with either sensitivily or resistance Lo one or more stimulations, {or
example EGFR modulators, Such microarrays can be employed in in vitro assays for
assessing the expression level of the biomarkers in the test cells from tumor biopsics, and
determining whether these test cells are likely to be resistant or sensitive to stinwulations, for
example EGFR modnlators. Cells or live tissue samples from a subject can be isolated and
exposed to one or more of stimulations, for example the EGFR modulators. Following
application of nucleic acids isolated from both untreated and treated cells to one or more of
the specialized microarrays, the patlern of gene expression of the tested cells can be
determined and compared with that of the biomarker pattern from the control panel of cells
used to create the biomarker set on the microarray. Based upon the gene cxpression pattern
results from the celis that underwent testing, i ¢an be determined if the cells show a resistant

or a sensitive profile of gene expression.

[81062]  The invention also includes kits for detormining or predicting whether a pationt
would be susceptible or resistant €0 a treatrment that includes one or more stimulations, for
example EGFR modnlators. The patient may have a cancer or tumor such as, for example, a
breast cancer or tumor. Such kits would be useful in a clinical setting for use in testing a
patient’s cancer samples, for exarple, to determine or predict 1f the patient’s turaor or cunicer
will be resistant or sensitive to a given treatment or therapy. The kit includes a suitable
coutainer that includes one or more microarrays, e.g., oligonucleotide microarrays or ¢cDNA
microarrays, that include those biomarkers that correlate with resistance and sensitivity to
stimulations, for example EGFR modulators, particularly EGFR inhibitors; one or more
stimulations, for example EGFR modulators for use in testing cancer samples or cells from a
paticnt; and instructions for use. In addition, kits contemplated by the invention can further
include, for example, reagents or materials for monitoring the expression of biomarkers of the
invention at the levels of mRNAs or proteins, using other techniques and systems practiced in
the art such as, for example, RT-PCR assays, which employ primers designed on the hasis of
one or more of the biomarkers, immunoassays, such as enzyme linked immunosorbent assays

(ELISAg), immunoblotting, e.g., Western blots, or in sity hvbridization, and the like,
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[103]  In one embodiment, the protein s a post-translationally modified protein, where the
protein is modified by one or more of phosphorylation, acetylation, amidation, methylation,

nitrosylation, fatty acid addition, ipid addition, glycosylation, and ubiquitination.

[9104]  In another embodiment, the methods further include exposing the sample to one or
more therapeutic agents or combination thereof. For solid tamor or other cancer applications,
the therapeutic agents can include a targeted pharmaceutical agent such as, for example,
anlilumor monoclonal antibedies, e.g. rastuzurnab (Herceplin®), celuximab (Erbuux®),
bevacizumab {Avastin®) and rituximab (Rituxan® and/or Mabthera®}, and small molecule

inhibitors, e.g., gefitingb {Iressa®), or erlotinib {Tarceva®) or cytotoxic chemotherapy azents.
b & 2‘: S J J

[9165]  Exemplary chemotherapeutic agents also include, but are not limited to,
antimetaboliles, such as methotrexate, DNA cross-linking agents, such as
cisplatin/carboplatin; atkylating agents, such as canbusil; topoisomcrase 1 inhibitors such as
dactinomicin; microtubule inhibitors such as taxol {paclitaxcl), and the like, Other
chemotherapeutic agents include, for example, a vinca alkaloid, mitomycin-type antibiotic,
bleomycin-type antibiotic, antifolate, colchicine, demecoline, ctoposide, taxane, anthracycling
antibiotic, doxorubicin, daunorubicin, carminoniycin, epirubicin, idarubicin, mithoxanthrone,
4-dimethory-daunomycin, 11-deoxydaunorubicin, |3-deoxydaunorubicin, adriamycin-14-
benzoate, adriantycin-14-ocianoate, adriamycin-14-naphthaieneacetate, amsacrine,
carmustine, cyclophosphamide, cytarabine, ctoposide, lovastatin, melphalan, topctecan,
oxalaplatin, chlorarubuci], methirexate, lowustine, thioguanine, asparaginase, vinblastine,
vindesine, tamoxifen, or mechlorethamine. While not wanting to be limiting, therapeutic
antibodies include antibodies directed against the HER2 protein, such as trastuzumab;
antibodies directed against growth factors or growth factor receptors, such 4s bevacizumab,
which targets vascular endothelial growth factor, and OS1-774, which targets epidermal
growth factor; antibodies targeting integrin receptors, such as Vitaxin {also known as MEDI-
522y, and the Hike. Classes of anticancer agents suitable for use in compositions and methods
of the present invention include, but are not limited to: 1) alkaloids, including, microtubule
inhibitors {e.g., Vincristine, Vinblastine, and Vindesine, etc.}, microtubule stabilizers (c.g.,
Pachitaxel {Taxol], and Docetaxel, Taxotere, etc.), and chromatin function inhibitors,
inchuding, topoisomerase inhibitors, such as, epipodophylictoxins (e.g., Etoposide [VP-16],
and Teniposide [VM-26], etc.}), and agents that target topoisomerase 1 (e g., Camptothecin and

lsirinotecan [CPT-11], etc. iy 2} covalent DBNA-binding agents falkylating agents], including,
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nitrogen nustards (e.g., Mechlorethamine, Chlorambucil, Cyclophospharmide, Hosphamide,
and Busulfan [Myleran], etc.}, nitrosoureas {e.g., Carmustine, Lomustine, and Semustine,
gic.}, and other alkylating agents {e.g., Dacarbazine, Hydroxymethyimelamine, Thiolepa, and
Mitocyein, ete.); 3) noncovalent DNA-binding agents [antitumor antibiotics], including,
nucleic acid inhibitors {e.g., Dactinomycin {Actinomycin D], etc.), anthracyclines {e.g.,
Daunorubicin [ Daunomycin, and Cerubidine], Doxorubicin [Adriamycin], and Idarubicin
[ldamyein], efc.), anthracenediones (e.g., anthracycline analogues, such as, [Mitoxantrone],
etc.}, bleomycins (Blenoxane), etc., and plicamyein {Mithramycin}, etc.; 4} antimetabolites,
including, antifolates {e.g., Methotrexate, Folex, and Mexate, etc.}, purine antimstabolites
{e.g., 6-Mercaptopurine [6-MP, Purinethol], 6-Thioguanine [6-TG}, Azathioprine, Acyclovir,
Ganeiclovir, Chlorodeoxyadenosine, 2-Chlorodeoxyadenosine {CJA], and 2'-
Deoxycoforniycin [Pentostatin], ctc.}, pyrinudine antagonists {e.g., fluoropyrimidines {e.g., 5-
ffuorouract! {Adracil), 3-fluorodeoxvuridine (Fdlrd) (Floxaridine)] ete.}), and cytosine
arabinosides {e.g., Cytosar [ara-C] and Fludarabine, ctc.); 5) enzymes, including, L-
asparaginase; ¢} hormones, including, glucocorticoids, such as, snticstrogens (e.g.,

Tamoxifen, etc.), nonsteroidal antiandrogens {e.g., Flutamide, ete.}, and aromatase inhibitors

2% 4

{e.g., anastrozole [Arnnwdex ], ete.); 7} platinum compounds {e.g., Cisplatin and Carboplatin,
etc.); 8) monoclonal antibodies conjugated with anticancer drugs, foxins, and/or
radionuclides, otc.; 9) biological response modifiers {e.g., interferons {e.g., IFN-q, ote.] and
interleuking {e.g., IL-2, etc.], etc.}; 103 adoptive immunotherapy; 11) hematopoietic growth
factors; 12) agents that induce tumor cell differentiation (e.g., all-trans-retinoic acid, etc.); 13)
gene therapy technigues; 14) antisense therapy technigues; 15) tumor vaceines; 16} therapies
dirccted against tumor metastases {e.g., Batimistat, ctc.); and 17} inhibitors of angiogoneais,
Thus, in one embodiment, the therapeutic regimen 1s a administration of cisplatin in

combination with paclitaxel.

{9106]  In another aspect, the invention provides a method of predicting the effect of an
agent or combination of agents. The method mcludes determining the difference between a
basal tevel or state of a melecule in a sample and the level or state of the molecule afler
stimulation of a portion of the sample with a modulator ex vivo, wherein the difference in the
basal level or state of the molecule expressed as a value is indicative of a positive or negative
gffect of the agent. in one embodiment, the agent inleracts directly with the molecule in the
sample. In another embodiment, the effect is the activation or inhibition of a ccllular pathway

selected from the group consisting of a metabolic pathway, a replication pathway, a cellular
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signaling pathway, an oncogenic signaling pathway, an apoptotic pathway, and a pro-

angiogenic pathway.

{91071 In anothor aspect, the invention provides a mcthod of scrooning tost agents for an
effect on a molecule. Thus, the cffects of the presence or absence of a test agent can also be
deterrnined by detecting an ex vivo biomarker, for example, a post-transiationally modified
protein, ions, or enzymes. The method includes contacting a sample containing the molecule
or molecules with the test agent ¢x vive, then delermining a dilference between a basal lovel
or statc of the molecule in the sample and the level or state of the moleenle aftor stimulation
of a portion of the sample with a modulator ex vivo; wherein a difference in the basal level or
state of the molecule before and after contacting with the test agent is indicative of an effect

on the molecule.

[9108]  Suutable test agents include, but arc not limited to, onc or morce of the following:
smmall molecule chemical, a chemotherapeutic agent, a hormone, a protein, a peptide, 2
peptidomimetic, a protein, an antibody, a nucleic acid, an RNA1 molecule, and an antisense
molecule. In one embodiment, the administration of a test agent can be followed by
measuring a quantitative or qualitative effect on a target ex vive biomarker or biomolecule of

the dispersed or distributed cell.

[9108]  In another embodiment, it can be determined 1 the test agent affects the expression
of one or more markers, wherein the presence, absence, or relative degree of such expression
is indicative of the susceptibility of the cells o a selected pharmaceutical agent. These
markers can include a wide array of ex vive biomarkers such as mBNA, a microRNA, ¢cDNA,
a protein, a phosphoprotein, a postiransiational modification of a protein, or a modification of
histone or DNA packaging. For example, the marker can be mRNA or ¢DNA for an early
response gene {e.g., FOB or JUN} associated with susceptibility to a pharmaceutical agent.
The presence, absence, or relative degree of expression of combinations of markers in the
presence of a test reagent can be indicative of the susceptibility of the cells to a selected test

reagent, such gs a pharmaceutical ageunt,

[6110]  For certain analytical methods, the test agent can be a detectable agent. The
detectable agent can be used individoally or as conjugated or otherwise connectad {o another
compound {e.g., a detectable agent conjugated to an antibody). Suitable detectable agents

include, but are not limited to, an enzyme, Huorescent mwaterial, luminescent material,
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bioluminescent matenal, radicactive material, positron emitting metal using a positron

emission tomography, or a nonradiocactive paramagnetic metal ion.

{8811 Once discasc is cstablished and a treatment protocol is nitialed, the methods of the
invention may be repeated on a regular basis to evaluate whether the level or intensity of
symptoms refated to the disease in the sabject hegins to approximats that which is observed in
a normal subject. The results obtained from successive assays may be used to show the
ellicacy ol ealment over a peried ranging [rom several days to months. Accordingly, the
invention is aiso directed to methods for monitoring the course of 2 subjoct’s thorapy, The
method ncludes determining the difference between a basal level or state of a molecule ina
sample and the level or state of the molecule after stimulation of a portion of the sample with
a modulator ex vivo, optionally prior to, simultancously with or following a course of therapy;
wherein the difference in the basal level or state of the molecule expressed as a value is
indicative of a positive or negative treatment. Thus, a positive treatment is indicative ¢of the
subject being a responder (o the course of therapy. Likewise, a nogative treatment is

indicative of the subjoct having resistance (o the course of therapy.

[8112] I one embodiment, the method may further include comparing the level of the
signs and symptoms related to the disease prior 1o and during therapy, where a lessening of
the signs and symptoms of discase indicates the efficacy of the therapy. Therefore, one

skilled in the art will be able to recognize and adjust the therapeutic approach as needed.

[9113]  The methods described herein may be performed with or without a cartridge as
deseribed in ULS. Publication No. 2009/0162853 incorporated hevein by reference. An
advantage of the methods and devices herein is that the test agent can be added at the point of
care and/or can come preloaded in specified wells of the cartridge. This allows the testing of
ex vivo biomarkers, optionaily near the point of care, using live cells. These methods and
devices can be used with specific test agents to manipulate samples ex vive to facilitate the
development of novel predictive biomarkers, monitor and determine cellular sensitivity to

specific pharmaceutical agents, and other uses that one of skill in the art will appreciate.

[6114]  Forexample, a sample of a solid tumor from a patient can be disaggregated,
distributed, and then iested against a panel of currently available cancer therapeutics at the
point of care. The samples can then be stabilized and/or fixed if necessary and analyzed.

Depending on the resulis for cach test agent, the physician can guickly determine which
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therapeutics will be most effective on the individual patient’s tumor at or near the point of
care. This personalized medicine provides numerous benefits, in particular, the use of

targeled cancer therapeutics and regimens in a rapid, cost effective manner.

18815]  Embodiments of the invention are directed to analyzing the distributed cells (e g,
cancer cells) by administering at least one agent to produce a measurable guantitative or
qualitative cffect on a target ex vivo biomarker or biomolecule. The guantitative or qualitative
ellect can be the activation or mhibition of a cellular pathway. Exemplary collular pathways
include, but are not limited to, a motabolic pathway, a replication pathway, a ccliular
signaling pathway, an oncogenic signaling pathway, an apoptotic pathway, and a pro-
angiogenic pathway. For example, the quantitative or qualitative effect can be a measurement
of an agonistic or antagonistic cffect on a G-protein coupled receptor or a receptor tyrosine

kinase, such as, epidermal growth fuctor receptor (EGFR) and the downstream pathways.

{iie]  In various embodiments, the cells and/or melecules are analyeed using one or niore
methods selected from an array, enzyme-linked immunosorbent assay (ELISA}, multiplex,
bioplex, luminex, mass spectrometry, flow cytometry, Northern blot, Southern blot, Western
blot, and radioimmunoassay (RIA). In other embodiments, cells and/or molecules are
analyzed using any apparatus known in the art for analyzing nucleie acids. In other
embodiments, the difference between a basal level or state of a molecule in a saniple froma
subject and the lovel or state of the molecule after stinmlation of a portion of the sample with

a moduiator ex vive is determined using a computer.

[8117]  In anothor aspect, the invention provides a mothod {or stratification of paticnts
based on responsiveness to a therapeutic agent or therapeutic regimen. The method includes
determining the difference between a basal level or state of a molecule n 4 sample from a
subject and the level or state of the molecule after stimulation of a portion of the sample with
a modulator ex vive; wherein the differonce in the basal level or state of the molecule
expressed as a value s indicative of a positive or negative response to a therapeutic ageunt or
therapeutic regimnen. Thus, a positive response 18 indicative of the subject being a responder
to the course of thorapy. Likewise, a nogative response is indicative of the subiect having

resistance to the course of therapy.
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[8118]  As described herein, the cells processed using the present invention can be prepared
and stabilized in a number of ways to permit a wide array of cellular analyses to be performed
on them. For example, the cells can be prepared for nucleic acid analysis, protein analysis,

and/or analyzed using live cellular probes.

[9119]  Fornucleic acid analysis, a siabilizing reagent such as RNAlater®, RNA Protect
Cell Reagent® (both available from Qiagen), or ethanol can be added to the cells. The
stabtlized cells can then be optionally lysed or bave the nucleic acid of mierest otherwise
extracted. The cxtracted and purificd nucleic acid can then be analyzed, for cxample, using

PCR techniques.

[81208]  In some embodiments, the methods described herein yield nucleic acid molecules
for further analysis, For these samples, [ollowing dispersion aud optional enrichment, the
nucleic acids can be stabilized or cxtracted (optionally) to vicid high quality and quantity
nucleic acid molecules. This can be done, for example, by lysing the desired cells following
exposure to a test agent and then obtaining ¢cDNA using reverse transcriptase and DNA
primers. The DNA primers can include nonspectfic primer complementary to poly A, e.g.
oligo(dT)12-18 or a specific primer complementary to a mRNA transcript of interest. As ong
of skill in the art will appreciate, the cells can be lysed using a variety of methods, such as,

chemical or mechanical means.

[9121]  Optionally, the cells can be stabilized with reagents 1o detect and/or preserve
biomarker information, ¢.g., using reverse transcriptase and DNA primer o oblain cDNA

transcripts, preparing RNA, DNA and protein for down stream wolecular analysis.

[8122]  For protein or nucleic acid analysis, either whole cells or Tysed cells can be used.
Intact whole cells can be fixed and stabilized with a polymer, such that the sample adheres to
the isolated chamber, {or example, a glass slide. These samples can then be subjected to
analysis, for cxample, immunohistochemical (IHC) analysis. Lysed or otherwise rupturcd

cells can be used in assays such as Western Blots and may not require stabilization or fixation.

161231  Shde preparation for morphological review by a pathologist and protein analysis by
THC can be an output of the methods described herein. Accordingly, the cells can also be
prepared, optionally using polymers, on glass slides for analysis of morphology and/or

unmunohistochemisiry,
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[8124]  Live cellular probe analysis can involve adding a molecular probe (such as
MitoTracker®} at any point in the method of processing the cells where the cells are alive.
This addition of the live cell probe should be made prior (o fixing or otherwise allowing the
cells to die. For example, such a probe can be added before or after cellular stabilization but

prior to cellular fixation.

[9125]  In some embodiments, the cells can be stabilized and fixed by any suitable means
that will permott subsequent molecular analysis and detection of markers. Generally,
crosstinking fixatives such as formalin arc not preferred but may be present in small amounts
that will not interfere with subsequent analysis. Where the biomarker 1s expression of a
particular gene or genes, in one embodiment the cells are lysed and exposed to reverse
transcriptase and suitable primers, so as to generate cDNA transcripts of mRNA transcripts in
the cells. This facilitaies subsequent analysis, as ¢cDNA 13 less subject to degradation than

mRNA.

[#126]  In some embodiments, 1 x 10% ar more cells are processed to stabilize any or all of

the following: RNA, DNA, protein, and/or phosphoproteins,

191271  In somc cmbodiments, the cells can be fixed after processing. Any suitable means
of fixation can be used, for example, air drying technigues, adding a compound such as
aleohol, e.g., a fixative comprising a lower alkanol, eg., methanol or ethanol, adding
formalin, adding an RNase inhibitor, adding agarose, adding polvethylene glycol, adding poly
1-lysine, or adding one or more chelator or antioxidant. In some embodiments, the {ixative
includes agarose, polyethylene glyeol, octylphenoxy-polyethylene glyeol, poly-1-lysine,

eagent alcchol and water.

[8128] o another aspect, the methods of the present invention inctude a method for
preparing solid tssue cells from a subject, e.g., solid tumor cells [rom an arimal or human
subject having a solid tumor, e.g., for detormination of sensitivity of the cclls o a selected
targeted pharmaceutical agent. An example methed can include the steps of: {a) obtaining
solid tissue comprising desired cells from the subject; (b) dispersing (e.g., using shear forces)
the tissue into single live cells and/or aggregates of not more than 100 hive cells, e.g., 1010
100 cells; (¢) euriching the sample, e.g. removing confaminating materials from the live cells;
{dy distributing the live cells into test aliquots in igolated chambers; () exposing the live cells

to one or more test reagenis; and () treating the cells with a fixative and/or stabilizing agent
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{e.g., an agent stabilizing RNA, DNA, proteins and/or phosphoproteins) to fix the tumor cells
and/or marker for further analysis; wherein the fixaticn of the tumor cells and/or the marker is
completed within {our hours of removal of the tissue {rom the subject in an aulomated or

manual (ashion,

[9129]  Ancther embodiment of the invention provides a method of testing cells wherein
solid tumor cells are removed from a mammal (e.g., a human patient}, and while most of the
cells, e.o., at least 653% of the cells, e.g., at least 75% ot the cells are viable and have not
replicated outside the body, cxposing all or a portion of the cells ex vivo 10 onc or more tost
reagents, and stabilizing the cells, optionally with a fixative {e.g., a polymer} that can preserve
biomarker information including cellular DNA, RNA, proteins, and/or phosphoproteins.
These biomarkers can be tested using molecular analyses known to one of skill in the art or

using the novel ex vive bomarker tests disclosed herem.

19136]  The following examples are provided {o further illastrate the advantages and
features of the present invention, but are not intended to limit the scope of the invention.
While they are typical of those that might be used, other procedures, methodologies, or

techniques known to those skilled in the art may alternatively be used.

EXAMPLE Y

Functional Sional Profiles of Phosphoprotein Arrav

[9131]  Figure 1 is a bar chart that summarizes data derived from a phosphoprotein array
that conlains 29 difterent phosphoproteins, The data are derived {rom 3 breast cancer cell
Hucs that have boen treated with EGF. The bars represent up-regulation of the
phosphoprotein relative to the basal state without EGF stimuiation. MNote that these cell lines
display very different sets of up-regulated phosphoproteins upon EGF stimulation giving

information about the signal transduction networks of these cells.

{41321 Using raw data similar to that provided herein, an algorithm will be uscd to creatc a
"profile” for each tumor. For example, the level of cach individual phosphoprotein will be
assigned a "score” between 0, low, medium and high, based on previously determined cut
values, Then the scores from each analyzed protein within a tumor will be assembled into a
group termed the functional signaling profile. Each profile will provide information about the

functional status of the tumor cell which can then be used to predict the targeted drug
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sensitivity/resistance of the tamor. An example of such functional signaling profiles for a set

of five breast cancer cell lines is shown 1n Figures 2A and 2B.

EXAMPLE 2

Functional Stratification of Breast Carcineoma Cells

Enables Predictive Therapentic Strategies

[9133]  Most targeted therapies still lack effective predictive biomarkers. A major
himitation of the existing classes of biomarkers is the lack of functional information about the
signal transduction notworks targeted by molecularty targeted drugs. The present invention
provides a furctional assay based on ex vivo biomarkers produced by live tumor cells, The
profile is elicited by short~term epidermal growth {actor {(EGF) stinnuiation in the presence or
absence of a MEK inhibitor. The resultant changes in signal transduction phosphoprotein
fevels are used to create functional signaling profiles that stratify tumor cell lines inio
functional groups. This functional signaling profile is feasible by an automated platform that

is amenable to fumor bilopsy processing,

[8134]  DBreast Cancer Cell lines (BT-474, MDA-MD-231, SKBR3, HCC-1937, BT-20,
T470, MCF-7, BT-549) are propagated and removed from the plate by gentle scraping to
simmulate a FNA biopsy sample., Following removal, the cells were placed on the SnapPath™
live~tumor-cell processing platform (BioMarker Strategies, LLC) to evoke ex vive
biomarkcrs. SnapPath™ disperscs the sample, cnriches for tumor cclls, aliquots into test
wells, and applies ex vivo stimulation by EGF {200 ng/ml) in the presence or absence of the
MEK inhibitor, U0126 (1 ubM). Cell bysates are then analyzed using the BioPlex platform for
the foliowing phosphoproteins: p-Erk 172, p-AKT, p-EGFR, p-Stat? (BioRad), Functional

profiles are generated for each coll line based ou the levels of phosphoproteins,

{9135]  Functional signaling profiles of breast cancer cell lines stimulated with EGF in the
presence of UD126 reveal distinet functional groups that enabled the stratification. Two
functional groups are identified based on pAKT phosphorylation fevels: one group displays
variabie, but low levels of p-AKT inhibition, whercas another group shows unanticipated up-
regulation of p-AKT. This sccond group may be resistant to MEK inhibition but seositive o
the combination of MEK/AKT inhibition. Two other functional groups arc identified based

on pEGEFR phosphorylation fevels: one group displays variable, but low p-EGFR inhibition,
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whereas the other group shows unanticipated up-regulation of p-EGFR. This second group

may be resistant to MEK inhibition, but sensitive to combined MEK/EGFER inhibition.

{9136]  Functional signaling profiles of human canecers reveal unigue details of signal
transduction networks that permit stratification of tumoers unavailable through traditional
biomarkers. These profiles may correlate with largeted drug sensitivity or resistance and may
yield successtul companion diagnostics, including combination therapics of targeted agents.
Such [unectional profiles can be reproducibly cliciied trom small numbers of tumor cells on an
automated platform, suggesting that this approach to predictive tosts is possible for human

tumor biopsy samples.

EXAMPLE 3

Stratification of Breast Cancers Based on Functional

Phaosphoprotein Sienaling Profiles Elicited from Live Tumor Cells

1913717 Abvormal signal transduction networks are frequent targets of existing and
emerging molecularly targeted agents (MTAs). Unfortunately, most predictive biomarkers to
guide therapeutic selection arc based on indirect assessment of signal transduction through
DNA mutations or transcriptional profiles rather than dynamic asssssment of signal
transduction proteins themselves, Classification of breast cancer based on functional
signaling profiles derived from a set of signaling phosphoproteins induced upon growth factor
stinlation of live breast cancer cells is likely to provide a more accurate system for MTA

selection than indirect methods utilizing fixed or frozen tissue.

[8138]  This example provides demoustration for stratification of multiple breast cancer
model systems based on functional signaling profiles clicited from hive tumor cells in
regponse to ex vivo stimuli. Breast cancer cell lines (MCF-7, HCC-1937, MDA-MB-231,
B3T474, and SKBR3) are exposed to either vehicle (control) or stimulated with 200 ng/ml
epidermal growth factor (EGF) for 5 mimites then lysed and proteins extracted. The signal
transduction pathway involving EGF is shown in Figure 3. Mean Flnorescence Intensity
(MFT} levels of six phosphoproteins (pEGFEFR, pHrk, pAKT, pP7056K, pGSK3§, and
pSTAT3) arc detormined in soxtupiot using a multiplexed bead-immunoassay (BioPlex,
BioRad) and a medulation score (MS), defined as the log 2 (MF] stimulated /MFT control),
caleuiated for each. The sample acquisition and processing methods are shown in Figures 4

and 5. Scores are ranked by percentile relative to the median {0.66} and inter-quartile range



WO 2011/133477 PCT/US2011/032935

39 .

2

(10QR) (1.54). Moderate responders are classified as those with MS hetween the 75th
percentiie (2.20} and the 75th percentile plus the 1R {3.74). High responders are those MS >
3.74. Low responders are those M3 falling between the IQR and 75th percentile (1.54-2.20)

whereas non responders are classified ag MS < 1,54,

[9139]  Functional stratification of breast cancer cell lines tested are shown in Figure 6, and
the cell line hierarchal clustering based on functional stratification is shown in Figure 7. EGF
stimulation resulls in high levels of EGFR-phosphorylation in all cells except BT474, which
responds modorately (2.57). MBS for pErk arc high in MCF-7 cells {3.92), moderate in HCC -
1937 (2.89) and none for the other lines tested, Moderate STAT-3 phosphorylation is
observed in only MCF-7cells (2.34) whereas low pAKT M8 are observed in only SKBR3
{1.78). All other markers across the five cell lines tested are non responders (< 1.54), with
pGSKAP and pPTO86K yielding MS <0 1.4 for all five cell hines. Interestingly, the relative MS
rank order of all six proteins differed across each cell line suggesting further opportunity for

stratification.

[9140]  Corrclations between monolayer cell lines and SanpPath™ processed cell lines are
shown in Figure &, and the processed cell line clustering is shown in Table 1. This example
provides that SnapPath™ Frables Functional Stratification in Cell Lines and Xenografis,
Correlations between SnapPath™ Processed Cell Line and Xenograft are shown in Figure 9

(HCC-1937) and Figure 10 (MDA-MB-231),

Table 1. SnapPath™ Processed Cell Line Clustering

BT-20 | BT-474 | BT-540 | HCC- | MCP-7 | MDA- | SKBR3 | T-47D
1937 MB-231

BT-20 - 033 | 083 | 680 | 048 | 096 | 0.5 | 0.62
BT-474 - 0.05 | 069 | 099 | 006 | 067 | 09
BT-549 - 0.78 | 031 | 698 | 031 | 049
HCC- - 022 | 078 0355 | 090
1937
MCF-7 - 024 | 019 | 050
MDA- - 0.17 | 0.46
MB-231
SKBR3 - 0.77
T-47D -
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[8141]  Figure 1 shows relationship between functional stratification and potential drug
correlation, where drug sensitivity and induced fold change after stimulations are illustrated.
Figure 12 shows relationship belween {unctional siratification and polential therapeutic
options. Different breast cancer cell lines display unigue {unctional phosphoprotein signaling
profiics, thereby providing a mechanismn for stratifying tumors based on individual signal

transduction pathway activation.

[9142]  Figure 13 shows an illusiration where potential drug sensitivily associated with
functional signaling profilcs of TNBC. The uppeor row inchudes pAKT, pErk, and pEGFR.
The lower row mcludes pGSK, pSTAT3, and p7086k. Figure 14 shows an illustration where
ex vive stratification and cellular functional circuitry analysis is possible through drug
inhibition on the SnapPath™ system. This analysis also includes pAKT, pErk, pGSK,

p7086k, pSTAT3, and pEGFR.

{#843]  The SnapPath™ gystem is an aulomated platform capable of evoking {unction
signaling profiles from cell lines and xenograft tumors. Functional signaling profiles elicited
from the SnapPath™ sysiem can be correlated 1o drug sensitivity and resisiance data

providing the foundation for a predictive diagnostic platform.

{8344}  The present invention further provides a method for evaluating a physiological
function or toxicity of an agent, compound, a medicament, a poison or the like by nsing

various ¢ells obtained by the wuethods described herein,

EXAMPLE 4

Melanoma Functional Sicnaline Profiles

[145] 1 has been recognized for several years that melanoma develops through complex
and heterogeneous interactions of several molecular pathways that control celiular

proluferation, survival and apoplosis.

[8846]  In particular the RAS-RAF-MEK -ERK pathway scems to play an important role,
Approximately 20% of melanomas contain a mutation in NRAS and another 66% contain a
nmtation in BRAF, In addition to their roles in melanoma pathogenesis, these molecular
defects have proven to be useful drug largets. For example, the RAF inhibitor, PLX-4032,

has displayed a remarkablc responsc rate in phasc I and {f clinical trials. Unfortunatcly, both
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primary and acquired resistance invariably emerges in patients treatod with such RAF

inhibitors.

{9147]  Surprisingly, this resistance has not been attributed to the known mechanism of
secondary mutations in the diug binding domain of the target protein. Instead, patients appear
to either re-activate the MAPK pathway or utilize an alternate bypass signaling mechanism.
Since simple DNA analysis for mutations cannot resolve these resistance mechanisms, a
functional assay s an ideal approach {o identify resistance and predict appropriale largeted
therapy (Soon, Soon ¢ ¢f. The Ochsner Journal 2010 10(21:93-98; McMahon, M: Parsing out
the complexity of RAF inhibitor resistance. Pigment Cell & Melanoma Research. Article first
published online: 12 JAN 2011

[9148]  Tablo 2 summarizes the genotype and pbenotype of melanema cell Hues used to
clicit function signaling profilcs, which represent the spectrum of actual human moelanoma
& » F

saraples.

19149]  Agshown in Figares 15-17 and 19-36, functional signaling profiles can distinguish
and stratify melanoma samples based on differences 1o their signal transduction circuitry.
Such profiles can be gencrated by comparing basal lovels of various proteins (inchuding pErk,
PAKT, pP70S6k, pGBK3P, pEGER and STAT3) to levels upon exposure of cells to various
agents (including EGF, TPA, other growth factors). Tn addiion, perturbing signal
transduction networks by exposing the melanoma cells to various agents (such as MEK
mhibitors, BRAF inhibitors, eic.} can reveal additional lunctional information, including the
clucidation of drug resistance mechanisms and oncogone bypass mochanisms, Taken
together, such functional signaling profiles can form the foundation for prognostic, predictive,

pharmacodynamic, or monitoring tosts,

Table 2. Melanoma cells genotypes and phenotypes for drug resistance
Melanoma cells Genotype PLX-4032 Phenotype
SE-MEL-31 BRAF-wi, RAS-wt Resistant
SK-MEL-28 BRAF-mut (V600E) Sensitive
SK-MEL-2 NRAS-mmut Unknown
BRAF-nmt (V6OOE) _
RPMI-7951 o Resistant
COT Amplification
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[150]  Figures 15-17 and 19-36 also demonstrate several specific exaraples of functional
signaling profile features that distinguish melanoma samples and correlate with drug
sensilivily or resistance. For example, Figure 15 shows that the SK-MEL-31 and RMPI-7951
cell Hines display the highest induction of pEGER upon EGF stimulation. Surprisingly, these
two cell lines also display resistance to the BRAF inhibitor PLX-4032. Basal levels of
various proteins can also distingoish melanomas. For example, SK-MEL-31, SK-MFL-28,
SK-MEL-2 and RPMIE-7951 cell lines display different basal levels of pERK (1816, 3880,
1948 and 776 avg. MFL respectively) and pAKT. Additionally, Figure 16 shows that MEK
inhibition by U0126 also demonsirates unique functional circuitry of each celi line, tnchading
unanticipated enhancement of collateral pathways, such as those marked by pERK and
pEGFR. Figure 17 shows differentiation of PLX-4032 resistant cell line RPMI-7951 through
the induction of pErk following stimulation by TPA. Additionally, Figures 19-34
demonstrate the ability distinguish melanoma cell lines based on modalation with TPA, EGF,

PDGEB, or inhibition with PLX-4702 or U126,

[8181]  Figurcs 19-36 demonsirate the ability distinguish melanoma cell Hines based on
modulation with TPA EGF, PDGFB, or inhibition with PLX-4702 or UG126. For example
Figures 19 and 20 show evoked fumctional signaling profiles from four different melanoma
cell ines modulated with TPA and EGF, As scen in Figure 20. RPMI-7951 and SK-MEL-31

have differentiating levels of pEGFR following stimulating with HGF,

[8152]  Figures 21 and 22 dervonstrate the impact of MEK hibition by U0126 inthe
absence (Figure 21) and presence (Figure 22} of EGF modulation in four melanoma cell lines.
ln the absence of EGF stinwlation and MEK ighibition wn SK-MEL-~28 cells pErk is inhibited
while pEGFR is activated. I SK-MEL-37 cells, pErk is inhibited as well at & comparable
level though pAkt is upregulated following inhibition. Comparable trends are also

demonstrated in Figure 22.

[8153]  Figures 23 and 24 demonsirate the impact of PDGFEP stimulation on melanoma cell
lines as well as MEK inhibition of PDOFD stimulation. PDGFP stimulation activated pPDGF
in RPMI-7951 coll Hoeos uniquely compared 1o other melanoma coli Hoes. MEK inhibition
reduces pbrk by approximately 50% in SK-MEL-21, SK-MEL-2¥ and RPMI-7951 cell lines,
pErk s not irnpacted by MEK inhibition in SK-MEL-2 cell lines.
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[8154]  Figures 33 and 34 demonstrate the impact of EGF stimmlation on SK-MEL-28 cell
fines in the presence of BRAF inhibitor PLX-4702 and MEK inhibitor U126, PLX
inhibition plus EGF stimulation reduced pERK expression though not as significanily as MEX

inhibition. pMEK was also increased in the presence of the MEK inhibitor and EGF.

[#138]  Figure 33 demonstrates the impact of BEGF stimulation and PLX-4072 or MEK
inhibition in RPMI-7951 celis. pEGFR is dramatically increased follow all EGF modulation

while pErk is decreased followmg MEK mhibition.

[8156]  Figure 36 demonsirates PDGFRE activation of RPMI-7951 cell in the absence or
presence of MBI inhibitor, U126, or BRAF inhibitor, PLX-4702. pMEK is downregulated

in the presence of PLX-4702, while MEK inhibition appears less cffoctive.

TXAMPLE S

Functional Sienaling Profiles of Pancreas Cancer Cells

[68537]  Pancreatic neuroendocrine tumors (PancNETSs) are the second most common tumor
of the pancreas, although they most likely represent a heterogeneous group of related tumors.
The malignant potential of PancMNETs varies widely and cannot be predicted based on
microscopic analysis or standard immunchistochemical tests, such as those for proliferation
rates. Punctional signaling profiles offer an opportunity to identify tumors with worse
prognosis, as well as the possibility of wdentifying molecular features that would enable the

prediction of appropriate targeted therapy.

[9158]  Agshown in Figare 18, functional signaling profiles can distinguish and stratify
pancreatic tumor samples based on differences in their signal transduction circuitry. Such
profiles can be generated by comparing basal levels of various proteins {including pErk,
pAKT, pP7086k, pGBK3LE, pEGER and pSTAT3) to levels upon exposure of cells to various
agents (including EGF, TPA, other growth factors, etc.). In addition, perturbing signal
transduction networks by exposing the miclanoma colls to varicus agents (such as MEK
inhibitors, mTOR inhubitors, etc.} can reveal additional functional information, including the
elucidation of drug resistance mechanisms and oncogene bypass miechanisms. Taken
ogether, such functional signaling profiles can form the foundation for prognostic, predictive,

pharmacodynamic, or ronitoring tosts,
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[0159]  Figure 18 also shows several functional signaling profile features that distinguish
pancreatic tumor samples and correlate with drug sensitivity or resistance. These studies
utilized actual human tumor samples from individuals with pancreatic neuroendocrine tumors
or pancreatic adenocarcinoma. For example, Figure 18 shows that the four PancNETs can be
distinguished by their functional profiles as determined by induction of pERK and pGSK
upon TPA stimulation. Surprisingly, the sample with the most distinctive functional profile
(10189; 10x pERK induction) was the only tumor that was metastatic. This suggests that such
a functional profile can provide prognostic information about pancreatic tumors. Basal levels
of various proteins can also distinguish pancreatic tumors. Functional profiles based on
perturbation by agents such as drugs, including mTOR inhibitors, provide additional

information, some of which can form the basis for predictive tests.

[0160]  Although the invention has been described with reference to the above examples, it
will be understood that modifications and variations are encompassed within the spirit and

scope of the invention. Accordingly, the invention is limited only by the following claims.

[0161] Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any other

element, integer or step, or group of elements, integers or steps.

[0162] Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is not to be taken as an admission that
any or all of these matters form part of the prior art base or were common general knowledge
in the field relevant to the present disclosure as it existed before the priority date of each claim

of this application.
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The claims defining the invention are as follows:
1. A method for the diagnosis of a disease comprising:

determining the difference between a basal level or state of a class of proteins in a cell
sample and the level or state of the proteins after contacting a portion of the sample with a
modulator ex vivo, within a cartridge in an automated system to evoke functional signaling
profiles not found in the cells in vive prior to contacting with the modulator, wherein
stabilizing the biomolecules of the cells is completed within 4 hours of removal of the cell
sample wherein the difference in the basal level or state of the proteins is expressed as a value
used to create functional signaling profiles that stratify the samples into functional groups
which is indicative of the presence, absence or risk of having a disease and wherein the

protein is modified by post-translational modification.

2. A method for the prognosis of a disease comprising:

determining the difference between a basal level or state of a class of proteins in a cell
sample and the level or state of the proteins after contacting a portion of the sample with a
modulator ex vivo within a cartridge in an automated system to evoke functional signaling
profiles not found in the cells in vivo prior to contacting with the modulator; wherein
stabilizing the biomolecules of the cells is completed within 4 hours of removal of the cell
sample, wherein the difference in the basal level or state of the protein expressed as a value
used to create functional signaling profiles that stratify the samples into functional groups is
indicative of the prognosis and wherein the protein is modified by post-translational

modification.

3. The method of claim 1 or 2, wherein the sample is selected from the group consisting
of tissue, blood, ascites, saliva, urine, perspiration, tears, semen, serum, plasma, amniotic
fluid, pleural fluid, cerebrospinal fluid, a cell line, a xenograft, a tumor, pericardial fluid, and

combinations thereof.

4. The method of claim 1 or 2 or 3, wherein the disease is selected from the group
consisting of stroke, cardiovascular disease, chronic obstructive pulmonary disorder,
myocardial infarction, congestive heart failure, cardiomyopathy, myocarditis, ischemic heart

disease, coronary artery disease, cardiogenic shock, vascular shock, pulmonary hypertension,
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pulmonary edema cardiogenic pulmonary edema, cancer, pathogen-mediated disease, pleural
effusions, theumatoid arthritis, diabetic retinopathy, retinitis pigmentosa, and retinopathies,
including diabetic retinopathy and retinopathy of prematurity, inflammatory diseases,
restenosis, edema, asthma, acute or adult respiratory distress syndrome (ARDS), lupus,
vascular leakage, transplant rejection; protection from ischemic or reperfusion injury;
ischemic or reperfusion injury following angioplasty; arthritis; multiple sclerosis;
inflammatory bowel disease, ulcerative colitis, Crohn's disease; systemic lupus crythematosis;
graft vs. host diseases; T-cell mediated hypersensitivity diseases, contact hypersensitivity,
delayed-type hypersensitivity, gluten-sensitive enteropathy, Celiac disease; Type 1 diabetes;
psoriasis; contact dermatitis; Hashimoto's thyroiditis; Sjogren's syndrome; Autoimmune
Hyperthyroidism, Graves' disease; Addison's disease; autoimmune polyglandular disease;
autoimmune alopecia; pernicious anemia; vitiligo; autoimmune hypopituatarism; Guillain-
Barre syndrome; -autoimmune diseases; cancers, colon carcinoma, thymoma, or cancers
where kinase activity facilitates tumor growth or survival; glomerulonephritis, serum
sickness; uticaria; allergies, respiratory allergies, asthma, hayfever, allergic rhinitis, skin
allergies; mycosis fungoides; acute inflammatory responses, acute or adult respiratory distress
syndrome; dermatomyositis; alopecia greata; chronic actinic dermatitis; eczema; Behcet's
disease; Pustulosis palmoplanteris; Pyoderma gangrenum; Sezarys syndrome; atopic
dermatitis; systemic schlerosis; morphea; peripheral limb ischemia and ischemic limb disease;
bone disease, osteoporosis, osteomalacia, hyperparathyroidism, Paget's disease, renal
osteodystrophy; vascular leak syndromes, vascular leak syndromes; spinal cord and brain
injury or trauma; glaucoma; retinal diseases, including macular degeneration; vitreoretinal
disease; pancreatitis; vasculatides, including vasculitis, Kawasaki disease, thromboangiitis
obliterans, Wegener's granulomatosis, and Behcet's disease; scleroderma; preeclampsia;

thalassemia; Kaposi's sarcoma; and von Hippel Lindau disease.

5. The method of claim 4, wherein the cancer is selected from the group consisting of
colorectal, esophageal, stomach, lung, prostate, uterine, breast, skin, endocrine, urinary,
pancreas, ovarian, cervical, head and neck, liver, bone, biliary tract, small intestine,
hematopoietic, vaginal, testicular, anal, kidney, brain, eye cancer, leukemia, lymphoma, soft

tissue, melanoma, and metastases thereof.
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6. The method of claim 4, wherein the pathogen is selected from the group consisting of

bacteria, fungi, viruses, spirochetes, and parasites.

7. The method of claim 6, wherein the virus is selected from the group consisting of
Herpes simplex virus 1 (HSV1), Herpes simplex virus 2 (HSV2), respiratory syncytial virus,
measles virus (MY), human cytomegalovirus (HCMYV), vaccinia virus, human

immunodeficiency virus type 1 (HIV-1), and hepatitis C virus (HCV).

8. The method of claim 3, wherein the tumor sample is from a solid tumor.

9. The method of claim 8, wherein the tumor sample is obtained by fine needle

aspiration, core biopsy, circulating tumor cells, or surgically excised tissue sample.

10.  The method of any one of claims 1 to 9, wherein the post-translational modification is
selected from the group consisting of phosphorylation, acetylation, amidation, methylation,

nitrosylation, fatty acid addition, lipid addition, glycosylation, and ubiquitination.

11.  The method of any one of claims 1 to 10, wherein the modulator is selected from a

physical, biological or a chemical modulator.

12. The method of any one of claims 1 to 11, further comprising exposing the sample to a

therapeutic agent or a combination thereof.

13.  The method of any one of claims 1 to 12, wherein the determining is with a computer.
14.  The method of any one of claim 1 to 13, wherein the molecule is analyzed using a
method selected from the group consisting of an array, ELISA, bioplex, luminex, mass

spectrometry, flow cytometry, PCR and RIA.

15. A method of monitoring a disease or the course of a subject's therapy comprising:

determining the difference between a basal level or state of a class of proteins in a cell
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sample and the level or state of the proteins after contacting a portion of the sample with a
modulator ex vivo within a cartridge in an automated system to evoke functional signaling
profiles not found in the cells in vivo prior to contacting with the modulator, wherein
stabilizing the biomolecules of the cells is completed within 4 hours of removal of the cell
sample, optionally prior to, simultaneously with or following a course of therapy; wherein the
difference in the basal level or state of the protein expressed as a value used to create
functional signaling profiles that stratify the samples into functional groups is indicative of a
positive or negative treatment and wherein the protein is modified by post-translational

modification.

16. A method for stratification of patients based on responsiveness to a therapeutic agent
or therapeutic regimen comprising:

determining the difference between a basal level or state of a class of proteins in a cell
sample from a subject and the level or state of the proteins after contacting a portion of the
sample with a modulator ex vivo within a cartridge in an automated system to evoke
functional signaling profiles not found in the cells in vivo prior to contacting with the
modulator wherein stabilizing the biomolecules of the cells is completed within 4 hours of
removal of the cell sample, wherein the difference in the basal level or state of the proteins
expressed as a value used to create functional signaling profiles that stratify the samples into
functional groups is indicative of a positive or negative response to a therapeutic agent or

therapeutic regimen and wherein the protein is modified by post-translational modification.

17. The method of claim 15 or 16, wherein a positive treatment is indicative of the subject

being a responder to the course of therapy.

18.  The method of claim 15 or 16, wherein a negative treatment is indicative of the subject

having resistance to the course of therapy.

19. A method for predicting outcome of a therapeutic regimen in a subject comprising:
(a) measuring basal level of at least one protein of at least one cell from a subject

having a disease in need of therapy;
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{b) exposing the at least one cell to a modulator ex vivo within a cartridge in an
automated system to evoke functional signaling profiles not found in the cells in vivo prior to
contacting with the modulator wherein stabilizing the biomolecules of the cells is completed
within 4 hours of removal of the cell sample;

{c) measuring level of the at least one signal transduction protein after step (b) wherein
the protein is modified by post-translational modification; and

{(d) comparing the difference between levels measured in (a) and (b) to cells with
known property for drug resistance or sensitivity, thereby predicting the outcome of the

therapeutic regimen in the subject.

20.  The method of claim 19, wherein the at least one molecule comprises a signal

transduction protein.

21.  The method of claim 19 or 20, wherein the at least one cell comprises a melanoma cell.

22.  The method of any one of claims 19 to 21, wherein the drug comprises a MEK

inhibitor, mTOR inhibitor, BRAF inhibitor, or combinations thereof.

23.  The method of claim 19, wherein the at least one cell comprises a tumor sample from a

subject and the levels measured in (2) and (b) are performed ex vivo.

24.  The method of claim 23, wherein the tumor sample is from a solid tumor.

25.  The method of claim 23, wherein the tumor sample comprises cancer selected from the
group consisting of colorectal, esophageal, stomach, lung, prostate, uterine, breast, skin,
endocrine, urinary, pancreas, ovarian, cervical, head and neck, liver, bone, biliary tract, small
intestine, hematopoietic, vaginal, testicular, anal, kidney, brain, eye cancer, leukemia,

Ilymphoma, soft tissue, melanoma, and metastases thereof.

26.  The method of claim 19, wherein the drug resistance comprises BRAF inhibitor

resistance.
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27.  The method of claim 22, wherein the at least one cell comprises a serine/threonine-

protein kinase B-Raf (BRAF) mutation.

28.  The method of claim 27, wherein the at least one melanoma cell comprises a BRAF

mutation and Cancer Osaka thyroid oncogene (COT) amplification.

29. The method of claim 27, wherein the BRAF mutation is V60OE.

30.  The method of claim 19, wherein the modulator is selected from a physical, biological

or a chemical modulator.

31.  The method of claim 19, wherein the modulator comprises epidermal growth factor

(EGF), tissue plasminogen activator (TPA), other growth factors, or a combination thereof.
32.  The method of claim 19, wherein the at least one molecule comprises a protein
involved in a cellular pathway selected from the group consisting of a metabolic pathway, a
replication pathway, a cellular signaling pathway, an oncogenic signaling pathway, an

apoptotic pathway, and a pro-angiogenic pathway.

33.  The method of claim 19, wherein the at least one molecule comprises a protein

involved in RAS-RAF-MEK-ERK pathway.

34.  The method of claim 19, wherein the at least one molecule comprises pErkl/2, pAKT,
pP70S6k, pGSK30/p, pEGFR, pSTAT3, or combinations thereof.

35.  The method of claim 19, wherein the comparing step is performed with a computer.

36.  The method of claim 19, wherein the measurements are performed using an assay

selected from the group consisting of an array, ELISA, bioplex, luminex, mass spectrometry.

37.  The method of any one of claims 1 to 36, wherein the modulator is an inhibitor.
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38. The method of any one of claims 1 to 36, wherein the modulator is a stimulator.

39. The method of any one of claims 1 to 38, substantially as herein disclosed with

reference to the Figures and/or Examples.
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