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(57) Abstract: The instant application provides methods 
and related compositions pertaining to the identification 
of resistance to anticancer treatment in a patient. In a par
ticular embodiment, the invention provides biomarkers 
for the identification of resistance to anticancer treatment 
in a lung cancer patient, wherein a reduced expression of 
a MEDIATOR and/or SW1/SNF complex gene in the 
lung cancer cells of the patient indicates that the lung can
cer cells in the patient may be resistant to treatment with a 
receptor tyrosine kinase inhibitor, such as gefitinib and/or 
erlotinib. In some embodiments, the invention relates to 
methods and related compositions for predicting resist
ance to anticancer treatment by detecting the expression 
levels of one or more TGF-beta pathway nucleic acids 
and/or proteins.
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TITLE OF THE INVENTION

METHODS AND COMPOSITIONS FOR PREDICTING RESISTANCE TO

ANTICANCER TREATMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority of U.S. Provisional Application Serial 

No. 61/471,601 filed April 4, 2011; U.S. Provisional Application Serial No. 61/472,165, filed 

April 5, 2011; and U.S. Provisional Application Serial No. 61/610,349 filed March 13, 2012, 

which are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION
The invention relates to the field of methods and related compositions for predicting 

resistance to anticancer treatment. In certain embodiments, the invention relates to the field 

of methods and related compositions for predicting resistance to anticancer treatment in a 

cancer patient by detecting a reduced expression level of a SWl/SNF complex and/or 

MEDIATOR complex and/or RAS-GAP gene and/or protein in one or more cancer cells of 

the patient. In other embodiments, the invention relates to the field of methods and related 

compositions for predicting resistance to anticancer treatment by detecting one or more 

inactivating mutations in a SWI/SNF complex and/or MEDIATOR complex and/or RAS- 

GAP gene. In some embodiments, the invention relates to the field of methods and related 

compositions for predicting resistance to anticancer treatment by detecting dysfunction and/or 

inactivity of one or more SWI/SNF complex and/or MEDIATOR complex and/or RAS-GAP 

proteins. In some embodiments, the invention relates to the field of methods and related 

compositions for predicting resistance to anticancer treatment by detecting the expression 

levels of one or more TGF-beta pathway nucleic acids and/or proteins.

BACKGROUND OF THE INVENTION
Activation of signaling pathways in cancer is often the result of genomic alterations 

(mutations, translocations, copy number gains and/or losses) in key components of these 

pathways. Cancer cells often depend on the continued presence of the signals that emanate 

from these genomic alterations and sudden inhibition frequently results in death of the cancer 

cells, a phenomenon coined “oncogene addiction” (Sharma and Settleman, 2007). The 

presence of specific changes in the genomes of cancer cells can therefore have strong
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predictive value for responsiveness to therapies that target these mutations (Pao and

Chmielecki),

Such drug response biomarkers are urgently heeded for the rational selection of 

patients for these therapies, as their clinical benefit is often limited due to the fact that only a 

5 subset of patients responds. Considering the high cost of targeted therapeutics, response 

biomarkers are not only a clinical necessity, but also an economic requirement to keep the 

cost of cancer care in check by reducing the number of patients that receive expensive drugs 

without experiencing therapeutic benefit.

Lung cancer is a leading cause of cancer deaths worldwide and tobacco smoking

10 remains the major risk factor. Genomic alterations of receptor tyrosine kinases are frequently 

found in non-small cell lung cancers, the predominant histological subtype, and are 

particularly enriched (-40%) in non-smokers (Rudin et al., 2009). Lung cancers with 

activating mutations of the EGFR (epidermal growth factor receptor) respond well to 

treatment with EGFR inhibitors (gefitinib and erlotinib) in the clinic and constitute the largest

15 subgroup of patients (-10%-20%) tractable for an effective tyrosine kinase inhibitor therapy

(Lynch et al., 2004; Maemondo et al.; Rosell et al., 2009; Shanna et al., 2007). Recently, 

EML4-ALK translocations were identified in -2%-5% of NSCLC providing a second 

promising molecular target for the treatment of NSCLC (Soda et al., 2007). The fusion of the 

N-terminal part of EML4 (echinoderm microtubule associated protein like 4) with the C-

20 terminal kinase domain of ALK (anaplastic large cell lymphoma kinase) results in the stable 

dimerization and constitutive activation of the EML4-ALK fusion kinase. The dual tyrosine 

kinase inhibitor crizotinib potently inhibits ALK/MET and is currently evaluated in clinical 

trials. The first phase I study with crizotinib in EML4-ALK positive advanced NSCLC 

demonstrated remarkable activity (Kwak et al.).

25 Despite these encouraging clinical results, lung cancers with EGFR mutations or

EML4-ALK translocations do not respond equally well to these inhibitors (primary 

resistance) and all tumors develop resistance (acquired resistance) under prolonged treatment 

(Jackman et al.). Several acquired resistance mechanisms were identified in pre-clinical 

studies and also confirmed in specimens from relapsed patients that initially responded well

30 to EGFR or ALK inhibitor treatment. Second site mutations of the EGFR (EGFR17901^) and 

MET amplifications account for -50% of the cases of acquired resistance to EGFR inhibitors 

(Engelman et al., 2007; Hammerman et al., 2009; Kobayashi et al., 2005). The EGFRT790M 

gatekeeper mutation prevents binding of the inhibitors to the kinase domain, but preserves the
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activity of the kinase. The frequency of EML4-ALK second site mutations in relapsed tumors

is currently unknown and was only found in a single case so far (Choi et al.).

Nevertheless, in a large number of cases the mechanism of resistance to EGFR or 

ALK inhibitors remains unknown and in particular the determinants of primary resistance are 

obscure. Understanding the relevant genes and signaling pathways that contribute to 

resistance of NSCLC cells to tyrosine kinase inhibitors might not only provide drug response 

markers to stratify treatment options, but might also delineate new therapeutic strategies to 

overcome the drug resistance.

Citation or identification of any document in this application is not an admission that 

such document is available as prior art to the present invention.

SUMMARY OF THE INVENTION

In certain embodiments, the invention provides a method of evaluating and/or 

predicting resistance to anticancer treatment in a patient in need thereof, comprising (a) 

measuring expression levels of one or more SWI/SNF complex and/or MEDIATOR complex 

nucleic acid and/or proteins in the patient; and (b) comparing the expression levels of the one 

or more SWI/SNF complex and/or MEDIATOR complex nucleic acid and/or. proteins in (a) 

with the expression levels of one or more reference SWI/SNF complex and/or MEDIATOR 

complex nucleic acid and/or proteins, wherein the one or more reference SWI/SNF complex 

and/or MEDIATOR complex nucleic acid and/or proteins are from a control sample, wherein 

a reduction in the expression of the one or more SWI/SNF complex and/or MEDIATOR 

complex nucleic acid and/or proteins in comparison to the one or more reference SWI/SNF 

complex and/or MEDIATOR complex nucleic acid and/or proteins is indicative of resistance 

to anticancer treatment in the patient.

In other embodiments, the invention provides a method of evaluating and/or 

predicting resistance to anticancer treatment in a patient in need thereof, comprising (a) 

isolating nucleic acid from the patient, wherein the nucleic acid comprises one or more 

SWI/SNF complex and/or MEDIATOR complex DNA and/or RNA; and (b) analyzing the 

nucleic acid of (a) for the presence of one or more inactivating mutations in the SWI/SNF 

complex and/or MEDIATOR complex DNA and/or RNA, wherein the presence of one or 

more inactivating mutations in the one or more SWI/SNF complex and/or MEDIATOR 

complex DNA and/or RNA analyzed in (b) is indicative of resistance to anticancer treatment 

in the patient.
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In some embodiments, the invention relates to a method of evaluating and/or 

predicting resistance to anticancer treatment in a patient in need thereof, comprising (a) 

isolating protein from the patient, wherein the protein comprises one or more SWI/SNF 

complex and/or MEDIATOR complex proteins (b) analyzing the activity of the one or more 

SWI/SNF complex and/or MEDIATOR complex proteins in (a); and (c) comparing the 

activity of the one or more SWI/SNF complex and/or MEDIATOR complex proteins in (b) 

with the activity of one or more reference SWI/SNF complex and/or MEDIATOR complex 

proteins, wherein a difference in activity of the one or more SWI/SNF complex and/or 

MEDIATOR complex proteins from (b) in comparison to the one or more SWI/SNF complex 

and/or MEDIATOR complex reference proteins in (c) is indicative of resistance to anticancer 

treatment in the patient.

In certain embodiments, the expression levels of one or more SWI/SNF complex 

nucleic acids (e.g., DNA, RNA) and/or proteins are measured.

In certain embodiments, the expression levels of one or more MEDIATOR complex 

nucleic acids (e.g., DNA, RNA) and/or proteins are measured.

In some embodiments, the invention provides a method of evaluating and/or 

predicting resistance to anticancer treatment in a patient in need thereof, comprising (a) 

measuring expression levels of one or more RAS-GAP nucleic acid and/or proteins in the 

patient; and (b) comparing the expression levels of the one or more RAS-GAP nucleic acid 

and/or proteins in (a) with the expression levels of one or more reference RAS-GAP nucleic 

acid and/or proteins, wherein the one or more reference RAS-GAP nucleic acid and/or 

proteins are from a control sample, wherein a reduction in the expression of the one or more 

RAS-GAP nucleic acid and/or proteins in comparison to the one or more reference RAS- 

GAP nucleic acid and/or proteins is indicative of resistance to anticancer treatment in the 

patient.

In other embodiments, the invention provides a method of evaluating and/or 

predicting resistance to anticancer treatment in a patient in need thereof, comprising (a) 

isolating nucleic acid from the patient, wherein the nucleic acid comprises one or more RAS- 

GAP DNA and/or RNA; and (b) analyzing the nucleic acid of (a) for the presence of one or 

more inactivating mutations in the RAS-GAP DNA and/or RNA, wherein the presence of one 

or more inactivating mutations in the one or more RAS-GAP DNA and/or RNA analyzed in 

(b) is indicative of resistance to anticancer treatment in the patient.

In yet other embodiments, the invention provides a method of evaluating and/or 

predicting resistance to anticancer treatment in a patient in need thereof, comprising (a) 
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isolating protein from the patient, wherein the protein comprises one or more RAS-GAP 

proteins; (b) analyzing the activity of the one or more RAS-GAP proteins in (a); and (c) 

comparing the activity of the one or more RAS-GAP proteins in (b) with the activity of one 

or more reference RAS-GAP proteins, wherein a difference in activity of the one or more 

RAS-GAP proteins from (b) in comparison to the one or more RAS-GAP reference proteins 

in (c) is indicative of resistance to anticancer treatment in the patient.

In some embodiments the expression levels of one or more RAS-GAP nucleic acids 

(e.g., DNA, RNA) are measured. In other embodiments, the expression levels of one or more 

RAS-GAP proteins are measured.

In some embodiments of the methods described herein for evaluating and/or 

predicting resistance to anticancer treatment in a patient in need thereof, the patient has lung 

cancer (e.g., non-small-cell lung cancer), breast cancer, ovarian cancer, lung cancer, head and 

neck cancer, bladder cancer, colorectal cancer, cervical cancer, mesothelioma, solid tumors, 

renal cell carcinoma, stomach cancer, sarcoma, prostate cancer, melanoma, thyroid cancer, 

brain cancer, adenocarcinoma, glioma, glioblastoma, esophageal cancer, neuroblastoma, 

and/or lymphoma.

In some embodiments, the resistance to anticancer treatment is resistance to treatment 

with a receptor tyrosine kinase inhibitor. Examples of receptor tyrosine kinase inhibitors 

include gefitinib, erlotinib, EKB-569, lapatinib, CI-1033, cetuximab, panitumumab, PKI-166, 

AEE788, sunitinib, sorafenib, dasatinib, nilotinib, pazopanib, vandetaniv, cediranib, afatinib, 

motesanib, CUDC-101, imatinib mesylate, crizotinib, ASP-3026, LDK378, AF802, and 

CEP37440.

In some embodiments, the resistance to anticancer treatment is resistance to treatment 

with an inhibitor of ERK activation. In certain embodiments, the inhibitor of ERK activation 

inhibits a cellular protein that interacts directly with ERK. In other embodiments, the 

inhibitor of ERK activation inhibits a cellular protein that interacts indirectly with ERK. In 

yet other embodiments, the inhibitor of ERK activation is a receptor tyrosine kinase inhibitor.

Examples of SWI/SNF complex nucleic acids and/or proteins include ARID! A, 

ARID IB, ARID2, SMARCA2, SMARCA4, PBRM1, SMARCC2, SMARCC1, SMARCD1, 

SMARCD2, SMARCD3, SMARCE1, ACTL6A, ACTL6B, and SMARCB1.

Examples of MEDIATOR complex nucleic acids and/or proteins include MED22, 

MED11, MED 17, MED20, MED30, MED 19, MED 18, MED8, MED6, MED28, MED9, 

MED21, MED4, MED7, MED31, MEDIO, MED1, MED26, MED2, MED3, MED25,
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MED23, MED5, MED14, MED16, MED15, CycC, CDK8, MED13, MED12, MED12L, and

MED13L.

Examples of RAS-GAP nucleic acids and/or proteins include DAB2IP, NF1, and

RASAL3.

In some embodiments, analyzing nucleic acid comprises sequencing the nucleic acid. 

In other embodiments, analyzing nucleic acid comprises subjecting the nucleic acid to 

MLPA. In yet other embodiments, analyzing nucleic acid comprises subjecting the nucleic 

acid to CGH. In certain embodiments, analyzing nucleic acid comprises subjecting the 

nucleic acid to FISH.

In certain embodiments, an inactivating mutation is selected from the group consisting 

of: point mutations, translocations, amplifications, deletions, and hypomorphic mutations.

In certain embodiments, nucleic acid in a method of the invention comprises one or 

more SWI/SNF complex genes. In other embodiments, the nucleic acid comprises one or 

more MEDIATOR complex genes. In yet other embodiments, the nucleic acid comprises one 

or more RAS-GAP genes.

In certain embodiments, one or more SWI/SNF complex and/or MEDIATOR 

complex proteins analyzed are inactive. In further embodiments, the one or more SWI/SNF 

complex and/or MEDIATOR complex proteins are inactive due to one or more 

posttranslational modifications. In some embodiments, one or more RAS-GAP proteins 

analyzed are inactive. In further embodiments, the one or more RAS-GAP proteins are 

inactive due to one or more posttranslational modifications

In some embodiments, the invention relates to a microarray comprising a plurality of 

polynucleotide probes each complementary and hybridizable to a sequence in a different gene 

that is a SWI/SNF complex gene that is a marker for resistance to anticancer treatment in a 

patient that has cancer.

In other embodiments, the invention relates to a microarray comprising a plurality of 

polynucleotide probes each complementary and hybridizable to a sequence in a different gene 

that is a MEDIATOR complex gene that is a marker for resistance to anticancer treatment in 

a patient that has cancer.

In some embodiments, the invention relates to a microarray comprising a plurality of 

polynucleotide probes each complementary and hybridizable to a sequence in a different gene 

that is a SWI/SNF complex and/or MEDIATOR complex gene that is a marker for resistance 

to anticancer treatment in a patient that has cancer.
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In other embodiments, the invention relates to a microarray comprising a plurality of

polynucleotide probes each complementary and hybridizable to a sequence in a different gene

that is a RAS-GAP gene that is a marker for resistance to anticancer treatment in a patient

that has cancer.

In certain embodiments, a microarray of the invention comprises a plurality of probes, 

wherein the plurality of probes is at least 70 %, at least 80 %, at least 90 %, at least 95 %, or 

at least 98 % of the probes on the microarray.

In certain embodiments, in a microarray of the invention, the SW1/SNF complex gene 

that is a marker for resistance to anticancer treatment is selected from the group consisting of 

ARID1A, ARID1B, ARID2, SMARCA2, SMARCA4, PBRM1, SMARCC2, SMARCC1, 

SMARCD1, SMARCD2, SMARCD3, SMARCE1, ACTL6A, ACTL6B, and -SMARCBl.

In other embodiments, in a microarray of the invention, the MEDIATOR complex 

gene that is a marker for resistance to anticancer treatment is selected from the group 

consisting ofMED22, MED11, MED17, MED20, MED30, MED19, MED18, MED8, 

MED6, MED28, MED9, MED21, MED4, MED7, MED31, MEDIO, MED1, MED26, 

MED2, MED3, MED25, MED23, MED5, MED14, MED16, MED15, GycC, CDK8, 

MED13, MED 12, MED13L, and MED.12L.

In still other embodiments, in a microarray of the invention, the RAS-GAP gene is 

selected from the group consisting of: DAB2IP, NF1, and RASAL3.

In some embodiments, the invention relates to a kit, comprising at least one pair of 

primers specific for a SWI/SNF complex gene that is a marker for resistance to anticancer 

treatment in a patient that has cancer, at least one reagent for amplification of the SWI/SNF 

complex gene, and instructions for use.

In other embodiments, the invention relates to a kit, comprising at least one pair of 

primers specific for a MEDIATOR complex gene that is a marker for resistance to anticancer 

treatment in a patient that has cancer, at least one reagent for amplification of the 

MEDIATOR complex gene, and instructions for use.

In some embodiments, the invention relates to a kit, comprising at least one pair of 

primers specific for a SWI/SNF complex and/or a MEDIATOR complex gene that is a 

marker for resistance to anticancer treatment in a patient that has cancer, at least one reagent 

for amplification of the S WI/SNF complex and/or MEDIATOR complex gene, and 

instructions for use.
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In other embodiments, the invention relates to a kit, comprising at least one pair of

primers specific for a RAS-GAP gene that is a marker for resistance to anticancer treatment

in a patient that has cancer, at least one reagent for amplification of the RAS-GAP gene, and

instructions for use.

5 In certain embodiments, in a kit of the invention, the primers are specific for a

SWI/SNF complex gene selected from the group consisting of ARID 1 A, ARID IB, ARID2, 

SMARCA2, SMARCA4, PBRM1, SMARCC2, SMARCC1, SMARCD1, SMARCD2, 

SMARCD3, SMARCE1, ACTL6A, ACTL6B, and SMARCB1.

. In certain embodiments, in a kit of the invention, the primers are specific for a

10 MEDIATOR Complex gene selected from the group consisting of.MED22, MED 11, MED 17,

MED20, MED30, MED19, MED18, MED8, MED6, MED28, MED9, MED21, MED4, 

MED7, MED31, MEDIO, MED1, MED26, MED2, MED3, MED25, MED23, MED5, 

MED14, MED16, MED15, CycC, CDK8, MED13, MED12, MED13L, and MED12L.

In certain embodiments, in a kit of the invention, the primers are specific for a RAS- 

15 GAP gene selected from the group.consisting of: DAB2IP, NF1, and RASAL3.

In certain embodiments, in a kit of the invention, the marker for resistance to 

anticancer treatment is a marker for resistance to a receptor tyrosine kinase inhibitor.

In certain embodiments, in a kit of the invention, the marker for resistance to 

anticancer treatment is a marker for resistance to an inhibitor of ERK activation. In some 

20 embodiments, the inhibitor of ERK activation inhibits a cellular protein that interacts directly 

with ERK. In some embodiments, the inhibitor of ERK activation inhibits a cellular protein 

that interacts indirectly with ERK. In other embodiments, the inhibitor of ERK activation is a 

receptor tyrosine kinase inhibitor.

In certain embodiments, the kit is a PCR kit. In other embodiments, the kit is an

25 MLPA kit. In yet other embodiments, the kit is an RT-MLPA kit.
t

In some embodiments, the level of expression of one or more SWI/SNF complex 

and/or MEDIATOR complex and/or RAS-GAP genes in a method of the invention is 

measured by determination of their level of transcription, using a DNA array. In other 

embodiments, the level of expression of one or more SWI/SNF complex and/or MEDIATOR 

30 complex and/or RAS-GAP genes is measured by determination of their level of transcription, 

using quantitative RT-PCR.

In some embodiments the level of expression of one or more SWI/SNF complex 

and/or MEDIATOR complex and/or RAS-GAP genes in a method of the invention is

8
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measured in a tumor sample from the patient. In certain further embodiments, the tumor

sample is a lung tumor sample.

In some embodiments, the resistance to anticancer treatment is resistance to treatment 

with a B-RAF inhibitor. Examples of B-RAF inhibitors include CEP-32496, vemurafenib, 

GSK-2118436, ARQ-736, RG-7256, XL-281, DCC-2036, GDC-0879, AZ628, and antibody 

fragment EphB4/Raf inhibitors.

In some embodiments, resistance to anticancer treatment is resistance to treatment 

with a MEK inhibitor. Examples of MEK inhibitors include CKI-27, RO-4987655, RO- 

5126766, PD-0325901, WX-554, AZD-8330, G-573, RG-7167, SF-2626, GDC-0623, RO- 

5068760, and AD-GL0001.

In certain embodiments, in a kit of the invention, the marker for resistance to 

anticancer treatment is a marker for resistance to treatment with a B-RAF inhibitor, In other 

embodiments, the marker for resistance to anticancer treatment is a marker for resistance to 

treatment with a MEK inhibitor.

In certain embodiments, in the methods of the invention, the expression levels of 

SWI/SNF and/or MEDIATOR complex or RAS-GAP nucleic acid and/or proteins are 

measured in one or more cancer cells of the patient. In some embodiments, nucleic acid is 

isolated from one or more cancer cells of the patient. In other embodiments, protein is 

isolated from one or more cancer cells of the patient.

In certain embodiments, in a method of the invention, resistance to anticancer 

treatment in one or more cancer cells in a patient is primary resistance to anticancer 

treatment. In other embodiments, the resistance is secondary resistance to anticancer 

treatment. .

In certain embodiments, the instant application relates to a method of treating 

resistance to one or more inhibitors of ERK activation in a patient in need thereof, comprising 

administering to the patient at least one inhibitor of the TGF-beta pathway in combination 

with the one or more inhibitors of ERK activation. In some embodiments, the inhibitor of 

ERK activation is selected from the group consisting of direct and indirect inhibitors of ERK 

activation. In certain embodiments, the direct inhibitor of ERK activation is a MEK inhibitor. 

In certain embodiments, the indirect inhibitor of ERK activation is selected from the group 

consisting of RTK inhibitors, RAS inhibitors, and B-RAF inhibitors.

In some embodiments, the resistance to one or more inhibitors of ERK activation is 

primary resistance. In other embodiments, the resistance to one or more inhibitors of ERK 

activation is secondary resistance. In yet other embodiments, the resistance to one or more
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inhibitors of ERK activation is evaluated and/or predicted according to a method as disclosed

herein.

In other embodiments, the instant application relates to a method of evaluating and/or 

predicting resistance to anticancer treatment in a patient in need thereof, comprising (a) 

measuring expression levels of one or more TGFp pathway nucleic acid and/or proteins in the 

patient; and (b) comparing the expression levels of the one or more TGFP pathway nucleic 

acid and/or proteins in (a) with the expression levels of one or more reference TGFp pathway 

nucleic acid and/or proteins, wherein the one or more reference TGFp pathway nucleic acid 

and/or proteins are from a control sample, wherein an increase in the expression of the one or 

more TGFP pathway nucleic acid and/or proteins in comparison to the one or more reference 

TGFP pathway nucleic acid and/or proteins is indicative of resistance to anticancer treatment 

in the patient.

In yet other embodiments, the instant application relates to a method of evaluating 

and/or predicting resistance to anticancer treatment in a patient in need thereof, comprising 

(a) isolating nucleic acid from the patienL wherein the nucleic acid comprises one or more 

TGFp pathway DNA and/or RNA; and (b) analyzing the nucleic acid of (a) for the presence 

of one or more activating mutations in the TGFP pathway complex DNA and/or RNA, 

wherein the presence of one or more activating mutations in the one or more TGFP pathway 

DNA and/or RNA analyzed in (b) is indicative of resistance to anticancer treatment in the 

patient.

In some embodiments, the instant application relates to a method of evaluating and/or 

predicting resistance to anticancer treatment in a patient in need thereof, comprising (a) 

isolating protein from the patient, wherein the protein comprises one or more TGFP pathway 

proteins; (b) analyzing the activity of the one or more TGFp pathway proteins in (a); and (c) 

comparing the activity of the one or more TGFp pathway proteins in (b) with the activity of 

one or more reference TGFp pathway proteins, wherein a difference in activity of the one or 

more TGFP pathway proteins from (b) in comparison to the one or more TGFp pathway 

reference proteins in (c) is indicative of resistance to anticancer treatment in the patient.

In certain embodiments, the instant application relates to a method of treating cancer 

in a patient in need thereof, comprising administering to the patient an inhibitor of ERK 

activation in combination with an inhibitor of TGFp pathway activation. In certain further 

embodiments, the cancer is selected from the group consisting of: liver cancer, lung cancer, 

breast cancer, ovarian cancer, head and neck cancer, bladder cancer, colorectal cancer, 

cervical cancer, mesothelioma, solid tumors, renal cell carcinoma, stomach cancer, sarcoma,
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prostate cancer, melanoma, thyroid cancer, brain cancer, adenocarcinoma, glioma,

glioblastoma, esophageal cancer, neuroblastoma, subependymal giant cell astrocytoma,

endometrial cancer, a hematological cancer, and lymphoma.

In certain embodiments, the inhibitor of ERK activation is selected from the group 

consisting of: RTK inhibitors, RAS inhibitors, B-RAF inhibitors, and MEK inhibitors. In a 

particular embodiment, the inhibitor of ERK activation is a MET inhibitor.

In certain embodiments, the expression levels are measured of one or more of TGFp 

pathway nucleic acid that is a TGFp pathway target gene selected from the group consisting 

of: ALOX5AP, COL5A1, TAGLN, ANGPTL4, LGALS1, IL11, LBH, and COL4A1.

In some embodiments, the inhibitor of TGFP pathway activation is LY2157299. In 

certain embodiments, the inhibitor of TGFp pathway activation inhibits MED12/TGFP 

binding.

In some embodiments, inhibitor of ERK activation is crizotinib or gefitinib. In certain 

embodiments, the inhibitor of ERK activation inhibits MED12/TGFP binding.

In some embodiments, the instant application relates to a method of identifying an 

inhibitor of ERK activation, comprising: measuring MED12/TGFp binding in the presence 

and absence of a test compound, wherein a reduction in the amount of MED12/TGFP binding 

in the presence of the test compound in comparison to the absence of the test compound 

indicates an inhibitor of ERK activation has been identified.

In other embodiments, the instant application relates to a method of identifying an 

inhibitor of TGFp pathway activation, comprising: measuring MED12/TGFP binding in the 

presence and absence of a test compound, wherein a reduction in the amount of 

MED12/TGFP binding in the presence of the test compound in comparison to the absence of 

the test compound indicates an inhibitor of TGFp pathway activation has been identified.

In yet other embodiments, the instant application relates to a method of evaluating 

and/or predicting resistance to anticancer treatment in a patient in need thereof, comprising: 

(a) measuring expression levels of one or more MED 12 nucleic acid and/or proteins in the 

patient; (b) measuring one or more markers of an EMT-like phenotype; and (c) comparing the 

expression levels of the one or more MED 12 nucleic acid and/or proteins in (a) with the 

expression levels of one or more reference MED 12 nucleic acid and/or proteins, wherein a 

reduction in the expression of the one or more MED 12 nucleic acid and/or proteins in 

comparison to the one or more reference MED12 nucleic acid and/or proteins in (c) and 

wherein one or more markers are measured of an EMT-like phenotype in (b) is indicative of 

resistance to anticancer treatment in the patient.
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In some embodiments, the nucleic acid in (a) is isolated from one or more cancer cells 

from the patient. In other embodiments, the protein in (a) is isolated from one or more cancer 

cells from the patient. In certain embodiments, the one or more markers of an EMT-like 

phenotype are measured in one or more cancer cells from the patient. In certain further 

embodiments, the cancer is selected from the group consisting of: liver cancer, lung cancer, 

breast cancer, ovarian cancer, head and neck cancer, bladder cancer, colorectal cancer, 

cervical cancer, mesothelioma, solid tumors, renal cell carcinoma, stomach cancer, sarcoma, 

prostate cancer, melanoma, thyroid cancer, brain cancer, adenocarcinoma, glioma, 

glioblastoma, esophageal cancer, neuroblastoma, subependymal giant cell astrocytoma, 

endometrial cancer, a hematological cancer, and lymphoma. In a particular embodiment, the 

cancer is colorectal cancer.

In certain embodiments, the resistance to anticancer treatment is resistance to 

treatment with a MEK inhibitor. In further embodiments, the MEK inhibitor is selected from 

the group consisting of: CKI-27, RO-4987655, RO-5126766, PD-0325901, WX-554, AZD- 

8330, G-573, RG-7167, SF-2626, GDC-0623, RO-5068760, and AD-GL0001.

In some embodiments, the resistance to anticancer treatment is resistance to treatment 

with a B-RAF inhibitor. In certain further embodiments, the B-RAF inhibitor is selected from 

the group consisting of: CEP-32496, vemurafenib, GSK-2118436, ARQ-736, RG-7256, XL- 

281, DCC-2036, GDC-0879, AZ628, and antibody fragment EphB4/Raf inhibitors.

In some embodiments, the one or more markers of an EMT-like phenotype are 

selected from mesenchymal markers. In certain embodiments, the one or more mesenchymal 

markers are selected from vimentin and N-cadherin.

In other embodiments, the instant application relates to a method of evaluating and/or 

predicting resistance to anticancer treatment in a patient in need thereof, comprising: (a) 

measuring expression levels of one or more MED12KD signature nucleic acid and/or proteins 

in one or more cancer cells of the patient; and (b) comparing the expression levels of the one 

or more MED12KD signature nucleic acid and/or proteins in (a) with the expression levels of 

one or more positive reference MED12KD signature nucleic acid and/or proteins, wherein if 

expression of the one or more MED12KD signature nucleic acid and/or proteins in (a) is 

similar to the one or more positive reference MED12KD signature nucleic acid and/or 

proteins, then resistance to anticancer treatment is indicated in the patient. In certain 

embodiments, the expression of the one or more MED12KD signature nucleic acid and/or 

proteins in (a) is about 2-fold, about 3-fold, about 4-fold, about 5-fold, about 6-fold, about 7

fold, about 8-fold, about 9-fold, or about 10-fold greater or lesser than the one or more
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positive reference MED12KD signature nucleic acid and/or proteins. In other embodiments,

the expression of the one or more MED12KD signature nucleic acid and/or proteins in (a) is

about the same as the one or more positive reference MED12KD signature nucleic acid

and/or proteins.

5 In yet other embodiments, the instant application relates to a method of evaluating

and/or predicting resistance to anticancer treatment in a patient in need thereof, comprising: 

(a) measuring expression levels of one or more MED12KD signature nucleic acid and/or 

proteins in one or more cancer cells of the patient; and (b) comparing the expression levels of 

the one or more MED12KD signature nucleic acid and/or proteins in (a) with the expression

10 levels of one or more negative reference MED 12KD signature nucleic acid and/or proteins, 

wherein if expression of the one or more MED12KD signature nucleic acid and/or proteins in 

(a) is greater or lesser than the expression of the one or more negative reference MED12KD 

signature nucleic acid and/or proteins, then resistance to anticancer treatment is indicated in 

the patient. In some embodiments, the one or more cancer cells of the patient in (a) are from

15 cancer cells of the patient after the anticancer treatment, and wherein the negative reference 

MED12KD signature nucleic acid and/or proteins are from one or more cancerous cells of the 

patient prior to the anticancer treatment. In certain embodiments, the expression of the one or 

more MED12KD signature nucleic acid and/or proteins in (a) is greater than or equal to about 

1.2 fold higher or lower than the expression of the one or more negative reference

20 MED12KD signature nucleic acid and/or proteins.

In some embodiments, the one or more cancer cells of the patient in (a) are from one 

or more cancer cells of the patient prior to the anticancer treatment. In other embodiments, 

the one or more cancer cells of the patient in (a) are from one or more cancer cells of the 

patient after the anticancer treatment.

25 In certain embodiments, the negative reference MED12KD signature nucleic acid

and/or proteins are from one or more non-cancerous cells of the patient. In some 

embodiments, the negative reference MED12KD signature nucleic acid and/or proteins are 

from one or more cells known to be sensitive to the anticancer treatment. In certain 

embodiments, the negative reference MED12KD signature nucleic acid and/or proteins is the

30 average expression of the MED12KD signature nucleic acid and/or proteins in one or more 

tumor or cell line samples known to be sensitive to the anticancer treatment.

In some embodiments, the one or more ΜΕϋΙΣ^ signature nucleic acids are 

upregulated nucleic acids. In certain embodiments, the upregulated nucleic acids are selected 

from the upregulated nucleic acids presented in Figure 37. In certain embodiments, the
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upregulated nucleic acids are selected from the upregulated nucleic acids presented in Figure

40. In certain embodiments, the upregulated nucleic acids are selected from the upregulated

nucleic acids presented in Figure 39.

In other embodiments, the one or more MED12kd signature nucleic acids are 

downregulated nucleic acids. In certain embodiments, the downregulated nucleic acids are 

selected from the downregulated nucleic acids presented in Figure 37. In certain 

embodiments, the downregulated nucleic acids are selected from the downregulated nucleic 

acids presented in Figure 40. In certain embodiments, the downregulated nucleic acids are 

selected from the downregulated nucleic acids presented in.Figure 39.

In some embodiments, the resistance to anticancer treatment is resistance to treatment 

with a MEK inhibitor. In certain embodiments, the MEK inhibitor is selected from the group 

consisting of: CKI-27, RO-4987655, RO-5126766, PD-0325901, WX-554, AZD-8330, G- 

573, RG-7167, SF-2626, GDC-0623, R0-5068?60, and AD-GL0001.

In some embodiments, the resistance to anticancer treatment is resistance to treatment 

with a B-RAF inhibitor. In certain embodiments, the B-RAF inhibitor is selected from the 

group consisting of: CEP-32496, vemurafenib, GSK-2118436, ARQ-736, RG-7256, XL-281, 

DCC-2036, GDC-0879, AZ628, and antibody fragment EphB4/Raf inhibitors.

In certain embodiments, the cancer is selected from the group consisting of: liver 

cancer, lung cancer, breast cancer, ovarian cancer, head and neck cancer, bladder cancer, 

colorectal cancer, cervical cancer, mesothelioma, solid tumors, renal cell carcinoma, stomach 

cancer, sarcoma, prostate cancer, melanoma, thyroid cancer, brain cancer, adenocarcinoma, 

glioma, glioblastoma, esophageal cancer, neuroblastoma, subependymal giant cell 

astrocytoma, endometrial cancer, a hematological cancer, and lymphoma.

In some embodiments, the instant application relates to a method of evaluating and/or 

predicting of resistance to anticancer treatment in a patient in need thereof, comprising: 

measuring expression levels of one or more MED12KD signature nucleic acid and/or proteins 

in one or more cancer cells of the patient; and comparing the expression levels of the one or 

more MED12KD signature nucleic acid and/or proteins in (a) with the expression levels of (i) 

one or more MED12KD signature nucleic acid and/or proteins from cells known to be 

resistant to said anticancer treatment AND (ii) one or more MED12KD signature nucleic acid 

and/or proteins from cells known to be sensitive to said anticancer treatment, whereby the 

cancer cells of the patient are considered to be resistant if the difference in expression levels 

between the cells in (a) and the cells in (i) is smaller than the difference in expression levels 

between the cells in (a) and the cells in (ii).
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In other embodiments, the instant application relates to a method of evaluating and/or 

predicting of resistance to anticancer treatment in a patient in need thereof, comprising 

measuring expression levels of one or more MED12KD signature nucleic acid and/or proteins 

in one or more cancer cells of the patient; and comparing the expression levels of the one or 

more MED12KD signature nucleic acid and/or proteins in (a) with the expression levels of (i) 

one or more MED12KD signature nucleic acid and/or proteins from cells known to be 

resistant to said anticancer treatment AND (ii) one or more MED12KD signature nucleic acid 

and/or proteins from cells known to be sensitive to said anticancer treatment, whereby the 

cancer cells of the patient, are considered to be sensitive if the difference in expression levels 

between the cells in (a) and the cells in (i) is greater than the difference in expression levels 

between the cells in (a) and the cells in (ii).

In yet other embodiments, the present application relates to a method of evaluating 

and/or predicting of resistance to anticancer treatment in a patient in need thereof, comprising 

measuring expression levels of one or more MED12KD signature nucleic acid and/or proteins 

in one or more cancer cells of the patient; and comparing the expression levels of the one or 

more MED12KD signature nucleic acid and/or proteins in (a) with the average expression 

levels of (i) one or more MED12KD signature nucleic acid and/or proteins taken from two or 

more cell samples, whereby the cancer cells of the patient are considered to be resistant if the 

difference in expression levels of the one or more MED12KD signature nucleic acid and/or 

proteins between the cells in (a) and the average expression levels of the one or more 

MED12KD signature nucleic acid and/or proteins in (i) is greater than a factor 1.2.

These arid other embodiments are disclosed or are obvious from and encompassed 

by, the following Detailed Description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts the results of a genome-wide RNAi screen that identifies MED 12, 

ARID1A and SMARCE1 as critical determinants of drug sensitivity to ALK inhibitors in 

EML4-ALK mutant NSCLC cells. (A) Schematic outline of the ALK inhibitor resistance 

barcode screen performed in H3122 cells. Human shRNA library polyclonal virus was 

produced to infect H3122 cells, which were then left untreated (control) or treated with 5 nM 

NVP-TAE684. After 4 weeks of selection, shRNA inserts from both populations were 

recovered, labeled and hybridized to DNA. (B) Analysis of the relative abundance of the 

recovered shRNA cassettes from ALK inhibitor barcode experiment. Averaged data from 

three independent experiments were normalized and 21og transformed. Among the 49 top 
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shRNA candidates (M>1.5 and A>7), two independent shMED12, one shARIDlA and one 

shSMARCEl vectors were identified. (C) Individual shRNAs from the library targeting 

MED 12, ARID1A and SMARCE1 confer resistance to ALK inhibitors. H3122 cells 

expressing the empty vector pRS, control shGFP, shMED12#l, sf\MED12#2, sttARlDlA or 

shSMARCEl, were left untreated for 2 weeks or treated with 300 nM Crizotinib or 2.5 nM 

NVP-TAE684 for 4 weeks, after which the cells were fixed, stained and photographed.

Figure 2. A genome-wide RNAi screen identifies MED 12 as a critical determinant 

of drug response to tyrosine kinase inhibitors in NSCLCs

(A) Schematic outline of the crizotinib resistance barcode screen performed in H3122 cells. 

NKI human shRNA library polyclonal virus was produced to infect H3122 cells, which were 

then left untreated (control) or treated with 300 nM crizotinib for 14 or 28 days, respectively. 

After selection, shRNA inserts from both populations were recovered, labeled and hybridized 

to DNA oligonucleotide barcode arrays. (B) Analysis of the relative abundance of the 

recovered shRNA cassettes from crizotinib barcode experiment. Averaged data from three 

independent experiments were normalized and 21og transformed. Among the 43 top shRNA 

candidates (M>2 and A>7), two independent shMED12 vectors (in light gray at end of arrow 

points) were identified. (F to H) Suppression of MED 12 also confers to EGFR inhibitors. F) 

Colony formation assay of PC9 cells expressing pLKO control or independent lentiviral 

shMED12 vectors (#4 and #5) were cultured in 50 nM gefitinib or 50 nM erlotinib. The cells 

were fixed, stained and photographed after 10 (untreated) or 28 days (treated). G) The level 

of knockdown of MED12 by each of the shRNAs was measured by examining the MED12 

mRNA levels by qRT-PCR. Error bars denote SD. H) The level of knockdown of MED 12 

protein was measured by western blotting.

Figure 3 depicts that suppression of MED 12 confers drug resistance to ALK 

inhibitors in EML4-ALK mutant NSCLC cells. (A) Validation of independent retroviral 

shRNAs (in pRS vector) targeting MED12 in H3122 cells. The functional phenotypes of 

non-overlapping shMED12 vectors are indicated by the colony formation assay in 300 nM 

Crizotinib or 2.5 nM NVP-TAE684. The cells were fixed, stained and photographed after 2 

weeks (untreated) or 4 weeks (ALK inhibitors treatment). (B and C) The knockdown ability 

of each of the shRNAs was measured by examining the MED12 mRNA levels by qRT-PCR

(B) and the MED 12 protein levels by western blotting (C). Error bars denote standard 

deviation (SD). (D) Validation of independent lentiviral shRNAs (in pLKO vector) targeting
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MED12. The functional phenotypes of non-overlapping shMED12 vectors are indicated by 

the colony formation assay in 300 nM Crizotinib or 2.5 nM NVP-TAE684. The cells were 

fixed, stained and photographed after 2 weeks (untreated) or 4 weeks (ALK inhibitors 

treatment). (E and F) The knockdown ability of each of the shRNAs was measured by 

examining the MED 12 mRNA levels by qRT-PCR (B) and the MED12 protein levels by 

western blotting. Error bars denote standard deviation (SD).

Figure 4 shows that restoration of Med 12 reverses the resistance to ALK inhibitors 

driven by MED 12 knockdown in EML4-ALK mutant NSCLC cells. (A) Ectopic expression 

of mouse Medl 2 re-sensitizes the MED12 knockdown cells to ALK inhibitors. H3122 cells 

expressing pLKO control or shMED12 vectors were retrovirally infected with viruses 

containing pMX or pMX-Medl2, and were grown in the absence or presence of 300 nM 

Crizotinib or 2.5 nM NVP-TAE684. Cells were then fixed, stained and photographed after 2 

weeks (untreated) or 4 weeks (ALK inhibitors treatment). (B) The MED12/Medl2 protein 

levels in H3122 cells (untreated) described in Figure 4A. (C and D) The endogenous 

MED12 mRNA (C) and the exogenous Medl2 mRNA were measured by qRT-PCR.

Figure 5 shows that suppression of ARID1A or SMARCE1 confers drug resistance 

to ALK inhibitors in EML4-ALK mutant NSCLC cells. (A) Validation of independent 

retroviral shRNAs targeting ARID1A or SMARCE1 in H3122 cells. The functional 

phenotypes of non-overlapping shARIDlA and shSMARCEl vectors are indicated by the 

colony formation assay in 300 nM Crizotinib or 2.5 nM NVP-TAE684. The cells were fixed, 

stained and photographed after 2 weeks (untreated) or 4 weeks (ALK inhibitors treatment). 

(B and C) The knockdown ability of each of the shRNAs was measured by examining the 

ARJD1A mRNA levels by qRT-PCR (B) and the ARID 1A protein levels by western blotting

(C).  Error bars denote standard deviation (SD). (D and E) The knockdown ability of each of 

the shRNAs was measured by examining the SMARCE1 mRNA levels by qRT-PCR (D) and 

the SMARCE1 protein levels by western blotting (E). Error bars denote standard deviation 

(SD).

Figure 6 shows that restoration of SMARCE1 reverses the resistance to ALK 

inhibitors driven by SMACRE1 knockdown in EML4-ALK mutant NSCLC cells. (A) 

Ectopic expression of SMARCE1-ND that cannot be targeted by shSMARCEl vectors re

sensitizes the SMARCE1 knockdown cells to ALK inhibitors. H3122 cells expressing pRS 
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control or shSMARCEl vectors were retrovirally infected with viruses containing pMX or 

pMX.-SMARCEl-ND, and were grown in the absence or presence of 300 nM Crizotinib or 2.5 

nM NVP-TAE684. Cells were then fixed, stained and photographed after 2 weeks 

(untreated) or 4 weeks (ALK inhibitors treatment). (B) The SMARCE1 protein levels in 

H3122 cells (untreated) described in Figure 4A. (C and D) The endogenous SMARCE1 

mRNA was measured by qRT-PCR using a 3’ UTR specific primer set (C) and the total 

SMARCE1 mRNA was measured by qRT-PCR using an ORF specific primer set.

Figure 7 shows that restoration of Med 12 reverses the resistance to EGFR inhibitor 

driven by MED 12 knockdown in PC9 EGFR mutant cells. (A) Ectopic expression of mouse 

Med 12 re-sensitizes the otherwise resistant MED 12 knockdown cells to EGFR inhibitors. 

PC9 cells expressing pLKO control or shMED12 vectors were retrovirally infected with 

viruses containing pMX or pMX-Med!2, and were grown in the absence or presence of 50 

nM Gefitinib. Cells were then fixed, stained and photographed after 2 weeks (untreated) or 3 

weeks (EGFR'inhibitor treatment). (B) The MED12/Medl2 protein levels in PC9 cells 

(untreated) described in Figure 7A. (C and D) The endogenous MED12 mRNA (C) and the 

exogenous Medl2 mRNA were measured by qRT-PCR.

Figure 8 shows that suppression of MED 12 confers drug resistance to EGFR 

inhibitors in H3255 EGFR mutant cells. (A) H3255 cells expressing shRNAs targeting 

MED12 are resistant to EGFR inhibitors. The functional phenotypes of shMED12 vectors are 

indicated by the colony formation assay in 25 nM Gefitnib or 25 nM Erlotinib. The cells 

were fixed, stained and photographed after 2 weeks (untreated) or 4 weeks (EGFR inhibitors 

treatment). (B) The knockdown ability of each of the shRNAs was measured by examining 

the MEDI2 mRNA levels by qRT-PCR. Enor bars denote standard deviation (SD).

Figure 9 shows that suppression of ARID1A confers drug resistance to EGFR and 

MET inhibitors in NSCLC cells with mutant EGFR or MET amplification. (A) PC9 cells 

expressing shRNAs targeting ARIDIA are resistant to EGFR inhibitor. The functional 

phenotypes of shARIDlA vectors are indicated by the colony formation assay in 25 nM 

Gefitinib. The cells were fixed, stained and photographed after 2 weeks (untreated) or 4 

weeks (EGFR inhibitor treatment). (B) The ARIDIA mRNA levels for the cells described in 

Figure 9A were measured by qRT-PCR. Error bars denote standard deviation (SD). (C) 

H1993 cells expressing shRNAs targeting ARID IA are resistance to MET inhibitor. The
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functional phenotypes of shARJDlA vectors are indicated by the colony formation assay in

200 nM Crizotinib. The cells were fixed, stained and photographed after 2 weeks (untreated)

or 4 weeks (MET inhibitor treatment). (D) The ARID1A mRNA levels for the cells described

in Figure 9C were measured by qRT-PCR. Error bars denote standard deviation (SD).

Figure 10 shows that restoration of SMARCE1 reverses the resistance to EGFR 

inhibitor driven by SMACRE1 knockdown in PC9 EGFR mutant cells. (A) Ectopic 

expression of SMARCE1-ND that cannot be targeted by shSMARCEl vectors re-sensitizes 

the otherwise resistant SMARCEI knockdown cells to EGFR inhibitor. PC9 cells expressing 

pRS control or shSMARCEl vectors were retrovirally infected with viruses containing pMX 

or pMX-SMARCEl-ND, and were grown in the absence or presence of 50 nM Gefidnib. 

Cells were then fixed, stained and photographed after 2 weeks (untreated) or 4 weeks (EGFR 

inhibitor treatment). (B) The SMARCE1 protein levels in PC9 cells (untreated) described in 

Figure 10A. (C and D) The endogenous SMARCEI mRNA was measured by qRT-PCR 

using a 3’ UTR specific primer set (C) and the total SMARCEI mRNA was measured by 

qRT-PCR using an ORF specific primer set.

Figure 1.1 shows that restoration of SMARCEI reverses the resistance to MET 

inhibitor driven by SMACRE1 knockdown in Hl993 MET amplified cells. (A) Ectopic 

expression of SMARCEI-ND that cannot be targeted by shSMARCEl vectors re-sensitizes 

the otherwise resistant SMARCEI knockdown cells to MET inhibitor. Hl993 cells 

expressing pRS control or shSMARCEl vectors were retrovirally infected with viruses 

containing pMX or pMX.-SMARCEl-ND, and were grown in the absence or presence of 200 

nM Crizotinib. Cells were then fixed, stained and photographed after 2 weeks (untreated) or 

4 weeks (MET inhibitor treatment). (B) The SMARCEI protein levels in H1993 cells 

(untreated) described in Figure 11A. (C and D) The endogenous SMARCEI mRNA was 

measured by qRT-PCR using a 3’ UTR specific primer set (C) and the total SMARCEI 

mRNA was measured by qRT-PCR using an ORF specific primer set.

Figure 12 shows that restoration of SMARCEI reverses the resistance to MET 

inhibitor driven by SMACRE1 knockdown in EBC1 MET amplified cells. (A) Ectopic 

expression of SMARCEI-ND that cannot be targeted by shSMARCEl vectors re-sensitizes 

the otherwise resistant SMARCEI knockdown cells to MET inhibitor. EBC1 cells expressing 

pRS control or shSMARCEl vectors were retrovirally infected with viruses containing pMX
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or ρΝΆ-SMARCEl-ND, and were grown in the absence or presence of 200 nM Crizotinib. 

Cells were then fixed, stained and photographed after 2 weeks (untreated) or 4 weeks (MET 

inhibitor treatment). (B) The SMARCE1 protein levels in H1993 cells (untreated) described 

in Figure 12A. (C and D) The endogenous SMARC El mRNA was measured by qRT-PCR 

using a 3’ UTR specific primer set (C) and the total SMARCE1 mRNA was measured by 

qRT-PCR using an ORF specific primer set.

Figure 13 depicts a RAS-GAP RNAi screen that identifies DAB2IP and NF1 as 

critical determinants of drug sensitivity to EGFR inhibitors in EGFR mutant NSCLC cells. 

PC9 cells expressing controls (pLKO or shGFP) or 14 pools of shRNA vectors targeting each 

RAS-GAP were grown in the absence or presence of 50 nM Gefitinib or Elortinib. Cells 

were then fixed, stained and photographed after 2 weeks (untreated) or 4 weeks (EGFR 

inhibitors treatment).

Figure 14 shows that suppression of DAB2IP confers drug resistance to EGFR 

inhibitors in PC9 EGFR mutant cells. (A) Validation of independent shRNAs (in pLKO 

vector) targeting DABP2IP in PC9 cells. The functional phenotypes of non-overlapping 

shDABP2IP vectors are indicated by the colony formation assay in 50 nM Gefitinib or 

Elortinib. The cells were fixed, stained and photographed after 2 weeks (untreated) or 4 

weeks (EGFR inhibitors treatment). (B) The knockdown ability of each of the shRNAs was 

measured by examining the DAB2IP mRNA levels by qRT-PCR. Error bars denote standard 

deviation (SD). (C) Western blotting analysis of PC9 cells expressing controls (pLKO or 

shGFP) or shRNAs targeting DAB2IP treated with vehicle control or 25 nM Gefitinib for 8 

hours.

Figure 15 shows that suppression of NF1 confers drug resistance to EGFR inhibitors 

in PC9 EGFR mutant cells. (A) Validation of independent shRNAs (in pLKO vector) 

targeting NF1 in PC9 cells. The functional phenotypes of non-overlapping shNFl vectors are 

indicated by the colony formation assay in 50 nM Gefitinib or Elortinib. The cells were 

fixed, stained and photographed after 2 weeks (untreated) or 4 weeks (EGFR inhibitors 

treatment). (B and C) The knockdown ability of each of the shRNAs was measured by 

examining the NF1 mRNA levels by qRT-PCR (B) and the NF1 protein levels by western 

blotting (C). Error bars denote standard deviation (SD).
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Figure 16 shows that suppression of MED 12 and SMARCE1 leads to elevated

phospho-ERK. (A) MED 12^ cells retain phospho-ERK levels in the presence of ALK

inhibitor in EML4-ALK cells. H3122 cells expressing controls (pRS or shGFP) or shMED 12

vectors were gown in the absence or presence of 20 nM NVP-TAE684 for 24 hours and the

5 cell lysates were harvested for western blotting analysis. (B) SMARCEl^ cells have 

elevated phospho-ERK in EML4-ALK cells. H3122 cells expressing controls (pRS or 

shGFP) or shSMARCEl vectors were gown in the absence or presence of 20 nM NVP- 

TAE684 for 24 hours and the cell lysates were harvested for western blotting analysis. (C) 
MED12Kl> cells have elevated phospho-ERK levels in EGFR mutant cells. PC9 cells

10 expressing controls (pRS or shGFP) or shSMARCEl vectors were gown in the absence or 

presence of 25 nM Gefitinib for 8 hours and the cell lysates were harvested for western 

blotting analysis.

. Figure 17 shows that MED 12 suppression leads to ERK activation and confers

15 multi-drug resistance in different cancer types (C and D) MED12 knockdown confers 

resistance to BRAF and MEK inhibitors in melanoma cells. C) BRAFV600E A375 cells 

expressing pLKO control or shMED12 vectors were cultured in the absence or presence of 

2.5 μΜ PLX4032 or 0.5 μΜ AZD6244. The cells were fixed, stained and photographed after 

10 (untreated) or 28 days (treated). D) MED 12 suppression results in elevated level of p-ERK 

20 in melanoma cel Is. A375 cells expressing pLKO control or shMED 12 vectors were grown in 

the absence or presence of 1 μΜ PLX4032 or 0.5 μΜ AZD6244 for 6 hours and the cell 

lysates were harvested for western blotting analysis. E-F) MED 12 knockdown confers 

resistance to MEK inhibitor in colorectal cancer cells. E) KRASV12 SK-CO-1 cells 

expressing pLKO control or shMED 12 vectors were cultured in the absence or presence of

25 0.5 μΜ AZD6244. The cells were fixed, stained and photographed after 14 (untreated) or 28

days (treated). F) MED12 suppression results in elevated level of p-ERK in colorectal cancer 

cells. SK-CO-1 cells expressing pLKO control or shMED 12 vectors were grown in the 

absence or presence of 1 μΜ AZD6244 for 6 hours and the cell lysates were harvested for 

western blotting analysis. (G-H) Knockdown of MED12 confers resistance to multi-kinase

30 inhibitor sorafenib in HCC Huh-7 cells. G) Colony formation assay of Huh-7 cells expressing 

pLKO control or shMED12 vectors (#4 and #5) were cultured in 2 μΜ sorafenib. The cells 

were fixed, stained and photographed after 14 (untreated) or 21 days (treated). H) MED12 

suppression results in elevated level of p-ERK in HCC cells. Huh-7 cells expressing pLKO
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control or shMED12 vectors were grown in the absence or presence of 4 μΜ sorafenib for 6

hours and the cell lysates were harvested for western blotting analysis.

Figure 18 shows that MED 12 suppression confers multi-drug resistance in 

additional cell lines of different cancer types (A-B) Knockdown of MED 12 confers 

resistance to EGFR inhibitor in NSCLC H3255 (EGFRL858R) cells. A) Colony formation 

assay of H3255 cells expressing pLKO control or shMED12 vectors (#4 and #5) were 

cultured in 25 nM gefininib. The cells were fixed, stained and photographed after 14 

(untreated) or 28 days (treated). B) The level of knockdown of MED12 by each of the 

shRNAs was measured by examining the MED 12 mRNA levels by qRT-PCR. Error bars 

denote SD. (C-D) knockdown of MED 12 confers resistance to BRAF and MEK inhibitors in 

melanoma SK-MEL-28 (BRAFV600E) cells. C) Colony formation assay of SK-MEL-28 

cells expressing pLKO control or shMED12 vectors (#4 and #5) were cultured in 5 μΜ 

PLX4032 or 1 μΜ AZD6244. The cells were fixed, stained and photographed after 14 

(untreated) or 28 days (treated). D) The level of knockdown of MED12 by each of the 

shRNAs was measured by examining the MED 12 mRNA levels by qRT-PCR. Error bars 

denote SD. (E-F) knockdown of MED 12 confers resistance to BRAF and MEK inhibitors in 

CRC SW1417 (BRAFV600E) cells. E) Colony formation assay of SW1417 cells expressing 

pLKO control or shMED12 vectors (#4 and #5) were cultured in 2 μΜ PLX4032 or 150 nM 

AZD6244. The cells were fixed, stained and photographed after 14 (untreated) or 28 days 

(treated). F) The level of knockdown of MED 12 by each of the shRNAs was measured by 

examining the MED12 mRNA levels by qRT-PCR. Error bars denote SD.

Figure 19 shows that suppression of MED 12 confers drug resistance to BRAF and 

MEK inhibitors in A375 melanoma cells. A375 (BRAFV600E) melanoma cells expressing 

shRNAs targeting MED12 are resistance to BRAF and MEK inhibitors. The functional 

phenotypes of shMED12 vectors are indicated by the colony formation assay in 5 uM 

PXL4720 or 12.5 nM PD-0325901. The cells were fixed, stained and photographed after 10 

days (untreated) or 21 days (BARF and MEK inhibitors treatment).

Figure 20 shows that suppression of TGFPR2 restores the sensitivity to ALK 

inhibitors in MED12kd cells.
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Figure 21 shows that TGFP signaling is required for the drug resistance driven by 

MED 12 suppression A) Schematic outline of the “drop out” RNAi screen for kinases whose 

inhibition restores sensitivity to crizotinib in MED12KD cells. Human TRC kinome shRNA 

library polyclonal virus was produced to infect H3122 cells stably expressing shMED12#3, 

which were then left untreated (control) or treated with 300 nM crizotinib for 10 days. After 

selection, shRNA inserts from both populations were recovered by PCR and identified by 

next generation sequencing. B) Representation of the relative abundance of the shRNA bar 

code sequences from the shRNA screen experiment depicted in panel A. The y-axis is 

enrichment (relative abundance of crizotinib treated/untreated) and x-axis is the intensity 

(average sequence reads in untreated sample) of each shRNA. Among the 51 top shRNA 

candidates (more than 2.5-fold depleted by crizotinib treatment and more than 200 reads in 

untreated as indicated by the red dash lines), two independent shTGFpR2 vectors (in light

gray near end of arrow points) were identified. C) Suppression of TGFPR2 restores the 

crizotinib sensitivity in MED12KD cells. Using lentiviral infection, pLKO control or two 

independent shTGFpR2 vectors were introduced into H3122 control or MED12KD cells. 

After this, cells were cultured in the absence or presence of 300 nM crizotinib. The cells were 

fixed, stained and photographed after 14 (untreated) or 21 days (treated). D) The level of 

knockdown of TGFpR2 by each of the shRNAs was measured by examining the MED12 

mRNA levels by qRT-PCR. Error bars 

denote SD.

Figure 22 shows that TGFp treatment confers resistance to ALK inhibitors in 

EML4-ALK NSCLC cells. Activation of TGFp signaling is sufficient to confer resistance to 

ALK inhibitors in EML4-ALK cells.

Figure 23 shows that TGFP treatment confers resistance to EGFR inhibitors in 

EGFR mutant NSCLC cells. Activation of TGFP signaling is sufficient to confer resistance 

to EGFR inhibitors.

Figure 24 shows that TGFP activation is sufficient to confer multi targeted drug 

resistance in different cancer types. Recombinant TGFp treatment leads to resistance to to 

crizotinib in H3122 cells (A), AZD6244 in SK-CO-1 cells (C) and PLX4032 and AZD6244 

in A375 cells (D) in a TGFP-dosage dependent manner.
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Figure 25 shows that MED 12™ and TGFP treatment both lead to elevated

phosphor-ERK.

Figure 26 shows that morphological changes in MED12KD cells resemble those of 

TGFp.

Figure 27 shows that MED12KD cells morphologically resemble the cells treated 

with recombinant TGFP Photographs of Huh-7 (B) cells expressing pLKO control or 

shMED12 and the control cells treated with recombinant 50 pM of TGFp. Bar, 25 pm.

Figure 28 is a microarray analysis showing up-regulation of TGFP target genes in 

MED12™ cells.

Figure 29 shows that MED12 suppresses TGFP signaling by negatively regulating 

TGFPR2 (A-F) Downregulation of MED12 leads to induction of a panel of TGFp target 

genes and EMT marker genes. mRNA expression analysis by qRT-PCR of TGFp target 

genes ANGPTL4 (A), TAGLN (B), CYR61 (C) and CTGF (D) and EMT marker genes VIM 

(E) and CDH2 (F) in H3122 and PC9 cells expressing pLKO controls or shRNAs targeting 

MED12. Cells were cultured in normal condition without TGFP stimulation. Error bars 

denote SD. (G-H) MED12 suppression results in strong induction of TGFPR2 protein and 

SMAD2 phosphorylation. Western blot analysis of H3122 (G) and PC9 (H) cells expressing 

pLKO control or shMED12 vectors. HSP90 was used as a loading control. I) MED12 

localizes to both nucleus and cytoplasm. Western blotting analysis of the nuclear and 

cytoplasmic fractions prepared from PC9 cells expressing control vector or shMED 12 

with or without 16 hours of 25 nM gefitinib treatment. Lamin A/C and SP1 were used as 

marker controls for nuclear fractions, while α-TUBULIN and HSP90 were used as controls 

for cytoplasmic fractions. J) MED 12 is capable of physically interacting with TGFPR2. 

Western blotting analysis of coimmunoprecipitation experiments using Phoenix cells 

cotransfected with TGFPR2 and MED 12 in a ratio of 5:1.

Figure 30 shows that MED 12 suppresses TGF P signaling by negatively regulating 

TGF p receptor signaling in additional cell line models (A-F) Downregulation of MED 12 

leads to induction of a panel of TGFP target genes and EMT marker genes. mRNA 

expression analysis by qRT-PCR of TGF p target genes ANGPTL4 (A), TAGLN (B), 

CYR61 (C) and CTGF (D) and EMT marker genes VIM (E) and CDH2 (F) in A375, SK-CO- 
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1 and Huh-7 cells expressing pLKO controls or shMED12. Cells were cultured in normal 

condition without TGFP stimulation. Enor bars denote SD. (G) mRNA levels of TGFPR2 in 

H3122, PC9, A375, SK-CO-1 and Huh-7 cells expressing pLKO control or shMED12 were 

documented by qRT-PCR. Error bars denote SD. (H-I) MED12 suppression results in strong 

induction of TGFPR2 protein and SMAD2 phosphorylation. Western blot analysis of A375 

(H) and SK-CO-1 (I) cells expressing pLKO control or shMED12 vectors. α-TUBULIN was 

used as a loading control. J) MED 12 localizes to both nucleus and cytoplasm. Western 

blotting analysis of the nuclear and cytoplasmic fractions prepared from H3122 cells 

expressing control vector or shMED12 with or without 16 hours of 300 nM crizotinib 

treatment. Lamin A/C and SP1 were used as marker controls for nuclear fractions, while a- 

TUBULIN and HSP90 were used as controls for cyctoplasmic fractions. K) Western blotting 

showing that MED 12 knockdown leads to induction of mesenchymal markers Vimentin and 

N-cadherin in Huh-7 cells.

Figure 31 shows that activation of RAS/ERK pathway confers resistance to tyrosine 

kinase inhibitors in NSCLC cells.

Figure 32 is a table showing that SWI/SNF and MEDIATOR complexes regulate 

resistance to a variety of targeted cancer drugs.

Figure 33 shows that MED12KD signature overlaps with an EMT signature and 

predicts poor outcome in CRC and drug response to MEK inhibitors A) Genes that are 

frequently upregulated upon MED12 knockdown from the MED12KD signature significantly 

overlap with a list of genes upregulated during EMT (p=8.9* 10-23; see Experimental 

Procedures). p= hypergeometric p-value. B) Kaplan-Meier analysis of disease specific 

survival (DSS) for the cohort of 231 CRC. MED12KD gene signature was used to 

hierarchically cluster the 231 CRC tumors into a cluster with poor DSS (cluster 1, black 

(bottom) line) and one with significantly better DSS (cluster 2, gray (top) line). C) 

MED12KD signature predicts drug responses to MEK inhibitors in 152 cell lines of different 

cancer types harboring the matching RAS or RAF mutations. High expression of subsets of 

genes upregulated in the MED12KD signature is significantly associated with higher IC50s 

for all four MEK inhibitors in (AZD6244, p=0.009; Cl-1040, p=0.004; PD-0325901, 

p=0.007; RDEA119, p=0.013). Across these gene sets, each cell line was scored for the 

percentage of times it had high expression of the gene as well as being resistant to the
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inhibitor. The heatmap in the left panel of this figure depicts this percentage for each MEK

inhibitor. The cell lines are sorted using hierarchical clustering for visualization. The middle

and right panel depict the tissue type of the cell lines and their RAS/RAF mutation status.

Figure 34 shows that IC50 values for AZD6244 and expression levels for ZBED2 

across the 152 RAF/RAS mutated lines.

The top panel represents a histogram of IC50 values for the MEK inhibitor, AZD6244, across 

the 152 cell lines. Below the histogram, the individual IC50 values are plotted using 

squares (sensitive cell lines) and circles (resistant cell lines). The panel on the left depicts the 

histogram for the expression levels of gene ZBED2. To the right of the histogram, the 

individual expression levels are plotted using plus signs (upregulated), crosses 

(normal expression) and stars (downregulated). The scatter plot depicts the IC50 values and 

gene expression for each cell line. In this case, there are significantly many cell lines that 

show resistance to AZD6244 and are upregulated for ZBED2. These cell lines are found in 

the top-right area of the scatter plot and are indicated by plus signs inside of circles. The 

MED 12 knockdown signature contains a significantly large number of such genes indicating 

the potential predictive value of this signature.

Figure 35 shows that TGFfiR inhibitor and TKIs synergize to suppress proliferation 

of MED 1214° NSCLC cells. A) Combination of TGFpR and ALK inhibitors synergistically 

inhibits growth of MED12KD NSCLC cells harboring EML4-ALK translocation. H3122 

cells expressing pRS control or shMED12 vectors were cultured in the absence and the 

presence of 1 μΜ LY2157299, 300 nM crizotinib, or the combination of 1 μΜ LY2157299 

and 300 nM crizotinib. The cells were fixed, stained and photographed after 14 (untreated 

and LY2157299 alone) or 28 days (crizotinib alone and LY2157299 plus crizotinib). 

B) Combination of TGFfiR and EGFR inhibitors synergistically inhibits growth of 

MED12KD NSCLC cells harboring EGFR activating mutation. PC9 cells expressing pLKO 

control or shMED12 vectors were cultured in the absence and the presence of 1 μΜ 

LY2157299, 100 nM gefitinib, or the combination of 1 μΜ LY2157299 and 100 nM 

gefitinib. The cells were fixed, stained and photographed after 10 (untreated and LY2157299 

alone) or 28 days (gefitinib alone and LY2157299 plus gefitinib).

Figure 36 is a table depicting kinases screened for kinases whose inhibition restores 

sensitivity to crizotinib in MED J2KD cells. Listed are the gene symbols for the genes tested

26



WO 2012/138783 PCT/US2012/032202

in the “drop out” RNAi screen and the number of shRNAs for each gene present in the

library.

Figure 37 is a table depicting MED12KD signature gene list. Listed are genes 

deregulated by MED12K.D (>2 fold) in at least three out five cell lines (H3122, PC9, SK-CO- 

5 1, A375 and Huh-7). t

Figure 38 is a table depicting EMT signature gene list. Listed are genes of an EMT 

signature that was created by combining published EMT expression signatures as described 

herein.

10

Figure 39 is a table depicting overlapping genes between MED12KD and EMT 

signatures. Listed are overlapping genes that are upregulated in both the MED12KD and 

EMT signatures.

15 Figure 40 is a table depicting MED12KD signature genes that are significantly

associated with higher IC50s for MEK inhibitors in the 152 cell lines. Of the 237 genes that 

were upregulated by MED12KD as identified by RNA-Seq, Applicants could read the 

expression levels for 170 genes in these 152 cell lines that have activating mutations in RAS 

or BRAF. High expression of subsets of these 170 genes is significantly associated with

20 higher IC50s for all four MEK· inhibitors in these cell lines.

Figure. 41 is a table depicting 152 tumor cell lines used for the COSMIC Cell Line 

Panel Analysis. Listed are 152 COSMIC cell lines that have activating mutations in RAS or 

BRAF and their drug response data (IC50 values) to four MEK inhibitors.

25

DETAILED DESCRIPTION
The instant invention provides methods and related compositions pertaining to the 

identification of a tumor that will be resistant to treatment by a certain compound or class of 

compounds. In certain embodiments, the invention provides one or more markers for

30 resistance to anticancer treatment in a patient. In some embodiments, the marker is a 

MEDIATOR complex and/or SWI/SNF complex gene.

Examples of MEDIATOR complex genes that may serve as a marker for resistance to 

anticancer treatment in a patient as described herein include MED22, MED11, MED17, 

MED20, MED30, MED 19, MED 18, MED8, MED6, MED28, MED9, MED21, MED4,
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MED7, MED31, MEDIO, MED1, MED26, MED2, MED3, MED25, MED23, MED5,

MED14, MED16, MED15, CycC, CDK8, MED13, MED12, MED13L, and MED12L (see

e.g., MED12L Gene ID: 116931 available from the National Center for Biotechnology

Information (NCBI) website). See, e.g., Malik, S, Roeder, RG, “The metazoan Mediator co-

5 activator complex as an integrative hub for transcriptional regulation” Nat Rev Genet. (2010) 

11(11):761-72. .

Examples of SWI/SNF complex genes that may serve as a marker for resistance to 

anticancer treatment in a patient as described herein include ARID! A, ARID1B, ARID2, 

SMARCA2, SMARCA4, PBRM1, SMARCC2, SMARCC1, SMARCD1, SMARCD2,

10 SMARCD3, SMARCE1, ACTL6A, ACTL6B, and SMARCB1. See, e.g., Reisman, D et al. 

“The SWI/SNF complex and cancer” Oncogene. (2009) 28(14): 1653-68.

In some embodiments, the invention provides methods whereby measurement of 

reduced expression of a MEDIATOR complex and/or SWI/SNF complex gene in one or 

more cancer cells of a patient identifies these cancer cells as cells that may be resistant to 

15 . treatment by one or more receptor tyrosine kinase (RTK) inhibitors. RTKs are involved in a 

number of diverse physiological processes, including proliferation and differentiation, cell 

survival and metabolism, cell migration, and cell-cycle control (see, e.g., Lemmon, MA, 

Schlessinger, J “Cell Signaling by Receptor Tyrosine Kinases” Cell (2010) 141:1117-1134).

’ In addition, an overview of non-small cell lung cancer signaling pathways may be

20 found at www(dot)n-of-oneidot)com/cancer-news-info/egfr/ and the figure presented therein 

adapted from Herbst, et al. NEJM 2008.

Described herein is the use of a large-scale loss-of-function genetic screen to identify 

genes whose suppression can confer resistance to crizotinib in a NSCLC cell line harboring 

an EML4-ALK translocation. Applicants identify a key component of the transcriptional

25 MEDIATOR complex, MED12, as a determinant of crizotinib response in NSCLC. 

Remarkably, Applicants find that suppression of MED12 also confers resistance to a range of 

targeted cancer drugs in other cancer types as well, including colon cancer, melanoma and 

liver cancer. Applicants identify an unexpected activity of MED12 in regulating TGFP 

receptor signaling, as the major mechanism of drug resistance induction.

30 Applicants identify herein MED12 as a candidate biomarker of response to a range of

targeted cancer drugs in a variety of cancer types through a previously unappreciated role of 

this protein in TGFp receptor signaling. MED 12 is a component of the MEDIATOR 

transcriptional adapter complex that serves as a molecular bridge between the basal 

transcription machinery and its upstream activators (Conaway et al., 2005). More
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specifically, MED 12 is a subunit of the “kinase” module of the MEDIATOR complex, which 

also contains MED13, CYCLIN C and CDK8, whose gene sequence is amplified in some 

50% of colon cancers (Firestein et al., 2008). The involvement of MEDIATOR components 

in responses to TKIs was unexpected, as most of the known genes that influence responses to 

TKIs involve components of signaling pathways that act downstream or in parallel of these 

receptors. Applicants reconcile this apparent discrepancy by demonstrating that part of 

MED12 also resides in the cytosol, where it interacts with the ΤΰΡβ type II receptor to inhibit 

its activity. Consequently, downregulation of MED12 by RNAi strongly activates TGFp 

signaling, as evidenced by phosphorylation of SMAD2 and induction of many canonical 

TGFp target genes. Activation of TGFp signaling has been linked previously to activation of 

ERK signaling (reviewed,by (Zhang, 2009)). Consistent with this, Applicants observed 

activation of ERK signaling by MED 12 suppression, which persists in the presence of drugs 

like crizotinib, gefitinib, vemurafenib, seluteminib and sorafenib (Figures 17, 18 and data not 

shown), thus providing a rationale for why suppression of MED12 confers resistance to these 

drugs.

Applicants’ data indicate that MED12 suppression also induces an EMT-like 

phenotype, as judged by the upregulation of the mesenchymal markers Vimentin and N- 

cadherin (Figures 29 and 30) and the general overlap between genes that are regulated by 

MED12kd and known EMT signature genes (Figure 33 A). Applicants’ data are consistent 

with the findings of others, who also witnessed resistance to EGFR inhibitors in cell lines 

undergoing EMT (Coldren et al., 2006; Frederick et al., 2007; Fuchs et al., 2008; Rho et al., 

2009; Thomson et al., 2005; Yao et al., 2010). In the clinic^ EMT transformation was also 

seen in 3 out of 7 NSCLC patients who developed resistance to EGFR TKIs and did not have 

one of the well-established secondary EGFR mutations causing drug resistance (Sequist et al., 

2011); In some embodiments, such patients have acquired EMT as a result of MED12 loss. 

For example, MED12 was recently shown to be mutated in some 70% of uterine leiomyomas 

(Makinen et al., 2011). Applicants note that these mutations are highly clustered in the 

second exon of MED12, raising the possibility that these mutations are not null alleles. 

Consistent with this, Applicants observe that MED12 suppression often confers a slow- 

growth phenotype to cancer cells and that near-complete suppression of MED 12 is not 

tolerated by most cells (Figures 2F, 17C, 17G and data not shown). Thus, in some 

embodiments, suppression of MED 12 may not confer a selective advantage in the absence of 

drug, but may only become a benefit to the cancer cells when undergoing drug selection 

pressure. Consistent with this, Applicants observed that PC9 NSCLC, A375 melanoma and
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Huh-7 HCC cells are growth-inhibited by MED 121°. but this turns into a proliferative 

advantage when exposed to EGFR, BRAF or MEK inhibitors or the multikinase inhibitor 

sorafenib (Figures 2F, 17C and 17G). Therefore, in some embodiments, MED 12 suppression 

may not be a marker of intrinsic drug resistance as its constitutive suppression could well be 

disadvantageous to the cancer cell, but it may be acquired during drug selection to resist the 

therapy. That cancer cells can transiently assume a reversible drug-tolerant state was recently 

shown by others (Sharma et al., 2010).

In certain embodiments, cancer cells that undergo an EMT-like process do so through 

suppression of MED12 expression. Investigation of this would require biopsies of tumors that 

have progressed following exposure to targeted therapies, which are very rare in today’s 

clinical practice. Applicants’ data show that the changes of gene expression triggered by 

MED 12 suppression (through analysis of a set of MED12kd signature genes) are prognostic 

for disease outcome in colon cancer (Figure 33B) and predictive for responses to MEK 

inhibitors in a large and heterogeneous cell line panel (Figure 33C). In both of these studies, 

the mRNA levels of MED 12 alone did not predict prognosis or drug responses (data not 

shown). This may be because MED 12 protein levels are primarily regulated at a post- 

transcriptional level in tumors or because of alterations in MED12 acti vity as a result of 

mutation, as seen in leiomyomas (Makinen et al., 2011). Nevertheless, it is clear from 

Applicants’ studies that MED12 suppression triggers activation ofTGFP signaling in tumors 

of lung, skin, liver and colon and results in an EMT-like phenotype associated with drug 

resistance. Applicants’ data also demonstrate that inhibition of TGFP signaling with small 

molecule drugs can reverse resistance to targeted.cancer drugs (Figure 35). Accordingly, in 

some embodiments, EMT arising during drug resistance development, as seen in NSCLC 

(Sequist et al., 2011), may be countered by combination with a TGFP antagonist, a notion 

that can readily be tested in the clinic.

In certain embodiments, identification of a reduced expression of a MEDIATOR 

complex and/or SWI/SNF complex gene in one or more cancer cells of a patient is indicative 

that the one or more cancer cells will be resistant to treatment by a compound or class of 

compounds, such as one or more receptor tyrosine kinase inhibitor compounds. Examples of 

RTK inhibitor compounds that cells expressing a reduced level of a MEDIATOR complex 

and/or SWI/SNF complex gene may be resistant to include gefitinib, erlotinib, EKB-569, 

lapatinib, CI-1033, cetuximab, panitumumab, PKI-166, AEE788, sunitinib, sorafenib, 

dasatinib, nilotinib, pazopanib, vandetaniv, cediranib, afatinib, motesanib, CUDC-101, and 

imatinib mesylate. Other RTK inhibitors that cells expressing a reduced level of a
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MEDIATOR complex and/or SWI/SNF complex gene may be resistant to include the Alk-1

inhibitors crizotinib, ASP-3026, LDK378, AF802, and CEP37440.

In certain embodiments, identification of a reduced expression of a MEDIATOR 

complex and/or SWI/SNF complex gene in one or more cancer cells of a patient is indicative 

that the one or more cancer cells will be resistant to treatment by one or more ERK activation 

inhibitor compounds. Examples of ERK activation inhibitor compounds that cells expressing 

a reduced level of a MEDIATOR complex and/or SWI/SNF complex gene may be resistant 

to include compounds that inhibit the activity of a signaling protein upstream of ERK. 

Examples of signaling proteins upstream of ERK include MEK1, MEK2, A-RAF, B-RAF, 

RAFI, MOS, RTKs, and G-protein-coupled receptors. In certain embodiments, the 

compound that inhibits the activity of a signaling protein upstream of ERK inhibits a direct 

activator of ERK. Examples of direct ERK activators include MEK1 and MEK2. Examples 

of MEK inhibitors include CKI-27, RO-4987655, RO-5126766, PD-0325901, WX-554, 

AZD-8330, G-573, RG-7167, SE-2626, GDC-0623, RO-5068760, and AD-GL0001. In other 

embodiments, the compound that inhibits the activity of a signaling protein upstream of ERK 

inhibits an indirect activator of ERK. Examples of indirect ERK activators include A-RAF, 

B-RAF, RAF1RAF1, MOS, RTKs, and G-protein-coupled receptors. See, e.g., Roux, PP, 

Blenis, J “ERK and p38 MAPK-activated protein kinases: a family of protein kinases with 

diverse biological functions” Microbiol Mol Biol Rev. (2004) 68(2):320-44. Examples of B- 

RAF inhibitors include CEP-32496, vemurafenib, GSK-2118436, ARQ-736, RG-7256, XL- 

281, DCC-2036, GDC-0879, AZ628, and antibody fragment EphB4/Raf inhibitors.

In some embodiments, an inhibitor inhibits the wild-type version of a protein, such as 

wild-type B-RAF. In other embodiments, an inhibitor inhibits a mutant form of a protein, 

such as mutant B-RAF (e.g., V600E). In yet other embodiments, an inhibitor inhibits both 

the wild-type and mutant form of a protein (e.g., both wild-type B-RAF and B-RAFV600E).

In certain embodiments, identification of a reduced expression of a MEDIATOR 

complex and/or SWI/SNF complex gene in one or more cancer cells of a patient is indicative 

that the one or more cancer cells will be resistant to treatment by one or more compounds that 

are activators of one or more proteins that inactivate ERK. Examples of protein inactivators 

of ERK include phosphatases, such as the indirect inactivator of ERK, protein phosphatase 5 

(PP5), which inactivates the ERK upstream activator, RAFI, by dephosphorylation.

In certain embodiments, the prognostic methods and compositions of the instant 

invention predict resistance to anticancer treatment to a combination of chemotherapeutic 

agents, wherein the at least two chemotherapeutic agents are administered at the same time
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^and/or sequentially. In further embodiments, the invention provides methods wherein a

measurement of reduced expression of a MEDIATOR complex and/or S WI/SNF complex

and/or RAS-GAP gene in one or more cancer cells of a tumor of a patient identifies the tumor

as one that may be resistant to treatment by a combination of at least two ERK activation

5 inhibitors. In other embodiments, the tumor is one that may be resistant to treatment by a 

combination of at least two compounds that activate one or more proteins upstream of ERK 

that inactivates ERK signaling.

In some embodiments, activation of the TGF-β (transforming grow factor beta) 

pathway rescues ERK activation in, for example, a cancer cell. Accordingly, in some

10 embodiments, the prognostic methods and compositions of the instant invention provide

methods and compositions wherein a measurement of reduced expression of a MEDIATOR 

complex and/or S WI/SNF complex and/or RAS-GAP gene in one or more cancer cells of a 

tumor of a patient identifies the tumor as one that may benefit from treatment with an 

inhibitor of the TGFfi pathway (e.g., a TGFfi inhibitor and/or inhibitor of one or more

15 downstream signaling proteins in the TGF- β pathway) in combination with one or more 

ERK activation inhibitors. In other embodiments, the prognostic methods and compositions 

of the instant invention provide methods and compositions wherein a measurement of 

reduced expression of a MEDIATOR complex and/or S WI/SNF complex and/or RAS-GAP 

gene in one or more cancer cells of a tumor of a patient identifies the tumor as one that may 

20 benefit from treatment with an inhibitor of the TGF- β pathway in combination with one or 

more compounds that activate one or more proteins upstream of ERK that inactivates ERK 

signaling. In certain embodiments, the inhibitor of ERK activation is an RTK inhibitor. In 

other embodiments, the inhibitor of ERK activation is a B-RAF inhibitor. In yet other 

embodiments, the inhibitor of ERK activation is a MEK inhibitor. In still other

25 embodiments, the inhibitor of ERK activation is a RAS inhibitor.

In other embodiments, the prognostic methods and compositions of the instant 

invention provide methods and compositions wherein a measurement of increased expression 

of a TGFfi pathway gene in one or more cancer cells of a tumor of a patient identifies the 

tumor as one that may benefit from treatment with an inhibitor of the TGFfi pathway (e.g., a 

30 TGFfi inhibitor and/or inhibitor of one or more downstream signaling proteins in the TGFfi 

pathway) in combination with one or more ERK activation inhibitors. In certain 

embodiments, the patient is one in need of treatment with an ERK activation inhibitor. In 

other embodiments, the patient is one in need of treatment with an inhibitor of a TGFfi 

pathway gene or protein. In other embodiments, the prognostic methods and compositions of
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the instant invention provide methods and compositions wherein a measurement of increased 

expression of a TGFp pathway gene in one or more cancer cells of a tumor of a patient 

identifies the tumor as one that may benefit from treatment with an inhibitor of the TGFp 

pathway in combination with one or more compounds that activate one or more proteins 

upstream of ERK that inactivates ERK signaling. In certain embodiments, the inhibitor of 

ERK activation is an RTK inhibitor. In other embodiments, the inhibitor of ERK activation 

is a B-RAF inhibitor. In yet other embodiments, the inhibitor of ERK activation is a MEK 

inhibitor. In still other embodiments, the inhibitor of ERK activation is a RAS inhibitor.

In other embodiments, the prognostic methods and compositions of the instant 

invention provide methods and compositions wherein a measurement of increased expression 

of a TGFP pathway gene in one or more cancer cells of a patient indicates the patient may be 

resistant to anticancer treatment. In other embodiments, the prognostic methods and 

compositions of the instant invention provide methods and compositions wherein a 

measurement of an acti vating mutation in a TGFp pathway gene in one or more cancer cells 

of a patient identifies the one or more cancer cells as cells that may be resistant to anticancer 

treatment.

In some embodiments, the invention provides methods and compositions for the 

treatment of primary and/or secondary resistance to one or more anticancer agents in a patient 

in need thereof, comprising administration of at least one inhibitor of the TGFp pathway in 

combination with the one or more anticancer agents to which primary and/or secondary 

resistance in the patient has developed. For example, in some embodiments, the invention 

relates to a method of treating secondary resistance to an inhibitor of ERK activation in a 

patient in need thereof, comprising administering to the patient at least one inhibitor of the 

TGFP pathway (e.g., a TGFP inhibitor) in combination with the inhibitor of ERK activation.

In certain embodiments, the invention provides methods and compositions related to a 

method of treating cancer in a patient in need thereof, comprising administering to the patient 

an inhibitor of ERK activation in combination with an inhibitor of TGFP pathway activation. 

In some embodiments, the patient is treated without determining whether the patient would 

be likely to be resistant to one or more of the ERK activation and/or TGFp pathway 

activation inhibitors.

In some embodiments, the markers of the instant invention enable the detection of 

resistance to anticancer treatment in a patient in combination with one or more known 

markers of hypersensitivity to a chemotherapeutic agent or class of agents. In certain 

embodiments, expression levels of one or more MEDIATOR complex and/or SWI/SNF
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complex genes (e.g., MED 12, SMARCE1, and/or ARIDA1) are measured in one or more

cancer cells of a patient in combination with an array profile, such as a CGH (comparative

genomic hybridization) array analysis.

In certain embodiments, the invention provides methods and compositions for 

identifying a cancer patient who would likely not benefit from a certain chemotherapeutic 

treatment. For example, an aspect of the invention is a method of screening cancer patients to 

determine those cancer patients more likely to benefit from a particular chemotherapy, such 

as RTK inhibitor chemotherapy, comprising obtaining a sample of genetic material from a 

tumor of the patient; and assaying for the presence of a genotype in the patient that is 

associated with resistance to the particular chemotherapy, the genotype characterized by an 

inactivating mutation in one or more MEDIATOR complex and/or SWI/SNF complex genes. 

In some embodiments, the genotype is further characterized by an inactivating mutation in 

one or more known markers for chemotherapeutic resistance. In some embodiments, the 

genetic material is nucleic acid that is characterized by a reduced expression (e.g., reduced 

mRNA levels) of one or more MEDIATOR complex and/or SWI/SNF complex genes. In 

further embodiments, reduced mRNA levels are assessed by the evaluating the corresponding 

cDNA.

In a particular embodiment, the instant invention provides methods and compositions 

for the identification of a lung cancer patient who would likely not benefit from RTK 

inhibitor chemotherapy (e.g., the patient will be recurrence-free for a period of time less than 

a patient undergoing the same chemotherapy). Tn some embodiments, the methods of the 

instant invention predict whether a chemotherapeutic agent or other compound is likely to be 

cytotoxic to one or more cancer cells.

Cancers for which the prognostic methods and compositions of the instant invention 

may provide predictive results for resistance to anticancer treatment include cancers such as 

breast cancer (e.g., BRCA-1 deficient, stage-III HER2-negative), ovarian cancer (e.g., 

BRCA-1 deficienL epithelial ovarian cancer), lung cancer (e.g., non-small-cell lung cancer or 

small cell lung cancer, metastatic non-small cell lung cancer), liver cancer (e.g., 

hepatocellular carcinoma), head and neck cancer (e.g., metastatic squamous cell carcinoma of 

the head and neck (SCCHN), squamous cell carcinoma, laryngeal cancer, hypopharyngeal 

cancer, oropharyngeal cancer, and oral cavity cancer), bladder cancer (e.g., transitional cell - 

carcinoma of the bladder), and colorectal cancer (e.g., advanced (non-resectable locally 

advanced or metastatic) colorectal cancer). Other cancers for which the methods and 

compositions of the invention may provide predictive results for resistance to anticancer
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treatment include cervical cancer (e.g., recurrent and stage IVB), mesothelioma, solid tumors 

(e.g., advanced solid tumors), renal cell carcinoma (e.g., advanced renal cell carcinoma), 

stomach cancer, sarcoma, prostate cancer (e.g., hormone refractory prostate cancer), 

melanoma, thyroid cancer (e.g., papillary thyroid cancer), brain cancer, adenocarcinoma, 

subependymal giant cell astrocytoma, endometrial cancer, glioma, glioblastoma, and other 

tumors that have metastasized to the brain, esophageal cancer, neuroblastoma, hematological 

cancers, and lymphoma.

In some embodiments, the cancer is one in which one or more RTK inhibitor drugs 

are employed either alone or in combination with other chemotherapeutic agents as a part of 

an anticancer treatment regimen. In other embodiments, the cancer is one in which one or 

more RTK inhibitor drugs are employed either alone or in combination with additional 

treatment regimens, such as surgical procedures, radiation, and/or other anticancer treatments. 

In certain embodiments, the cancer is one in which one or more RTK inhibitor agents are 

used as a first-line form of treatment. In yet other embodiments, the one or more RTK 

inhibitor drugs are employed in combination with an inhibitor of the TGF-beta pathway.

In certain embodiments, the instant invention relates to methods and compositions 

encompassing the detection of expression levels of a MEDIATOR complex and/or SWI/SNF 

complex and/or RAS-GAP gene in one or more.cells of a subject. Typically, the subject is a 

human patient who has or is suspected of having at least one type of cancer, and the 

expression levels of the MEDIATOR complex and/or SWI/SNF complex and/or RAS-GAP 

gene are detected in a sample of one or more cells, typically one or more tumor cells, from 

the human patient, which are then compared with the expression levels of the MEDIATOR 

complex and/or SWI/SNF complex and/or RAS-GAP gene in a control sample. A control 

sample will generally be one in which the MEDIATOR complex and/or SWI/SNF complex 

and/or RAS-GAP gene expression levels are known and correlated with resistance to 

anticancer treatment to a certain drug or group of drugs. In some embodiments, the control 

sample is one in which the MEDIATOR complex and/or SWI/SNF complex and/or RAS- 

GAP gene expression levels are known and correlated with a lack of resistance to anticancer 

treatment to a certain drug or group of drugs. In certain embodiments, the MEDIATOR 

complex and/or SWI/SNF complex and/or RAS-GAP gene expression levels in one or more 

tumor cells of a patient are compared with the expression levels in one or more normal cells 

of the patient, wherein a reduced expression in the one or more tumor cells in comparison to 

the normal cells of the patient are predictive of resistance to anticancer treatment to a certain 

drug or group of drugs. In some embodiments, more than one control sample is used for
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comparative purposes with the test sample from the subject. In certain embodiments, the

expression levels of a MEDIATOR complex gene are detected. In other embodiments, the

expression levels of a SWI/SNF complex gene are detected. In yet other embodiments, the

expression levels of a RAS-GAP gene are detected.

In certain embodiments, the invention relates to a method for predicting a lung cancer 

patient’s response to RTK inhibitor drug chemotherapy, such as gefitinib or erlotinib 

treatment. In some embodiments, the lung cancer patient has not yet received RTK inhibitor 

drug chemotherapy. In further embodiments, a sample of the lung cancer cells from the 

patient is analyzed for the levels of expression of a MEDIATOR complex and/or SWI/SNF 

complex gene, such as MED 12, SMARCE1, and/or ARIDA1, and or a RAS-GAP gene, such 

as DAB2IP, NF1, and/or RASAL3. If expression levels of the MEDIATOR complex and/or 

SWI/SNF complex gene (e.g., MED12, SMARCE1, and/or ARIDA1) and/or RAS-GAP gene 

(e.g., DAB2IP, NF1, and/or RASAL3) are low compared to expression levels in normal lung 

tissue, then the lung cancer cells in the patient are likely resistant to RTK inhibitor anticancer 

treatment. .

In certain embodiments, the expression level of the MEDIATOR complex and/or 

SWI/SNF complex gene, such as MED12, SMARCE1, and/or ARIDA1, and/or RAS-GAP 

gene, such as DAB2IP, NF1, and/or RASAL3 in cancer tissue is lower than the expression 

level of the gene in normal tissue. In predicting resistance to anticancer treatment of a tumor, 

cut-off levels of expression may be determined empirically for the subject cancer for which 

resistance to anticancer treatment is being assessed.

In other embodiments, the instant invention relates to methods and compositions 

encompassing the detection of one or more inactivating mutations in a MEDIATOR complex 

and/or SWI/SNF complex and/or RAS-GAP gene in one or more cells of a subject. 

Typically, the subject is a human patient who has or is suspected of having at least one type 

of cancer, and the nucleic acid of the MEDIATOR complex and/or SWI/SNF complex and/or 

RAS-GAP are isolated from a sample of one or more cells, typically one or more tumor cells, 

from the human patient, which are then compared with the nucleic acid of the MEDIATOR 

complex and/or SWI/SNF complex and/or RAS-GAP in a control sample. A control sample 

will generally be one in which the MEDIATOR complex and/or SWI/SNF complex and/or 

RAS-GAP nucleic acid sequences are known and correlated with resistance to anticancer 

treatment to a certain drug or group of drugs. In some embodiments, the control sample is 

one in which the MEDIATOR complex and/or SWI/SNF complex and/or RAS-GAP nucleic 

acid sequences are known and correlated with a lack of resistance to anticancer treatment to a
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certain drug or group of drugs. In some embodiments, more than one control sample is used

for comparative purposes with the test sample from the subject. In certain embodiments, the

inactivating mutation is a point mutation. In some embodiments, the inactivating mutation is

a hypomorphic mutation. In other embodiments, the inactivating mutation is a gene deletion.

In yet other embodiments, the inactivating mutation is an amplification.

In some embodiments, the instant invention relates to methods and compositions 

encompassing evaluating the protein activity and/or sequence and/or posttranslational 

modification state of one or more RAS-GAP proteins and/or proteins in a MEDIATOR 

complex and/or SWI/SNF complex in one or more cells of a subject. Typically, the subject is 

a human patient who has or is suspected of having at least one type of cancer, and the RAS- 

GAP protein and/or protein of the MEDIATOR complex and/or SWI/SNF complex is 

isolated from a sample of one or more cells, typically one or more tumor cells, from the 

human patient, which are then compared with the RAS-GAP protein and/or protein of the 

MEDIATOR complex and/or SWI/SNF complex in a control sample. A control sample will 

generally be one in which the RAS-GAP protein and/or MEDIATOR complex and/or 

SWI/SNF complex protein sequences and/or activity and/or posttranslational modification 

state are known and correlated with resistance to anticancer treatment to a certain drug or 

group of drugs. In some embodiments, the control sample is one in which the RAS-GAP 

protein and/or MEDIATOR complex and/or SWI/SNF complex protein sequences and/or 

activity and/or posttranslational modification state are known and correlated with a lack of 

resistance to anticancer treatment to a certain drug or group of drugs.

Evaluation of protein activity includes assaying the enzymatic activity of the protein. 

In certain embodiments, the posttranslational modification status of the protein is assessed. 

In further embodiments, one or more posttranslational modifications (or lack thereof) is 

associated with protein dysfunction, such as reduced enzymatic activity by the protein. In 

some embodiments, the RAS-GAP and/or MEDIATOR complex and/or SWI/SNF complex 

protein in one or more cells of a subject is dysfunctional, and this dysfunction is indicative of 

resistance to one or more anticancer treatments. Examples of protein dysfunction include 

reduced or no enzymatic and/or binding activity of the protein; reduced or no protein 

expression; and/or improper protein modification, such as phosphorylation that results in 

inactivity of the protein.

The terms “marker” and “biomarker” are used interchangeably herein and refer to a 

gene, protein, or fragment thereof, the expression or level or activity of which changes 

between certain conditions. Where the expression or level or activity of the gene, protein, or
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fragment thereof correlates with a certain condition, the gene, protein, or fragment thereof is

a marker for that condition.

“Resistant,” “resistance,” or “resistance to anticancer treatment” in the context of 

treatment of a cancer cell with a chemotherapeutic agent or other compound means that the 

chemotherapeutic agent or other compound is not likely to have an optimal effect on the 

cancer cell. In some embodiments, the compound is not likely to have any effect on the 

cancer cells. In certain embodiments, the effect of a compound on one or more cancer cells is 

reduced. In certain further embodiments, a tumor is likely to be less sensitive to a compound 

but not completely resistant to it. In certain embodiments, the compound is not likely to be 

cytotoxic to the cancer cell. In some embodiments, the compound is not cytotoxic to the 

cancer cell.

By “primary resistance” with regard to one or more cancer cells in a patient is meant 

cells that are naive for anticancer treatment. For example, a tumor that demonstrates primary 

resistance to an anticancer treatment includes one that has never been treated with the 

anticancer drug or drugs but demonstrates or is predicted to demonstrate resistance to the 

anticancer drug or drugs once treatment has begun.

By “secondary resistance” with regard to one or more cancer cells in a patient is 

meant cells that have acquired resistance to an anticancer treatment. For example, a tumor 

that demonstrates secondary resistance to an anticancer treatment includes one that has been 

treated for a prolonged period of time with one or more anticancer drugs but resistance arises 

to the one or more anticancer drugs after treatment.

By “inactivating mutation” is meant a mutation in, for example, a nucleic acid that 

encodes a protein that is inactive. This includes, for example, mutations that result in the loss 

of protein expression and/or activity and includes genetic mutations such as point mutations, 

translocations, amplifications, deletions (including whole gene deletions), and hypomorphic 

mutations (e.g., where an altered gene product possesses a reduced level of activity or where 

the wild-type gene product is expressed at a reduced level). “Inactivating mutation” also 

includes biomarker dysfunctions due to post-translational protein regulation, for example, 

where a protein biomarker is inactive or exhibits impaired activity due to, for example, one or 

more posttranslational modifications, such as phosphorylation that results in protein 

inactivity.

The term “biomarker dysfunction” with regard to a protein or protein fragment refers 

to dysfunction of the protein or fragment thereof as a result of improper regulation at the 

posttranslational level, such as, for example, phosphorylation that results in protein inactivity.
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By “MEDIATOR complex gene” is meant any gene encoding for a protein of the

MEDIATOR complex.

By “reference MEDIATOR complex gene” is meant a MEDIATOR complex gene in 

a control sample, e.g., a normal sample such as a non-cancerous tissue sample. Typically, the 

expression levels of a reference MEDIATOR complex gene serve as a reference for 

comparative purposes with the levels of expression of the same MEDIATOR complex gene 

in a different sample, typically a test sample, such as a lung tumor sample.

By “SWI/SNF complex gene” is meant any gene encoding for a protein of the 

SWI/SNF complex.

By “reference SWI/SNF complex gene” is meant a SWI/SNF complex gene in a 

control sample, e.g., a normal sample such as a non-cancerous tissue sample. Typically, the 

expression levels of a reference SWI/SNF complex gene serve as a reference for comparative 

purposes with the levels of expression of the same SWI/SNF complex gene in a different 

sample, typically a test sample, such as a lung tumor sample.

By “RAS-GAP gene” is meant any gene encoding for a RAS-GAP protein.

By “reference RAS-GAP gene” is meant a RAS-GAP gene in a control sample, e.g., a 

normal sample such as a non-cancerous tissue sample. Typically, the expression levels of a 

reference RAS-GAP gene serve as a reference for comparative purposes with the levels of 

expression of the same RAS-GAP gene in a different sample, typically a test sample, such as 

a lung tumor sample.

By “TGFp pathway gene” is meant any gene encoding for a protein in the TGFP 

signaling pathway.

By “TGFp pathway target gene” is meant any gene whose expression is regulated by 

TGFp signaling.

By “reference TGFP pathway gene” is meant a TGFP signaling pathway gene in a 

control sample, e.g., a normal sample such as a non-cancerous tissue sample. Typically, the 

expression levels of a reference TGFp pathway gene serve as a reference for comparative 

purposes with the levels of expression of the same TGFP pathway gene in a different sample, - 

typically a test sample, such as a lung tumor sample.

By “MED12kd signature” is meant the nucleic acid expression profile depicted in 

Figure 37. Figure 37 depicts the genes deregulated by MED12KD (>2 fold) in at least three out 

of five cell lines used. The term “MED12kd signature” includes the 237 upregulated genes 

and 22 downregulated genes depicted in Figure 37, as well as any protein products of these 

genes.
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By “positive reference MED12KD signature nucleic acid and/or proteins” is meant 

the nucleic acid expression profile of one or more genes depicted in Figure 37 in one or more 

independent control sample cells known to be resistant to an anticancer treatment, e.g., one or 

more cells of a cancer cell line or a tumor sample. Typically, the expression levels of a 

positive reference MED12KD signature gene serve as a reference for comparative purposes 

with the levels of expression of the same MED12KD signature gene in a different sample, 

typically a test sample, such as a lung tumor sample.

By “negative reference MED12KD signature nucleic acid and/or proteins” is meant 

the nucleic acid expression profile of one or more genes depicted in Figure 37 in one or more 

independent control sample cells know to be sensitive to an anticancer treatment, e.g., a 

normal sample such as a non-cancerous tissue sample. Typically, the expression levels of a 

negative reference MED12KD signature gene serve as a reference for comparative purposes 

with the levels of expression of the same MED12KD signature gene in a different sample, 

typically a test sample, such as a lung tumor sample. In some embodiments, the control 

sample cell is derived from a tumor sample from a patient prior to chemotherapeutic 

treatment. The control sample in these embodiments can serve as a reference for comparative 

purposes with the levels of expression of the same MED12KD signature gene in a different 

sample cell that is derived from a tumor sample from the patient after chemotherapeutic 

treatment. In other embodiments, the control sample is the average expression of the Figure 

37 genes that is determined in a collection of tumor or cell line samples. The term “negative 

reference MED12KD signature” likewise includes the expression levels of a random set of 

genes in the test sample. In these embodiments, the random set of genes from the test sample, 

which may include one or more of the genes depicted in Figure 37, are used for comparative 

purposes with the expression levels of the genes depicted in Figure 37 in the test sample.

The term “EMT-like phenotype” refers to a partial epithelial-mesenchymal transition 

(EMT), leading to the induction of mesenchymal markers such as vimentin (VIM) and N- 

cadherin (CDH2), but not the loss of at least one epithelial marker, such as E-cadherin. As 

described herein, MED12kd causes expression of the mesenchymal markers VIM and CDH2, 

indicating that an EMT-like process is initiated in MED12kd cells.

By “interact directly” is meant that a protein or other molecular compound binds 

and/or enzymatically interacts with a target protein. For example, MEK1 interacts directly 

with ERK.

By “interact indirectly” is meant that a protein or other molecular compound binds 

and/or enzymatically interacts with a cellular protein or other molecular compound that may
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itself interact with a second cellular protein and so forth until a final cellular protein interacts

directly with a target protein. This includes any upstream activators of a target protein, such

as ERK, in a signaling cascade, such as a receptor tyrosine kinase signaling cascade.

Examples of proteins that interact indirectly with ERK include A-RAF, B-RAF, RAFI, MOS,

RTKs, and G-protein-coupled receptors.

By “similar” in the context of the expression of one or more nucleic acid arid/or 

proteins is meant that the expression levels of one or more nucleic acid and/or proteins in one 

sample is the same as or about the same as the expression levels of the one or more nucleic 

acid and/or proteins in a second sample. In certain embodiments, the expression levels of a 

gene are the same (e.g., no measurable difference) between two different samples. In other 

embodiments, the expressidn levels of a gene are about the same (e.g., within experimental 

margins of error) between two different samples.

In various aspects, determination of a level of expression of nucleic acid and/or protein 

in a test sample that is the same, greater than, or less than that produced by the corresponding 

nucleic acid and/or protein in a positive reference MED 12KD signature is indicative of 

resitence to anticancer treatment in the tumor from which the test sample was derived. 

Accordingly, in certain embodiments detection of signal intensity from a test sample that is 

the same, within experimentally acceptable margins of enor, as the signal intensity produced 

by the positive reference MED12KD signature sample is sufficient to classify the tumor from 

which the test sample was produced as anticancer treatment resistant. In certain 

embodiments, detection of signal intensity from a test sample that is greater, within 

experimentally acceptable margins of error, than the signal intensity produced by the positive 

reference MED12KD signature sample is sufficient to classify the tumor from which the test 

sample was produced as anticancer treatment resistant. In certain embodiments, detection of 

signal intensity from a test sample that is less, within experimentally acceptable margins of 

error, than the signal intensity produced by the positive reference MED12KD signature 

sample is sufficient to classify the tumor from which the test sample was produced as 

anticancer treatment resistant.

In certain embodiments, the deviation of signal intensity of the test sample from the 

positive reference MED12KD signature sample is measured as a percent difference. In 

certain embodiments, a test sample is deemed to have produced a signal that is greater than 

the positive reference MED12KD signature sample if the signal intensity of the test sample 

measures at a level selected from: the signal intensity of the positive reference MED12KD 

signature sample greater than 1 %; greater than 2 %; greater than 5%; greater than 10%;
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greater than 15%; greater than 20%; the greater than 25%; greater than 30%; greater than

35%; greater than 40%; greater than 45%; greater than 50%; greater than 55%; greater than

60%; greater than 65%; greater than 70%; greater than 75%; greater than 80%; greater than

85%; greater than 90%; greater than 95%; or greater than 100%.

In certain embodiments, a test sample is deemed to have produced a signal that is less 

than the positive reference MED12KD signature sample if the signal intensity of the test 

sample measures at a level selected from: the signal intensity of the reference sample less 1 

%; less 2 %; less 5%; less 10%; less 15%; less 20%; less 25%; less 30%; less 35%; less 40%; 

less 45%; less 50%; less 55%; less 60%; less 65%; less 70%; less 75%; less 80%; less 85%; 

less 90%; less 95%; or less 100% (or no signal produced by the test sample).

In certain embodiments, the deviation of signal intensity of the test sample from the 

positive reference MED12KD signature sample is measured as a -fold difference, or a 

difference based upon unit signal production. In certain embodiments, a test sample is 

deemed to have produced a signal that is greater than the positive reference MED12KD 

signature sample if the signal intensity of the test sample is selected from: two-fold greater 

than; three-fold greater than; four-fold greater than; five-fold greater than; six-fold greater 

than; seven-fold greater than; eight-fold greater than; nine-fold greater than; ten-fold greater; 

and more than ten-fold greater than the signal intensity of the positive reference MED12KD 

signature sample.

In certain embodiments, a test sample is deemed to have produced a signal that is less 

than the positive reference MED12KD signature sample if the signal intensity of the test 

sample is selected from: two-fold less than; three-fold less than; four-fold less than; five-fold 

less than; six-fold less than; seven-fold less than; eight-fold less than; nine-fold less than; ten

fold less than; and greater than ten-fold less than the signal intensity of the positive reference 

MED12KD signature sample.

In certain embodiments where the expression of a nucleic acid and/or protein in a test 

sample is compared with the expression level of the same nucleic acid and/or protein in a 

positive reference MED12KD signature nucleic acid and/or protein sample, expression of the 

test sample nucleic acid and/or protein that is the same as (e.g., no measureable difference) or 

greater than (e.g., more than 10-fold greater than) the expression level of the nucleic acid 

and/or protein corresponding to an upregulated gene in the positive reference MED12KD 

signature, then resistance to anticancer treatment in the test sample is indicated.

In certain embodiments where the expression of a nucleic acid and/or protein in a test 

sample is compared with the expression level of the same nucleic acid and/or protein in a
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positive reference MED12KD signature nucleic acid and/or protein, expression of the test

sample nucleic acid and/or protein that is the same as (e.g., no measureable difference) or less

than (e.g., more than 10-fold less than) the expression level of the nucleic acid and/or protein

corresponding to a downregulated gene in the positive reference MED12KD signature, then

resistance to anticancer treatment in the test sample is indicated.

In various aspects, determination of a level of expression of nucleic acid and/or protein 

in a test sample that is greater than or less than that produced by the corresponding nucleic 

acid and/or protein in a negative reference MED12KD signature is indicative of resitence to 

anticancer treatment in the tumor from which the test sample was derived. Accordingly, in 

certain embodiments, detection of signal intensity from a test sample that is greater, within 

experimentally acceptable margins of error, than the signal intensity produced by the negative 

reference MED12KD signature sample is sufficient to classify the tumor from which the test 

sample was produced as anticancer treatment resistant. In certain embodiments, detection of 

signal intensity from a test sample that is less, within experimentally acceptable margins of 

error, than the signal intensity produced by the negative reference MED12KD signature 

sample is sufficient to classify the tumor from which the test sample was produced as 

anticancer treatment resistant.

In certain embodiments, the deviation of signal intensity of the test sample from the 

negative reference MED12KD signature sample is measured as a percent difference. In 

certain embodiments, a test sample is deemed to have produced a signal that is greater than 

the positive reference MED12KD signature sample if the signal intensity of the test sample 

measures at a level selected from: the signal intensity of the positive reference MED12KD 

signature sample greater than 1%, greater than 2%, greater than 5%; greater than 10%; 

greater than 15%; greater than 20%; the greater than 25%; greater than 30%; greater than 

35%; greater than 40%; greater than 45%; greater than 50%; greater than 55%; greater than 

60%; greater than 65%; greater than 70%; greater than 75%; greater than 80%; greater than 

85%; greater than 90%; greater than 95%; or greater than 100%.

In certain embodiments, a test sample is deemed to have produced a signal that is less 

than the negative reference MED12KD signature sample if the signal intensity of the test 

sample measures at a level selected from: the signal intensity of the reference sample less 1%, 

less 2 %, less 5%; less 10%; less 15%; less 20%; less 25%; less 30%; less 35%; less 40%; 

less 45%; less 50%; less 55%; less 60%; less 65%; less 70%; less 75%; less 80%; less 85%; 

less 90%; less 95%; or less 100% (or no signal produced by the test sample).
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In certain embodiments, the deviation of signal intensity of the test sample from the 

negative reference MED12KD signature sample is measured as a -fold difference, or a 

difference based upon unit signal production. In certain embodiments, a test sample is 

deemed to have produced a signal that is greater than the negative reference MED12KD 

signature sample if the signal intensity of the test sample is selected from: one-fold greater 

than; one-and-half-fold greater than; two-fold greater than; three-fold greater than; four-fold 

greater than; five-fold greater than; six-fold greater than; seven-fold greater than; eight-fold 

greater than; nine-jold greater than; ten-fold greaiter; and more than ten-fold greater than the 

signal intensity of the negative reference MED12KD signature sample.

In certain embodiments, a test sample is deemed to have produced a signal that is less 

than the negative reference MED12KD signature sample if the signal intensity of the test 

sample is selected from: one-fold less than; one-and-half-fold less than; two-fold less than; 

three-fold less than; four-fold less than; five-fold less than; six-fold less than; seven-fold less 

than; eight-fold less than; nine-fold less than; ten-fold less than; and greater than ten-fold less 

than the signal intensity of the negative reference MED 12K.D signature sample.

In certain embodiments where the expression of a nucleic acid and/or protein in a test 

sample is compared with the expression level of the same nucleic acid and/or protein in a 

negative reference MED12KD signature nucleic acid and/or protein sample, expression of the 

test sample nucleic acid and/or protein that is greater than (e.g., more than 1,2ffold greater 

than) the expression level of the nucleic acid and/or protein corresponding to an upregulated 

gene in the negative reference MED12KD signature, then resistance to anticancer treatment 

in the test sample is indicated.

In certain embodiments where the expression of a nucleic acid and/or protein in a test 

sample is compared with the expression level of the same nucleic acid and/or protein in a 

negative reference MED12KD signature nucleic acid and/or protein, expression of the test 

sample nucleic acid and/or protein that is less than (e.g., more than 1.2-fold less than) the 

expression level of the nucleic acid and/or protein corresponding to a downregulated gene in 

the negative reference MED12KD signature, then resistance to anticancer treatment in the 

test sample is indicated.

As used herein, the terms “drug,” “agent,” and “compound,” either alone or together 

with “chemotherapeutic” or “chemotherapy,” encompass any composition of matter or 

mixture which provides some pharmacologic effect that can be demonstrated in-vivo or in 

vitro. This includes small molecules, antibodies, microbiologicals, vaccines, vitamins, and
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other beneficial agents. As used herein, the terms further include any physiologically or

pharmacologically active substance that produces a localized or systemic effect in a patient.

The term “nucleic acid” encompasses DNA, RNA (e.g., mRNA, tRNA), 

heteroduplexes, and synthetic molecules capable of encoding a polypeptide and includes all 

analogs and backbone substitutes such as PNA that one of ordinary skill in the art would 

recognize as capable of substituting for naturally occurring nucleotides and backbones 

thereof. Nucleic acids may be single stranded or double stranded, and may be chemical 

modifications. The terms “nucleic acid” and “polynucleotide” are used interchangeably. 

Because the genetic code is degenerate, more than one codon may be used to encode a 

particular amino acid, and the present compositions and methods encompass nucleotide 

sequences which encode a particular amino acid sequence.

Unless otherwise indicated, nucleic acids are written left to right in 5' to 3' 

orientation; amino acid sequences are written left to right in amino to carboxy orientation, 

respectively.

“Antisense” nucleic acids are DNA or RNA molecules that are complementary to at 

least a portion of a specific mRNA molecule (Weintraub, Scientific American 262 40, 1990). 

In the cell, the antisense nucleic acids hybridize to the corresponding mRNA, forming a 

double-stranded molecule. This interferes with the translation of the mRNA since the cell 

will not translate an mRNA that is double-stranded. Antisense oligomers of at least about 15, 

about 20, about 25, about 30, about 35, about 40, or of at least about 50 nucleotides are 

preferred, since they are easily synthesized and are less likely to cause non-specific 

interference with translation than larger molecules. The use of antisense methods to inhibit 

the in vitro translation of genes is well known in the art (Marcus-Sakura Anal. Biochem. 172: 

289, 1998).

Short double-stranded RNAs (dsRNAs; typically <30 nucleotides) can be used to 

silence the expression of target genes in animals and animal cells. Upon introduction, the 

long dsRNAs enter the RNA interference (RNAi) pathway which involves the production of 

shorter (20-25 nucleotide) small interfering RNAs (siRNAs) and assembly of the siRNAs into 

RNA-induced silencing complexes (RISCs). The siRNA strands are then unwound to form 

activated RISCs, which cleave the target RNA. Double stranded RNA has been shown to be 

extremely effective in silencing a target RNA.

General methods of using antisense, ribozyme technology and RNAi technology, to 

control gene expression, or of gene therapy methods for expression of an exogenous gene in 

this manner are well known in the art. Each of these methods utilizes a system, such as a
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vector, encoding either an antisense or ribozyme transcript. The term "RNAi" stands for RNA

interference. This term is understood in the art to encompass technology using RNA

molecules that can silence genes. See, for example, McManus, et al. Nature Reviews

Genetics 3: 737, 2002. In this application, the term "RNAi" encompasses molecules such as

5 small interfering or short interfering RNA (siRNA), small hairpin or short hairpin RNA 

(shRNA), microRNAs, and small temporal RNA (stRNA). Generally speaking, RNA 

interference results from the interaction of double-stranded RNA with genes.

The antisense oligonucleotides can be of any length; for example, in alternati ve 

aspects, the antisense oligonucleotides are between about 5 to 100, about 10 to 80, about 15

10 to 60, about 18 to 40. The optimal length can be determined by routine screening. The 

antisense oligonucleotides can be present at any concentration. The optimal concentration can 

be determined by routine screening. In certain embodiments, siRNA molecules are 12-28 

nucleotides long, more preferably 15-25 nucleotides long, still more preferably 19-23 

nucleotides long and most preferably 21-23 nucleotides long. In certain embodiments,

15 preferred siRNA molecules are 12, 13, 14, 15, 16, 17, 18, 19, 20,21,22, 23, 24,25, 26, 27 28 

or 29 nucleotides in length.

As used herein, the term "amino acid sequence" is synonymous with the terms 

"polypeptide," "protein," and “peptide,” and are used interchangeably. Where such amino 

acid sequences exhibit activity, they may be referred to as an “enzyme.” The conventional 

20 one-letter or three-letter code for amino acid residues are used herein.

As used herein, a "synthetic" molecule is produced by in vitro chemical or enzymatic 

synthesis rather than by an organism.

As used herein, the term “expression” refers to the process by which a polypeptide is 

produced based on the nucleic acid sequence of a gene. The process includes both

25 transcription and translation. The term “expression” also includes the protein product of a 

translated mRNA. The term “expression” as it refers to protein includes both protein levels 

and protein activity (e.g., protein binding, enzymatic activity, etc.). The term “expression” 

also refers to the transcription of non-translated nucleic acid (e.g., non-coding mRNA).

A “gene” refers to the DNA segment encoding a polypeptide or RNA.

30 By "homolog" is meant an entity having a certain degree of identity with the subject

amino acid sequences and the subject nucleotide sequences. As used herein, the term 

"homolog" covers identity with respect to structure and/or function, for example, the expression 

product of the resultant nucleotide sequence has the enzymatic activity of a subject amino acid 

sequence. With respect to sequence identity, preferably there is at least 70%, 75%, 80%, 81%,
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82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, or even 99% sequence identity. These terms also encompass allelic variations of the

sequences. The term, homolog, may apply to the relationship between genes separated by the

event of speciation or to the relationship between genes separated by the event of genetic

duplication.

Relative sequence identity can be determined by commercially available computer 

programs that can calculate % identity between two or more sequences using any suitable 

algorithm for determining identity, using, for example, default parameters. A typical example 

of such a computer program is CLUSTAL. Advantageously, the BLAST algorithm is 

employed, with parameters set to default values. The BLAST algorithm is described in detail 

on the National Center for Biotechnology Information (NCBI) website.

The homologs of the peptides as provided herein typically have structural similarity with 

such peptides. A homolog of a polypeptide includes one or more conservative amino acid 

substitutions, which may be selected from the same or different members of the class to which 

the amino acid belongs.

In one embodiment the sequences may also have deletions, insertions or substitutions of 

amino acid residues which produce a silent change and result in a functionally equivalent 

substance. Deliberate amino acid substitutions may be made on the basis of similarity in 

polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic nature of the 

residues as long as the secondary binding activity of the substance is retained. For example, 

negatively charged amino acids include aspartic acid and glutamic acid; positively charged 

amino acids include lysine and arginine; and amino acids with uncharged polar head groups 

having similar hydrophilicity values include leucine, isoleucine, valine, glycine, alanine, 

asparagine, glutamine, serine, threonine, phenylalanine, and tyrosine.

The present invention also encompasses conservative substitution (substitution and 

replacement are both used herein to mean the interchange of an existing amino acid residue with 

an alternative residue) that may occur e.g., like-for-like substitution such as basic for basic, 

acidic for acidic, polar for polar, etc. Non-conservative substitution may also occur e.g., from 

one class of residue to another or alternatively involving the inclusion of unnatural amino acids 

such as ornithine (hereinafter referred to as Z), diaminobutyric acid ornithine (hereinafter 

refereed to as B), norleucine ornithine (hereinafter refereed to as O), pyriylalanine, 

thienylalanine, naphthylalanine and phenylglycine. Conservative substitutions that may be 

made are, for example, within the groups of basic amino acids (Arginine, Lysine and Histidine), 

acidic amino acids (glutamic acid and aspartic acid), aliphatic amino acids (Alanine, Valine,
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Leucine, Isoleucine), polar amino acids (Glutamine, Asparagine, Serine, Threonine), aromatic

amino acids (Phenylalanine, Tryptophan and Tyrosine), hydroxyl amino acids (Serine,

Threonine), large amino acids (Phenylalanine and Tryptophan) and small amino acids (Glycine,

Alanine).

The present invention employs, unless otherwise indicated, conventional techniques 

of chemistry, molecular biology, microbiology, recombinant DNA and immunology, which 

are within the capabilities of a person of ordinary skill in the art. Such techniques are 

explained in the literature. See, for example, J. Sambrook, E. F. Fritsch, and T. Maniatis, 

1989, Molecular Cloning: A Laboratory Manual, Second Edition, Books 1-3, Cold Spring 

Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and periodic supplements; Current 

Protocols in Molecular Biology, ch. 9, 13, and 16, John Wiley & Sons, New York, N.Y.); B. 

Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolation and Sequencing: Essential Techniques, 

John Wiley & Sons; M. J. Gait (Editor), 1984, Oligonucleotide Synthesis: A Practical 

Approach, Irl Press; and, D. M. J. Lilley and J. E. Dahlberg, 1992, Methods of Enzymology: 

DNA Structure Part A: Synthesis and Physical Analysis of DNA Methods in Enzymology, 

Academic Press. Each of these general texts is herein incorporated by reference.

METHODS OF DETECTING EXPRESSION LEVELS

There are many methods known in the art for determining the genotype of a patient. 

Any method for determining genotype can be used for determining genotypes in the present 

invention. Such methods include, but are not limited to, amplimer sequencing, DNA 

sequencing, fluorescence spectroscopy, fluorescence resonance energy transfer (or "FRET")- 

based hybridization analysis, high throughput screening, mass spectroscopy, nucleic acid 

hybridization, polymerase chain reaction (PCR), RFLP analysis and size chromatography 

(e.g., capillary or gel chromatography), all of which are well known to one of ordinary skill in 

the art.

Many methods of sequencing genomic DNA are known in the art, and any such 

method can be used, see for example Sambrook et al., Molecular Cloning; A Laboratory 

Manual 2d ed. (1989). For example, a DNA fragment of interest can be amplified using the 

polymerase chain reaction or some other cyclic polymerase mediated amplification reaction. 

The amplified region of DNA can then be sequenced using any method known in the art. 

Advantageously, the nucleic acid sequencing is by automated methods (reviewed by 

Meldrum, Genome Res. September 2000;10(9):1288-303, the disclosure of which is 

incorporated by reference in its entirety), for example using a Beckman CEQ 8000 Genetic
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Analysis System (Beckman Coulter Instruments, Inc.). Methods for sequencing nucleic acids 

include, but are not limited to, automated fluorescent DNA sequencing (see, e.g., Watts & 

MacBeath, Methods Mol Biol. 2001;167:153-70 and MacBeath et al., Methods Mol Biol. 

2001; 167:119-52), capillary electrophoresis (see, e.g., Bosserhoff et al., Comb Chem High 

Throughput Screen. December 2000;3(6):455-66), DNA sequencing chips (see, e.g., Jain, 

Pharmacogenomics. August 2000; 1(3):289-307), mass spectrometry (see, e.g., Yates, Trends 

Genet. January 2000;16(l):5-8), pyrosequencing (see, e.g., Ronaghi, Genome Res. January 

2001; 11(1):3-11), and ultrathin-layer gel electrophoresis (see, e.g., Guttman & Ronai, 

Electrophoresis. December 2000; 21 (18):3952-64), the disclosures of which are hereby 

incorporated by reference in their entireties. The sequencing can also be done by any 

commercial company. Examples of such companies include, but are not limited to, the 

University of Georgia Molecular Genetics Instrumentation Facility (Athens, Ga.) or 

SeqWright DNA Technologies Services (Houston, Tex.).

Any one of the methods known in the art for amplification of DNA may be used, such 

as for example, the polymerase chain reaction (PCR), the ligase chain reaction (LCR) 

(Barany, F., Proc. Natl. Acad. Sci. (U.S.A.) 88:189-193 (1991)), the strand displacement 

assay (SDA), or the oligonucleotide ligation assay ("OLA") (Landegren, U. et al., Science 

241:1077-1080 (1988)). Nickerson, D. A. et al. have described a nucleic acid detection assay 

that combines attributes of PCR and OLA (Nickerson, D. A. et al., Proc. Natl. Acad. Sci. 

(U.S.A.) 87:8923-8927 (1990)). Other known nucleic acid amplification procedures, such as 

transcription-based amplification systems (Malek, L. T. et al., U.S. Pat. No. 5,130,238; 

Davey, C. et al., European Patent Application 329,822; Schuster et al., U.S. Pat. No. 

5,169,766; Miller, Η. I. et al., PCT Application W089/06700; Kwoh, D. et al., Proc. Natl. 

Acad. Sci. (U.S.A.) 86:1173 (1989); Gingeras, T. R. etal., PCT Application W088/10315)), 

or isothermal amplification methods (Walker, G. T.,et al., Proc. Natl. Acad. Sci. (U.S.A.) 

89:392-396 (1992)) may also be used.

To perform a cyclic polymerase mediated amplification reaction according to the 

present invention, the primers are hybridized or annealed to opposite strands of the target 

DNA, the temperature is then raised to permit the thermostable DNA polymerase to extend 

the primers and thus replicate the specific segment of DNA spanning the region between the 

two primers. Then the reaction is thermocycled so that at each cycle the amount of DNA 

representing the sequences between the two primers is doubled, and specific amplification of 

gene DNA sequences, if presenk results.
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Any of a variety of polymerases can be used in the present invention. For 

thermocyclic reactions, the polymerases are thermostable polymerases such as Taq, KlenTaq, 

Stoffel Fragment, Deep Vent, Tth, Pfu, Vent, and UlTma, each of which are readily available 

from commercial sources. For non-thermocyclic reactions, and in certain thermocyclic 

reactions, the polymerase will often be one of many polymerases commonly used in the field, 

and commercially available, such as DNA pol 1, Klenow fragmenL T7 DNA polymerase, and 

T4 DNA polymerase. Guidance for the use of such polymerases can readily be found in 

product literature and in general molecular biology guides.

Typically, the annealing of the primers to the target DNA sequence is carried out for 

about 2 minutes at about 37-55° C, extension of the primer sequence by the polymerase 

enzyme (such as Taq polymerase) in the presence of nucleoside triphosphates is carried out 

for about 3 minutes at about 70-75° C, and the denaturing step to release the extended primer 

is carried out for about 1 minute at about 90-95° C. However, these parameters can be varied, 

and one of skill in the art would readily know how to adjust the temperature and time 

parameters of the reaction to achieve the desired results. For example, cycles may be as short 

as 10, 8, 6, 5, 4.5, 4, 2, 1, 0.5 minutes or less.

Also, "two temperature" techniques can be used where the annealing and extension 

steps may both be carried out at the same temperature, typically between about 60-65° C, 

thus reducing the length of each amplification cycle and resulting in a shorter assay time.

Typically, the reactions described herein are repeated until a detectable amount of 

product is generated. Often, such detectable amounts of product are between about 10 ng and 

about 100 ng, although larger quantities, e.g. 200 ng, 500 ng, 1 mg or more can also, of 

course, be detected. In terms of concentration, the amount of detectable product can be from 

about 0.01 pmol, 0.1 pmol, 1 pmol, 10 pmol, or more. Thus, the number of cycles of the 

reaction that are performed can be varied, the more cycles are performed, the more amplified 

product is produced. In certain embodiments, the reaction comprises 2, 5, 10, 15, 20, 30,40, 

50, or more cycles.

For example, the PCR reaction may be canied out using about 25-50 μΐ samples 

containing about 0.01 to 1.0 ng of template amplification sequence, about 10 to 100 pmol of 

each generic primer, about 1».5 units of Taq DNA polymerase (Promega Corp.), about 0.2 

mM dDATP, about 0.2 mM dCTP, about 0.2 mM dGTP, about 0.2 mM dTTP, about 15 mM 

MgCl.sub.2, about 10 mM Tris-HCl (pH 9.0), about 50 mM KC1, about 1 pg/ml gelatin, and 

about 10 pl/ml Triton X-100 (Saiki, 1988).
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Those of ordinary skill in the art are aware of the variety of nucleotides available for 

use in the cyclic polymerase mediated reactions. Typically, the nucleotides will consist at 

least in part of deoxynucleotide triphosphates (dNTPs), which are readily commercially 

available. Parameters for optimal use of dNTPs are also known to those of skill, and are 

described in the literature. In addition, a large number of nucleotide derivatives are known to 

those of skill and can be used in the present reaction. Such derivatives include fluorescently 

labeled nucleotides, allowing the detection of the product including such labeled nucleotides, 

as described below. Also included in this group are nucleotides that allow the sequencing of 

nucleic acids including such nucleotides, such as chain-terminating nucleotides, 

dideoxynucleotides and boronated nuclease-resistant nucleotides. Commercial kits 

containing the reagents most typically used for these methods of DNA sequencing are 

available and widely used. Other nucleotide analogs include nucleotides with bromo-, iodo-, 

or other modifying groups, which affect numerous properties of resulting nucleic acids 

including their antigenicity, their replicatability, their melting temperatures, their binding 

properties, etc. In addition, certain nucleotides include reactive side groups, such as 

sulfhydryl groups, amino groups, N-hydroxysuccinimidyl groups, that allow the further 

modification of nucleic acids comprising them.

In certain embodiments, oligonucleotides that can be used as primers to amplify 

specific nucleic acid sequences of a gene in cyclic polymerase-mediated amplification 

reactions, such as PCR reactions, consist of oligonucleotide fragments. Such fragments 

should be of sufficient length to enable specific annealing or hybridization to the nucleic acid 

sample. The sequences typically will be about 8 to about 44 nucleotides in length, but may 

be longer. Longer sequences, e.g., from about 14 to about 50, are advantageous for certain 

embodiments.

In embodiments where it is desired to amplify a fragment of DNA, primers having 

contiguous stretches of about 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 

nucleotides from a gene sequence are contemplated.

As used herein, "hybridization" refers to the process by which one strand of nucleic 

acid base pairs with a complementary strand, as occurs during blot hybridization techniques 

and PCR techniques.

Whichever probe sequences and hybridization methods are used, one ordinarily 

skilled in the art can readily determine suitable hybridization conditions, such as temperature 

and chemical conditions. Such hybridization methods are well known in the art. For 

example, for applications requiring high selectivity, one will typically desire to employ 
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relatively stringent conditions for the hybridization reactions, e.g., one will select relatively 

low salt and/or high temperature conditions, such as provided by about 0.02 M to about 0.10 

M NaCl at temperatures of about 50° C to about 70° C. Such high stringency conditions 

tolerate little, if any, mismatch between the probe and the template or target strand. It is 

generally appreciated that conditions can be rendered more stringent by the addition of 

increasing amounts of formamide. Other variations in hybridization reaction conditions are 

well known in the art (see for example, Sambrook et al., Molecular Cloning; A Laboratory 

Manual 2d ed. (1989)).

Hybridization conditions are based on the melting temperature (Tm) of the nucleic 

acid binding complex, as taught, e.g., in Berger and Kimmel (1987, Guide to Molecular 

Cloning Techniques, Methods in Enzymology, Vol 152, Academic Press, San Diego CA), 

and confer a defined "stringency" as explained below.

Maximum stringency typically occurs at about Tm-5 °C (5 °C below the Tm of the 

probe); high stringency at about 5 °C to 10 °C below Tm; intermediate stringency at about 10 

°C to 20 °C below Tm; and low stringency at about 20 °C to 25 °C below Tm. As will be 

understood by those of ordinary skill in the art, a maximum stringency hybridization can be 

used to identify or detect identical nucleotide sequences while an intermediate (or low) 

stringency hybridization can be used to identify or detect similar or related polynucleotide 

sequences.

In one aspect, the present invention employs nucleotide sequences that can hybridize 

to another nucleotide sequence under stringent conditions (e.g., 65 °C and O.lxSSC {lxSSC 

= 0.15 M NaCl, 0.015 MNa3 Citrate pH 7.0). Where the nucleotide sequence is double

stranded, both strands of the duplex, either individually or in combination, may be employed 

by the present invention. Where the nucleotide sequence is single-stranded, it is to be 

understood that the complementary sequence of that nucleotide sequence is also included 

within the scope of the present invention.

Stringency of hybridization refers to conditions under which polynucleic acid hybrids 

are stable. Such conditions are evident to those of ordinary skill in the field. As known to 

those of ordinary skill in the art, the stability of hybrids is reflected in the melting 

temperature (Tm) of the hybrid which decreases approximately 1 to 1.5 °C with every 1 % 

decrease in sequence homology. In general, the stability of a hybrid is a function of sodium 

ion concentration and temperature. Typically, the hybridization reaction is performed under 

conditions of higher stringency, followed by washes of varying stringency.
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As used herein, high stringency includes conditions that permit hybridization of only 

those nucleic acid sequences that form stable hybrids in 1 M Na+ at 65-68 °C. High 

stringency conditions can be provided, for example, by hybridization in an aqueous solution 

containing 6x SSC, 5x Denhardt's, 1 % SDS (sodium dodecyl sulphate), 0.1 Na+ 

pyrophosphate and 0.1 mg/ml denatured salmon sperm DNA as non-specific competitor. 

Following hybridization, high stringency washing may be done in several steps, with a final 

wash (about 30 minutes) at the hybridization temperature in 0.2 - O.lx SSC, 0.1 % SDS.

It is understood that these conditions may be adapted and duplicated using a variety of 

buffers, e.g., formamide-based buffers, and temperatures. Denhardt's solution and SSC are 

well known to those of ordinary skill in the art as are other suitable hybridization buffers (see, 

e.g., Sambrook, et al., eds. (1989) Molecular Cloning: A Laboratory Manual, Cold Spring 

Harbor Laboratory Press, New York or Ausubel, et al., eds. (1990) Cunent Protocols in 

Molecular Biology, John Wiley & Sons, Inc.). Optimal hybridization conditions are 

typically determined empirically, as the length and the GC content of the hybridizing pair 

also play a role.

Nucleic acid molecules that differ from the sequences of the primers and probes 

disclosed herein, are intended to be within the scope of the invention. Nucleic acid sequences 

that are complementary to these sequences, or that are hybridizable to the sequences 

described herein under conditions of standard or stringent hybridization, and also analogs and 

derivatives are also intended to be within the scope of the invention. Advantageously, such 

variations will differ from the sequences described herein by only a small number of 

nucleotides, for example by 1, 2, or 3 nucleotides.

Nucleic acid molecules corresponding to natural allelic variants, homologues (i.e., 

nucleic acids derived from other species), or other related sequences (e.g., paralogs) of the 

sequences described herein can be isolated based on their homology to the nucleic acids 

disclosed herein, for example by performing standard or stringent hybridization reactions 

using all or a portion of the known sequences as probes. Such methods for nucleic acid 

hybridization and cloning are well known in the art.

Similarly, a nucleic acid molecule detected in the methods of the invention may 

include only a fragment of the specific sequences described. Fragments provided herein are 

defined as sequences of at least 6 (contiguous) nucleic acids, a length sufficient to allow for 

specific hybridization of nucleic acid primers or probes, and are at most some portion less 

than a full-length sequence. Fragments may be derived from any contiguous portion of a 

nucleic acid sequence of choice. Derivatives and analogs may be full length or other than full
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length, if the derivative or analog contains a modified nucleic acid or amino acid, as

described below.

Derivatives, analogs, homologues, and variants of the nucleic acids of the invention 

include, but are not limited to, molecules comprising regions that are substantially 

homologous to the nucleic acids of the invention, in various embodiments, by at least about 

70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or even 99% identity over a nucleic acid 

sequence of identical size or when compared to an aligned sequence in which the alignment 

is done by a computer homology program known in the art.

For the purposes of the present invention, sequence identity or homology is 

determined by comparing the sequences when aligned so as to maximize overlap and identity 

while minimizing sequence gaps. In particular, sequence identity may be determined using 

any of a number of mathematical algorithms. A nonlimiting example of a mathematical 

algorithm used for comparison of two sequences is the algorithm of Karlin & Altschul, Proc. 

Natl. Acad. Sci. USA 1990;87: 2264-2268, modified as in Karlin & Altschul, Proc. Natl. 

Acad. Sci. USA 1993;90: 5873-5877.

Another example of a mathematical algorithm used for comparison of sequences is 

the algorithm of Myers & Miller, CABIOS 1988;4: 11-17. Such an algorithm is incorporated 

into the ALIGN program (version 2.0) which is part of the GCG sequence alignment software 

package. When utilizing the ALIGN program for comparing amino acid sequences, a 

PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4 can be used. 

Yet another useful algorithm for identifying regions of local sequence similarity and 

alignment is the FASTA algorithm as described in Pearson & Lipman, Proc. Natl. Acad. Sci. 

USA 1988;85: 2444-2448.

Advantageous for use according to the present invention is the WU-BLAST 

(Washington University BLAST) version 2.0 software. WU-BLAST version 2.0 executable 

programs for several UNIX platforms can be downloaded from 

ftp://blast.wustl.edu/blast/executables. This program is based on WU-BLAST version 1.4, 

which in turn is based on the public domain NCBI-BLAST version 1.4 (Altschul & Gish, 

1996, Local alignment statistics, Doolittle ed., Methods in Enzymology 266: 460-480; 

Altschul et al., Journal of Molecular Biology 1990;215: 403-410; Gish & States, 1993;Nature 

Genetics 3: 266-272; Karlin & Altschul, 1993;Proc. Natl. Acad. Sci. USA 90: 5873-5877; all 

of which are incorporated by reference herein).

In all search programs in the suite the gapped alignment routines are integral to the 

database search itself. Gapping can be turned off if desired. The default penalty (Q) for a
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gap of length one is Q=9 for proteins and BLASTP, and Q=10 for BLASTN, but may be 

changed to any integer. The default per-residue penalty for extending a gap (R) is R=2 for 

proteins and BLASTP, and R=10 for BLASTN, but may be changed to any integer. Any 

combination of values for Q and R can be used in order to align sequences so as to maximize 

overlap and identity while minimizing sequence gaps. The default amino acid comparison 

matrix is BLOSUM62, but other amino acid comparison matrices such as PAM can be 

utilized.

Alternatively or additionally, the term "homology" or "identity", for instance, with 

respect to a nucleotide or amino acid sequence, can indicate a quantitative measure of 

homology between two sequences. The percent sequence homology can be calculated as 

(NrerNdif)* 100/- Nref, wherein Ndif is the total number of non-identical residues in the two 

sequences when aligned and wherein Nref is the number of residues in one of the sequences. 

Hence, the DNA sequence AGTCAGTC will have a sequence identity of 75% with the 

sequence AATCAATC (N Nref =8; N Ndif =2). "Homology" or "identity" can refer to the 

number of positions with identical nucleotides or amino acids divided by the number of 

nucleotides or amino acids in the shorter of the two sequences wherein alignment of the two 

sequences can be determined in accordance with the Wilbur and Lipman algorithm (Wilbur 

& Lipman, Proc Natl Acad Sei USA 1983;80:726, incorporated herein by reference), for 

instance, using a window size of 20 nucleotides, a word length of 4 nucleotides, and a gap 

penalty of 4, and computer-assisted analysis and interpretation of the sequence data including 

alignment can be conveniently performed using commercially available programs (e.g., 

Intelligenetics.TM. Suite, Intelligenetics Inc. CA). When RNA sequences are said to be 

similar, or have a degree of sequence identity or homology with DNA sequences, thymidine 

(T) in the DNA sequence is considered equal to uracil (U) in the RNA sequence. Thus, RNA 

sequences are within the scope of the invention and can be derived from DNA sequences, by 

thymidine (T) in the DNA sequence being considered equal to uracil (U) in RNA sequences. 

Without undue experimentation, the skilled artisan can consult with many other programs or 

references for determining percent homology.

In embodiments where expression of a particular gene is assessed by determining the 

expression of the protein product of the gene, any suitable assay for detecting protein levels 

and/or activity may be employed. For example, suitable protein activity assays include 

ubiquitination assays, kinase assays, protein-binding assays, DNA-binding and unwinding 

assays, and any other suitable assay for. assessing the activity of the protein product of a 

translated gene according to the invention.
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SAMPLING

In order to determine the genotype or expression level of a particular SWI/SNF 

complex and/or MEDIATOR complex gene of a patient according to the methods of the 

present invention, it may be necessary to obtain a sample of genomic DNA or RNA from that 

patient. That sample of genomic DNA or RNA may be obtained from a sample of tissue or 

cells taken from that patient.

A sample may comprise any clinically relevant tissue sample, such as a tumor biopsy 

or fine needle aspirate, hair (including roots), skin, buccal swabs, saliva, or a sample of 

bodily fluid, such as blood, plasma, serum, lymph, ascitic fluid, cystic fluid, urine or nipple 

exudate. The sample may be taken from a human, or, in a veterinary context, from non

human animals such as ruminants, horses, swine or sheep, or from domestic companion 

animals such as felines and canines.

The tissue sample may be marked with an identifying number or other indicia that 

relates the sample to the individual patient from which the sample was taken. The identity of 

the sample advantageously remains constant throughout the methods of the invention thereby 

guaranteeing the integrity and continuity of the sample during extraction and analysis. 

Alternatively, the indicia may be changed in a regular fashion that ensures that the data, and 

any other associated data, can be related back to the patient from whom the data was 

obtained. The amount/size of sample required is known to those ordinarily skilled in the art.

Generally, the tissue sample may be placed in a container that is labeled using a 

numbering system bearing a code corresponding to the patient Accordingly, the genotype of 

a particular patient is easily traceable.

In one embodiment of the invention, a sampling device and/or container may be 

supplied to the physician. The sampling device advantageously takes a consistent and 

reproducible sample from individual patients while simultaneously avoiding any cross

contamination of tissue. Accordingly, the size and volume of sample tissues derived from 

individual patients would be consistent.

According to the present invention, a sample of genomic DNA or RNA is obtained 

from the tissue sample of the patient of interest. Whatever source of cells or tissue is used, a 

sufficient amount of cells must be obtained to provide a sufficient amount of DNA or RNA 

for analysis. This amount will be known or readily determinable by those ordinarily skilled 

in the art.
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DNA or RNA is isolated from the tissue/cells by techniques known to those ordinarily 

skilled in the art (see, e.g., U.S. Pat. Nos. 6,548,256 and 5,989,431, Hirota et al., Jinrui 

Idengaku Zasshi. September 1989; 34(3):217-23 and John et al., Nucleic Acids Res. Jan. 25. 

1991 ; 19(2):408; the disclosures of which are incorporated by reference in their entireties). 

For example, high molecular weight DNA may be purified from cells or tissue using 

proteinase K extraction and ethanol precipitation. DNA may be extracted from a patient 

specimen using any other suitable methods known in the art.

In certain embodiments, target polynucleotide molecules are extracted from a sample 

taken from an individual afflicted with breast cancer. The sample may be collected in any 

clinically acceptable manner, but must be collected such that marker-derived polynucleotides 

(e.g., RNA) are preserved. mRNA or nucleic acids derived therefrom (e.g., cDNA or 

amplified DNA) are preferably labeled distinguishably from standard or control 

polynucleotide molecules, and both are simultaneously or independently hybridized to a 

microarray comprising one or more markers of resistance to anticancer treatment as described 

above. Alternatively, mRNA or nucleic acids derived therefrom may be labeled with the 

same label as the standard or control polynucleotide molecules, wherein the intensity of 

hybridization of each at a particular probe is compared.

Methods for preparing total and poly(A)+ RNA are well known and are described 

generally in Sambrook et al., MOLECULAR CLONING--A LABORATORY MANUAL 

(2ND ED.), Vols. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1989)) 

and Ausubel et al., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, vol. 2, Current 

Protocols Publishing, New York (1994)).

RNA may be isolated from eukaryotic cells by procedures that involve lysis of the 

cells and denaturation of the proteins contained therein. Cells of interest include wild-type 

cells (i.e., non-cancerous), drug-exposed wild-type cells, tumor- or tumor-derived cells, 

modified cells, normal or tumor cell line cells, and drug-exposed modified cells.

Additional steps may be employed to remove DNA. Cell lysis may be accomplished 

with a nonionic detergenζ followed by microcentrifugation to remove the nuclei and hence 

the bulk of the cellular DNA. In one embodiment, RNA is extracted from cells of the various 

types of interest using guanidinium thiocyanate lysis followed by CsCl centrifugation to 

separate the RNA from DNA (Chirgwin et al., Biochemistry 18:5294-5299 (1979)). 

Poly(A)+ RNA is selected by selection with oligo-dT cellulose (see Sambrook et al, 

MOLECULAR CLONING—A LABORATORY MANUAL (2ND ED.), Vols. 1-3, Cold 

Spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1989). Alternatively, separation of

57



WO 2012/138783 PCT/US2012/032202

5

10

15

20

25

30

RNA from DNA can be accomplished by organic extraction, for example, with hot phenol or

phenol/chloroform/isoamyl alcohol.

If desired, RNase inhibitors may be added to the lysis buffer. Likewise, for certain

cell types, it may be desirable to add a protein denaturation/digestion step to the protocol.

In certain embodiments, it is desirable to preferentially enrich mRNA with respect to 

other cellular RNAs, such as transfer RNA (tRNA) and ribosomal RNA (rRNA). Most 

mRNAs contain a poly(A) tail at their 3’ end. This allows them to be enriched by affinity 

chromatography, for example, using oligo(dT) or poly(U) coupled to a solid support, such as 

cellulose or Sephadex.TM. (see Ausubel et al., CURRENT PROTOCOLS IN MOLECULAR 

BIOLOGY, vol. 2, Cunent Protocols Publishing, New York (1994). Once bound, poly(A)+ 

mRNA is eluted from the affinity column using 2 mM EDTA/0.1% SDS.

The sample of RNA can comprise a plurality of different mRNA molecules, each 

different mRNA molecule having a different nucleotide sequence. In a specific embodimenL 

the RNA sample is a mammalian RNA sample.

In a specific embodiment, total RNA or mRNA from cells are used in the methods of 

the invention. The source of the RNA can be cells of any animal, human, mammal, primate, 

non-human animal, dog, cat, mouse, rat, bird, yeast, eukaryote, etc. In specific embodiments, 

the method of the invention is used with a sample containing total mRNA or total RNA from 

lx 106 cells or less. In another embodiment, proteins can be isolated from the foregoing 

sources, by methods known in the art, for use in expression analysis at the protein level.

In certain embodiments, expression of a biomarker according to the invention is 

measured using multiplex ligation-dependent probe amplification (MLPA) (see, e.g., WO 

01/61033 and Schouten, JP et al. (2002) “Relative quantification of 40 nucleic acid sequences 

by multiplex ligation-dependent probe amplification” Nucleic Acids Res 30, e57) or reverse 

transcriptase MLPA (RT-MLPA) (see, e.g., Eldering, E et al. (2003) “Expression profiling 

via novel multiplex assay allows rapid assessment of gene regulation in defined signaling 

pathways” Nucleic Acids Res 31, el53). In RT-MLPA, mRNA is converted to cDNA by 

reverse transcriptase, followed by a normal MLPA reaction. In other embodiments, 

methylation-specific MLPA is employed to detect expression of a biomarker according to the 

instant invention (see, e.g., Nygren, AO et al. (2005) “Methylation-specific MLPA (MS- 

MPLA): simultaneous detection of CpG methylation and copy number changes of up to 40 

sequences” Nucleic Acids Res 33, 14:e 128).

ARRAYS
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As defined herein, a "nucleic acid array" refers to a plurality of unique nucleic acids

(or "nucleic acid members") attached to a support where each of the nucleic acid members is

attached to a support in a unique pre-selected region.

In one embodiment, the nucleic acid member attached to the surface of the support is 

DNA. In another embodiment, the nucleic acid member attached to the surface of the support 

is either cDNA or oligonucleotides. In another embodiment, the nucleic acid member 

attached to the surface of the support is cDNA synthesized by polymerase chain reaction 

(PCR). In another embodiment, sequences bound to the array can be an isolated 

oligonucleotide, cDNA, EST or PCR product corresponding to any bibmarker of the 

invention total cellular RNA is applied to the array.

Array technology and the various techniques and applications associated with it is 

described generally in numerous textbooks and documents. These include Lemieux et al.,

1998, Molecular Breeding 4, 277-289, Schena and Davis. Parallel Analysis with Biological 

Chips, in PCR Methods Manual (eds. M. Innis, D. Gelfand, J. Sninsky), Schena and Davis,

1999, Genes, Genomes and Chips. In DNA Microarrays: A Practical Approach (ed. M. 

Schena), Oxford University Press, Oxford, UK, 1999), The Chipping Forecast (Nature 

Genetics special issue; January 1999 Supplement), Mark Schena (Ed.), Microarray Biochip 

Technology, (Eaton Publishing Company), Cortes, 2000, The Scientist 14[17]:25, Gwynne 

and Page, Microarray analysis: the next revolution in molecular biology, Science, 1999 

August 6; and Eakins and Chu, 1999, Trends in Biotechnology, 17, 217-218.

Major applications for array technology include the identification of sequence 

(gene/gene mutation) and the determination of expression level (abundance) of genes. Gene 

expression profiling may make use of array technology, optionally in combination with 

proteomics techniques (Celis et al, 2000, FEBS Lett, 480(1 ):2-16; Lockhart and Winzeler,

2000, Nature 405(6788):827-836; Khan et al., 1999, 20(2):223-9). Other applications of 

array technology are also known in the art; for example, gene discovery, cancer research 

(Marx, 2000, Science 289: 1670-1672; Scherf, et al, 2000, Nat Genet;24(3):236-44; Ross et 

al, 2000, Nat Genet. 2000 Mar;24(3):227-35), SNP analysis (Wang et al, 1998, Science, 

280(5366): 1077-82), drug discovery, pharmacogenomics, disease diagnosis (for example, 

utilising microfluidics devices: Chemical & Engineering News, February 22, 1999, 77(8):27- 

36), toxicology (Rockett and Dix (2000), Xenobiotica, 30(2): 155-77; Afshari et al., 1999, 

Cancer Res 1;59( 19):4759-60) and toxicogenomics (a hybrid of functional genomics and 

molecular toxicology).
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In general, any library may be arranged in an orderly manner into an array, by

spatially separating the members of the library. Examples of suitable libraries for arraying

include nucleic acid libraries (including DNA, cDNA, oligonucleotide, etc. libraries), peptide,

polypeptide and protein libraries, as well as libraries comprising any molecules, such as

ligand libraries, among others.

The samples (e.g., members of a library) are generally fixed or immobilized onto a 

solid phase, preferably a solid substrate, to limit diffusion and admixing of the samples. In 

particular, the libraries may be immobilized to a substantially planar solid phase, including 

membranes and non-porous substrates such as plastic and glass. Furthermore, the samples 

are preferably arranged in such a way that indexing (i.e., reference or access to a particular 

sample) is facilitated. Typically the samples are applied as spots in a grid formation. 

Common assay systems may be adapted for this purpose. For example, an anay may be 

immobilized on the surface of a microplate, either with multiple samples in a well, or with a 

single sample in each well. Furthermore, the solid substrate may be a membrane, such as a 

nitrocellulose or nylon membrane (for example, membranes used in blotting experiments). 

Alternative substrates include glass, or silica-based substrates. Thus, the samples are 

immobilized by any suitable method known in the art, for example, by charge interactions, or 

by chemical coupling to the walls or bottom of the wells, or the surface of the membrane. 

Other means of arranging and fixing may be used, for example, pipetting, drop-touch, 

piezoelectric means, ink-jet and bubblejet technology, electrostatic application, etc. In the 

case of silicon-based chips, photolithography may be utilised to arrange and fix the samples 

on the chip.

The samples may be arranged by being “spotted” onto the solid substrate; this may be 

done by hand or by making use of robotics to deposit the sample. In general, arrays may be 

described as macroarrays or microarrays, the difference being the size of the sample spots. 

Macroarrays typically contain sample spot sizes of about 300 microns or larger and may be 

easily imaged by existing gel and blot scanners. The sample spot sizes in microarrays are 

typically less than 200 microns in diameter and these arrays usually contain thousands of 

spots. Thus, microarrays may require specialized robotics and imaging equipment, which 

may need to be custom made. Instrumentation is described generally in a review by Cortese, 

2000, The Scientist 14[11 ]:26.

Techniques for producing immobilized libraries of DNA molecules have been 

described in the art. Generally, most prior art methods described how to synthesize single

stranded nucleic acid molecule libraries, using for example masking techniques to build up
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various permutations of sequences at the various discrete positions on the solid substrate. 

U.S. Patent No. 5,837,832 describes an improved method for producing DNA arrays 

immobilized to silicon substrates based on very large scale integration technology. In 

particular, U.S. Patent No. 5,837,832 describes a strategy called “tiling” to synthesize specific 

sets of probes at spatially-defined locations on a substrate which may be used to produced the 

immobilized DNA libraries of the present invention. U.S. Patent No. 5,837,832 also provides 

references for earlier techniques that may also be used. Arrays may also be built using photo 

deposition chemistry.

To aid detection, labels are typically used - such as any readily detectable reporter, 

for example, a fluorescent, bioluminescenL phosphorescent, radioactive, etc. reporter. 

Labelling of probes and targets is also disclosed in Shalon et al., 1996, Genome Res 6(7):639- 

45.

Examples of DNA arrays include where probe cDNA (500-5,000 bases long) is 

immobilized to a solid surface such as glass using robot spotting and exposed to a set of 

targets either separately or in a mixture. This method is widely considered as having been 

developed at Stanford University (Ekins and Chu, 1999, Trends in Biotechnology, 1999, 17, 

217-218).

Another example of a DNA array is where an array of oligonucleotides (20-25-mer 

oligos, preferably, 40-60 mer oligos) or peptide nucleic acid (PNA) probes are synthesized 

either in situ (on-chip) or by conventional synthesis followed by on-chip immobilization. 

The array is exposed to labelled sample DNA, hybridized, and the identity/abundance of 

complementary sequences are determined. Such a DNA chip is sold by Affymetrix, Inc., 

under the GeneChip® trademark. Agilent and Nimblegen also provide suitable anays (eg. 

genomic tiling arrays).

In other embodiments, high throughput DNA sequencing promises to become an 

affordable and more quantitative alternative for microarrays to analyze large collections of 

DNA sequences. Examples of high-throughput sequencing approaches are listed in E.Y. · 

Chan, Mutation Reseach 573 (2005) 13-40 and include, but are not limited to, near-term 

sequencing approaches such as cycle-extension approaches, polymerase reading approaches 

and exonuclease sequencing, revolutionary sequencing approaches such as DNA scanning 

and nanopore sequencing and direct linear analysis. Examples of current high-throughput 

sequencing methods are 454 (pyro)sequencing, Solexa Genome Analysis System, Agencourt 

SOLiD sequencing method (Applied Biosystems), MS-PET sequencing (Ng et al., 2006, 

http://nar(dot)oxfordjoumals(dot)org/cgi/content/full/34/l 2/e84).
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PROBES

As used herein, the term “probe” refers to a molecule (e.g., an oligonucleotide, 

whether occurring naturally as in a purified restriction digest or produced synthetically, 

recombinantly or by PCR amplification), that is capable of hybridizing to another molecule of 

interest (e.g., another oligonucleotide). When probes are oligonucleotides they may be 

single-stranded or double-stranded. Probes are useful in the detection, identification and 

isolation of particular targets (e.g., gene sequences). As described herein, it is contemplated 

that probes used in the present invention may be labelled with a label so that is detectable in 

any detection system, including, but not limited to enzyme (e.g., ELISA, as well as enzyme

based histochemical assays), fluorescent, radioactive, and luminescent systems.

With respect to arrays and microarrays, the term “probe” is used to refer to any 

hybridizable material that is affixed to the array for the purpose of detecting a nucleotide 

sequence that has hybridized to said probe. Preferably, these probes are 25-60 mers or 

longer.

The present invention further encompasses probes according to the present invention 

that are immobilized on a solid or flexible support, such as paper, nylon or other type of 

membrane, filter, chip, glass slide, microchips, microbeads, or any other such matrix, all of 

which are within the scope of this invention.

The primers and probes described herein may be readily prepared by, for example, 

directly synthesizing the fragment by chemical means or by introducing selected sequences 

into recombinant vectors for recombinant production. Methods for making a vector or 

recombinants or plasmid for amplification of the fragment either in vivo or in vitro can be 

any desired method, e.g., a method which is by or analogous to the methods disclosed in, or 

disclosed in documents cited in: U.S. Pat. Nos. 4,603,112; 4,769,330; 4,394,448; 4,722,848; 

4,745,051; 4,769,331; 4,945,050; 5,494,807; 5,514,375; 5,744,140; 5,744,141; 5,756,103; 

5,762,938; 5,766,599; 5,990,091; 5,174,993; 5,505,941; 5,338,683; 5,494,807; 5,591,639; 

5,589,466; 5,677,178; 5,591,439; 5,552,143; 5,580,859; 6,130,066; 6,004,777; 6,130,066; 

6,497,883; 6,464,984; 6,451,770; 6,391,314; 6,387,376; 6,376,473; 6,368,603; 6,348,196; 

6,306,400; 6,228,846; 6,221,362; 6,217,883; 6,207,166; 6,207,165; 6,159,477; 6,153,199; 

6,090,393; 6,074,649; 6,045,803; 6,033,670; 6,485,729; 6,103,526; 6,224,882; 6,312,682; 

6,348,450 and 6; 312,683; U.S. patent application Ser. No. 920,197, filed Oct. 16, 1986; WO 

90/01543; W091/11525; WO 94/16716; WO 96/39491; WO 98/33510; EP 265785; EP 0 370 

573; Andreansky et al., Proc. Natl. Acad. Sci. USA 1996;93:11313-11318; Ballay et al.,
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EMBO J. 1993;4:3861-65; Feigner et al., J. Biol. Chem. 1994;269:2550-2561; Frolov et al., 

Proc. Natl. Acad. Sci. USA 1996;93:11371-11377; Graham, Tibtech 1990;8:85-87; Grunhaus 

et al., Sem. Virol. 1992;3:237-52; Ju et al., Diabetologia 1998;41:736-739; Kitson et al., J. 

Virol. 1991;65:3068-3075; McClements et al., Proc. Natl. Acad. Sci. USA 1996;93:11414- 

11420; Moss, Proc. Natl. Acad. Sci. USA 1996;93:11341-11348; Paoletti, Proc. Natl. Acad. 

Sci. USA 1996;93:11349-11353; Pennock et al. Mol. Cell. Biol. 1984;4:399-406; Richardson 

(Ed), Methods in Molecular Biology 1995;39, "Baculovirus Expression Protocols," Humana 

Press Inc.; Smith et al. (1983) Mol. Cell. Biol. 1983;3:2156-2165; Robertson et al. Proc. 

Natl. Acad. Sci. USA 1996;93:11334-11340; Robinson et al, Sem. Immunol. 1997,9:271; 

and Roizman, Proc. Natl. Acad. Sci. USA 1996;93:11307-11312. Strategies for probe design 

are described in WO95/11995, EP 717,113 and WO97/29212.

In order to generate data from array-based assays a signal is detected that signifies the 

presence of or absence of hybridization between a probe and a nucleotide sequence. The 

present invention further contemplates direct and indirect labelling techniques. For example, 

direct labelling incorporates fluorescent dyes directly into the nucleotide sequences that 

hybridize to the array-associated probes (e.g, dyes are incorporated into nucleotide sequence 

by enzymatic synthesis in the presence of labelled nucleotides or PCR primers). Direct 

labelling schemes yield strong hybridization signals, typically using families of fluorescent 

dyes with similar chemical structures and characteristics, and are simple to implement. In 

some embodiments comprising direct labelling of nucleic acids, cyanine or alexa analogs are 

utilized in multiple-fluor comparative array analyses. In other embodiments, indirect 

labelling schemes can be utilized to incorporate epitopes into the nucleic acids either prior to 

or after hybridization to the microarray probes. One or more staining procedures and 

reagents are used to label the hybridized complex (e.g, a fluorescent molecule that binds to 

the epitopes, thereby providing a fluorescent signal by virtue of the conjugation of dye 

molecule to the epitope of the hybridised species).

Oligonucleotide sequences used as probes according to the present invention may be 

labeled with a detectable moiety. Various labeling moieties are known in the art. Said 

moiety may be, for example, a radiolabel (e.g, 3H, 1251, 35S, 14C, 32P, etc.), detectable 

enzyme (e.g. horse radish peroxidase (HRP), alkaline phosphatase etc.), a fluorescent dye 

(e.g, fluorescein isothiocyanate, Texas red, rhodamine, Cy3, Cy5, Bodipy, Bodipy Far Red, 

Lucifer Yellow, Bodipy 630/650-X, Bodipy R6G-X and 5-CR 6G, and the like), a 

colorimetric label such as colloidal gold or colored glass or plastic (e.g. polystyrene, 

polypropylene, latex, etc.), beads, or any other moiety capable of generating a detectable

63



WO 2012/138783 PCT/US2012/032202

5

10

15

20

25

30

signal such as a colorimetric, fluorescent, chemiluminescent or electrochemiluminescent

(ECL) signal.

Probes may be labeled directly or indirectly with a detectable moiety, or synthesized 

to incorporate the detectable moiety. In one embodiment, a detectable label is incorporated 

into a nucleic acid during at least one cycle of a cyclic polymerase-mediated amplification 

reaction. For example, polymerases can be used to incorporate fluorescent nucleotides during 

the course of polymerase-mediated amplification reactions. Alternatively, fluorescent 

nucleotides may be incorporated during synthesis of nucleic acid primers or probes. To label 

an oligonucleotide with the fluorescent dye, one of conventionally-known labeling methods 

can be used (Nature Biotechnology, 14, 303-308, 1996; Applied and Environmental 

Microbiology, 63, 1143-1147, 1997; Nucleic Acids Research, 24, 4532-4535, 1996). An 

advantageous probe is one labeled with a fluorescent dye at the 3' or 5’ end and containing G 

or C as the base at the labeled end. If the 5' end is labeled and the 3' end is not labeled, the 

OH group on the C atom at the 3'-position of the 3' end ribose or deoxyribose may be 

modified with a phosphate group or the like although no limitation is imposed in this respect.

Spectroscopic, photochemical, biochemical, immunochemical, electrical, optical or 

chemical means can be used to detect such labels. The detection device and method may 

include, but is not limited to, optical imaging, electronic imaging, imaging with a CCD 

camera, integrated optical imaging, and mass spectrometry. Further, the amount of labeled or 

unlabeled probe bound to the target may be quantified. Such quantification may include 

statistical analysis. In other embodiments the detection may be via conductivity differences 

between concordant and discordant sites, by quenching, by fluorescence perturbation 

analysis, or by electron transport between donor and acceptor molecules.

In yet another embodiment, detection may be via energy transfer between molecules 

in the hybridization complexes in PCR or hybridization reactions, such as by fluorescence 

energy transfer (FET) or fluorescence resonance energy transfer (FRET). In FET and FRET 

methods, one or more nucleic acid probes are labeled with fluorescent molecules, one of 

which is able to act as an energy donor and the other of which is an energy acceptor 

molecule. These are sometimes known as a reporter molecule and a quencher molecule 

respectively. The donor molecule is excited with a specific wavelength of light for which it 

will normally exhibit a fluorescence emission wavelength. The acceptor molecule is also 

excited at this wavelength such that it can accept the emission energy of the donor molecule 

by a variety of distance-dependent energy transfer mechanisms. Generally the acceptor 

molecule accepts the emission energy of the donor molecule when they are in close proximity
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(e.g., on the same, or a neighboring molecule). FET and FRET techniques are well known in 

the art. See for example U.S. Pat. Nos. 5,668,648, 5,707,804, 5,728,528, 5,853,992, and 

5,869,255 (for a description of FRET dyes), Tyagi et al. Nature Biotech, vol. 14, p 303-8 

(1996), and Tyagi et al., Nature Biotech, vol 16, p 49-53 (1998) (for a description of 

molecular beacons for FET), and Mergny et al. Nucleic Acid Res. vol 22, p 920-928, (1994) 

and Wolf et al. PNAS vol 85, p 8790-94 (1988) (for general descriptions and methods fir FET 

and FRET), each of which is hereby incorporated by reference.

The probes for use in an array of the invention may be greater than 40 nucleotides in 

length and may be isothermal.

In some embodiments, the probes, anay of probes or set of probes will be 

immobilized on a support. Supports (e.g., solid supports) can be made of a variety of 

materials, such as glass, silica, plastic, nylon or nitrocellulose. Supports are preferably rigid 

and have a planar surface. Supports typically have from about 1-10,000,000 discrete spatially 

addressable regions, or cells. Supports having about 10-1,000,000 or about 100-100,000 or 

about 1000-100,000 cells are common. The density of cells is typically at least about 1000, 

10,000, 100,000 or 1,000,000 cells within a square centimeter. In some supports, all cells are 

occupied by pooled mixtures of probes or a set of probes. In other supports, some cells are 

occupied by pooled mixtures of probes or a set of probes, and other cells are occupied, at 

least to the degree of purity obtainable by synthesis methods, by a single type of 

oligonucleotide. .

Arrays of probes or sets of probes may be synthesized in a step-by-step manner on a 

support or can be attached in presynthesized form. One method of synthesis is VLSIPS™ (as 

described in U.S. 5,143,854 and EP 476,014), which entails the use of light to direct the 

synthesis of oligonucleotide probes in high-density, miniaturized arrays. Algorithms for 

design of masks to reduce the number of synthesis cycles are described in U.S. 5,571,639 and 

U.S. 5,593,839. Arrays can also be synthesized in a combinatorial fashion by delivering 

monomers to cells of a support by mechanically constrained flowpaths, as described in EP 

624,059. Arrays can also be synthesized by spotting reagents on to a support using an inkjet 

printer (see, for example, EP 728,520).

DATA ANALYSIS

Data analysis is also an important part of an experiment involving arrays. The raw 

data from an array experiment typically are images, which need to be transformed into 

matrices - tables where rows represent, for example, genes, columns represent, for example, 
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various samples such as tissues or experimental conditions, and numbers in each cell for 

example characterize the expression of a particular sequence (for example, a second sequence 

that has ligated to the first (target) nucleotide sequence) in the particular sample. These 

matrices have to be analyzed further, if any knowledge about the underlying biological 

processes is to be extracted. Methods of data analysis (including supervised and 

unsupervised data analysis as well as bioinformatics approaches) are disclosed in Brazma and 

Vilo J (2000) FEBS Lett 480(1):17-24.

KITS

The materials for use in the methods of the present invention are ideally suited for 

preparation of kits. Oligonucleotides maiy be provided in containers that can be in any form, 

e.g., lyophilized, or in solution (e.g., a distilled water or buffered solution), etc. In one aspect 

of the present invention, there is provided a kit comprising a set of probes as described 

herein, an array and optionally one or more labels. In another aspect, there is provided an 

RT-MLPA kit comprising a set of reverse transcriptase primers as described herein, and 

appropriate ligases, buffers, and PCR primers. In the kits of the invention, a set of 

instructions will also typically be included. ·

The oligonucleotide primers and probes of the present invention have commercial 

applications in prognostic kits for the detection of the expression level of a gene, such as a 

MEDIATOR complex and/or SWI/SNF complex gene, in the tumor cells of a patient. A test 

kit according to the invention may comprise any of the oligonucleotide primers or probes 

according to the invention. Such a test kit may additionally comprise one or more reagents 

for use in cyclic polymerase mediated amplification reactions, such as DNA polymerases, 

nucleotides (dNTPs), buffers, and the like. A kit according to the invention may also include, 

for example, a lysing buffer for lysing cells contained in the specimen. .

A test kit according to the invention may comprise a pair of oligonucleotide primers 

according to the invention and a probe comprising an oligonucleotide according to the 

invention. Advantageously, the kit further comprises additional means, such as reagents, for 

detecting or measuring the binding of the primers and probes of the present invention, and 

also ideally a positive and negative control.

The invention will now be further described by way of the following non-limiting 

examples.
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EXAMPLE 1

Identification ofMED12, ARID IA and SMARCE1 as molecular determinants of resistance to 

ALK inhibitors in an EML4-ALKpositive NSCLC cell line using a shRNA barcode screen

The ALK inhibitors crizotinib and NVP-TAE684 potently inhibit the human NSCLC 

cell lines that harbor EML4-ALK translocations (Galkin et al., 2007; Koivunen et al., 2008; 

Soda et al., 2007). The NSCLC cell line H3122 canies the EML4-ALK translocation and is 

exquisitely sensitive to ALK inhibitors. To identify novel determinants of resistance to ALK 

inhibitors in NSCLC cell lines, Applicants performed a large-scale RNAi-based loss-of- 

function genetic screen using a collection of 24,000 short hairpin (shRNA) vectors targeting 

8,000 human genes (Berns et al., 2004; Brummelkamp et al., 2002). Applicants used a 

barcoding technology to identify genes whose suppression causes resistance to ALK 

inhibitors (Brummelkamp et al., 2006; Holzel et al.). The entire shRNA library was 

introduced into H3122 cells by retroviral infection and cells were plated at low density with 

or without ALK inhibitors (Figure 1A). After four weeks of incubation with ALK inhibitors 

and the emergence of resistant cell clones, genomic DNA was isolated from treated and 

untreated cultures. The stably integrated shRNA cassettes (19-mer bar code sequences) were 

recovered by PCR from genomic DNA. The relative abundance of individual shRNA vectors 

was quantified by hybridization of the PCR products to microarrays harboring all 24,000 

barcode sequences. The barcode screen was carried out in triplicate and the combined results 

are shown in Figure IB. Each dot in the M/A-plot represents one individual shRNA vector in 

the library. M- and A-values reflect relative enrichment and hybridization signal intensity. 

Reproducible outliers are generally located in the right upper comer. Low-intensity spots are 

prone to technical artifacts and thus unreliable. Therefore, Applicants restricted their 

candidate selection by applying M/A cut-off values of M>7,5 and A>7,5 as previously 

described (Holzel et al.). The identification of independent shRNAs against the same gene or 

single shRNAs targeting multiple components of the same complex or signaling pathway 

strongly suggest a genuine hit from the screen. Applying these filter criteria, Applicants 

identified shRNAs against the genes MED12, ARID1A and SMARCE1.

MED 12, ARID 1A and SMARCE1 are components of large multi-subunit Mediator and 

SWI/SNF complexes involved in transcriptional regulation and chromatin remodeling

67



WO 2012/138783 PCT/US2012/032202

5

10

15

20

25

30

The MED12 gene encodes for a component of the large mediator complex (~2MDa) 

that contains at least 33 different subunits and associates with RNA polymerase II at the 

promoters of genes (Malik and Roeder). Thereby, the Mediator complex is involved in 

transcriptional regulation. Initially it was thought that the mediator complex is exclusively 

required for active transcription of genes, but recent studies suggest additional and broader 

roles in transcriptional regulation, such as epigenetic silencing. In particular, MED12 was 

implicated in contributing to silencing of neuronal genes in non-neuronal cells by the 

recruitment of the H3K9 histone methyltransferase EHMT2 (G9a) in a REST dependent 

manner (Ding et al., 2008). Interestingly, mutations in MED12 are causal for some rare 

mental retardation syndromes and aberrant gene regulation might contribute to the 

phenotypic manifestations of these diseases (Risheg et al., 2007; Schwartz et al., 2007). In 

general, only a few studies have addressed the specific function of individual components of 

the mediator complex.

ARID 1A and SMARCE1 are both components of the SWI/SNF chromatin

remodeling complex (Reisman et al., 2009). The SWI/SNF complex is also a large multi

subunit complex that contains two mutual exclusive but non-redundant subunits with ATPase 

activity. The ATPases SMARCA2 (BRM1) and SMARCA4 (BRG1) are required for the 

ATP dependent re-positioning of histones within the chromatin. This ATP-depeiident 

chromatin remodeling activity impacts diverse chromatin related biological processes such as 

gene transcription and DNA repair. The SWI/SNF complex is conserved throughout 

evolution from yeast to man. Hence, it is remarkable that several subunits of the SWI/SNF 

complex have been identified as tumor suppressors. Deletions of SMARCB1 (INTI, BAF47) 

are found in malignant rhabdoid tumors, a highly aggressive childhood cancer (Versteege et 

al., 1998). Inactivating truncating mutations of ARID1A and PBRM1 were found in more 

than 50% and 40% of clear cell ovarian and renal cancer, respectively (Jones et al.; Varela et 

al.). SMARCA4 (BRG1) is frequently mutated in NSCLC cell lines, but also in primary 

tumors (Medina et al., 2008; Rodriguez-Nieto et al.). In conclusion, there is substantial 

evidence in the literature that specific components of the SWI/SNF complex function as 

tumor suppressors in a tumor type dependent manner, but the molecular basis of this 

selectivity remains unknown.

Validation of shRNA barcode screen results

68



WO 2012/138783 PCT/US2012/032202

5

10

15

20

25

30

To validate the results of their screen, Applicants individually introduced the 

respective knockdown vectors from the NKI shRNA library against MED12 (#1 and #2), 

ARID 1A and SMARCE1 into H3122 cells by retroviral infections and confirmed that all four 

shRNA vectors confer resistance to the ALK inhibitors crizotinib and NVP-TAE684 in 

H3122 cells (Figure 1C). To rule out ‘off-target’ effects, a common problem in the field of 

RNAi screening, Applicants only consider a gene identified from the screen as a genuine hit, 

if at least two independent shRNAs suppress the expression of the target mRNA and also 

confer resistance to the ALK inhibitors (Echeverri et al., 2006). In particular, Applicants 

considered a gene identified in the screen as a genuine hit, if at least two independent 

shRNAs suppress the expression of the target and also confer crizotinib resistance. Only one 

gene fulfilled these criteria: MED12, encoding a component of the large MEDIATOR 

transcriptional adapter complex.

To validate MED12 as a gene whose suppression confers resistance to crizotinib, 

Applicants individually introduced the two MED12 shRNA vectors (#1 and #2) from the 

library and one newly generated shRNA (#3) into H3122 cells by retroviral infection. Empty 

vector (pRS) or shRNA targeting GFP (shGFP) served as controls throughout the study. All 

three distinct MED12 knockdown vectors conferred resistance to both crizotinib and the 

second ALK inhibitor NVP-TAE684 in long-term colony formation assays (Figure 3A) and 

also efficiently suppressed MED 12 mRNA and protein expression (Figures 3B, 3C). 

Similarly, expression of additional independent lentiviral shMED 12 vectors (#4 and #5) in 

H3122 cells also conferred resistance to ALK inhibitors (Figure 4A-C and data not shown). 

Furthermore, reconstitution ofMedl2 in MED12 knockdown (MED12KD) H3122 cells by 

introducing a RNAi-resistant mouse Med 12 cDNA restored the sensitivity of these cells to 

ALK inhibition (Figure 4A).Applicants confirmed that the reconstituted MED12/Medl2 total 

proteins in MED12KD cells were at physiological levels similar to parental cells (Figure 4B), 

and that knockdown of human MED 12 mRNA was maintained in cells expressing both 

human shMED 12 vectors and the mouse Med 12 cDNA (Figure 4C, D). Together, these 

results validate MED 12 as a genuine on target hit and establish its role in resistance to ALK 

inhibition.

Next, Applicants validated that ARID1A and SMARC El are on-target hits causally 

involved in the resistance to ALK inhibitors. As Applicants have only identified single 

shRNAs (shARIDlA#\, shSMARCElttV) against these genes from the barcode screen, they 

generated additional non-overlapping shRNAs against ARID1A and SMARCE1 

(shARIDlA#2, shSMARCEl#2) and introduced them into H3122 cells by retroviral infection.
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The independent shRNAs recapitulated the resistance to ALK inhibitors (Figure 5A). It is 

noteworthy that knockdown of either ARID!A or SMARCE1 impaired proliferation of H3122 

cells in the absence of the inhibitors. Applicants confirmed the suppression of ARID1A and 

SMARCE1 mRNA und protein levels by qRT-PCR and immunoblotting (Figure 5B-5E). 

Again, these results show that ARID1A and SMARCE1 are genuine on-target hits from the 

screen.

Next, Applicants introduced silent mutations into a human SMARCE1 cDNA 

expression construct and thereby generated two separate shRNA resistant (non-degradable, 

ND) forms of SMARCE1 (SMARCE1-ND) that cannot be targeted by shSMARCEl#\ and 

shSMARCEl#2. H3122 cells stably infected with pRS, shSMARCEltil or #2 were super

infected with retroviral expression constructs encoding for the respective non-degradable 

forms of SMARCE1 or the pMx empty control vector. Reconstitution of SMARCE1 restored 

sensitivity of SMARCE1 knockdown cells to ALK inhibitors (Figure 6A). Applicants 

confirmed reconstituted SMARCE1 protein levels in SMARCE1 knockdown cells by 

immunoblotting using an SMARCE1 specific antibody, again achieving close to endogenous 

level of SMARCE1 (Figure 6B). Applicants also verified a persistent knockdown of the 

endogenous human SMARCE1 mRNA in cells expressing the non-degradable SMARCE1 

cDNAs by qRT-PCR using a human SMARCE1 3’UTR specific primer pair (Figure 6C). In 

turn, Applicants also confirmed expression of the SMARCE1 cDNA using an open reading 

frame specific primer pair detecting endogenous and ectopic (total) SMARCE1 (Figure 6D). 

In summary, these experiments demonstrate that SMARC El is a genuine on-target hit from 

the ALK inhibitor shRNA resistance screen.

MED12, ARID 1A and SMARCE1 are molecular determinants of resistance to tyrosine kinase 

inhibitors in multiple NSCLC cell lines

Next, Applicants addressed the context dependency of their findings by studying 

independent NSCLC cell lines. The RAS/PI3K signaling cascade is a common denominator 

of all activated tyrosine kinases in NSCLC such as the EGFR (Pao and Chmielecki). 

Therefore, Applicants hypothesized that loss of MED 12, SMARCE1 and ARID 1A might also . 

confer resistance to other tyrosine kinase inhibitors in cell lines that harbor respective 

activating mutations or amplifications.

NSCLC with activating mutations of the EGFR can be effectively treated with the 

EGFR inhibitors gefitinib and erlotinib. Several NSCLC cell lines with EGFR mutations 
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(PC9, H3255) were identified that are exquisitely sensitive to gefitinib and erlotinib at low 

nanomolar concentrations. Applicants introduced MED 12 specific shRNAs 

(shAffiD/2_TRC#3 and #5) into PC9 cells (EGFRdelE746’A7S0). Suppression oiMED12 

rendered PC9 cells insensitive to the EGFR inhibitor gefitinib (Figure 7 A, left panel). In 

addition, reconstitution of PC9 A/ED/2-knockdown cells with the mouse Medl2 cDNA 

restored their sensitivity to gefitinib (Figure 7A, right panel). Using an antibody that 

recognizes human and mouse MED12/Medl2, Applicants confirmed the suppression and 

restoration of MED12 protein level in the indicated PC9 cell lines by immunoblotting (Figure 

7B). Applicants also verified persistent knockdown of endogenous MED12 by qRT-PCR 

using a human MED 12 specific primer pair (Figure 7C). Likewise, Applicants controlled the 

ectopic expression of the mouse MedI2 cDNA by qRT-PCR using a mouse Medl2 specific 

primer pair (Figure 7D). Furthermore, H3255 (EGFRL8S8R) cells were stably infected with 

three MED12 shRNA or control constructs (pRS and shGF’P) and incubated with two EGFR 

inhibitors (gefitinib and erlotinib). Control cells were effectively eradicated, whereas 

shMED12 cells were insensitive to the treatment with the inhibitors (Figure 8A). Applicants 

confirmed suppression of MED12 by qRT-PCR (Figure 8B). In conclusion, Applicants 

demonstrated that loss of MED12 confers resistance to ALK and EGFR tyrosine kinase 

inhibitors in multiple NSCLC cell lines.

Next, Applicants asked whether AR1D1A determines sensitivity to tyrosine kinase 

inhibitors in multiple NSCLC cell lines (context dependency). Applicants introduced the 

retroviral shRNA vectors against AR1D1A (#1 and #2) or control vectors (pRS and shGTP) 

into PC9 (EGFRdelE746'A750) and H1993 (Affir-amplified) cells (Figure 1A and 1C). 

Suppression oiARIDlA conferred resistance to the EGFR inhibitor gefitinib and the MET 

inhibitor crizotinib in PC9 and H1993 cells, respectively. Knockdown of ARID 1A mRNA 

was confirmed by qRT-PCR (Figure 3B and 3D).

Now, Applicants addressed whether SMARCE1 is also determinant of tyrosine kinase 

inhibitor sensitivity in multiple NSCLC cell lines (context dependency). PC9 (EGFRdelE746~ 

A75°), Hl993 (AffiT-amplified) and EBC-1 (Λ/ST-amplified) cells were stably infected with 

the retroviral shRNA constructs pRS, shSMARCE\#\ and #2 and were treated with the EGFR 

inhibitor geftitinib (PC9) or MET inhibitor crizotinib (Hl993, EBC1). In all cases, 

suppression of SMARCE1 conferred resistance to the respective inhibitors (Figure 10A, 11A 

and 12A, left panels). In parallel, the PC9, Hl993 and EBC-1 cells expressing 

shSMARCEl#] and #2 were infected with retroviral expression constructs encoding for the 

non-degradable forms of SMARCE1 (SMARCEl-ND). Reconstitution of SMARCE1 restored 
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the sensitivity of SMARCE1 -knockdown cells to the EGFR inhibitor geftitinib or MET 

inhibitor crizotinib (Figure 10A, 11A and 12A, right panels). Applicants confirmed 

reconstituted SMARCE1 protein levels in SMARCE1-knockdown cells by immunoblotting 

using an SMARCE1 specific antibody, again achieving close to endogenous level of 

SMARCE1 in most of the cases (Figure 10B, 1 IB and 12B). Applicants also verified a 

persistent knockdown of the endogenous human SMARCE1 mRNA in cells expressing the 

non-degradable SMARCE1 cDNAs by qRT-PCR using a human SMARCE1 3’UTR specific 

primer pair (Figure 10C, 1 IC and 12C). In turn, Applicants also confirmed expression of the 

non-degradable SMARCE1 cDNAs using an open reading frame specific primer pair 

detecting endogenous and ectopic (total) SMARCE1 (Figure 10D, 1 ID and 12D). It has been 

shown that excess SMARCE1 protein is rapidly degraded by the proteasome, suggesting that 

SMARCE1 protein stability requires incorporation into the SWI/SNF complex. This finding 

is in line with Applicants’ observations from the reconstitution experiments that the protein 

levels of the non-degradable forms SMARCE1 were close to endogenous SMARCE1 protein 

level despite a significant mRNA overexpression. In conclusion, SMARCEJ is a determinant 

of resistance to tyrosine kinase inhibitors in multiple NSCLC cell lines.

The role of RAS-GAPs in the control of tyrosine kinase inhibitor sensitivity in NSCLC cell 

lines

Constitutive signaling from mutated receptor tyrosine kinases such EGFR leads to 

activation of the RAS small GTP-binding proteins (KRAS, HRAS, NRAS). In particular 

KRAS is one of the most frequently mutated genes in a variety of cancers including NSCLC. 

RAS mutations impair the intrinsic GTPase activity and therefore prevent the conversion of 

active GTP-bound form into the inactive GDP-bound form (Kamoub and Weinberg, 2008). 

Introduction of constitutive active alleles of RAS in NSCLC cell lines renders the insensitive 

to tyrosine kinase inhibitors (data not shown). Therefore, inhibition of RAS is key 

mechanism of the efficacy of tyrosine kinase inhibitors. Applicants reasoned that direct 

negative regulators of RAS proteins might be critical determinants of sensitivity to tyrosine 

kinase inhibitors in NSCLC cell lines. The human genome encodes for 14 putative RAS- 

GTPase activating proteins (RAS-GAPs) that stimulate the GTPase activity of RAS proteins 

and promote the conversion of active GTP-loaded RAS into the inactive GDP-loaded form 

(Bernards, 2003). Applicants retrieved shRNAs covering the 14 putative human RAS-GAPs 

from the TRC shRNA collection and all shRNAs targeting the same gene were pooled
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together. Applicants infected PC9 cells with the 14 RAS-GAP pools in addition to the control

vectors pLKO and shGFP. The cells were plated at low density and treated with the two

EGFR inhibitors gefitinib and erlotinib or left untreated (Figure 13). Several RAS-GAP pools

conferred resistance to the EGFR inhibitors in the PC9 cell lines; Applicants observed the

5 strongest resistance phenotype for the pool targeting the RAS-GAP DAB2IP. The pools 

directed against NF1 and RASAL3 also rendered the cells less sensitive to both EGFR 

inhibitors, whereas the pools targeting RASA2 exhibited inconsistent results.

First, Applicants focused on the RAS-GAPs DAB2IP and NF1. NF1 is bona-fide
f

tumor suppressor mutated in several cancers and also causal for the hereditable disease

10 neurofibromatosis type I, a benign tumor syndrome with strong predisposition to several 

malignant cancers (Cichowski and Jacks, 2001). DAP21P plays an important role in prostate 

cancer and loss of its expression is associated with an aggressive metastatic disease (Min et 

al.). To validate the results of Applicants’ focused shRNA mini-screen, Applicants 

individually introduced the five DAB2IP shRNAs from the TRC shRNA collection into PC9

15 cells (Figure 14A). Applicants noticed that shDAB2IP#2 and to a lesser extent shDAB2IP#5 

exhibited toxicity. Applicants assume that this toxicity is unrelated to the suppression of 

DAB2IP, as shDAB2IP#5 failed to induce a knockdown of DAB2IP. The two best shRNA 

vectors (shDAB2IP#\ and #3) conferred resistance to the EGFR inhibitors gefitinib and 

erlotinib. Suppression ofDAB2IP mRNA levels was confirmed by qRT-PCR (Figure 14B).

20 Next, Applicants addressed whether loss of DAB2IP affects the activity of downstream 

signaling components of the RAS pathway, in particular the phosphorylation (activation) 

status of ERK. Total cell lysates were prepared from control and shDAB21P cells (PC9) in the 

absence or presence of gefitinib (Figure 14C). Applicants confirmed suppression of DAB2IP 

protein level in shDAB2IP expressing cells. Consistent with the inhibition of RAS by RAS-

25 GAPs, Applicants observed elevated levels of phospho-ERK in shDAB2IP cells indicating 

hyperactivation of downstream components of the RAS signaling cascade. Importantly, 

phosphorylation of ERK was maintained in s\vDAB2IP cells treated with gefitinib being in 

line with resistance to EGFR inhibitors in the colony formation assays. Next, Applicants 

individually introduced the five NF1 shRNAs from the TRC shRNA collection into PC9 cells

30 (Figure 15A). The two best shRNA vectors (sh?/F7#2 and #5) conferred resistance to the 

EGFR inhibitors gefitinib and erlotinib. Suppression of NF1 mRNA and protein levels was 

confirmed by qRT-PCR and immunoblotting (Figure 15B and 15C). Applicants’ results show 

that the DAB2IP and NF1 are important determinant of sensitivity NSCLC cell to EGFR 

inhibitors.
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Suppression of MED 12 and SMARCE1 leads to activation of ERK signaling in NSCLC cells.

Given that loss of MED12 or SMARCE1 causes resistance to multiple tyrosine kinase 

inhibitors in NSCLC cell lines, Applicants asked whether the activity of downstream 

components of receptor tyrosine kinase signaling is altered. ERK is a key downstream 

component and its phosphorylation status positively correlates with its activation that can be 

determined by specific antibodies against the phosphorylated form of ERK. H3122 cells were 

infected with two independent controls shRNA vectors or shRNAs targeting either MED12 or 

SMARCE1 and confirmed loss of MED 12 or SMARCE1 protein by immunoblotting (Figure 

16A and B). The cells were also treated of left untreated with the ALK inhibitor NVP- 

TAE684, to address the activation status of ERK in the presence or absence of the inhibitor. 

Interestingly, H3122 MED12 knockdown cells maintained higher levels of ERK 

phosphorylation in the presence of the inhibitor (Figure 16A). Loss of SMARCE1 resulted in 

an increased ERK activation even in the absence of the inhibitor and consistently maintained 

higher levels of phosphorylated ERK in the presence ofNVP-TAE684 (Figure 16B). In 

conclusion, elevated activation of the key downstream component ERK upon suppression of 

MED 12 or SMARCEl is consistent with resistance to upstream inhibition by tyrosine kinase 

inhibitors. Further, Applicants could also show that loss of MED12 resulted in elevated levels 

of ERK phosphorylation and hence activation in PC9 cells (Figure 16C). Applicants conclude 

that MED12 and SMARCEl regulate ERK activation in multiple NSCLC lung cancer cell 

lines. Accordingly, in certain embodiments, MED12 and/or SMARCEl expression and/or 

mutation status is an important determinant of treatment responses to tyrosine kinase 

inhibitors in the clinic.

MED12 loss leads to ERK activation and multi targeted-drug resistance in different cancer 

types

Applicants’ finding that MED12 suppression confers resistance to both ALK and 

EGFR inhibitors in NSCLCs suggests that MED 12 might act on a critical pathway 

downstream of both ALK and EGFR. As pointed out above, RAS signaling is downstream of 

all activated RTKs in NSCLC (Pao and Chmielecki, 2010). Applicants first asked which 

components of the RAS pathway could cause resistance to RTK inhibition in H3122 and PC9 

cells by expressing active alleles of these genes (Figure 31). As expected, activation of RAS 

signaling by expression of KRASV12 confered resistance to upstream inhibition by TKIs
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targeting ALK and EGFR (Figure 31). BRAFV600E and MEK-DD also conferred resistance 

to TKIs, but PIK3CAH1047R, RALAQ75L and RALBQ72L failed to do so in both cell 

systems used. These results indicate that activation of the RAS-RAF-MEK cascade is 

sufficient to cause resistance to ALK and EGFR inhibitors. Applicants therefore asked 

whether the activity ofRAF-MEK-ERK is altered in MED12KD cells. Indeed, H3122 cells 

expressing shMED12 vectors maintained higher levels of phosphorylated ERK (p-ERK) in 

the presence of ALK inhibitor (Figure 17A). Similarly, knockdown of MED12 in PC9 and 

H3255 cells leads to higher levels of p-ERK in both absence and presence of EGFR inhibitors 

(Figure 17B and data not shown). These findings suggest that MED 12 loss confers resistance 

to ALK and EGFR inhibitors in NSCLCs by enhancing ERK activation.

If suppression of MED 12 leads to ERK activation, one would expect that MED 12 loss 

might also confer resistance to other cancer drugs targeting the MAPKs upstream of ERK. 

The small molecule drug PLX4032 (vemurafenib) has proven to be very effective in the 

treatment of melanoma with BRAFV600E mutations and the MEK inhibitor AZD6244 

(seluteminib) is being tested in the clinical trials for the treatment of several cancers. A375 

melanoma cells harboring the BRAFV600E mutation are highly sensitive to PLX4032 and 

AZD6244. Consistent with Applicants’ observations made in NSCLC models, Applicants 

found that suppression of MED 12 in A375 cells caused ERK activation (Figure 17D) and 

conferred potent resistance to both PLX4032 and AZD6244 (Figure 17C). Similar results 

were obtained in an additional melanoma cell line SK-MEL-28 (Figure 18C, D). SK-CO-1 

colorectal cancer (CRC) cells harbor a KRASV12 mutation and are highly sensitive to MEK 

inhibition by AZD6244. Knockdown of MED 12 also resulted in activation of ERK (Figure 

17F) and conferred resistance to AZD6244 in SKCO-1 cells (Figure 17E). Identical results 

were observed in the CRC cell line SW1417 harboring a BRAFV600E mutation (Figure 18E, 

F).

To extend their findings even further, Applicants asked whether MED12 also confers 

resistance to a class of multi-kinase inhibitors. Sorafenib targets multiple tyrosine kinases and 

RAF kinases and is used clinically to treat advanced renal cell carcinoma and hepatocellular 

carcinoma (HCC). HCC Huh-7 cells are sensitive to sorafenib, but became resistant after 

knockdown of MED12 (Figure 17G, H). Taken together, Applicants’ data demonstrate that 

MED12 loss leads to ERK activation and confers resistance to a range of targeted cancer 

drugs that act upstream of the ERK kinases. Applicants also note that the effects of MED12 

suppression appear to be mostly context-independent as its consequences are readily apparent 

in several major cancer types including NSCLC, melanoma, CRC and HCC.
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Results melanoma:

Suppression of MED 12 confers drug resistance to BRAF and MEK inhibitors in BRAFv600E 

melanoma cells

5 Asa first step in expanding Applicants’ finding in NSCLC, they examined the

potential role of MED 12 in drug responses to BRAF and MEK inhibitors in BRAFv600E 

melanomas where activation of ERK is a common feature of resistant tumors. Since MED 12 

knockdown leads to higher levels of ERK phosphorylation in NSCLC cells, Applicants asked 

if MED12 is also critical for drug responses to BRAF and MEK inhibitors in BRAFV600E

10 melanoma cells. A375 (BRAFV600E) melanoma cells stably expressing the retroviral shRNA 

constructs pRS, shGFP, shSMARCEl#! and #2 were treated with the BRAFV600E inhibitor 

PLX4720 or MEK inhibitor PD-0325901. In all cases, suppression of MED12 conferred 

resistance to the respective inhibitors (Figure 19).

J 5 In addition, Applicants observed similar effects in the melanoma cell line, SK-MEL-

28, which expresses BRAFv600E. In particular, Applicants demonstrate that downregulation 

of MED12 induces resistance to the BRAF inhibitor, PLX 4032, in SK-MEL-28 cells.
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Experimental Procedures

25

shRNA Barcode Screen
The human NKI shRNA library and the barcode screen were performed as described 

(Berns et al., 2004; Brummelkamp et al., 2006). Additional details can be found at 

http://www(dof)screeninc(dot')nki(dot')nl.

30

Cell Proliferation Assays
Single cell suspensions of the lung cancer cell lines were seeded into 6-well plates 

(2x104 cells/well) and cultured both in the absence and presence of the ALK inhibitors. At the 

endpoints of colony formation assays, cells were fixed with formaldehyde, stained with
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ciystal violet (0,l%w/v) and photographed. All relevant assays were performed

independently at least three times. All knockdown and overexpression experiments were done

by retroviral or lentiviral infections.

Cell Culture and Viral Transduction
H3122, PC9, H1993, EBC-1, H3255, SK-CO-1, and SW1417 cells were cultured in 

RPMI with 8% heat-inactivated fetal bovine serum, penicillin and streptomycin at 5% CO2. 

293T, Phoenix cells, A375, SK-MEL-28, and Huh-7 cells were cultured in DMEM with 8% 

heat-inactivated fetal bovine serum, penicillin and streptomycin at 5% CO2. Subclones of 

each NSCLC cell line expressing the murine ecotropic receptor were generated and used for 

all experiments shown. Retroviral infections were performed using Phoenix cells as 

producers of retroviral supernatants using 2.5-3 pg of plasmid DNA as described 

(http://www(dot)stanford(dot)edu/group/nolan/retroviral systems/phx(dof)html). 293T cells 

were used as producers of lentiviral supernatants by co-transfecting 3rd generation lentiviral 

packaging constructs (2pg of plasmid DNA) along with the pLKO shRNA vectors (2pg of 

plasmid DNA). For transfections of 293T cells, Applicants seeded 1.8xl06 cells in a 6-well 

dish in the morning and transfected the cells 6-8 hours later. For transfections of Phoenix 

cells, Applicants seeded l.OxlO6 cells in a 6-well dish in the morning and transfected the cells 

6-8 hours later. Cells were refreshed the next day in the morning and afternoon. Viral 

supernatant was harvested the day thereafter for infections of the target cells. The calcium 

phosphate method was used for the transfection of Phoenix and 293T cells. Infected NSCLC 

cells were selected for successful retroviral integration using 2 pg/ml of puromycin.

Reagents and Antibodies
Crizotinib (SI068), NVP-TAE648 (SI 108), gefitinib (SI025), erlotinib (SI023), 

PLX4032 (SI267) and AZD6244 (SI008) were purchased from Selleck Chemicals. TRC 

human genome-wide shRNA collection (TRC-Hsl.0) was purchased from Open Biosystems 

(Huntsville, USA). Further information is available at 

http://www(dot')broad(dot)mit(dof)edu/genome bio/trc/mai(dot)html. Antibody against 

MED12 (A300-774A), SMARCE1 (A300-810A), DAB2IP (A302-439A) and NF1 (A300- 

140A) was from Bethyl Laboratories; antibody against Vimentin (RV202) was from Abeam; 

antibody against N-cadherin (abl8203) was from Cell Signaling; antibodies against NF1 (SC- 

67), HSP90 (H-114), p-ERK (E-4), ERK1 (C-16), ERK2 (C-14), CDK8 (D-9), Lamin A/C 

(636), SP1 (PEP2) and α-TUBULIN (H-183) were from Santa Cruz Biotechnology; The
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antibody against ARID 1A (H00008289-M01) was from Abnova. A mixture of ERK1 and

ERK2 antibodies was used for detection of total ERK.

Plasmids
5 All retroviral shRNA vectors were generated by ligating synthetic oligonucleotides

(Invitrogen) against the target genes into in the pRetroSuper (pRS) retroviral vector as 

described (Brummelkamp et al., 2002). The following RNAi target sequences were used for 

this study.

shGFP GCTGACCCTGAAGTTCATC

shMED121#I GTACCATGACTCCAATGAG

shMED12#2 GGAAGAGGTGTTTGGGTAC

shMED12#3 GGAGGAACTGCTTGTGCAC

shARIDlAttl GGGGTGAGCTGCAACAAAG

shARID!A#2 AGGAGAAGCTGATCAGTAA

shSMARCElttJ GGAGAACCGTACATGAGCA

shSMARCEl#2 GGAAGAAAGTCGACAGAGA

10 All lentiviral shRNA vectors (TRCN number) were retrieved from the arrayed human

TRC shRNA library. Additional information about the shRNA vectors can be found at 

http://www.broadinstitute.org/mai/public/clone/search using the TRCN number.

pLKO_control No hairpin insert

shGFP GCAAGCTGACCCTGAAGTTCA

shMED12_TRC#l TRCN0000018574 GCAGCATTATTGCAGAGAAAT

shMED12_TRC#2 TRCN0000018575 GCTGTTCTCAAGGCTGTGTTT

shMED12TRC#3 TRCN0000018576 CGGGTACTTCATACTTTGGAA

shMED12_TRC#4 TRCN0000018577 GCAGTTCATCTTCGACCTCAT

shMED12_TRC#5 TRCN0000018578 GCAGAGAAATTACGTTGTAAT

shNFl_TRC#\ TRCN0000039713 CCATGTTGTAATGCTGCACTT

shNFl_TRC#2 TRCN0000039714 GCCAACCTTAACCTTTCTAAT

shWF7_77?C#3 TRCN0000039715 CCTCACAACAACCAACACTTT

shNFl_TRC#4 TRCN0000039716 CCTGACACTTACAACAGTCAA

shNFJ_TRC#5 TRCN0000039717 GCTGGCAGTTTCAAACGTAAT

shDAB2IP_TRC#\ TRCN0000001457 GTAATGTAACTATCTCACCTA

shDAB2IP_TRC#2 TRCN0000001458 GACTCCAAACAGAAGATCATT
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s\\DAB2IP_TRC#3 TRCN0000001459 GAGTTCATCAAAGCGCTGTAT

shDAB2IP_TRC#4 TRCN0000001460 CTGCAAGACTATCAACTCCTA

shDAB2IP_TRC#5 TRCN0000001461 GCACATCACTAACCACTACCT
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shTGFpR2# 1, TRCN0000000830; 

shTGFpR2#2, TRCN0000010445.

The mouse Med 12 expression constructs were generated by the following steps:

1) , An linker containing first 89 bp of Medl2 open reading frame (ORF) and multiple 

restriction sites was cloned into pcDNA3.1(+) vector by Nhel and BamHI restriction sites and 

was sequence verified; The oligo sequences of the top strand for the linker is 

CTAGCTCGAGTCGACCATGGCGGCTTTCGGGATCTTGAGCTATGAACACCGACCC 

CTGAAGCGGCTGCGGCTGGGGCCTCCCGATGTGTACCCTCAG and the bottom strand 

is 

GATCCTGAGGGTACACATCGGGAGGCCCCAGCCGCAGCCGCTTCAGGGGTCGGT 

GTTCATAGCTCAAGATCCCGAAAGCCGCCATGGTCGACTCGAG.

2) , A PCR fragment of partial Med 12 (from 89 to 1777 bp) was generated using a 

forward primer 

(CAGGATCCCAAACAGAAGGAGGATGAACTGACGGCTTTGAATGTAA), a reverse 

primer (TGGGAGAAGACATCATGTCG) and a Medl2 partial cDNA as the template 

(IMAGE id: 6830443); This PCR fragment was then cloned into the pcDNA3.1(+)-Afe<7/2 

(first 89 bp) vector described in step 1 by BamHI and EcoRI restriction sites and was 

sequence verified. Note that a silence mutation (A to G) at 81 bp o1Medl2 ORF was 

introduced in the forward PCR primer to generate BamHI site in the PCR fragment.

3) , An EcoRI/Notl fragment (containing from 1778 to 6573 bp o1Medl2 ORF) from 

the Medl2 partial cDNA (IMAGE id: 6830443) was cloned into the pcDNA3.1 (+)-Medl2 

(first 1777 bp) described above by EcoRI and Notl restriction sites to generate the 

pcDNA3.1(+)-M?<772 (full-length).

4) , The Xhol/Notl fragment containing the full-length Medl2 ORF from 

pcDNA3.1(+)-A/e</72 was then cloned into the retroviral expression vector pMX-IRES- 

blasticidine using the Xhol and Notl restriction sites.

The human SMARCE1 expression construct and the non-degradable (ND) forms of 

were generated by PCR amplifying SMARCE1 from H3122 cDNA using the following
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primers:

Forward, GTACGAATTCCACCATGTCAAAAAGACCATCTTATGC;

Reverse, GAATAAGTGTTGCCTTGTTTTGTGCTCGAGACTG. The fragment was cloned 

into the retroviral expression vector pMX-IRES-blasticidine using the EcoRI and Xhol

5 restriction sites in the multiple cloning site and sequence verified. The SMARCE1-ND that is 

resistant against shSMARCEl#\ was generated by site directed mutagenesis using the 

following primer pair;

Forward, GCATGGAGAAAGGAGAGCCATATATGAGCATTCAGCCTG;

Reverse, CAGGCTGAATGCTCATATATGGCTCTCCTTTCTCCATGC.

10 The SMARCE1-ND that is resistant against shSMARCEl#2 was generated by site directed 

mutagenesis using the following primer pair:

Forward, GAAGCTGCTTTAGAGGAGGAGAGCCGACAGAGACAATCTC;

Reverse, GAGATTGTCTCTGTCGGCTCTCCTCCTCTAAAGCAGCTTC. Both 

SMARCEl-ΝΌ clones were sequence verified.

15 Retroviral expression constructs (pBabe) for KRASG12V (# 12544), MEK-DD

(#15268), RALAQ75L (#19719), RALBQ72L (#19721), PIK3CAH1047R (#12524) and 

pCMV5BTGFbeta receptor II (#24801) were obtained from Addgene and sequence validated. 

The pBabe-BRAFV600E plasmid was a kind gift of Daniel Peeper. The cDNA encoding 

Myr-AKT was cloned into pBabe-puro and validated by sequencing. These active alleles of

20 RAS effector pathways were also described previously (Holzel et al., 2010)

Quantitative RT-PCR (qRT-PCR)
QRT-PCR assays were carried out to measure mRNA levels of genes using 7500 Fast 

Real-Time PCR System (Applied Biosystems). Total RNA was isolated using Trizol

25 (Invitrogen) and 1 pg of total RNA was used for cDNA synthesis using superscript II reverse 

transcriptase (Invitrogen) and random hexamer primers (Invitrogen). Relative mRNA levels 

of each gene shown were normalized to the expression of the house keeping gene GAPDH. 

The sequences of the primers for assays using SYBR® Green master mix (Roche) are listed 

below (h, human: m, mouse).

30

hGAPDH_QPCR_Forward AAGGTGAAGGTCGGAGTCAA

hGAPDH_£PCR_Reverse AATGAAGGGGTCATTGATGG

/WF/QPCRForward TGTCAGTGCATAACCTCTTGC

hNF/QPCRRc verse AGTGCCATCACTCTTTTCTGAAG
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hMED12_QPCR_Forward GCTGGTGCACATAGCCACT

hMED12_QPCR_Reverse TACTCCAGCCAGCCTTACCA

mMedl 2_QPCR_Forward TCAGGCAGTGGGATTACAATGA

mMedl2 QPCR Reverse TCCAGGGCGTATTTTCTCAAAAC

hSMARCEl__QPCR_Forward CGGCTTATCTGGTGGCTTT

hSMARCEl _QPCR_Reverse AACAACTACAGGCTGGGAGG

hSMARCE 1_3 ’UTR_QPCR_Forward GGCTTTTGGACCATTTAGCA

hSMARCElJ ’UTR_QPCR_Reverse GAGGCTTTCAGCAGTTGAGG

hARJDlA _QPCR_Forward CCAACAAAGGAGCCACCAC

hARIDlA _QPCR_Rwerse TCTTGCCCATCTGATCCATT

hDAB2IP_QPCR_Forward AGCGAGACTCCTTCAGCCTC

hDAB2IP_QPCR_Reverse GACCGCAACCACAGCTTC
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TGFpR2_Forward, GCACGTTCAGAAGTCGGTTA; TGFpR2_Reverse, 

TCTGGTTGTCACAGGTGGAA;

ANGPTL4_Forward, GGAACAGCTCCTGGCAATC; ANGPTL4_Reverse, 

GCACCTAGACCATGAGGTGG;

TAGLN_Forward, GTCCGAACCCAGACACAAGT; TAGLN_Reverse, 

CTCATGCCATAGGAAGGACC;

CYR61_Forward,GCTGGAATGCAACTTCGG; CYR61_Reverse, 

CCCGTTTTGGTAGATTCTGG;

CTGF_Forward, TACCAATGACAACGCCTCCT; CTGF_Reverse, 

TGGAGATTTTGGGAGTACGG;

VIMForward, CTTCAGAGAGAGGAAGCCGA; VIM_Reverse, 

ATTCCACTTTGCGTTCAAGG;

CDH2_Forward, CCACCTTAAAATCTGCAGGC; CDH2_Reverse, 

GTGCATGAAGGACAGCCTCT.
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TGFf signaling is required for drug resistance caused by MED 12 loss

The studies described herein show that suppression of MED 12 leads to ERK 

activation and. thus confers what in some embodiments is a “multi targeted-drug resistance” 

phenotype. To gain further mechanistic insights, Applicants set out to screen a lentiviral 

shRNA library representing the full complement of 518 human kinases (the “kinome”, 

(Manning et al., 2002)) and 17 additional kinase-related genes (Figure 36) for genes whose 

inhibition restores sensitivity to ALK inhibitors in MED12kd cells. This “drop out” screen is 

the inverse of the resistance screen shown in Fig. 2A,B, as here Applicants select for shRNAs 

that are depleted upon drug treatment rather than enriched. H3122 cells stably expressing 

shMED12 were infected with the lentiviral kinome shRNA collection and cultured in the 

presence or absence of crizotinib for 10 days. After this, the relative abundance of shRNA 

vectors was determined by next generation sequencing of the bar code identifiers present in 

each shRNA vector (Figure 21 A). To prioritize the candidates for study, Applicants 

arbitrarily considered only shRNA vectors that had been sequenced at least 200 times and 

which were depleted at least 2.5 fold by the drug treatment. Only very few of the 3388 

shRNA vectors in the library met this stringent selection criterion (Figure 2IB). Among these 

candidates, only one gene,transforming growth factor beta receptor II (TGFPR2), was 

represented by two independent shRNA vectors that met the selection criterion. This 

suggested that suppression of TGFPR2 synergizes with ALK inhibition in MED12kd cells. 

To validate this finding, Applicants infected the same MED12kd H3122 cells with each of 

these two shTGFftR2 vectors (both of which reduced TGFPR2 levels (Figure'21D)) and 

cultured these cells with or without crizotinib for two weeks. Inhibition of TGFPR2 did not 

significantly affect proliferation of the parental or MED 12*° cells in the absence of crizotinib 

(Figure 21C). In contrast, suppression of TGFPR2 in combination with ALK inhibitor caused 

a marked inhibition of proliferation only in MEDU1^0 cells (Figure 21C). These findings 

indicate that suppression of TGFpR2 re-sensitizes the MED12kd cells to ALK inhibitors and 

suggest that TGFp signaling is required for the drug resistance driven by MED12 loss.
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TGFf activation is sufficient to confer resistance to multiple targeted drugs in different

cancer types

Next, Applicants asked whether activation ofTGFp signaling alone is sufficient to 

cause resistance to the cancer drugs studied above. In the absence of exogenous TGFp, 

proliferation of the H3122 cells was greatly inhibited by crizotinib. In contrasL cells treated 

with TGFp in combination with crizotinib continued to proliferate in a TGFP-dosage 

dependent manner (Fig. 4A). These data indicate that TGFp activation, similar to suppression 

of MED12, is sufficient to confer resistant to ALK inhibitors in EML4-ALK positive 

NSCLCs. Interestingly, H3122 cells treated with recombinant TGFp had a similar large and 

flat cell morphology as MED12kd cells, which was not seen in parental cells (Figure 26A). 

Similar morphological observations were seen in other cell types (Figure 26B and data not 

shown).

Recombinant TGFP treatment also conferred resistance to EGFR inhibitors in PC9 

and H3255 NSCLC cells (Figure 24B and data not shown). Similarly, treatment ofTGFp 

resulted in a dosage dependent resistance to AZD6244 and PLX4032 in SK-CO-1 CRC cells 

and A375 melanoma cells (Figure 24C, D). In some cells, such as A375 and Huh-7 cells, 

(Figure 24D and data not shown), recombinant TGFp treatment alone resulted in growth 

inhibition, but clearly became beneficial for proliferation when cells were cultured in the 

presence of targeted cancer drugs, mimicking the effects of MED12 knock down in the same 

cells (Figure 17C, G). Collectively, these results demonstrate that activation ofTGFp 

signaling is sufficient to confer resistance to multiple targeted cancer drugs in the same 

cancer types in which MED12kd also confers drug resistance.

MED12 loss activates TGFp signaling by elevating TGFPR2 protein levels

The fact that TGFp signaling is required for the drug resistance driven by MED 12 

suppression and that activation ofTGFp signaling phenocopies MED12kd in mediating drug 

resistance suggested that MED12 can act as a suppressor ofTGFp signaling. Applicants 

explored this possibility by studying differential gene expression by unbiased transcriptome 

sequencing analysis using next generation sequencing (RNA-Seq) for the same panel of cells 

lines tested above (H3122, PC9, SK-CO-1, A375 and Huh-7), for both the parental cells and 

multiple MED12kd derivatives thereof. The genes deregulated by MED12kd (>2 fold) in at 

least three out of five cell lines used are listed in Figure 37 and are referred to as MED12kd 

signature genes henceforth (237 genes up- and 22 genes downregulated). Strikingly, many of 

these genes are bona fide TGFp targets. To confirm these observations, Applicants first
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examined mRNA expression levels of a panel of TGFP target genes, including ANGPTL4, 

TAGLN, CYR61, CTGF, SERPINE1 and CDKN1A in both H3122 and PC9 cells by qRT- 

PCR (Figure 29A to 29D and data not shown). In agreement with Applicants’ RNA-Seq data, 

all of these TGFP target genes were significantly induced upon MED12kd in these NSCLC 

cells. Applicants also observed induction of these TGFP target genes upon MED121°5 in 

many cell lines of other tumor types, including melanoma A375 and SK-MEL-28, CRC SK- 

CO-1 and SW1417 and HCC Huh-7 (Figure 30A to 30D and data not shown). It is well- 

established that TGFP induces an epithelial-mesenchymal transition (EMT), leading to the 

induction of several mesenchymal markers such as Vimentin (VIM) and N-cadherin (CDH2) 

(Thiery et al., 2009). Importantly, MED12kd also caused expression of the mesenchymal 

markers VIM and CDH2, indicating that an EMT-like process is initiated in MED12kd cells 

(Figure 29E-F and Figure 30E-F). Accordingly, the protein products of these mesenchymal- 

specific genes such as Vimentin and N-cadherin were also detected in MED12kd cells by 

Western blotting (Figure 301 and data not shown). Expression of the epithelial marker E- 

cadherin (CDH1) was not lost in MED12kd cells (data not shown), suggesting that MED12kd 

induces a partial EMT. Together, these unbiased gene expression studies support the notion 

that MED12 is a suppressor of TGFP signaling in a wide range of cancer types and that its 

loss activates TGFP signaling.

To further elucidate the molecular mechanism by which MED 12 suppresses TGFP 

signaling, Applicants studied the effect of knockdown of MED12 on expression and 

activation of key components of the TGFP signaling pathway. Strikingly, Applicants found 

that suppression ofMED12 resulted in a strong induction ofTGFPR2 protein levels in H3122 

and PC9 cells (Figure 29G, H). Consistently, SMAD2, the key mediator for TGFP target gene 

activation, was activated as indicated by a strong increase in SMAD2 phosphorylation upon 

MED 12 knockdown. Similar results were also obtained in A375 melanoma, in SK-CO-1 

CRC cells and other cancer cell lines, indicating that this interplay between MED12KD and 

TGFP signaling is conserved across different tumor types (Figure 30H-1 and data not shown).

Since MED12 is part of the MEDIATOR transcriptional complex that functions in the 

nucleus, Applicants assumed that MED12 would act on TGFPR2 through a transcriptional 

step. However, there was only a marginal increase of TGFPR2 mRNA upon MED 12 

knockdown (Figure 30G), suggesting that MED12 suppresses TGFPR2 in a post- 

transcriptional manner. To investigate this, Applicants first determined the subcellular 

localization of MED12. Applicants carried out nuclear and cytoplasmic fractionation of PC9 

cells expressing control vector or shMED12, followed by western blotting (Figure 291).
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Lamin A/C and SP1 were used as marker controls for nuclear fractions, while a-TUBULIN 

and HSP90 were used as controls for cytoplasmic fractions. Abundant nuclear MED 12 was 

detected, in agreement with its known function in a transcriptional complex. Unexpectedly, a 

significant quantity of MED 12 was also present in the cytoplasmic fraction. Applicants 

confirmed that the cytoplasmic MED12 signal was genuine as it was greatly reduced in the 

lysate from MED 12™ cells. Cytoplasmic MED12 was also seen in H3122 cells (Figure 30J). 

Interestingly, no significant cytoplasmic CDK8 was detected, another subunit of the 

MEDIATOR kinase module with which MED12 is known to associate closely. This 

suggested that cytoplasmic MED12 might have a second function, independent of its role in 

the MEDIATOR complex.

The observation of the cytoplasmic localization of MED12 prompted Applicants to 

examine a potential physical interaction between MED 12 and TGFPR2. Since low expression 

of endogenous TGFpRs in most cell types hinders the study of physical interaction with 

TGFpRs, Applicants performed co-immunoprecipitation experiments using Phoenix cells 

cotransfected with TGFPR2 and MED12. As indicated in Figure 29J, TGFPR2 

coimmunoprecipitated with MED12 and conversely MED12 co-immunoprecipitated with 

TGFPR2, indicating that MED12 interacts physically with TGFPR2. Thus, in certain 

embodiments, MED 12 is a critical suppressor of TGFP signaling by negatively regulating 

TGFPR2 and this effect is mediated in certain embodiments by a novel cytoplasmic function 

of MED12 in complex with TGFpR2. Hence, without being bound to theory, this finding 

provides an explanation why MED12 suppression leads to activation of TGFP signaling.

A MED12KD gene signature has features of EMT and is both prognostic and predictive

As described above, MED12 suppression leads to activation of TGFP signaling and 

expression of mesenchymal markers, suggestive of a partial EMT-like process. Recently, 

EMT has been identified as a program in human CRC that correlates with poor prognosis 

(Loboda et al, 2011). Applicants therefore asked whether MED12kd indeed induces an 

EMT-like process and whether the processes induced by MED 12™ are likewise associated 

with poor survival in CRC.

Applicants first compared the 237 genes that were upregulated in the MED12™ 

signature (as described herein; Figure 37) to the 229 genes upregulated in a more general 

EMT signature (see Figure 38). Applicants found a significant overlap of 31 genes in both 

signatures (p=8.9* 10-23; Figure 33A and Figure 39).This result further supports the notion 

that MED 12 loss initiates a partial EMT. There was no overlap between the 22 genes 
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downregulated in the MED 121° signature and the genes downregulated in the EMT 

signature, most likely due to the small number of genes. Next, Applicants asked whether 

genes that are deregulated after MED12 knockdown predict survival in CRC. Hierarchical 

clustering of a set of 231 CRC tumor samples using the MED 121° signature genes led to the 

identification of two subsets of tumors having significantly different disease-specific survival 

(Figure 33B). These results indicate that the processes induced by MED^10 result in a poor 

survival in CRC patients.

To further substantiate Applicants’ finding that MED 12 suppression confers 

resistance to cancer drugs targeting the MEK-ERK pathway downstream of RTKs, 

Applicants asked if the MED12KD signature could predict responses to MEK inhibitors in a 

large and heterogeneous panel of cancer cell lines of different tissue types. Since MEK 

inhibitors are currently being evaluated for the treatment of tumors having activating 

mutations in RAS or BRAF, Applicants focused their studies on 152 tumor cell lines 

harboring either RAS or BRAF mutations for whom the IC50 values of four different MEK 

inhibitors and gene expression patterns have been determined (Figure 41). Of the 237 genes 

that were up-regulated by MED 12™ as identified by RNA-Seq, Applicants could read the 

expression levels for 170 genes in these 152 cell lines (Figure 40). Applicants found that high 

expression of these 170 genes is significantly associated with higher IC50s for all four MEK 

inhibitors in these cell lines (AZD6244, p=0.009; CI-1040, p=0.004; PD-0325901, p=0.007; 

RDEA119, p=0.013; Figure 33C and Figure 40). The analysis of one of these genes, ZBED2, 

is shown as an example in Figure 34). Thus, the group of genes that is upregulated following 

MED12kd can predict response to MEK inhibitors in a very heterogeneous panel of cancer 

cell lines, consistent with the notion that MED12 acts independent of cellular context to 

influence cancer drug responses (Figure 33C).

TGFfR inhibitor and TKIs synergize to suppress proliferation of MED12KD NSCLC cells

Applicants have demonstrated that TGFp activation by either MED 12 loss or 

recombinant TGFP stimulation confers resistance to multiple targeted cancer drugs in a range 

of cancer types. It is therefore of potential clinical relevance to explore new treatment 

strategies to target drug resistant tumors having acquired elevated TGFP signaling. Since 

inhibition ofTGFpR2 by RNAi re-sensitized MED 121° NSCLC cells to TKIs (Figure 21 and 

data not shown), Applicants reasoned that TGFpR inhibitors would synergize with TKIs to 

inhibit MED^ NSCLC cells.
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To test this concept, Applicants cultured control or MED12kd H3122 cells in the 

absence and the presence of crizotinib, the TGFpR inhibitor LY2157299 or the combination 

of crizotinib and LY2157299 (Figure 35A). LY2157299 is a small molecule inhibitor 

targeting both TGFpRland TGFpR2, and is currently being evaluated in clinical trials for the 

treatment of several cancer types. Consistent with Applicants’ previous data, crizotinib alone 

potently inhibited the proliferation of the control, but not of the MED12kd cells. LY2I57299 

monotherapy had little effect on all cells. However, strong synergy was seen when crizotinib 

was combined with LY2157299, consistent with the notion derived from the RNAi 

experiment that TGFPR2 inhibition restored the sensitivity of MED12kd cells to crizotinib. . 

Importantly, the same synergistic response was also obtained when LY2157299 was 

combined with gefitinib to suppress proliferation of MED12KD PC9 cells (Figure 35B). 

Thus, in certain embodiments, the combination ofTGFpR inhibitors and TKIs is a strategy 

for treating tumors with elevated TGFP signaling.

Experimental Procedures 

Pooled “dropout” shRNA Screen

A Kinome shRNA library targeting the full complement of 518 human kinases and 17 

kinaserelated genes was constructed from the TRC human genome-wide shRNA collection 

(TRCHsl.O). The Kinome library was used to generate pools of lentiviral shRNA to infect 

H3122 cells stably expressing shMED12. Cells were cultured in the presence or absence of 

crizotinib. Massive parallel sequencing was applied to determine the abundance of shRNA in 

cells. shRNAs prioritized for further analysis were selected by the fold of depletion by 

crizotinib treatment.

Long-term Cell Proliferation Assays

Cells were seeded into 6-well plates (2-5 xl04 cells/well) and cultured both in the 

absence and presence of drugs as indicated. More details are described in Huang et al., 2009 

(Huang et al.,2009). All knockdown and overexpression experiments were done by retroviral 

or lentiviral infection. All relevant assays were performed independently at least three times.

Gene expression and statistical analysis

Transcriptome sequencing analysis of cell lines were performed using RNA-Seq. To 

rule out “off-target” effects, Applicants considered genes that are significantly deregulated in 

the same direction by two independent shMED12 vectors. The MED12KD gene signature
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was then assembled containing genes that were more than 2 folds up- or downregulated upon

MED12 knock-down in at least three out of five cell lines. This signature was employed to

hierarchically cluster a dataset consisting of gene expression data for 231 which CRC tumor

samples. Differences in disease specific survival were determined using the Kaplan-Meier

statistics.

EMT signature

An EMT signature was created by combining EMT expression signatures published 

by Taube et al. (Taube et al., 2010) and Loboda et al. (Loboda et al., 2011), and from the 

SABiosciences EMT PCR anay (SABiosciences, Frederick, MD). All genes were annotated 

as down- or upregulated during EMT according to the source. Genes with annotation of 

conflicting expression changes in several sources were excluded. All gene symbols were 

translated to probe set identifiers.

COSMIC Cell Line Panel Analysis

Drug response data (IC50 values) and gene expression levels were obtained from 

COSMIC (Forbes et al., 2010) for 152 cell lines that have activating mutations in RAS or 

BRAF. The IC50 values were classified as sensitive or resistant and gene expression levels 

were classified as normal, up- or downregulated. For each pair of a gene and a MEK inhibitor 

an overlap enrichment test was applied to evaluate if significantly many cell lines were both 

upregulated for the gene and resistant to the MEK inhibitor. The number of significant 

associations within in the MED12 signature gene set was counted and compared to 100,000 

randomly drawn sets of the same size and variance distribution to evaluate the significance of 

the MED 12 signature.

Nuclear and Cytoplasmic Fractionation

Subcellular fractionation experiments were performed according manufacture protocol using 

the NE-PER Nuclear and Cytoplasmic Extraction Kit (78835) purchased from Thermo 

Scientific.

shRNA “Dropout” Screen With a Custom TRC Kinome Library

Lentiviral plasmids (pLKO.l) encoding shRNA that target kinome candidates were 

listed in Figure 36. The kinome library consists of 7 plasmids pools (TK1-TK7).

Lentiviral supernatants were generated as described at
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http://www(dot)broadinstitute(dot)org/mai/public/resources/protocols. H3122 cells stably 

expressing shMED12#3 were infected separately by the 7 virus pools (Multiplicity Of 

Infection of 1). Cells were then pooled and plated at 300,000 cells per 15 cm dish in absence 

or presence of 300 nM crizotinib (5 dishes for each condition) and the medium was refreshed 

twice per week for 10 days. Genomic DNA was isolated as described (Brummelkamp et al., 

2006). shRNA inserts were retrieved from 8ug genomic DNA by PCR amplification (PCR1 

and PCR2, see below for primer information) using the following conditions: (1) 98 °C, 30s; 

(2) 98 °C, 10s; (3) 60 °C, 20s; (4) 72 °C, lmin; (5) to step2, 15 cycles; (6) 72 °C, 5min; (7) 4 

°C. Indexes and adaptors for deep sequencing (Illumina) were incorporated into PCR primers. 

2.5 ul PCR1 products were used as templates for PCR2 reaction. PCR products were purified 

using Qiagen PCR purification Kit according to the manufacturer manual. Sample 

quantification is performed by BioAnalyzer to ensure samples generated at different 

conditions were pooled at the same molar ratio before analyzed'by Illumina genome analyzer.

shRNA stem sequence was segregated from each sequencing reads and aligned to 

TRC library. The matched reads were counted and the counts were transformed to abundance 

that was assigned to the conesponding shRNA.

Primers used are as follows:

PCR 1 Untreated replicate# 1 Forward, 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTGATCCTTGTGGAAAGGACGA 

AACACCGG; PCR 1 Untreated replicate#2_Forward, 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTAAGCTACTTGTGGAAAGGACGA 

AACACCGG; PCR1_PLX treated replicate#l_Forward, 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTAGCCCTTGTGGAAAGGACGA 

AACACCGG; PCR1_PLX treated replicate#l_Forward, 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTACAAGCTTGTGGAAAGGACGA 

AACACCGG; PCRl_Reverse (P7_pLKOl_r), 

CAAGCAGAAGACGGCATACGAGATTTCTTTCCCCTGCACTGTACCC; 

PCR2_Forward, 

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGA 

TCT: PCR2_Reverse (P5JlluSeq), CAAGCAGAAGACGGCATACGAGAT.

RNA-Seq Gene Expression Analysis
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Total mRNA of each sample was converted into a library of template molecules 

suitable for subsequent cluster generation using the reagents provided in the Illumina ® 

TruSeq™ RNA Sample Preparation Kit, following the manufacture protocol. Sequence reads 

were generated using Illumina HiSeq 2000 with TruSeqTM v3 reagent kits and software. 

The reads (between 20 - 45 million 50 bp paired-end reads per sample) were mapped to the 

human reference genome (build 37) using TopHat (v. 1.3.1, (Trapnell et al., 2009)), which 

allows to span exon-exon splice junctions. The open-source tool HTSeq-count (v. 0.5.3p3), 

available from EMBL, was then used to generate a list of the total number of uniquely 

mapped reads (between 16-33 million pairs of reads per sample) for each gene that is present 

in the provided Gene Transfer Format (GTF) file.

In order to determine which genes are differentially expressed between samples, the R 

package DEGseq (Wang et al., 2010) was used, which takes the output of HTSeq-count as 

input. The method used to identify differentially expressed genes is the MA-plot-based 

method with technical Replicates (MATR), which makes use of the presence of technical 

replicates. The genes that have no expression for all samples in the comparison were 

discarded from the dataset. The expression levels of all remaining genes in the dataset were 

added with 1 in order to avoid negative values after log2 transformation. Normalization for 

the number of reads is performed within this method and the cut off for differentially 

expressed genes is based on a p-value of 0.05.

Gene Expression Statistical analysis

Gene expression datasets GSE14333 (Jorissen et al., 2009), GSE17536 and 

GSE17537 (Smith et al., 2010) were downloaded from the Gene Expression Omnibus 

(Banett et al., 2011).

Duplicated samples in GSE14333 and GSE17536 were removed from GSE14333 resulting in 

a final dataset comprising 389 tumor samples. Expression data were first normalized together 

using the RMA method as implemented in the affy package (Gautier et al., 2004) for 

R/Bioconductor (Gentleman et al., 2004) and then mean-centered separately for each dataset. 

The hclust method was employed for hierarchically clustering the samples based on 

MED12KD and Pearson correlation distance. The survival and Design packages were used 

for performing a Kaplan-Meier survival time analysis and plotting survival curves, 

respectively.

COSMIC Cell Line Panel Analysis
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The predictive value of the MED 12 knockdown signature was assessed using the 

Catalogue Of Somatic Mutations In Cancer (COSMIC), which is part of the Cancer Genome 

Project (CGP) (Forbes et al., 2010). From COSMIC Applicants collected the IC50 values of 

four MEK inhibitors (AZD6244, CI-1040, PD-0325901 and RDEA119) for 152 cell lines that 

5 have a mutation'in KRAS, HRAS, NRAS and/or BRAF. For these cell lines Applicants also 

obtained gene expression levels for 11354 genes from COSMIC.

The IC50 values across the 152 cell lines for each MEK inhibitor were discretized 

into “sensitive” and “resistant” using a simple discretization strategy. Briefly, if the 

distribution of IC50 values was not unimodal (using Hartigan’s dip test (Hartigan and

10 Hartigan, 1985), p<0.05), a two component Gaussian mixture model was used to assign the 

cell lines to the sensitive or resistant category. Otherwise, an outlier detection strategy was 

used to call the cell lines that are far to the left of the bulk of the data (i.e., low IC50 values) 

as sensitive and the others as resistant. Overall, about 18% of the cell lines were called 

sensitive for each of the MEK inhibitors.

15 The same strategy was used to discretize the expression levels of each gene into

“downregulated”, “normal”, and “upregulated.” In this case, either a two or three component 

mixture model was used for multimodal distributions (using the BIC to choose the number of 

components), and for unimodal distributions the outlier scheme called cell lines to the right of 

the bulk (i.e. high expression levels) as upregulated and those to the left (i.e. low expression

20 levels) as downregulated.

Next, for each pairing of a gene and a MEK inhibitor a simple enrichment test (i.e. 

hypergeometric test) was applied to evaluate if significantly many cell lines were both 

upregulated for the gene and resistant to the MEK inhibitor. For the four MEK inhibitors, 

AZD6244, CI-1040, PD-0325901 and RDEA119, Applicants respectively detected 474, 807, 

25 856 and 681 genes at p<0.05.

Applicants evaluated whether there was an overrepresentation of the MED 12 

signature genes in these sets of genes. Of the 237 genes upregulated after MED 12 

knockdown, 170 are part of the gene expression set of COSMIC. Of the 22 genes 

downregulated after MED12 knockdown, only 12 are present in the gene expression set.

30 Because the latter set is very small, Applicants decided to focus only on the set of 170 

upregulated genes. In these 170 genes, and the four MEK inhibitors, AZD6244, CI-1040, PD- 

0325901 and RDEA119, Applicants detected 22, 36, 35, and 26 genes at p<0.05, 

respectively. Seven genes were found in all of the four groups. The association of gene
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expression with response to AZD6244 for one of these genes, ZBED2, is depicted in Figure

34.

In order to determine the statistical significance of the number of genes in the MED 12 

signature whose gene expression was found to be associated with each of the inhibitors, 

Applicants compared these numbers to what would be expected under the null hypothesis. 

More specifically, Applicants randomly drew 100,000 sets of 170 genes with the same 

distribution of expression variance across the dataset as the 170 MED12 upregulated 

signature genes. Applicants computed a permutation test p-value, which indicates the fraction 

of times (out of 100,000) that the randomly drawn gene set showed more significantly 

associated genes than the 170 MED 12 signature genes. These p-values are 0.009, 0.004, 

0.007 and 0.013 for AZD6244, CI-1040, PD-0325901 and RDEA119, respectively. These 

numbers are found in Figure 33C and in the main text.

Applicants observed that the variance of genes in the MED12 signature was higher 

than the 

average for the complete expression dataset. Applicants focused on random gene sets with the
» .

same

variance distribution, since genes with no or low variance across the dataset can never be 

significantly associated with the varying IC50 values, and should therefore not be part of the 

random gene sets.
♦ * ♦

Having thus described in detail embodiments of the present invention, it is to be 

understood that the invention defined by the above paragraphs is not to be limited to 

particular details set forth in the above description as many apparent variations thereof are 

possible without departing from the spirit or scope of the present invention.

Each patent, patent application, and publication cited or described in the present 

application is hereby incorporated by reference in its entirety as if each individual patent, 

patent application, or publication was specifically and individually indicated to be 

incorporated by reference.
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WHAT IS CLAIMED IS:

1. A method of evaluating and/or predicting resistance to anticancer treatment in a 

patient in need thereof, comprising:

(a) measuring expression levels of one or more SWI/SNF complex and/or 

MEDIATOR complex nucleic acid and/or proteins in the patient; and

(b) comparing the expression levels of the one or more SWI/SNF complex and/or 

MEDIATOR complex nucleic acid and/or proteins in (a) with the expression levels of 

one or more reference SWI/SNF complex and/or MEDIATOR complex nucleic acid 

and/or proteins, wherein the one or more reference SWI/SNF complex and/or 

MEDIATOR complex nucleic acid and/or proteins are from a control sample,

wherein a reduction in the expression of the one or more SWI/SNF complex and/or 

MEDIATOR complex nucleic acid and/or proteins in comparison to the one or more 

reference SWI/SNF complex and/or MEDIATOR complex nucleic acid and/or proteins is 

indicative of resistance to anticancer treatment in the patient.

2. A method of evaluating and/or predicting resistance to anticancer treatment in a 

patient in need thereof, comprising:

(a) isolating nucleic acid from the patient, wherein the nucleic acid comprises one or 

more SWI/SNF complex and/or MEDIATOR complex DNA and/or RNA; and

(b) analyzing the nucleic acid of (a) for the presence of one or more inactivating 

mutations in the SWI/SNF complex and/or MEDIATOR complex DNA and/or RNA,

wherein the presence of one or more inactivating mutations in the one or more SWI/SNF 

complex and/or MEDIATOR complex DNA and/or RNA analyzed in (b) is indicative of 

resistance to anticancer treatment in the patient.

3. A method of evaluating and/or predicting resistance to anticancer treatment in a 

patient in need thereof, comprising:

(a) isolating protein from the ρηΐϊεηζ wherein the protein comprises one or more 

SWI/SNF complex and/or MEDIATOR complex proteins;
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(b) analyzing the activity of the one or more SWI/SNF complex and/or MEDIATOR 

complex proteins in (a); and

(c) comparing the activity of the one or more SWI/SNF complex and/or MEDIATOR 

complex proteins in (b) with the activity of one or more reference SWI/SNF complex 

and/or MEDIATOR complex proteins,

wherein a difference in activity of the one or more SWI/SNF complex and/or MEDIATOR 

complex proteins from (b) in comparison to the one or more SWI/SNF complex and/or 

MEDIATOR complex reference proteins in (c) is indicative of resistance to anticancer 

treatment in the patient.

4. The method of claim 1, wherein the expression levels of one or more SWI/SNF 

complex nucleic acids and/or proteins are measured in (a).

5. The method of claim 4, wherein the expression levels of one or more SWI/SNF 

complex DNA are measured in (a).

6. The method of claim 4, wherein the expression levels of one or more SWI/SNF 

complex RNA are measured in (a).

7. The method of claim 4, wherein the expression levels of one or more SWI/SNF 

complex proteins are measured in (a).

8. The method of claim 1, wherein the expression levels of one or more MEDIATOR 

complex nucleic acids and/or proteins are measured in (a).

9. The method of claim 8, wherein the expression levels of one or more MEDIATOR 

complex DNA are measured in (a).

10. The method of claim 8, wherein the expression levels of one or more MEDIATOR 

complex RNA are measured in (a).
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11. The method of claim 8, wherein the expression levels of one or more MEDIATOR 

complex proteins are measured in (a).

12. A method of evaluating and/or predicting resistance to anticancer treatment in a 

patient in need thereof, comprising:

(a) measuring expression levels of one or more RAS-GAP nucleic acid and/or 

proteins in the patient; and

(b) comparing the expression levels of the one or more RAS-GAP nucleic acid and/or 

proteins in (a) with the expression levels of one or more reference RAS-GAP nucleic 

acid and/or proteins, wherein the one or more reference RAS-GAP nucleic acid and/or 

proteins are from a control sample,

wherein a reduction in the expression of the one or more RAS-GAP nucleic acid and/or 

proteins in comparison to the one or more reference RAS-GAP nucleic acid and/or proteins is 

indicative of resistance to anticancer treatment in the patient.

13. A method of evaluating and/or predicting resistance to anticancer treatment in a 

patient in need thereof, comprising:

(a) isolating nucleic acid from the patient, wherein the nucleic acid comprises one or 

more RAS-GAP DNA and/or RNA; and

(b) analyzing the nucleic acid of (a) for the presence of one or more inactivating 

mutations in the RAS-GAP DNA and/or RNA,

wherein the presence of one or more inactivating mutations in the one or more RAS-GAP 

DNA and/or RNA analyzed in (b) is indicative of resistance to anticancer treatment in the 

patient.

14. A method of evaluating and/or predicting resistance to anticancer treatment in a 

patient in need thereof, comprising:

(a) isolating protein from the patient, wherein the protein comprises one or more 

RAS-GAP proteins;

(b) analyzing the activity of the one or more RAS-GAP proteins in (a); and 
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(c) comparing the activity of the one or more RAS-GAP proteins in (b) with the

activity of one or more reference RAS-GAP proteins,

wherein a difference in activity of the one or more RAS-GAP proteins from (b) in 

comparison to the one or more RAS-GAP reference proteins in (c) is indicative of resistance 

to anticancer treatment in the patient.

15. The method of claim 12, wherein the expression levels of one or more RAS-GAP 

nucleic acids are measured in (a).

16. The method of claim 15, wherein the expression levels of RAS-GAP DNA are 

measured in (a).

17. The method of claim 15, wherein the expression levels of RAS-GAP RNA are 

measured in (a).

18. The method of claim 12, wherein the expression levels of one or more RAS-GAP 

proteins are measured in (a).

19. The method of any of claims 1-3 and 12-14, wherein the patient has liver cancer, lung 

cancer, breast cancer, ovarian cancer, lung cancer, head and neck cancer, bladder cancer, 

colorectal cancer, cervical cancer, mesothelioma, solid tumors, renal cell carcinoma, stomach 

cancer, sarcoma, prostate cancer, melanoma, thyroid cancer, brain cancer, adenocarcinoma, 

glioma, glioblastoma, esophageal cancer, neuroblastoma, subependymal giant cell 

astrocytoma, endometrial cancer, a hematological cancer and/or lymphoma.

20. The method of any of claims 1-3 and 12-14, wherein the resistance to anticancer 

treatment is resistance to treatment with a receptor tyrosine kinase inhibitor.

21. The method of claim 20, wherein the receptor tyrosine kinase inhibitor is selected 

from the group consisting of: gefitinib, erlotinib, EKB-569, lapatinib, CI-1033, cetuximab, 

panitumumab, PKI-166, AEE788, sunitinib, sorafenib, dasatinib, nilotinib, pazopanib, 

vandetaniv, cediranib, afatinib, motesanib, CUDC-101, imatinib mesylate, crizotinib, ASP- 

3026, LDK.378, AF802, and CEP37440.
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22. The method of any of claims 1-3 and 12-14, wherein the resistance to anticancer 

treatment is resistance to treatment with an inhibitor of ERK activation.

23. The method of claim 22, wherein the inhibitor of ERK activation inhibits a cellular 

protein that interacts directly with ERK.

24. The method of claim 22, wherein the inhibitor of ERK activation inhibits a cellular 

protein that interacts indirectly with ERK.

25. The method of claim 22, wherein the inhibitor of ERK activation is a receptor 

tyrosine kinase inhibitor.

26. The method of any of claims 1-3, wherein the SWI/SNF complex nucleic acid and/or 

protein is selected from the group consisting of: ARID1A, AR1D1B, AR1D2, SMARCA2, 

SMARCA4, PBRM1, SMARCC2, SMARCC1, SMARCD1, SMARCD2, SMARCD3, 

SMARCE1, ACTL6A, ACTL6B, and SMARCB1.

27. The method of claim 26, wherein the SWI/SNF complex nucleic acid and/or protein is 

selected from the group consisting of: ARID 1A and SMARCEI.

28. The method of any of claims 1-3, wherein the MEDIATOR complex nucleic acid 

and/or protein is selected from the group consisting of: MED22, MED11, MED 17, MED20, 

MED30, MED19, MED18, MED8, MED6, MED28, MED9, MED21, MED4, MED7, 

MED31, MEDIO, MED1, MED26, MED2, MED3, MED25, MED23, MED5, MED14, 

MED16, MED15, CycC, CDK8, MED13, MED12, MED12L, and MED13L.

29. The method of claim 28, wherein the MEDIATOR complex nucleic acid and/or 

protein is selected from the group consisting of: CycC, CDK8, MED12, MED12L, MED13, 

and MED13L.

30. The method of claim 29, wherein the MEDIATOR complex nucleic acid and/or 

protein is MED 12.
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31. The method of any of claims 12-14, wherein the RAS-GAP is selected from the group 

consisting of: DAB2IP, NF1, and RASAL3.

32. The method of claim 19, wherein the patient has lung cancer.

33. The method of claim 32, wherein the lung cancer is non-small cell lung cancer.

34. The method of claim 19, wherein the patient has melanoma.

35. The method of claim 2 or 13, wherein analyzing the nucleic acid in (b) comprises

sequencing the nucleic acid.

36. The method of any of claims 1, 2, or 13, wherein analyzing the nucleic acid in (b) 

comprises subjecting the nucleic acid to MLPA.

37. The method of claim 2 or 13, wherein analyzing the nucleic acid in (b) comprises 

subjecting the nucleic acid to CGH.

38. The method of claim 2 or 13, wherein analyzing the nucleic acid in (b) comprises 

subjecting the nucleic acid to FISH.

39. The method of claim 2 or 13, wherein the inactivating mutation is selected from the 

group consisting of: point mutations, translocations, amplifications, deletions, and 

hypomorphic mutations.

40. The method of claim 2, wherein the nucleic acid of (a) comprises one or more 

SWI/SNF complex genes.

41. The method of claim 2, wherein the nucleic acid of (a) comprises one or more 

MEDIATOR complex genes.

42. The method of claim 13, wherein the nucleic acid of (a) comprises one or more RAS- 

GAP genes.
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43. The method of claim 3, wherein the one or more SWI/SNF complex and/or 

MEDIATOR complex proteins are inactive.

44. The method of claim 43, wherein the one or more SWI/SNF complex and/or 

MEDIATOR complex proteins are inactive due to one or more posttranslational 

modifications.

45. The method of claim 14, wherein the one or more RAS-GAP proteins are inactive. <

46. The method of claim 45, wherein the one or more RAS-GAP proteins are inactive due

. to one or more posttranslational modifications

47. A microarray comprising a plurality of polynucleotide probes each complementary 

and hybridizable to a sequence in a different gene that is a SWI/SNF complex gene that is a 

marker for resistance to anticancer treatment in a patient that has cancer.

48. A microarray comprising a plurality of polynucleotide probes each complementary 

and hybridizable to a sequence in a different gene that is a MEDIATOR complex gene that is 

a marker for resistance to anticancer treatment in a patient that has cancer.

49. A microarray comprising a plurality of polynucleotide probes each complementary 

and hybridizable to a sequence in a different gene that is a SWI/SNF complex and/or 

MEDIATOR complex gene that is a marker for resistance to anticancer treatment in a patient 

that has cancer.

50. A microarray comprising a plurality of polynucleotide probes each complementary 

and hybridizable to a sequence in a different gene that is a RAS-GAP gene that is a marker 

for resistance to anticancer treatment in a patient that has cancer.

51. The microarray of any of claims 47-50, wherein the plurality of probes is at least 70 

%, at least 80 %, at least 90 %, at least 95 %, or at least 98 % of the probes on the microarray.
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52. The microarray of claim 47 or 49, wherein the SWI/SNF complex gene that is a 

marker for resistance to anticancer treatment is selected from the group consisting of 

ARID1A, ARID1B, ARID2, SMARCA2, SMARCA4, PBRM1, SMARCC2, SMARCC1, 

SMARCD1, SMARCD2, SMARCD3, SMARCE1, ACTL6A, ACTL6B, and SMARCB1.

53. The microarray of claim 48 or 49, wherein the MEDIATOR complex gene that is a 

marker for resistance to anticancer treatment is selected from the group consisting of MED22, 

MED11, MED17, MED20, MED30, MED19, MED18, MED8, MED6, MED28, MED9, 

MED21, MED4, MED7, MED31, MEDIO, MED1, MED26, MED2, MED3, MED25, 

MED23, MED5, MED 14, MED 16, MED 15, CycC, CDK8, MED 13, MED 12, MED13L, and 

MED12L.

54. The microarray of claim 50, wherein the RAS-GAP gene is selected from the group 

consisting of: DAB2IP, NF1, and RASAL3.

55. A kit, comprising at least one pair of primers specific for a SWI/SNF complex gene 

that is a marker for resistance to anticancer treatment in a patient that has cancer, at least one 

reagent for amplification of the SWI/SNF'complex gene, and instructions for use.

56. A kit, comprising at least one pair of primers specific for a MEDIATOR complex 

gene that is a marker for resistance to anticancer treatment in a patient that has cancer, at least 

one reagent for amplification of the MEDIATOR complex gene, and instructions for use.

57. A kit, comprising at least one pair of primers specific for a SWI/SNF complex and/or 

a MEDIATOR complex gene that is a marker for resistance to anticancer treatment in a 

patient that has cancer, at least one reagent for amplification of the SWI/SNF complex and/or 

MEDIATOR complex gene, and instructions for use.

58. A kit, comprising at least one pair of primers specific for a RAS-GAP gene that is a 

marker for resistance to anticancer treatment in a patient that has cancer, at least one reagent 

for amplification of the RAS-GAP gene, and instructions for use.

59. The kit of claim 55 or 57, wherein the primers are specific for a SWI/SNF complex 

gene selected from the group consisting of ARID 1 A, ARID IB, ARID2, SMARCA2,
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SMARCA4, PBRM1, SMARCC2, SMARCC1, SMARCD1, SMARCD2, SMARCD3,

SMARCE1, ACTL6A, ACTL6B, and SMARCB1.

60. The kit of claim 56 or 57, wherein the primers are specific for a MEDIATOR 

complex gene selected from the group consisting of MED22, MED11, MED 17, MED20, 

MED30, MED19, MED18, MED8, MED6, MED28, MED9, MED21, MED4, MED7, 

MED31, MEDIO, MED1, MED26, MED2, MED3, MED25, MED23, MED5, MED14, 

MED16, MED15, CycC, CDK8, MED13, MED12, MED13L, and MED12L.

61. The kit of claim 58, wherein the primers are specific for a RAS-GAP gene selected 

from the group consisting of: DAB2IP, NF1, and RASAL3.

62. The kit of any of claims 55-58, wherein the marker for resistance to anticancer 

treatment is a marker for resistance to a receptor tyrosine kinase inhibitor.

63. The kit of claim 62, wherein the receptor tyrosine kinase inhibitor is selected from the 

group consisting of: gefitinib, erlotinib, EKB-569, lapatinib, CI-1033, cetuximab, 

panitumumab, PKI-166, AEE788, sunitinib, sorafenib, dasatinib, nilotinib, pazopanib, 

vandetaniv, cediranib, afatinib, motesanib, CUDC-101, imatinib mesylate, crizotinib, ASP- 

3026, LDK378, AF802, and CEP37440.

64. The kit of any of claims 55-58, wherein the marker for resistance to anticancer 

treatment is a marker for resistance to an inhibitor of ERK activation.

65. The method of claim 64, wherein the inhibitor of ERK activation inhibits a cellular 

protein that interacts directly with ERK.

66. The method of claim 64, wherein the inhibitor of ERK activation inhibits a cellular 

protein that interacts indirectly with ERK.

67. The method of claim 64, wherein the inhibitor of ERK activation is a receptor 

tyrosine kinase inhibitor.

68. The kit of any of claims 55-58, wherein the kit is a PCR kit.
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69. The kit of any of claims 55-58, wherein the kit is an MLPA kit.

70. The kit of any of claims 55-58, wherein the kit is an RT-MLPA kit.

71. The method of claim 1, wherein the level of expression of one or more SWI/SNF 

complex and/or MEDIATOR complex genes is measured by determination of their level of 

transcription, using a DNA array.

72. The method of claim 1, wherein the level of expression of one or more SWI/SNF 

complex and/or MEDIATOR complex genes is measured by determination of their level of 

transcription, using quantitative RT-PCR.

73. The method of claim 1, wherein the level of expression of one or more SWI/SNF 

complex and/or MEDIATOR complex genes is measured in a tumor sample from the patient.

74. The method of claim 12, wherein the level of expression of one or more RAS-GAP 

genes is measured by determination of their level of transcription, using a DNA array.

75. The method of claim 12, wherein the level of expression of one or more RAS-GAP 

genes is measured by determination of their level of transcription, using quantitative RT- 

PCR.

76. The method of claim 12, wherein the level of expression of one or more RAS-GAP 

genes is measured in a tumor sample from the patient

77. The method of claim 73 or claim 76, wherein the tumor sample is a lung tumor 

sample.

78. The method of any of claims 1-3, 12-14, and 30, wherein the resistance to anticancer 

treatment is resistance to treatment with a B-RAF inhibitor.
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79. The method of claim 78, wherein the B-RAF inhibitor is selected from the group 

consisting of: CEP-32496, vemurafenib, GSK-2118436, ARQ-736, RG-7256, XL-281, DCC- 

2036, GDC-0879, AZ628, and antibody fragment EphB4/Raf inhibitors.

80. The method of any of claims 1-3, 12-14, and 30, wherein the resistance to anticancer 

treatment is resistance to treatment with a MEK inhibitor.

81. The method of claim 80, wherein the MEK inhibitor is selected from the group 

consisting of: CKI-27, RO-4987655, RO-5126766, PD-0325901, WX-554, AZD-8330, G- 

573, RG-7167, SF-2626, GDC-0623, RO-5068760, and AD-GL0001.

82. The kit of any of claims 55-58, wherein the marker for resistance to anticancer 

treatment is a marker for resistance to treatment with a B-RAF inhibitor.

83. The kit of claim 82, wherein the B-RAF inhibitor is selected from the group 

consisting of: CEP-32496, vemurafenib, GSK-2118436, ARQ-736, RG-7256, XL-281, DCC- 

2036, GDC-0879, AZ628, and antibody fragment EphB4/Raf inhibitors.

84. The kit of any of claims 55-58, wherein the marker for resistance to anticancer 

treatment is a marker for resistance to treatment with a MEK inhibitor.

85. The kit of claim 84, wherein the MEK inhibitor is selected from the group consisting 

of: CKI-27, RO-4987655, RO-5126766, PD-0325901, WX-554, AZD-8330, G-573, RG- 

7167, SF-2626, GDC-0623, RO-5068760, and AD-GL0001.

86. The method of claim 1 or claim 12, wherein expression levels of SWI/SNF and/or 

MEDIATOR complex or RAS-GAP nucleic acid and/or proteins are measured in one or more 

cancer cells of the patient.

87. The method of claim 2 or claim 13, wherein the nucleic acid in (a) is isolated from 

one or more cancer cells from the patient.

88. The method of claim 3 or claim 14, wherein the protein in (a) is isolated from one or 

more cancer cells from the patient.
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89. The method of claim 86, wherein the resistance is primary resistance to anticancer 

treatment.

90. The method of claim 86, wherein the resistance is secondary resistance to anticancer 

treatment.

91. The method of claim 87, wherein the resistance is primary resistance to anticancer 

treatment.

92. The method of claim 87, wherein the resistance is secondary resistance to anticancer 

treatment.

93. The method of claim 88, wherein the resistance is primary resistance to anticancer 

treatment.

94. The method of claim 88, wherein the resistance is secondary resistance to anticancer 

treatment.

95. A method of treating resistance to one or more inhibitors of ERK activation in a 

patient in need thereof; comprising administering to the patient at least one inhibitor of the 

TGF-beta pathway in combination with the one or more inhibitors of ERK activation.

96. The method of claim 95, wherein the inhibitor of ERK activation is selected from the 

group consisting of direct and indirect inhibitors of ERK activation.

97. The method of claim 96, wherein the direct inhibitor of ERK activation is a MEK 

inhibitor.

98. The method of claim 96, wherein the indirect inhibitor of ERK activation is selected 

from the group consisting of RTK inhibitors, RAS inhibitors, and B-RAF inhibitors.

99. The method of claim 95, wherein the resistance to one or more inhibitors of ERK 

activation is primary resistance.
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100. The method of claim 95, wherein the resistance to one or more inhibitors of ERK 

activation is secondary resistance.

101. The method of claim 95, wherein the resistance to one or more inhibitors of ERK 

activation is evaluated and/or predicted according to a method of any of claims 1 -3 and 12- 

14.

102. A method of evaluating and/or predicting resistance to anticancer treatment in a 

patient in need thereof, comprising:

(a) measuring expression levels of one or more TGFp pathway nucleic acid and/or 

proteins in the patient; and

(b) comparing the expression levels of the one or more TGFP pathway nucleic acid 

and/or proteins in (a) with the expression levels of one or more reference TGFP 

pathway nucleic acid and/or proteins, wherein the one or more reference TGFp 

pathway nucleic acid and/or proteins are from a control sample,

wherein an increase in the expression of the one or more TGFP pathway nucleic acid and/or 

proteins in comparison to the one or more reference TGFp pathway nucleic acid and/or 

proteins is indicative of resistance to anticancer treatment in the patient.

103. A method of evaluating and/or predicting resistance to anticancer treatment in a 

patient in need thereof, comprising:

(a) isolating nucleic acid from the patient, wherein the nucleic acid comprises one or 

more TGFp pathway DNA and/or RNA; and

(b) analyzing the nucleic acid of (a) for the presence of one or more activating 

mutations in the TGFP pathway complex DNA and/or RNA,

wherein the presence of one or more activating mutations in the one or more TGFP pathway 

DNA and/or RNA analyzed in (b) is indicative of resistance to anticancer treatment in the 

patient.

104. A method of evaluating and/or predicting resistance to anticancer treatment in a 

patient in need thereof, comprising:

(a) isolating protein from the patient, wherein the protein comprises one or more 

TGFP pathway proteins;

(b) analyzing the activity of the one or more TGFp pathway proteins in (a); and
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(c) comparing the activity of the one or more TGFp pathway proteins in (b) with the

activity of one or more reference TGFp pathway proteins,

wherein a difference in activity of the one or more TGFP pathway proteins from (b) in

comparison to the one or more TGFp pathway reference proteins in (c) is indicative of

resistance to anticancer treatment in the patient.

105. A method of treating cancer in a patient in need thereof, comprising administering to 

the patient an inhibitor of ERK activation in combination with an inhibitor ofTGFp pathway 

activation.

106. The method of claim 105, wherein the cancer is selected from the group consisting of: 

liver cancer, lung cancer, breast cancer, ovarian cancer, head and neck cancer, bladder 

cancer, colorectal cancer, cervical cancer, mesothelioma, solid tumors, renal cell carcinoma, 

stomach cancer, sarcoma, prostate cancer, melanoma, thyroid cancer, brain cancer, 

adenocarcinoma, glioma, glioblastoma, esophageal cancer, neuroblastoma, subependymal 

giant cell astrocytoma, endometrial cancer, a hematological cancer, and lymphoma.

107. The method of claim 105, wherein the inhibitor of ERK activation is selected from the 

group consisting of: RTK inhibitors, RAS inhibitors, B-RAF inhibitors, and MEK inhibitors.

108. The method of claim 107, wherein the inhibitor of ERK activation is a MET inhibitor.

109. The method of claim 102, wherein the expression levels are measured of one or more 

ofTGFp pathway nucleic acid is a TGFP pathway target gene selected from the group 

consisting of: ALOX5AP, COL5A1, TAGLN, ANGPTL4, LGALS1, IL11, LBH, and 

COL4A1.

110. The method of claim 95 or 105, wherein the inhibitor ofTGFp pathway activation is 

LY2157299.

111. The method of claim 110, wherein the inhibitor of ERK activation is crizotinib or 

gefitinib.
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112. The method of claim 95 or 105, wherein the inhibitor of TGFp pathway activation 

inhibits MED12/TGFP binding.

113. A method of identifying an inhibitor of ERK activation, comprising:

measuring MED12/TGFp binding in the presence and absence of a test compound, wherein a 

reduction in the amount of MED12/TGFp binding in the presence of the test compound in 

comparison to the absence of the test compound indicates an inhibitor of ERK activation has 

been identified.

114. A method of identifying an inhibitor of TGFP pathway activation, comprising: 

measuring MED12/TGFP binding in the presence and absence of a test compound, wherein a 

reduction in the amount of MED12/TGFP binding in the presence of the test compound in 

comparison to the absence of the test compound indicates an inhibitor of TGFP pathway 

activation has been identified.

115. A method of evaluating and/or predicting resistance to anticancer treatment in a 

patient in need thereof, comprising:

(a) measuring expression levels of one or more MED 12 nucleic acid and/or proteins 

in the patient;

(b) measuring one or more markers of an EMT-like phenotype; and

(c) comparing the expression levels of the one or more MED 12 nucleic acid and/or 

proteins in (a) with the expression levels of one or more reference MED12 nucleic 

acid and/or proteins,

wherein a reduction in the expression of the one or more MED12 nucleic acid and/or proteins 

in comparison to the one or more reference MED 12 nucleic acid and/or proteins in (c) and 

wherein one or more markers are measured of an EMT-like phenotype in (b) is indicative of 

resistance to anticancer treatment in the patient.

116. The method of claim 115, wherein the resistance to anticancer treatment is resistance 

to treatment with a MEK inhibitor.

117. The method of claim 116, wherein the MEK inhibitor is selected from the group 

consisting of: CKI-27, RO-4987655, RO-5126766, PD-0325901, WX-554, AZD-8330, G- 

573, RG-7167, SF-2626, GDC-0623, RO-5068760, and AD-GL0001.

110



WO 2012/138783 PCT/US2012/032202

5

10

15

20

25

30

118. The method of claim 115, wherein the resistance to anticancer treatment is resistance 

to treatment with a B-RAF inhibitor.

119. The method of claim 118, wherein the B-RAF inhibitor is selected from the group 

consisting of: CEP-32496, vemurafenib, GSK-2118436, ARQ-736, RG-7256, XL-281, DCC- 

2036, GDC-0879, AZ628, and antibody fragment EphB4/Raf inhibitors.

120. The method of claim 115, wherein the nucleic acid in (a) is isolated from one or more 

cancer cells from the patient.

121. The method Of claim 115, wherein the protein in (a) is isolated from one or more 

cancer cells from the patient.

122. The method of claim 115, wherein the one or more markers of an EMT-like 

phenotype are measured in one or more cancer cells from the patient.

123. The method of any of claims 120-122, wherein the cancer is selected from the group 

consisting of: liver cancer, lung cancer, breast cancer, ovarian cancer, head and neck cancer, 

bladder cancer, colorectal cancer, cervical cancer, mesothelioma, solid tumors, renal cell 

carcinoma, stomach cancer, sarcoma, prostate cancer, melanoma, thyroid cancer, brain 

cancer, adenocarcinoma, glioma, glioblastoma, esophageal cancer, neuroblastoma, 

subependymal giant cell astrocytoma, endometrial cancer, a hematological cancer, and 

lymphoma.

124. The method of claim 123, wherein the cancer is colorectal cancer.

125. The method of claim 115, wherein the one or more markers of an EMT-like 

phenotype are selected from mesenchymal markers.

126. The method of claim 125, wherein the one or more mesenchymal markers are selected 

from vimentin and N-cadherin.
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127. A method of evaluating and/or predicting resistance to anticancer treatment in a patient 

in need thereof, comprising:

(a) measuring expression levels of one or more MED12KD signature nucleic acid and/or 

proteins in one or more cancer cells of the patient; and

(b) comparing the expression levels of the one or more MED12KD signature nucleic acid 

and/or proteins in (a) with the expression levels of one or more positive reference MED12KD 

signature nucleic acid and/or proteins, wherein if expression of the one or more MED 12KD 

signature nucleic acid and/or proteins in (a) is similar to the one or more positive reference 

MED12KD signature nucleic acid and/or proteins, then resistance to anticancer treatment is 

indicated in the patient.

128. A method of evaluating and/or predicting resistance to anticancer treatment in a patient 

in need thereof, comprising:

(a) measuring expression levels of one or more MED12KD signature nucleic acid and/or 

proteins in one or more cancer cells of the patient; and

(b) comparing the expression levels of the one or more MED12KD signature nucleic acid 

and/or proteins in (a) with the expression levels of one or more negative reference 

MED12KD signature nucleic acid and/or proteins, wherein if expression of the one or more 

MED12KD signature nucleic acid and/or proteins in (a) is greater or lesser than the 

expression of the one or more negative reference MED12KD signature nucleic acid and/or 

proteins, then resistance to anticancer treatment is indicated in the patient.

129. The method of claims 127 or 128, wherein the one or more cancer cells of the patient in 

(a) are from one or more cancer cells of the patient prior to the anticancer treatment.

130. The method of claims 127 or 128, wherein the one or more cancer cells of the patient in 

(a) are from one or more cancer cells of the patient after the anticancer treatment.

131. The method of claim 128, wherein the negative reference MED12KD signature nucleic 

acid and/or proteins are from one or more non-cancerous cells of the patient.
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132. The method of claim 128, wherein the negative reference MED12KD signature nucleic 

acid and/or proteins are from one or more cells known to be sensitive to the anticancer 

treatment.

133. The method of claim 128, wherein the one or more cancer cells of the patient in (a) are 

from cancer cells of the patient after the anticancer treatment, and wherein the negative 

reference MED12KD signature nucleic acid and/or proteins are from one or more cancerous 

cells of the patient prior to the anticancer treatment.

134. The method of claim 128, wherein the negative reference MED12K.D signature nucleic 

acid and/or proteins is the average expression of the MED12KD signature nucleic acid and/or 

proteins in one or more tumor or cell line samples known to be sensitive to the anticancer 

treatment.

135. The method of claim 127, wherein the expression of the one or more MED12KD 

signature nucleic acid and/or proteins in (a) is about 2-fold, about 3-fold, about 4-fold, about 

5-fold, about 6-fold, about 7-fold, about 8-fold, about 9-fold, or about 10-fold greater or 

lesser than the one or more positive reference MED12KD signature nucleic acid and/or 

proteins.

136. The method of claim 127, wherein the expression of the one or more MED12KD 

signature nucleic acid and/or proteins in (a) is about the same as the one or more positive 

reference MED12KD signature nucleic acid and/or proteins.

137. The method of claim 128, wherein the expression of the one or more MED12KD 

signature nucleic acid and/or proteins in (a) is greater than or equal to about 1.2 fold higher or 

lower than the expression of the one or more negative reference MED12KD signature nucleic 

acid and/or proteins.

138. The method of claim 127, wherein the one or more MED12kd signature nucleic acids 

are upregulated nucleic acids.
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139. The method of claim 138, wherein the upregulated nucleic acids are selected from the 

upregulated nucleic acids presented in Figure 37.

140. The method of claim 138, wherein the upregulated nucleic acids are selected from the 

upregulated nucleic acids presented in Figure 40.

141. The method of claim 138, wherein the upregulated nucleic acids are selected from the 

upregulated nucleic acids presented in Figure 39.

142. The method of claim 127, wherein the one or more MED12kd signature nucleic acids 

are downregulated nucleic acids.

143. The method of claim 142, wherein the downregulated nucleic acids are selected from 

the downregulated nucleic acids presented in Figure 37.

144. The method of claim 142, wherein the downregulated nucleic acids are selected from 

the downregulated nucleic acids presented in Figure 40.

145. The method of claim 142, wherein the downregulated nucleic acids are selected from 

the downregulated nucleic acids presented in Figure 39.

146. The method of claim 127 or claim 128, wherein the resistance to anticancer treatment 

is resistance to treatment with a MEK inhibitor.

147. The method of claim 146, wherein the MEK inhibitor is selected from the group 

consisting of: CKI-27, RO-4987655, RO-5126766, PD-0325901, WX-554, AZD-8330, G- 

573, RG-7167, SF-2626, GDC-0623, RO-5068760, and AD-GL0001.

148. The method of claim 127 or claim 128, wherein the resistance to anticancer treatment 

is resistance to treatment with a B-RAF inhibitor.

149. The method of claim 148, wherein the B-RAF inhibitor is selected from the group 

consisting of: CEP-32496, vemurafenib, GSK-2118436, ARQ-736, RG-7256, XL-281, DCC- 

2036, GDC-0879, AZ628, and antibody fragment EphB4/Raf inhibitors.
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150. The method of claim 127or claim 128, wherein the cancer is selected from the group 

consisting of: liver cancer, lung cancer, breast cancer, ovarian cancer, head and neck cancer, 

bladder cancer, colorectal cancer, cervical cancer, mesothelioma, solid tumors, renal cell 

carcinoma, stomach cancer, sarcoma, prostate cancer, melanoma, thyroid cancer, brain 

cancer, adenocarcinoma, glioma, glioblastoma, esophageal cancer, neuroblastoma, 

subependymal giant cell astrocytoma, endometrial cancer, a hematological cancer, and 

lymphoma.

151. A method of evaluating and/or predicting of resistance to anticancer treatment in a 

patient in need thereof, comprising:

measuring expression levels of one or more MED12KD signature nucleic acid and/or 

proteins in one or more cancer cells of the patient; and

comparing the expression levels of the one or more MED12KD signature nucleic acid 

and/or proteins in (a) with the expression levels of (i) one or more MED12KD signature 

nucleic acid and/or proteins from cells known to be resistant to said anticancer treatment 

AND (ii) one or more MED12KD signature nucleic acid and/or proteins from cells known to 

be sensitive to said anticancer treatment,

whereby the cancer cells of the patient are considered to be resistant if the difference 

in expression levels between the cells in (a) and the cells in (i) is smaller than the difference 

in expression levels between the cells in (a) and the cells in (ii).

152. A method of evaluating and/or predicting of resistance to .anticancer treatment in a 

patient in need thereof, comprising:

measuring expression levels of one or more MED12KD signature nucleic acid and/or 

proteins in one or more cancer cells of the patient; and

comparing the expression levels of the one or more MED12KD signature nucleic acid 

and/or proteins in (a) with the expression levels of (i) one or more MED12KD signature 

nucleic acid and/or proteins from cells known to be resistant to said anticancer treatment 

AND (ii) one or more MED12KD signature nucleic acid and/or proteins from cells known to 

be sensitive to said anticancer treatment,

whereby the cancer cells of the patient are considered to be sensitive if the difference 

in expression levels between the cells in (a) and the cells in (i) is greater than the difference in 

expression levels between the cells in (a) and the cells in (ii).

115



WO 2012/138783 PCT/US2012/032202

153. A method of evaluating and/or predicting of resistance to anticancer treatment in a

patient in need thereof, comprising:

5 measuring expression levels of one or more MED12KD signature nucleic acid and/or

proteins in one or more cancer cells of the patient; and

comparing the expression levels of the one or more MED12KD signature nucleic acid 

and/or proteins in (a) with the average expression levels of (i) one or more MED12KD 

signature nucleic acid and/or proteins taken from two or more cell samples,

10 whereby the cancer cells of the patient are considered to be resistant if the difference

in expression levels of the one or more MED12KD signature nucleic acid and/or proteins 

between the cells in (a) and the average expression levels of the one or more MED12KD 

signature nucleic acid and/or proteins in (i) is greater than a factor 1.2.

15 154. The method of claim 95 or 105, wherein the inhibitor of ERK activation inhibits

MED12/TGFP binding.
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ARAE Hs.44664 I TRCNOC-WOiW a r ABRKA 1-15.250822 TRC?--000000065$ if j
ARAF 1-^.446641 TRCND0DOGOO57O ■ft 1 aurka ils 250822 TKCNObOOOOOASO B 1
araf HsA4&41 TRCNO0t’OCO9573 Al AV-RKA Hs.250822 TRCNOOOOOCO657 ft· i
AXL Hs. 590970 ΤΚ€Ν0ΰ00ΰΟΟ572 AURKA Ηϊ.250822 TRGNOO0OOCO658 t> i
AXL Hs.590970 TRCN0000000573 ftl CDC42BPA h’s J 5433 TRCNOOOOOC0659 ii :
AXL I-ia.590970 •fRCN0O(JOOOOS74 Al CDC42BPA Hs35<33 TRCN0000000660 ft 1
AXL Hs. 590970 :i'RCN00000005?5 # l COC42BPA Hs.35433 ί-RCND0000G0661 a i
AXL Hs.590970 TRCN0000000576 a 1 CDC42BPA Hs.35433 TRCN(X)00000662 4 7
CAMK4 1 ($.591269 TRCNOOOO0OO377 £ ! CDC428FA Hs. 35433 TRCN0000000663 it 1
CAMK4 Ηζ591269 TRCK9000000578 « 1 .MAF4K3 Hs.655750 TRCN'OOOOOOO^ ft i
CAMK4 Hs.59U69 TRCWOOOO0OO379 4 3 MAP4K3 Hs.65575O TRCN0000000665 #4
CAMK4 Hs .591269 TRCN0000000580 ftf MA94K3 iis. 655750 TRCNO0OOOOQ666 a ο
CAMK4 Hs.593269 TRCNOOOOOOOSH Ar MAP4K3 JL· .655750 TRCN0000000667 fl ί
WC2 Hs.334562 TRCh’G000000582 .4 J IXrKZ lb. 502^51 TRCN0000000668 a 4
CDC2 Hs.334562 TRCN0000000583 ii ί DGKZ >15.50246 ϊ rRCM<M?O0C’O669 Ki
CDC2 Ms 334562 Ti<C\OOOQOGO584 ft I DGKZ HS.5B24M TR(?NO(‘(10r:Ort67u fi 1
CDC2 Hi 334562 TRCNOOODOOO5K5 ri I DGKD Hs.47i675 TRCNOiWOOft?! ft 1
CDC2 >£8.334562 TRCN'0000000586 tn DGKD Hs.4?16?5 ’:'BCN0Qfl00iX)6?4 ft· 1
CUK2 Hs.19192 TRCN0000000587 Al DGKD bM?i675 'WNQ0000W673 # 1
CDK2 7iS 19192 TRCN00(XX100588 a 1 .DGK.D- Hs47!6?S 'MLCNO 000000674 »' 1
CDK2 Hs19192 TRCNOOOOO 90589 4 1 DGKD ils 471675 RCMXWW75 ft Ϊ
(?DK2 H&.19192 TR<.N00UO0G0590 41 CAMK’: lb 434875 ■BiCN0000000676 A :
COK2 ΐ-b 19)92 rRCNOOOOOOOSOl a i CAMK1 I b434875 TRCN000000067? ii J
CDK? Bs. 184293 TRCN0000000592 r CA.MK1 Hs.434875 TRCNOOOQOS54SO ft :
CDK7 Hs. i842«i8· TF.CNOOOOOOOS93 4 1 C.aMKI Ms,4348”5 TRCN00i.W0v678 ft 1
CDK7 H8J8429S TRCN»000000S94 4 1 CAMKI Fh.434875 TRCNO&00000679 ft ί
COK7 Hs. 184298 TRCNO000000595 Ai MAPKAPKS f’$.41:19CN TRCNOiWCUOSO ft 1
CDK7 Hs.MM298 TRCNG0COGO0596 $ 1 ΜΑΡΚΑ PK5 Ks 413701 TRCNOOOOOOOfiSi ft i
C3NK1D Hs.63172$ TRQ«0000000$97 4 1 ΜΑΡΚΑ ?K5 lh.4:390) TRCN9000iM>0682' ft ί
OSbiKID Hg.631725 TRCN000000059g if i MAPKAPK5 H$.413901 TRCNOWOOU&83 ft 1
CSNKJD Hs»31725 rRCN0000000599 a i ΜΑΡΚΛΡΚ5 Bs.413901 TRCN0000000684 ft I
CSNiMD B$ 631725 TRCN0000000600 6 1 CDK10 J-b,69917? ‘iRCN00000006«5 ft 1
€8NKil> Hs631725 TRCN000000060i 8 ) CxX-J.O HsC99177 1 RC;'4uOOOOOOb86 ft 1
CSNK1E Hs.474833 TRCN0006000602 44 CDKIO Hs.6991 ?7 TRCNOOO 0000687 ft 1
csNxn: Hs.474833 TRCN0000055427 9 7 CDKJO Hs 69917? TRCNOOO 0iK>0fi88 ft 1
CSNK.1E Hs.474833 TRCN00000006KJ ii I CDKJO •Bs. 699177 ’1RCNOOO 0000689 ft i
CSNK1E Hs.4 74833 TRCNOQ0OOQO6O4 // Ϊ CASK Ms.495984 TRCHOOO 0000690 ft i
CSNK1E l-b.47^833 IRCWTO00000605 // I CASK Ms 495984 TRCNC000000601 fti
CSNK2A1 Hs644056 TRCW00C‘Q(W a i CASK Bs 495984 TRCN0000000692 ft l
CSNK2AI HS. 644056 Τβ-ΟΝΟΰΟΟΒΟΰ607 Ai CASK Hs.495984 TRCNGO0iXXj0693 ft i
C$NK2aI Hs.644056 TRCN0000000608 # ? CASK Ms 495984 !RCNOOOOOOC694 ft !
CSNKZAl Hs 644056 TRCNV000000609 STKIG Hs. 153003 TRCNOOOOO0O095 ft I
CSNK2AJ ib.644056 TRCN00C00006K* Ai STK16 Bs 153W3 TRCN0000000696 ft ;
CSNOAi t’S.&44950 TRCN0000000611 Ii 1 STK16 Ms. 153093 T«CNiiiKW0i>9? ft i
C$bT2A‘ Bs.644056 TRCN00000006i2 ;f 1 STKJ6 H* 153003 TRCWQ00W698 ft !
CSNK2M Hs.644056 TRCNOOOOOOC)6I3 #1 S‘:X16 HM 53903 Ί R0X0000000699 ftl .
G5NK.2A1 >£*.644056 TKCNOOOOOOGfe’4 #1 CDC2L5 Hs/23355?. TRCNOOOOOWOO ft i
CSNK2A1 Hs 6*4056 TRCN000 0000615 1 CDC2LS Ms 233552 TR.CS7OOOCOOO7O· ft !
ODRi Hs.63i983 TRCNOCOOOvOOlO # i CDC2L5 Ms 233552 TRCN0000000702 ft ·
DD&l Hs63)988 TRCNi)00u055436 CDC2L5 Hs233552 TRCK000CW703 ft 1
DDR1 Hr 631988 TRCXO0000006J? a 1 CDC2LS 10,233552 ΙΚ<'ΝΟϋθαθίΛ)Ψ4 ft I
DDR.l H$.63198S TRCXOG0OOOO618 ¢1 R1PK1 Hs 519842 TRt'NOOOOO 00705 ft I
ER3B3 Hs. 118621 TRCM00000006i9 # ί RIPK1 Bs.519842 TRCNf0G00000706 ft 1
ER3B3 11$ 118681 Ί RCNOiiG(jOOi>620 a-1 R3PK1 Hs.519842 TRCKOOOOO&070? ft 1
FRB83 H&J 18681 TRCNC000000621 a ? RIPK1 Fb519842 TRCNO00W037CS ft 1
ERBB3 Hs. > 18681 TRCNCOO 0093622 RiPKI Hs.519842 TRCNODOOO 00709 ft 1
ERBB3 ES.H86KI TRCM0000000623 a ί DYRK4 Ms 4395110 TRCN0000000710 ft 1
i'f-S Hs7636 3'RCN0000000624 $ 1 DYRK4 Hs.4 39530 TRCNO0G00il07H ft 1
FES >■*.7636 TKCNOOOOOOO&>$ 1 DYRK4 Hs.439530 TRCNO00iK}O>J712 ft !
FES Rs 7636 TRCK0000000626 if I DYRK4 Hs.439530 TRCN0000000713 ft 1
rr.s Bs.7636 TRCN’OOOCOQ0627 a 1 F-RPF4B lb J590i4 TRCN00900007J9 ft 1
FGFP.4 H* 1659.50 TRL'NOOOWOOGZS * I PRPF4G ib J 59014 TRCN0000000720 ft ?
FGPR4 Ms. 165950 TRCK0000000629 PRPF4S Hs :5%J4 TKCN0O00OO0721 ft 1
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PRPF48 Ms ..159014 TRCNOODOOOD722 #1 DMPK Hs. 631596 TRCNOOOO0OO8i5 #■ 1'
WF4B H& 150014 TRCK0000000723 # 1 DMPK Ms 631596 TRCNCOOOiWOme
CDKL2 Rs.$91698 FRCN(K)OOOv0724 a 1 'EPHSE H&J 16092 TRChWOO 000-3817 A :
CDKE.2 Bs 59J698 TRCW00000725 u EPH8I HU 16092 TRCN<W000818 A ί
CDKL2 Hs.591698 TRCHOOOOOOOT26 ii 1 EWE Bl HU 16092 1*RCNOOOOCOOS19 A 1
CDKL2 MU'M698 •mc^oooooo07?7 a i Ms. 116093. TRCNOO0OOOO82O A I
CD3C1.2 H$ 591698 TRCN0000000728 :8 1 £PMB1 Hs. J16092 TRCNOOO0OOO821 #1
RPS6KB2 Hs 534345 TRCN0000000729 #1 GSK3B Hs.445733 TRCNOOOOOQOm A i
RPS6KB2 ]-lsA34345 TRCMOOOOOOG730 Al GSK3B Ils 445733 TRCN0000000823 A 1
ΜΛΡ3Κ14- E‘5.404183 TRCN0000000731 a E 0SK3B Hs.443733 TRCN00il000i>324 $ 1
MAP3K14 Hs.404183 TRCNOOOEWm Al GSK38 5-IU6573’ WN0OO0Oi0552 u
MAPS K) 4 ’ls.404183 TRCNOOOOO00733 L1MK1 .4$ 64703$ TRCXOOOO0OO826 Al

Hs.404183 TRCNOOOOD 00734 Al LlMKf Hs647035 TRCNOOQOO 50554 a i
SRSK2 Hfe.J 70819 TRCNOC0OOOO735 A ! MAPK13 Hs J 78695 TRCN0000055428 A ■
8RSK2 Hs. 170819 TRCNOOO 0000736 8 1 MAPK13 Ms. J 78695 TRCN0000000827 A :
BRSK2 Ku708]9 TRCN0000000737 * 1 ΜΑΡΚ.Ϊ3 HU 78695 TRCNOOOOOOOB28 u
BR5K2 K$, 170819 TRCMO0OOiW38 U MARK 13 HU 78695 TRCNOO0O 000829 u
BRSK2 Hs.170819 TRCN0(!i>0O(>0739 A E TCtfBRZ Hs.82028 TRCN 0000000830 A :
TNKJ »5.203420 TRCNOO<XJCOO?40 A 1 T0FBR2 Us, 82028 TRCN0000000831 A ΐ
TNK1 Els. 203420 TRCN0000000742 #3 TGFW Hs. 82028 TE<CN0000000832 ii 1

TNK.1 ΪΚ203420 TRCN0000000743 A I TGPBR2 Hs 82028 TRCN’OOQOO 00833 A 1
TNkl Hl 203420 TRCNW0000744 A E TUi-W. Hs.82O28 rRCNOOGOOW* a 1
C1.K3 Hs.5 84’48 TRCwooyowws 8 1 ULKl Ms .4700: TRCNO00lX10O8>5 it 1
<W Hs.584748 TRCNOOOfJW074& Al UL.K1 Hs.4706? TRCNOOOOO00836 is 1
CLK3 Hs S8U4S T&CMOOOGOW47 8 J ULKl HS-47C61 TRCNOeOOOilOW A 1
CLK3 112.58-:748 TRCW00000748 u ULK1 HUW TRGNOOO 0001’838 A!
CLEG Hi.584748 TRCNOO0OOOO7-49 8 1 ULKi Ms.47O61 TRCN0O0G000839 H 1
CLK2 EM. 73986 TRCN0000000750 # 1 GRX5 Hs 52463.5 TRr'N0W(AM)8-:O A 1
(W Hs.73986 TRCXOUOGOEOM3 Al GRK5 Hs.524625 TRCNO0OOOOO84! A E
CLX2 Ms 73986 *1RCNikW<iO75l ii I GRK5 HU24625 ^CNOOOOCO0842 A i
CLK2 its.73986 rkCT0000000752 ¢1-1 GR.KS Hs.524625 TRCN00a0-j00W3 U
CLK2 th. 73950 TRCNOOOiW753 A 3 PRK.CE Hs.580331 YRv’NOOlWGOO^O if I
CLKi Hs433732 TRCN0?W00?54 Λ : PRKCE Ms.580351 'ERCMCXXXK)00847 A 1
CLKl Hs.433 ’33 TRCN0000000755 Ϊ i PRKCE Us. 580351 TRCN0OOOOOO848
(XK1 7H.133732 TRCN0W)00756 ■# ’ Λ4ΛΡ3Κ4 Hk.390428 TRCNO 006000840 U
CLKI Hs.433732 TRCN0000000757 A : MAP3K4 Hs390428 TRCNWfXJMBSO a ■;
CLKI B&433732 TRCN00000007S8 tti MAP3K4 HU9O428 TRCN'QOO0OuO85i A 1
PUG Hs632415 TRGNOOOOOW759 a 1 IMAP3K4 Hs.39O428 TRCNOOOOOOQ852 -n
PLK1I TRCNOO-3QO0Q76Q 8 l 0ΕΟ2ί3ΡΒ Hs.654634 TRCNO0OOOOQ853 ΰ
JW EM3241S TRCN 0000000761 A) CDC42BPB 1M.654634 •rRCNOOOOOOC854 A 1
PLK3 Hs.632415 rRCX’OOOOOOO762 8 1 CDC42BPB Hs.654634 lXCH(W0O0835 Al
PLK5 Hs632415 TRCNOOOQO00763 8 E CDC42BPB Ms.654634 TKCNGO9O0O0856 A 1
DGKS Hs.567255 TRCN 0000000764 81 ?RK.-W :15.43322 TRCN0000000857 A 1
DGKB Hs.5<TO5 TRCN0000000765 IM PRKAA1 Hs.43322 TROWOOi/OSSS τί 1
UCrKB Hs 56725$ rRCN000000076» A I PRKAA1 MM3322 TRCNGOG 0000859 Al
DGKB Hs. $67255 TRCNOOOQOOO767 # j PRKAAi HU33Z2 TRCbfG<JOOGOOg60 # J
ΪΧ3ΚΒ XU67355 TRCNG000000768 M PRKAAj lls.43322 YRCNOWOGOOSai Al
PTK2B HU91322 TRCNiWCOfW # 1 MERTk 113.306178 •iRCN0OOOOOO863 A I
PTK2B Bs.491322 TRCN0000300770 A I MERTK HS.306H3 TRCN'0000000864 Al
ΡΓΚ2Β Ms 491322 TRCNOOOO(K»771 a 1 MERTK Hs.306178 TRCN0(XX)000865· A 1
FLT3 Mi 507590 TRCN0OOOOOO772 n W’RTK Ms 306178 BKMoOOiXWefc Al
FLTJ Hs.507590 TRCNCM0000773 it I ■Ί.Κ2 H9.398J57 TROWOCOOSo? ;V i
FLT3 Hs.50’7S90 3*ivTNO'j0(®007?5 A l· PLK2 Hs.39Hl$7 TRCNO0OOOOO868 ii I
Al.fR.KB Hs.442658 TRCNOOOOOM776 8 1 P.LK2 Hs.398157 TRCNQOOO0OO869 H 1
AURKB Hs.442658 TRCN000000077? 8 i PLK2 Bs398157 TRCN 0000000870 U
AURK8 >18.442058 3'RCNOOOOOOe778 A 1 TRIO Hs. 130031 TRCN0000000871 4·
AURKS Eis.442558 TRCNOOOOIXU779 Al ~RK1 EEs, 130031 TRCNG0OOOO9872 9 1
STK17B 1¼8K297 TRCXOC00O00“80 #1 TRIO HU30il3I TRCNCOOOOOQ873 .7 I

ST&17S Hs-88297 TRCXWOiWTSl n TRIO Ik 130031 TRURW0000874 A 1
STK17B Ms,88297 TRCMOGOOCiUbB Al IRA.K3 Ms.3692.65 TRCN0000000875 Al

ALK Us 654469 rRCN0000000784 Al lRz\K3 Hs. 36920$ TRCNC000000876 Al
ALK Hs.-554469 TRCNC000000785 # ! ERAK3 Ik 369265 TRCNOlXlOOOOm A I
ALK Ms 654469 TRCN00000007Fs6 A 1 IRAK3 Hs.369265 rRCNSOOCWS78 M
ALK Us 654-469 TRCN0OOOOOO787 Al IRAK3 Hs.369265 nifMOO ΟΟΟΟ879 A i

ALK Hs.6$4459 TRCN0000000788 ϋ E CATS? Ks78960 ί RCNOOOOvOO880 A]
ABM Hs 431048 TRCNQOOO(W89 $ 1 LATS2 HU8960 TRQ.OW0000881 A I
ASM 112.431048 TRCN0000000790 Al LA-i’Sz MU896O TRCNi-000000882 A 1
BMPRIA ; IU244 ?7 TRCN0iJ0000&794 8 i LATS2 BU8960 TRCNOI/OC1.O0883 Al
bmpria Ms.524477 TRCN000000079S a i 1.ATS2 115.78960 TROiOQ0OOOO884 ft 1
SMPRU Bs.52447? TRCNOOOOfi 00796 8 1 ΡίΚ3Κ·ί Ms. 149032 rRCWOMOOOSMS a i

BMPRJ.A Hs.S24477 TRCHOQOOO 00797 pi:<3R4 Hs.149032 TRCSOOCOO 00886 # 1
BMPRIA 11:524477 rRCNOOQOOOOJQR Al P3K3M Hs.749032 TRCN0000000887 A I
BUB! FU.469649 TRCNOOO0000800 81 1WR4 Hs. 149032 TRCN0000000888 Al
BUBl 2^.469649 TRCN0000000801 A · ULK2 MS. 168762 Ή«2Ν:ϋΟΟΟΟ<·0889 ii !
HO131 Us 469649 TRCN000OO00802 B 1 ULK2 HU 68762 TRCNOOOODO089O Al

CSK Hs.77793 TRCNOOOWGO803 A 1 ULK2 Hs. 168762 TRCNOO0OD0O891 ,< I

CSX. T-h.77793 TRCN0tW00804 Al L0..K2 Ha. 168762 TRCNOOfiOOCW? A I

CSK Els. 77793 iRCNoommos f · ULK2 JK168752 TRCNOOOOOOC-893 a i

CSK Hs 77?!U 4RCN0OGOOi)O8O6 it I SLK Hs.591922 TRCNOOOOOOG894 A Ί
CSK. FiS.77793 TRCN0000000807 Al SLK Ms.591922 TRCNOC0OOOO895 ii 1

.CSNK1Q3 Ms. 129206 TRCNO0OO0CO8O8 A ί sue Hs.501922 TRCN0COO«X.'896 Al

CSNK1G3 EM. 129206 TROW0000809 A 1 ■SLK Hs.591922 3^0190000009897 A2

CSNKIG3 Hs, 5 29206 TRCN 0000000810 8 1 SLK Hs 59197-2 TRCNO0O0<X!0898 A 2
CSNK1G3 Ma. ί 292(76 TKON‘0(W>00811 8 1 NUAKl Ms.? 19171 TRCNOOyOO’70899 #2

DMPK. Hs.6315% TRCN00000008E2 8 1 NUAK1 Ms.719171 TRCNGOOi3OOii90O #2

DMPK Els 631596 TRCN0000000813 81 NUAK1 Hs719171 TRCNOOOO0OQ9O1 A 2

OMPK. Hs.63J59fr TRCN(jt>000008t4 8 1 NUAK1 Ms 719171 •IXUNWO00iJ09O2 a?.
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NUAKl ■R7J917i TRCNOOOOOOC903 X 2 PASK Hs.397891 TRCNOQOOOQiOOS U2
VRK3 Ks.443330 yRCNQ00WJ9u$> 42 MAW Hs.48«7i TRCNOOvOOIHOn ϋ 2
VRK3 Hs.443330 TRCN0000000910 42 MAPK9 H5.4S4371 TRCNODOflOOlOH *2
VRKJ Hs.44333O 71^00000009’2 ί 2 .MAPK9 Bs484371 TRCNOOOOOOIOIS #2
ΒΜΡΪΚ HU 46551 TRCNuOGOOnoOB $2 MAP*® Hs /«4371 TRCNQOOOOOlOie + 2
Blk<P2K Ns ί45551 TRCN00000009U 42 MAPK10 Hs. 125503 ’IRCNOOOOOOIUP H 2
I1MP2K Ms.34tSS5l TRCWO 0000915 4 2 MAPK.1& Hs. 125503 TRCNOO&OOOJOl^ #2

H&.J46551 IRCNW)00009)6 #2 MAPK10 Hs.i25503 TRCNOOOQOOW19 £2

BMP2K Hs. 14658 ί TRCN0000000917 42 MAPK10 )-(5.125583 TRCNOO9O0OIO2O
WNK? Hs.709894 TRCN0000000918 42 MAPK10 Hs. 125503 TRCb?00OWXH02] .*?

WNKi Hs.709SW 7R<.N(XWOGOO«19 if 2 AXt. Hs.59W?0 TRCNQ(W0Wj7 ill
WNKI Hs.709894 1XCN0000000920 42 AX1, Hs 5WS70 TRCNOO&MOlfm ϋ 2
WKJ Hs 709894 TRCN000000092· £ 2 AXb Hs.590970 TRCnWQOuW39 #2

RNASEL Hs.5iS54S TRCNO«COOOG923 H2 ΛΧΙ. Hj.540920 TRCNOOOQOOMWO *2

RNASEL l-fa.518.S45 TRCN0000000924 4 2 ΛΧΙ. ■is.590970 TRCNOOOG0OIO41 H2
RN'ASEL Hs.513545 TRGNOOGOO 00925 42 MAPKS Hs. 138231 TRCNOQOO 00(()55 ii 2
RNASEL lh.518545 TRCN0000000926 4 2 MAPKS Hs.138211 7R<X(10<K!Cni056
NEK8 H$.44$468 TRCN0OOCOOO928 #2 «Am Hs.!332il TRCNOOOOOO)057
NEK8 Hs.44S4£8 FRCN 0000000929 4 2 KAPI Hs.159130 TRGN0000ii0»)64 Hl
NEXfc H&.44846S TRCNOQOOG0O93O #2 SAFI Hs. 159130 VRCNOOQOiJQlOfcS Hl
ΝΈΚ2 H+448468 TRCN000000093S U2 RAF! Hs. 1591.10 IRCNlOOOOOfjm » 2
MYLK2 Hs.8iiG52 TRCN0000000932 RAFI Hs. 159130 TRCNTXWOOblOp? H2
MYLK2 115.86092 TRCN000<»GG933 #2 RAFI Hs.lS933'J TRCWOOOOW6S Hl
MYLK Hs 477375 TRCWW00935 if 2 MAP3K7 HS.53P54 TRCMW000!'j?9 *2
MY1.K 1^.477375 7RC*WWO0936 02 MAP2K7 Hs.531754 TRGND0Q0<XH<J80 #3
MYtX Hi.4?7375 TROKKHXW937 fi2 PRKCZ HS.4M255 FRCNOQGOOOm? 4'2
SRM Rs 76244 TRCNOG00000938 4 2 PRKCZ. Hs.496255 TRC\0000001220 *2
SRM Hs.76244 TRCNOOOOi’00939 4 2 PR.KCZ Hs.498255 TRCNOOOOi)Os22f
SRM 14¾ 76244 n<GNaoooo&094o ¢2 PWZ. )-fe.4%255 •’RCK00Q00aU22 -^2
SRM Rs. 76244 ΤΚΟΝΟΟϋίΜ)»0941 SRPK> HS.453S61 71<CNOOC0OO123O m
SRM Us 76244 TRCNOOCOOOOSM?. 42 5RPK1 Hs.4438il TRCNO‘.<H)OOl?32 m
MAPK9 Rs 484371 TRCN000G000943 42 NPR2 Hs.?B518 TRCNWKiOI3l2 * 2

MAPK9 Ha.484371 7RCNOOOOOOO:M4 4 2 MFR2 Hs.78518 TRCNOOOOGOEB3 $2
MAPK9 Hs.484371 TRCNOOOOOOO^i #2 NPK2 Hs.78538 TRCNiKW01354 m
MARK? Hs.4g4.TM TRCNC000000946 42 >i?P2 ■fe.78SlS TRCNQ00a(!O13b *2
MAPK9 Hs.484371 TRCNOOOOOOQ947 4 2 FKN3 Hs 300485 TRCNWOCO’J’t m
ΝΈΚ2 Hs.I53?iJ4 TP.CN0000000948 42 FKPB Hs.300485 TRCKW0Wi3>2 a .2
NEK2 7RCK0000000949 #2 PKN3 HS.3W85 '••RCNGOOOOCBB B2

NEK2 Ms. 153704 TRCNiXJOOWJSO 4 2 PKN3 Hs.300485 rRCNCMG00I324 f ?.

NEK2 Hs J 53704 TIKIRWiKiCOSil 42 CDC42BPA Hs.35433 TRCNOC‘00001330 in

NEK2 hs 1537()4 7 «0240000000952 42 CDC41BPA Hs.3S433 7«CKTOQ00H32
R0S1 Hs. 10-41 TRC;4000000&933 42 C!»i2aisA Hs.35433 TRCNOOlWlW m
ROS) H&.1041 1*RGNC000000954 42 CDC42BPA Hs.35433 TRCNOjO(Xj01334 m
ROSI Rs. 1041 TRCN0000000955 H2 ia>HA8 Hs.283613 TRCNWQOOOi345 m
ROS 1 Hs.4041 TECA0CO0LO0956 tn EPHA8 Hs.283633 7RCN(WWj,346 H2
ROS I Hs IC-41 7XCSOOOOi)u0957 42 rntAg Hs. 283633 PRC. JGOOuOiRj'i J H2
ft.K iis 7063'5 rkCNOOOOOW968 0 BPHA& Hs283813 TRCNQOWMMK
iLK 115.76’0355 TRCNC0000GU969 4.2 EPHAS Hs.283613 TRCNOWOW‘349 n
E,K Rs 76-6355 TRCN0000000970 A 2 CUM Hs.40e5.57 Ϊ KC\TO0(X)l350
ILK H5 736-55 •mCNOOGOGOOO'H 4 2 CLKA Hs.406557 rRCNWWB'j? n.

ILK Ph 706355 7RC?ND000000972 a 2 CLK4 Hs.406557 TRCNOOOOi: )9605 in
S7K17A Hs709489 TRCK0000000973 4 2 MAPK? Hi. ί SO 136 IliCNOOOO0O1354 a 2
STKJ7A Hs ?(N489 TPrCNOOOOG0O974 4 2 MAi»K7 •Η» ISO136 TRC-Ί WOO 106^ #2

STKI7A Rs7094S9 TRCNO0iX?OOO9?5 42 ΜΛΡΚ7 Hs. ISO 136 TRCNOOOGOOB55 H2

STKI7A Hs. 709489 TRCNQ000000976 .4 2 DGKH HS.6SO437 ΊΈΟΝ00δ0Ο01357 m

ROCK2 Hs.59(6(X) TRCN0G00000977 4 2 DGKM Hs.659437 •nKN00(!000i.>i.8 m
ROCK2 Hs.591600 7RCN0000000978 #2 DGKH Hs. 659437 TRCNOCKWH359
ROCKS Rs.591600 TRGN7OOOOW979 42 EX3KH Hs.659437 rRCNPoonoOLVjj 4 1

kocKi- Hs:591600 7RCN00000009SO 42 SiKA BS2S2133 TRC^OCOOOOi362 #?2

ROCKz 1^591000 TRCNOOOOOOG9S) :42 siKi 3-15.2821:3 •mCN’OObOGOLKB n

£<APK1 I Is.380277 TRCN0000000982 42 siKi Hs.282313 TRCL 0000001364 4 2
OAPKJ 1U380277 •(RCN00D00009$3 4 2 SJKl Hs.283i>3 TRCNQWQOOB65

DARK I Hs.‘3 80277 TRCN0000000984 ¢2 SiKl Hs 232 113 TRCNCOOOOW66 il 2
DAPK.1 Hs-380277 TRCN'&0W0U09K5 42 GRK6 Hs 233’36 rRCNWXK)(H367 a 2
GRK4 Hs.32959 ΥΚί>ΟΟΟΟ0ΟΟ98ί5 42 <5RK6 1H23SU6 $2
GRK4 Hs 32959 TRCN00000009S7 O QRKS ■K 2.151)6 TR.CNOOOOOOI369
GRK4 Hs.32959 7T*C'4i)0niKM988 42 FRKACA Η163Ό30 TRCNOOOOOOD71 m
GR.K4 Ms 32959 TRCN0000000989 #2 PRKACA )-13.631630 FRCi XOWJBV? ft 2

GRK4 Ms.32959 TRCN06000C099G 42 prkaca Hs.63163i) TRCNCOOOOQ3373 4 2

MAP3K5 Hs. 185486 TR.CN00i!000099i 42 MAPK4 Hs.433728 TRCN0o0600l3?6 *n
MAP3K0 H ‘^486 TRCN0000000992 42 ΜΑΡΚΑ Hs.433728 TRCM 000000(228 *Q

'4AP3K5 r· l'v So TRCNCO0D000993 42 ΒΠΛΚ1 Hs 7:9136 •rRGNDOOOGU 138:. 4-2

ΜΛΡ3Κ5 Rs 186 86 TRCN0CO00O0994 42 E.1F.2AKJ 3-)5.7)9136 TRCN 00000013½ ¢2

MAP3K5 7RCMOIW0099S 4 2 Γ-ΪΠΑΚΙ Hs5l9136 TRCNOOOWOUSS +2

PRKCi Rs 6j4s50 7^CHOO0OOOO996 42 RPS6KA: Hs. 149957 7«Γ\Όϋί:·υβΟΠ84 4 2

PR KG s Hi 054^6 7RCN0000000997 4 2 RPS6KA! Hs. 1’9957 TRGiNOimOBBi 42

PRKG1 M>v 4 5c TRCN0U00a0099S 4 2 RPS6KA1 Hs. 149957 TRCNXWOOin? 4 2.

PRKGt Bsd^P' 5 TRCN0000055432 4 2 RPSiiRAI Hs.l4WS7 TRC^OOOOLW n

·νΐΑΡ3Κ]2 Hm > TRCN0000000999 4 2 MAFJM 1 is 5)4681 TRCNijOOOOO’oHO 4 2

MAP3KJ2 9 TRCNlWOO WOil 43 MAtoK'l Hs. 5)468( TKCNWOCl·^ ni.

MAP3K12 Η “W YRCWOMOWOi 42 MAP2K4 Hs.514683 TRCNOOO 0001301 a 2

MAP3KJ2 I 2 TRGhKNXWHim 42 MAP2K.4 Hs.514681 TRCN00900<H392 li 2

K4AP3KI2 Μ7Λ5Μ TRCI-IOOOOOOIOOS 4 2 MAP2K4 Hs.51468t TKCNUOOOOO ’. 3J3 m.

PASK J’5 W1 TRCNOQOOOOIOO* 42 RPS6KA3 Hs.4453«7 TRCN0000001394 if 2

PASK H *-97891 TRCK'0000001005 42 RPS0KA3 Hs.445387 RCW-OW(395 in

PASK Hx3n?s). TRCKOOVOCWaw. 4 2 RPS6KA',5 Ms.445387 TRCN0fyW.iB%

PASS 19’891 TRCMOGOOWOOT 42 RPS6KA3 HS.44S3S7 TRCNOCOOOOJ397 in
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RPS0KA3 9s. 445387 TRCNOOOWm TXK r(&.479669 TRCNOGOGO55439 #2
E1F2AK3 Hs.591>89 TRCN 0000001399 *2 TXK Ms.47%69 TRCN00000O1579 62
E1F2AK3 HU935H9 TR.CNC000001400 #2 TXK Bs.47%69 TRCr-W!0600)5«0 62
HF.2AK3 Hs.591589 TRCNOOUOOOHiH £2 MARK2 Hs.557261 rRCN0GCiMi01581 62
8Ρ2ΑΚΛ Hs.591589 TRCN0000OH402 MARK2 Fk56726J TRCN0000001582 62
ΒΠ·?.ΑΚ3 Hs 5915S9 TRCNOOOuOO)4‘23 A2 MARKS ^.56726] TRUN00900015R3 *2
ERB&4 Hs390729 TRCNQOOOOOMC7 *2 MAP.K2 Ms.567261 TRCNOOOOOOt584 *2
ER&E4 Ws.390?29 TRCNKj'>3CMC-8 82 .MARK2 Bs..$67261 TRCNOCO0001585 62
ERBB4- Hg.390729 TRCNOOOOOui499 a 2 0XSR1 HsJ 75970 TRCNOOOOWi587 6 2
ERB84 Hs.390729 TRCNGOOOQOMIO 62 QXSRl «5.473970 IRCNOOOOOOiSSS 67.
PRKD3 Hs660757 TRCAvWOOUlZ *2 OXSRi Hs-475970 TKGNOonooniw 62
PRKD3 Hs-66075? ΪΗΟίΟΟΟΟΟΟΠΜ n CSrlR Bs.586219 TRi.'N0000001$90 42

PRKO3 Hs.660757 TRCN 000000(415 //2 <WR Hs,5 86219 TRCNOiiOOOOlSSl Hl
DDR2 9S593833 TRCNOOOOOOJ418 8 2 CSFiR Ms $86219 TRCN0000001S92 6 2
DDR2 Hs 593833 TRCNOOOGOOl4i9 T2 FOR Ms. 1422 TRCNOOOOOO)593 62
DOR2 Ik 593833 jkorkwouzo 8 2 FOR. Ms. 1422 TRCNOOOOOOO'X #2
t)DR2 fe.593833 ^1040000001421 H2 8GR Hs .1422' TRCNWOOOi59A 62
•POGFRA HS.746J5 TRCN0000001422 6 2 FGR «5.1422 TR.CN0000001596 6 i
P.DGFRA Hs.74615 TRCNOGOQOOUIH #2 FOR H8.1422 "KCNOOOOOG15517 62
KALRN Hs.8004 TRCNOOOOOOH27 8 2 LCK Bs.47062? TRCN0000001598 «2
KALRN Ms 8004 TRCN0000001428 H2 LCK Hs.,470627 TRCNOOOOOOB99 62
KALRN fe.8004 ••.RCNOCOOCQUS? ■62 LCK H5.47062.7 TRCN0000655434 6 2
KALRN Hs.8004 TRCG0000001430 62 LCK Hs.470627 ί .RCNOOUOOO! 600 if 2
KALRN Hs 8004 TRCN00<Wl«) 82 LCK Hs.470627 IRCNilOOfiOOItOI 62
TESK2 HS.59K99 TRCNOOOOOOK33 82 TIE! Hs 78824 trcnooooowoq: 6 2
TESK2 Ms. 591499 TRCXW0001434 6 2 TI E I Hs.78824 TRCNOOOQ6QI603
TESK2 H&59B99 TRCNOOOi;OG)435 >52 'ΠΕΙ Hs.78824 TRCN0000301604 *2
NRBPI »$.5)5876 TRCN0WX)a0K37 ft 2 T:FA Hs. 78824 TRCM000000M.05 62
NRElf‘1 Hs,515870 TRGWOOOCH39 ft2 ΉΕ1 Hs,7W4 TKCN«XW0(606 42
NRBP1 Ms.515870 TRCN0000001440 8 2 YESi 1-(5.1^148 7RC\WUj0l6Q7 # 2
nrbH (fe. 5)5876 TRCNOOOOOClMi 62 YES I Ms.194148 TRCNOOuOOlXWa #2
TAOtQ Hs.291623 TRCWOOOOS442 62 yes; 115.19^)48 PRCWWQOIOOO 6 2
TAOK2 Hs,29i623 TRCNOOOOOOH44 #2 yes; Ms. 194148 TRCN'0000001610 #2
TA0K2 Xs.291623 TR€NOOOOOOi445 S 2 vest Ms .194148 TRCXO&OUbOUll $2
CAMRIG Ms. 199068 TRCN0000001452 6 2 AW Hs.498292 7X0X0000001612 6 2
CAMKIG HsJSWS Τί?(?Ν000000145ί a 2 ΛΚΤ3 Hs.498292 TRCNOOOOOO)61$ 62
CAMK3G Hs, :99068 TRCNOOOOOO1454 ft 2 AW Ek 498292 TRCN00000016M 6 2
CAMKIG Hs. :99068 TRGfW 0001456 #2 ARD Hs.498292 TFCNOOOOOOUI5 62
MAP2K5 Ms. )14)98 TRCNOOOOOOJ460 #2 AKT3 Hs.498292 TRCN’OOOOOiH616 62
MAP2K5 HS.1M198 TRCNO0GOOO1467 3 2 FTK2 8S.395482 TRCN0000001617 n
MAP2K5 Hs H4198 TR.CNOOO 0001468 U2 PTK2 Hs. 395482 TRCN0(XX)00UH8 62
NJEK3 )45,409989 TRCN009000147i /12 PTK2 Hs.3954ii2 TR.CNOOOOOOi6i9 8 2
NEK3 )UW TRCKWOOnWS 62 PTK2 Hs.395482 TRCX0000001620 62
NEK3 Hs.409989 TRCNC00000147) 62 PTK2 «5 395482 TRCNGOOOOOJ621 62
PDK1 Hs. 470633 TRONOOOOOOl4?ii 6 2 STK4 Ps 472838 1KCNUOOOOQ1622 6 2
PDKi Hs.470633 TRCN000000U77 6/. STK4 1-15.472838 TRCNOOOODD 162.1 6 2.
GRKJ HsJ03501 TRCN0000001486 62 STK4 11,/.72838 TRCXOO(>OOOb524 *2
GRKl ML1O35Q) TRCN0O0i}00)487 #2 STK4 Hs472838 TRC .90000-11625 6 2
ABLi Ms. 431048 TRCN0(X)(10O)499 62 STK4 8$47283S ΤΓ<ΓΜ'.Όΰι)Ο16Α. 6 2
ABU H$431048 TRCNC(3OOOOI5O0 6 2 Pi M2 H· 71*294 TRCX-OOOOiW27 8 2
ABU 1(.:43)048 1RCXOOOOOOI502 62 PIM2 Hi.? 19294 iRO40M00(Ji628 82
PRKG7. Ffe.570833 TRCN0000001507 Λ 2 PIM2 «5 710294 TRCN0000001629 62
PRKG2 Hs.570833 TRCN090U0015C9 tn P1M2 MS.719294 TRCN09000CH.30 8 2
PRKG2 Bs.570833 ΤΗΓΝΟΟΟΟΟΟΙ^Ο 6 2 P?M2 11=.7(929) •f:iCNWOOOi63i 8 2
PRKG2 Hs.570833 TRCNOOOOOQ15 U 62 MARK! i 8.95424 7RCKOOOOQOi632 62
SGK2 Hs.30C-S63 TRCNiW00i518 7/2 MAP4K) 18.95424 J*RCKOOOOOOJ633 62
.SGK? HUOiW ixcNoooooomo 62 MAP4K) Bs 75424 TRCN060000163·? 6 2
TAOK3 Hs.644420 TRCNO0OOOOI527 62 ΜΑΡ4ΚΪ i fe 954.24 TRCN0000001635 ¢2
TAOK3 Hs.644420 TOCXOOOOOOI528 62 MAP4K1 HS95424 ?XCNOCOOOO)636 82
TAOK3 Hs.644420 TRCN00ti00Gl$29 62 MELK Hs184339 TRCNOCOOOOJ642 4 2
V/NKJ Ms 92423 TRCN000000153) 32 MELK Ha, 184339 TRON0000iJ01043 42
•WNK3 Hs.92423 TRCN0000001532 6 2 MELK Xs. )84339 TRCX000Q001644 4 2
WNK3 Hs.02423 TRCN0000001534 62 MELK HUS4339 rRCi<00<)0QOX>-:5 tfl
TRIBI Hs.44494? ■iRC.N0000001535 .3 2 MEI.K ί Is. 184339 TRCNODWJOO1646 6 2
TRJB1 I-fe.444947 TRCNOOOOOOU36 6 2 KDR Hs.4 79756 TRCWOOOO!O85 6 2

TRiBl Us.444947 IWW1537 6 2 KDR Hs.479756 7RCMOCOQO(H686 #2
Hs. 444947 TRCN0O0<X)01538 62 KDR H$;479750 TRCN000000168? 82

SGXI96 Hs-491646 ’{RCNOOOOOO-540 62 KDR Hs.479756 TRC WOvOO 1688 8 2
SGKIW 1·Μ!·Β640 1RCNLW0G1542 62 KDR Ms .479750 WH00 00001689 42

SGK196 45491645 TRCNG000.001543 6 7. PRXACA vrfc.63?630 TRCX0O(>O0(H'69O *2
CS '1 .!> Hs.631725 YRCN000000155( 62 PRKACA 4(5.631630 TRCJi)C90001691 8 2
CSCK.D TRCWWW552 62 PRKACA Hs.63i63O TRCX000W0J692 6?
V4P~1.7 «5.719192 TRCNWWQ)554 3 2 PRKACA Hs.631630 TRCNO0OODO1693 6 2
ΜΑΛ3Ε 7 Ms.719392 TRCN<X>00001555 6 2 P’IXAOA )-(5.6316(30 TRC\'006000)694 *2
MAHK7 IK7J9192 TRCN00000015S6 62 ΑΈΚ4 iM3L92i TRCNOOGGOniCOS 8 2
MAP1R7 Hs7WJ2 TRCNOOOOOO155? 62 MJK4 Bs631921 TRCbOiOrOM^c 42

MAP3K7 Xs.7i9(92 TRCNOOOOOOS558 62 NTX4 Hs63)92) ’-’W-XPIW 16?' 42

MARKS Jfe 35828 TRCND00000i$64 62 ΚΈΚ4 .H&.63J921 Kf r(U1698 «2

MARKS Hs.35828 TRCN0000001565 62 ME?L4 $15.631921 'Rt ' UOCrOOl6Q9 8'2
MAPK.6 BS.4H84? TKCNttWOlSdS 62 WEE) Hs24944I iRCAWOOjn 'W 8 2
MAPK6 Bs4TW? 'iRCU03i)000)$69 6 2 WEE4 Ks 24944) T?USOOOJ ΙΟΠιΧ 4 I

MAPK6 Hs.415847 TRCN0000001570 62 WEE: Hs.245.U41 R< ft'C* OOP Cx 82

RYK «$.654562 TKCNG000001573 32 AVESi Hs.249441 "ftt N (K)W7 1 4 2

RYK Hs554562 TRCX0000001$74 O WEE) Hs249441 MCWX P v4 42
RYK. Hs 654562 ■f KClvWGfWH 575 32 MOS «5.533432 fRCNlOi' a' 7QS 8 2
RYK )-(8.654562 TRC?M0DOtiOGlS7& 82 MOS Hs.53j432 HH : on own 7 82
TXK Hs.47%69 TRCN030000:577 82 PSKM) HR. 5 )3683 iRCNwOObuO) /u8 4 2
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FSKH! Bs>1^8? TRCNOOOOOG1309 Hl. CDKIO Hip9yj77 T'RCNtiOOtlOOl^J ft 2
PSKH1 IK 513683 TRGMO0OOOO171O ft? CDKb? Bs 699177 ■!3iCNOi»OCO1322 ft2
PSKHi h' < B683 TROOiWOlV ’J #2 CDKJO Hs.699177 TRCN009000i823 ft?
PSKJHI trcnixxi 0001712 ft? ACVRiC Hs. 56296 J •jRCW0000007824 ft?
RAGE Hi 104119 rRCM000001713 b2 ACVRIC Hs.562901 TRClSO00000iS25 # 2
RAGE IK η·4119 ';'KCNOOOOOOl7i4 ft 2 ACVR1C Bs. 562901 TRCNO00OOO1826 HI
RAOJ? Tu 10Π19 1 RUN9G0000i715 ft2 ACVRIC Hs.562901 TKCNOOO0OO1827 ft2
RAGE HsJ04H9 "RCNiX)n0001716 #2 ACVRIC Hs.562901 TRGNOOOOOO182S bl
raOe Bs. 104119 7RCNOOO<KM)Ui7 *2 MAP4K4 Bs.719073 TRCMOOO(X)CH8?9 ft 2
DAFK2 Hs^378B6 TRO80000001718 a 2 MAP4K1 Hs.719073 TRCN0000001830 ft 3
DAi'SD Hs.237886 TRCN00iW’7J9 ill MAP4K4 Hs.? 19073 OWN000000183I ft 3
DaPIU Hs.237886 TRCN000MXH72O »2 MAF4.K4 Bs.710073 TRCNs000<»0l832
DAPK2 Hs 23?8So TRCNOOOOOOU'il #2 CSNKLE Hs.474833 TRCN:0C0000I834 ftS
DAPfe Hfi.237886 7RCNOGOOOOl722 #2 CSNK1E Hs.47rt833 TRCSW0001835 ft 3
NEK« H5.J97071 TRCNOOOtlOOmS #2. CSNKIE Hs 474833 TRCWOOOOmti ft::
NEK6 Hs J 97071 TRCN0000001724 #2 CSNK1E Hs 474833 TRCNOO0000 ’837 A3
NEK6 Bs. 197971 TRCNOOOOOOI725 ft? CSNK1E Hi 474833 TRCWLWH838 ft 3
NEK6 H&; 19707! TRvMOOOOOOmG ft? MYLK3 Η:-.] 3ΓΜ65 Ί RCJOOOOUOJS*? ft?
NEKS H3 J 97071 TRCNOOOOOG1727 H2 MYI.K3 IK. 130465 TRCNO0TOCKU843 A3
MAST? Hs. EH 9481 TRCN000D001733 ft 2 MYI..K3 Elsies TRCN'OO0OOO1B44 ftj
NiASTJ H$.31SM8.L TRGN0OOQOO1734 III ?4YLK3 Rs J 30465 TRCNOOOOOOiS-lS ft 3
MAST2 Hs'319481 Tl?C\WU601735 ο MYLK3 115.130465 TRCHOOOOO<H840 H 3
MASI3 Hs.319481 TRCN000000E736 #'■2 TAOK2 Hs.29!C23 TRCNGOOOOO!V"2 ft 3
styki Hs.24979 TRCN0WW174X ft 2. TA0K2 Hs-291623 TkCN0tO0if(H933 ft 3
STYKi Hs 24979 TRCNOOO 0001743 H2 TAOK2 Hs.291623 TRCN00000019J4 ft?
SiYKl Bs.24979 WX0uCli>:if>i744 ft? TAQK2 HU9J623 ΤκαΝ(3Οΰ0ΟΟί935 ft 3
STYKi Hs.24979 lXChDOO(W?4> #2 TAOK2 HS. 291623 rRCN000090i936 ft 3
STYKI Hs24979 TRCNOOOOOiH?46 #2 MAPS 10 Hs. 125503 TRCN0000001937 ft?
PAK* Jh.533645 TRCNOOOQOQ1747 ft 2 MAPKiO H&J25503 TRC.-NOOO0OO1938 ft3
PAKS Hi S13M5 WMOWOM #2 MAPR10 Hs. 125503 TWNWOfl 00193'1 ft 3
PaK6 Hs.5!3645 TRCHD000LW49 42 MAPK10 Hs.125503 TKCNC000004940 ft?
PAK6 Hi,5 ms •m€N0OOOOO175O ft? ΜΑΡΚΕ 0 Hs. 125503 IRCKOOOOOOl 94: ft >
PAK6 Hs.51364S TRCNWWm?Sl ft? AAK1 HU68878 FRCfv 9000001942 ft 3
CAMKID Hs 65951? 7RCN0000001752 ill AAK’ Ks. 468878 I'RCNOOOOOOIW ft?
CAMKiD Hx659517 TR€N0Q00(Xn753 ft? AAK1 Hs.468878 TRCKOOOO0DK44 ft?
CAMKJD Hs.6595i7 TKCNGOOOOOD54 ft2 AAK1 Hs 468878 TRCNOOGOOOJ945 43
CAMKID Bs 639517 TRCN0irfi0u0l7S6 AAK1 (Ls.46B8?S TRCNr0000001946 ft?
EPHA6 Hs.653294 TRCNOOOOOOi76S ή PRKD2 Hs466987 TRGNOOOC00194? ft?
EPHA6 Hs.653244 TRCNUOOOOiil 769 *2 pr:<&2 Hs.46698? TRCNOOOCOOl^S ft 3
EFHA6 HUi53244 TRCNOOOOOOI??& 4 2 PRKD2 Hs.46&987 TRCNOOOGOW$7a 4 3
EPHA6 Bs.653244 TRCKOGOMOt7?l a 2 PRKD2 Hs 466987 TRCNO0OOO(H949 ft 3
EFHB4 Hs.437008 TRCMOD0001"72 ft? FRKD2 Hs.46O98? TP 0’000000 i960 ft 3
EPHB4 H&/U7008 TRGNDQ00001773 ft2 SNRK 145/.76052 TRCNOOOOOOJ953 ft?
EPI <84 Hs.437008 TRCN0Q0iKlCi774 42 SNRK Hs ¢76052 TRCN300G00i952 ft 3
EPH84 HS;437008 TRCN0000001775 42 SNRK Els 476052 TRCNOOOOOOi953 ft 3
EATS! H>. 71669? TRC-4 0000001776 4 2 SNRK HSH76053 TPCNOOO 0001954 ft?
LA S S i Hs.716697 TRCWOOiji»Ol??7 bl SNRK H&.476052 3RCNO0Q 0001953 ft 3
LAI’S i H<716697 ΤΚΓΝΟ'300ϋΟΐ778 Hl AMHR? Hs 659889 TRCN0i.W‘0i9$7 ft3
CATS! Bs.71669? TRCN0000GD1779 #2 AMHR2 Hs-659889 WN090000S958 ft?
LATS1 Ms 716697 TRC7W0000091780 42 A.MHR2 Hs.659889 TRCNOOOOO0J959 ft 3
PRKX HUW788 FROM 0000001781 «2 AMHR3 Hs659889 TRCN000000t960 ft 3
PRKX ils.390788 rRCNWorwas 42 NEKB Hs657336 TRCH0G0000196I ft?
PRKX Hs.390788 7RCNOOOOOOi783 4 2 NEK11 11x657336 TROJOOOOOtH963 ft 3
PRKX MM90788 TRC'NOO%10OJ784 42 N.HK7 H&24U9 W7J0000001965 ft 3
MAK Hs446125 TRCNOOOOOOV7S5 N5K7 Bs.24.B9 TRCN0000001967 #3
MAK H<446125 Τ·?·:ΐΧ:0ίΙ00!’ϋΙ786 #2 ’NEK7 Hs24119 TRGHOO0OOO1968 ft?
MAK Hs¢46125 TRCK'oooooom? -HI NEK7 H: 3.4 H 9 !Έ<Κ!000(Κ)0]969 ft 3
PRKL’Q Hs 498570 TRasWO0GJ790 42 N5K7 Η$.24ίΐ9 TRCNOOCOO i067i ft?
PRhl’O 1 Es/9&5?0 TRCNO-jOOOC1791 ί2 DCW Hs 591083 TRCNOOOOOC1W ft?
PkK< d Hs.4985?0 TRCNOOOOOGE792 ■ai DCI..X2 Hs 5916Π3 TRCHOOii 0001971 ft?
PRK< J Hs.498570 TRCNOOOOOO1793 b2 DCI.K2 Hs.591683 TRCX0OO0OO3972 ft.>
PRKCO Hs498570 TR€NOOWXWn£.’4 b2 L7CLK2 Hs.591683 TRCNIWW973 .83
CRKRS Ms.416108. TRCNM0W01795 «2 0CCK2 Hs.591683 TRCNOOO 0001974 ft 3
CRKKS Hs.4E6»08 TRCMW001796 «2 CAMS Ki. 115.8417 rRCH&0000(B.%0 ft?
CRKRS Hs.416108 TRCN00(X)(XH79? ft? CAiMKKl Hs.8417 TRCN0000001981 ft?
CRKRS Hs416108 TRCMOOOOQ0179S bl CAMKK: Hs.8417 TRCNlTOOOms ft 3
CHKRS 1·Κ·ϋ6Η)8 TRCWoooon'oo 42 CA.MKK1 Els 8417 W’NOOOOOOWl ft?
PXK Hs J 90544 TRCXOOOOGOHRX) 42 CAMKR1 Hs.8417 3RCNOOO 0001984 ft?
PXK Hs 1905-44 IRCN’OOOOOOIBO! ft2 CSNK2AL f‘$,644056 TRCNG000001985 ft3
<'<■< Hs 190544 TRCWOOOOJSO?. b2 CSUK2AE Hs 644056 TRCNOOOCOOl^
PXK Hs. 190544 TRCNOWOOOU03 #2 CSNK2A! 14s,644056 TRCNOOOOOUi987 ft?
PXK Hs.190544 TRCN0000001804 42 MAP3K10 H5.466743 n<CI9fi0000Q198S ft3
PBK Hs. 104741 73^11(090001805 *2 MAPSKHl Eis.466743 TRCNGOOOOOi98? <i 3
PBK Hs 104741 'TkCWMOlBSitf #2 MAP3K10 Hs 466743 TRCNf!00(X)(H‘)9a ft?
:'■>.< Hs 10474! TRCNOOO 0001807 #2 MAP3SB0 Hs466743 TRC^IWOOGJOO? ft?
PBK R& 104741 TRCN0000001808 bl NTRK1 Hs.406293 TRCNO0OOOOE992 43
ACVR1B Bs.438918 ’IRC?JOOOOO(HSIO fr*2 b?TRKl Hs 400293 TRCNCOO 0001993 ft?
ACVR1S Hs.4339i8 rROMO’WOlR! 1 4 2 NTRKJ HsAOOJOJ J'R.CNfi0Ou0O1994 ft 3
ACVRiS Hs.438918 TRCNWiOOOlW #2 NTRK..I Hs.406293 ΓΚύ'.\000ΰΰ0ΐ9?5 O
ACVRiS HS.438918 TRCNOOOOOvim bl KTRK’ Bs406293 TPCNWQ’XH996 ft J
AC.VR.S8 Hs.438918 TRCNCOO0OO18i4 42 FDGFR& Hs 509067 TRCr:iJiXO00J99? ft 3
STK40 H&.47H68 TRCNOOOOOOmS 4 2 P.QCuRB Hs.509067 TRCNGOOGW1998 #3
STK4Q Η5.47Π68 TRCKOOOOO’‘1816 bl PDGFRS B$ .509()67 TRCNOOOGiXH999 ft?
STK40 Bs.471768 TRCN0000001817 $ 2 P.DCFRB Hs.50906? TRCKOOWOOiOW ft?
STK40 Ks.471768 TRCKOOGOOOlSia 42 PDGFRB fk.509067 rRCN000000200J ft3
STK40 Hr,.471768 TRCN0600001819 4 7. prkacb Hs.48732$ TRCNOGOOROIOOS ft?
CDKXO Hs.699177 TRCNOtXXHXHSZO 42 PRKACB Hs487325 TROIOQOOGGJOOS ft?
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MKAOB Hs.4873i5 TRCiWCOtSOlM o DVRKIB Hs 130988 TRCW00002B9
PRKACB HS487325 1TXCNO00G0O2<JO6 S3 DYRK1B Hs. 130988 TFCNOOOOMn-M 4 3
QJKL5 Hs 65985( TRCNGfjilOOOSOi; #3 DYRK1B Hs. )311988 4 3
CDK1.5 Ms.659851 TRCN00000020I2 >n DYRK1Π Hs .130988 TRCN0OOOO«2!42 43
CPK-L5 «5.65985) TRCNOOOOOD20J.3 A3 DYRK1B Hs.130988 TRCNOO0OO02j4j 43
CDKL5 Hs. 659851 TR€N0000002C‘U #3 0CLK1 Hs.507755 43
CDK1J HS65985i FRCNOWOCZCtS *3 DCLXi Hs. 507755 TRCNoeoooomi 4 3
HPHSfc Hs.380089 TRCNWOOO2iii6 DCLKi Hs.507755 TRCN<XXXK>02146 43
ΕΡΚΒύ «6.380089 π<α<οο<ΐθϋϋ?ΰπ DCLK1 Hs .507755 TRCNW00Q2H7 4 I
H-PHB'i Bs. .180089 TRCNOOOOO02O1S A3 DCLK1 Hs.507755 TRCNO<K>0002t4« #3
GUCY2C Hs-524278 TRCN<)iW00020iP •S3 GAK «S.3696OT n<CN(WW:5‘i 43
GUCY2C 1«.52«78 ThXX(K)0O0Q202O A3 GAK Hsl309607 TRCNDOOOOP2D3 43
GU?YX Hs.524278 TRCN(X)iW202r a:> GaK Hs.369607 TRCN0000002)56 4 5
GUCY2C «3.524278 TRCN00C0002022 43 GAK. Hs.369607 7PCKLi00Q0u2i57 43
GUCY2C Hs.53.4278 TRCN0000002023 #3 GAK Hs.369607 TRCNTOWms
ROR1 Hs 654491 TRCN0GOGOO2024 A3 ROCRJ Hs.306307 TRCN00CO002I59 #3
R0RI Hs 654491 7RCN00i)0C02025 A3 ROCK i BS.3&53O7 TRCN0(W02160 O
RORi Hs.65449; TR.CWQ00002G26 A3 ROCK! Hs.306j07 rRCN’iXjOMDJW 43
RORL HS.6S449I TRCN000000202? <3 RDCKi Hs.306307 TRCWCtfJG0(J2162 43
ROR1 Hs.654491 TRCNrW00002023 A3 R0CK1 Hs.306307 TRCN0OOCW'53 4 3
ABL2 Hs 159472 THCN0OM(JO2O29 A3 MUSK Hs.521653 TRCXW0002 '64 ¢3
ABL2 Ha. 15947?. TBCN0000092030 A3 MUSK Hs.521653 TR.C\OQOOC02i65 4 3
ABU Ha 159472 TRCNWOOOSOSI #-3 MUSK )49.52)653 ’□<GN(K)'XK)02166 43
ABU HS (59472 TRCNWG002032 A 3 Musr Hs.«l6S3 TRCNOQ{W2167 4 3
AB1.2 «».159472 TRCNO00GOO2W3 A3 PRKAA2 Hs.437039 TRCNWQ0002It8 43
ADRBK2 Hi.657494 7RCN&0UC0fr2034 A3 PRKAA2 Hs.437039 TRCNOOHCW 43
ADRBK2 lib. 657494 3XOW9M203S ■A3 PRKAA? 11S.4370W TRCNCOODO02rZO ti
ADW H&657494 TRCNWW036 A 3 PRKAA2 Hs.437039 TRCN<K>ODO02I7) 43
AORSK2 657494 •fRCNOflM'JO-’iB? A3 PRKAA2 Hs.437039 Tl?CWOOW2i?2 4 3.
TNK2 «4.5 18513 TRCN00G0OO2G.3S A3 S i KI «3.492333 TRC?WOGO25?3 43
TNK2 Hs. 5 )8513 TRCN000 0002-039 # 3 $TK3 Hs.492333 TRCN0OOOOG2‘74 4 3
TNK2 «».5)85)3 TR(?>.0tKHXi02MO A3 STK3 Hs.492333 TRCN0000002I75 43
TNK2 Hs. 5185)3 TRCNOOOlMX.‘2041 A3 STM Hs.492333 Τ^ΝΟΟΟΟΟΟΤ??* 43
ΊΉΚ2 Hs.51851.3 OXN’WOO-XW AS STK3 Hs.492333 ΤΧ<ΝΟΟϋΟΟ02Π7 43
MAP3K2 Hs. 145605 TRCN0Q00002043 A3 TYROS Hs.381282 TR€N&0«J002178 43
MAP3K2 «S.145605 TRCNOOO000204··? A3 TYROS Hs.381282 TRC>tf000002i?9 H3
MAP3K2 Bs. 145605 TRCN000000204} A3 TYROS Hs.381782 TRCNOD00D02JSG 43
MAP3K2 Hs 145605 7R CNDOOOTOFP A3 TYRO3 Hs3812!>2 OKNOWiWm 43
STK38L «5.184523 TRCN0000002053 A3 MAP4XS Hs. )3049) TRGnWW>2 ?87 4 3
STK38L Hs J 84523 TRCKDa00002054 A3 ■'MAP4K5 Hs. 1304 91 TRCNWOCWIHS 43
STK3SU Hs. 184523 TRCN0000002055 A3 MAP4K5 Bs 13049) TRCNO(jOCOU2lSSi 4 3

smqsc Hs 184523 TRCN0000002050 A3 MAP4K5 Hs.130491 TRC\W0002?90 43
STK38-L Hs 184523 TRCN000000205? A3 MAP4K5 Ms. )30-191 "RCSiiO<»2:9{ 43
1RAK4 H« 1 3S4W TRCNOOOOQG2<J64 A3 •rm?*. Hs.480085 TRCNOOQQtXiam 4-3
NLK Hs.208759 rRCNGM.WO<57 43 TNNGK Hs.480085 TRLWX>0(>02J93 4 3
NLK Hs208759 TRCN00fX)LO2D68 43 TXWK )<s.4»OOS5 TRCN0000002I94 43
Nl.K ) Is 208759 TRCNOOOOCWW) #3 TNNIjK Hs,480085 TRCN0OOOOO2195 4 3
NLK. «3.208759 TRCNOOWOiWO A3 TNNJ3K Hs.480085 TRCNCXKX<002l% 4/3
NL-K «».208759 TRCN0000002071 # 3 ΜΥΟ3Ά Hs 662630 TRCNOOOooas.m *3
STK33 Bs.501833 TRCN0000002D77 4 3 ΜΥΟ3Λ HS.66263C WN(W0(W21^ 4 3
STK33· HS.50J833 TRCNOWOUWO A? MYO3A I is. 662630 rRCKooo&ooz Ki> 4 3
STK33 Hs.30i8.33 TRCN0000002<.W A 3 λ·ί.ΥΟ3Α Hs 667630 TRCNQix)$002200 43
SW3 Hs.501833 TRCN000800208) 43 .MYO3A Hs. 662630 TRCNCOO0&O22O1 43
STK35 «6.100057 TRCNOQO0OO2O91 A3 ULKi Hs.656192 TRQUWWSOZ 43
STO 5 I1S.100C57 TRCNWOWm? A3 ULK4 Hs.(i56197 TRCHaO«iKM22·;·?
STK35 Hs. 100057 TRCNOOOO0O2O?* A3 ULK4 «8.656197 TRCNv200002204 43
STK35 Hs.10005',' TRCNOOO(4)B?*v94 #3 ULK4 Bs.656192 TRW/>00002205 43
STK35 Hs. )00057 TRCNOoO 0002055 A3 ULK4 Hs.655192 TRCNCOiiOOQ2206 4 3
?rrK2 «».34871 j TRCNG000002G96 A3 TSSK3 Hs. 512763 iRCNDOnOOGlxO? 4 3
PPTK2 Hs34871l TM.N0%0G02Oy? A3 TSSK3 Hs.512763 TReNaxMJG220S 43
PFTK2 «4.348711 TRCNWW2O08 A3 TSSK3 Hs. 5 )2763 TRCN0WO522O9 4 3
PFTK2 Jisj487ii TRCNOOO0OO2O99 A3 TSSK3 Hs.512703 TRCNWOOtWJO 43
PFTK2 Hs.3487) ί TKCXWOOOiW?) 43 1SSK3 Hs. 512763 ΙΚΟ?;βϋ0ύ0022Η 43
SGK2 Hs.300863 TRCN0000002UO A3 ,ΜΛΡΚΙό Hs.493169 7RCXWOOOtf??i4 if 3
SGK2 «5.300863 TRCN0OOOOO21H #3 CORK «5.523.274 CRCWWi022i5 43
SGK2 Hs.300863 UCNC000002H2 A3 CORK iis.522.274 TRCN0G0W221<> 4 3
SGK2 «8.300363 T:tCN0000002U:5 A3 CORK Hs.522274 TRCN00GO002217 43
PAK2 .¾ 518.530 1RCN0OGOOO2H4 A3 CCRK Hs.522274 TRCXUOOOu02?J8 4 3

PAK2 1-1:.518530 TRCN 0000002515 A3 MAiK Hs.631845 TRCNOOOOOGWG ,O
ΡΛΚ2 Hs.5 Ϊ853Ο TRCNOQOOiKXmf) AS MATK Hs.631845 TRChW)00C'222i

PAKZ «5.5)8530 TRCN0000002J17 4 3 MATS Hs. 63IS4 5 TRCN0000002222 4 3

?AK2 Hs.518530 TRG^OOOOOO?U8 A3 MATK Hs.«I845 TRCN0000002223 43
PIK3C2B Hs.497487 woowm A3 PAYG Hs 435714 WXOOOiWU* 4 3
P1K3C2B Hs.497487 TRCN0OOD00212O A3 ΡΑΚΙ Η.,.-!.· >'14 iReNf5OGO0n3225 4 3
•P)K3C2B «5497487 TRCKOOOOOD2121 A3 ΡΑΚΙ Hs, 4357)4 TRCN<XW)22?X 4 3

HK3C2.B «5497487 lOCOOCTO AS ΡΑΚί Hs.435714 iRCxooixwrr A3
PJK3C2B Hs.497487 •rRCNOOOiKX)2123 A3 FIKSC2A Hs. 175343
PRKDI HS.508W9 rRC'W0000002I24 43 PIK3C2A «5.175343 1 RCNOOOiWG2229 43
PRKD3 «8.508999 TRCN0000002I25 43 HKiezA Ms. 175343 TRCNOO0OOO223O #3

PRKJM «8.508999 1RCNOOOQOC2J26 43 ΡΙΚ:ΐ(«!Α Hs. 1 73.343 TRCN0OQ0002231 4 3
PRKJD1 Hs508999 TKC><ix)0(Xmi2T A3 PIWCZA «5.1733« TRCN GW0002232 43
PRKDJ Ms.508999 TRCMooiwm A3 αοκ 115.)270 TRCNOOOOOG22j3 43

VRKi «8.4226« TRCNLWO02129 AS OCX Hs.I27O TRCN0l<K)0G223A 43
VRKl Hs.422662 TliCNixJ00002i30 A3 OCX Hs. 1270 TRCNirt.WK>2235 4 3
VRK) Hs.422662 ΤΚ€Ν0000002Π1 A3 OCR Hs.1270- T&CNC’0OijCO2.236 43

VRKX Hs.422662 TRCNQ000002132 43 «CK Hs. )-270 TRCWQOOOSI?? 4 3

VRK1 «5.422662 THCNCKWOSBj AS NTRK2 «5.494312 TB»:Xi)G(X)aO2?42 43
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ΝΠίΚ2 Hs.4943 i2 TRCNOOOOO02243 #(3 AURKC Bs 9X338 TRCN0fiO0002335 A3
NTRK? Bs,4943J2 TRCNC0G0002244 S3 >1K3C?G HS.22M0 TRCN 000000233? n
YTRK2 Hs-494312 TRCN0000001745 43 PJK3C2G Hs.22500 TRC:NbOOO(X)?338 tn
NTRK2 )-ii;494312 TRCNOGO 0002246 PIK3C2G Hs.22500 TRCN00OQ00233S’
TESKi SK7080% TRCNW00002247 #3 PU3C2G HS12500 TRCNOOOOOOW, «3
TESKl Hs. 708096 TRCN (1000002248 #3 PIK3C2G Ms 22503 TRCNOC00002341 tn
TESKI Ns.?08Q96 TRCN0000002249 ft 3 MAP3K6 t’s.]9«94 TRCNOOOOO02343 n 3
TESK1 Hs.708O$6 TRCNC0000022SQ #3 MAP3K6 Hs 194694 7-RCN0Q0fl002344 K3
TESKi ^.708096 TRCN900 0002251 #3 MAP3K6 Hs. 193694 TRCN0CO0GQ2j4$ A3
WNK2 Bs.654H$6 TRCMW002252 S3 MAP3K6 Hs.t94SSM TR€N0000002346 A3

WNK2 Hs .654856 TRCN00000022S3 43 FtR HS.22147Z TRCNC000007.347 O
WK2 N$X5485& TRCN0000002254 4 3 Erik Bs mm TRCNC(K50002348 4 3

WNK2 Η&.65485ύ TRCN000000225$ <3 FFR Hs.221472 TRCNOOOCW349 43

WNK2 Hs.6548% TRCNU000002256 #3 F£R H1.22147’ •fP.CNOOOQOn?35Q H3
RJPK3 Hr 268551 TRUN0000002257 m i-ER Hs.221472 mcNooomwi H3
RIPK3 TL.26&S51 TRCN0Q00P02258 a 3 TLK2 Hs.445078 TRCNOCO<3GO236] 113
R3.PK3 FU26KSM •rRtNOWK’2259 S3 TLK2 Hs.445078 TRCN0000G03362 4 3
RIRK3 Hs.2b855J TKCNQW0002260 S3 TLK2 Ha.44.W7S TRCNOOGOOWm? A3
RIPK3 Hs.2685$.( 3KCNO00000226· S3 TLK2 fis.445078 TRCNOOO 0002364 Y3
R.PS6K.A6 Hs.36S153 TRCNOOOOOQimS #3 TU2 Hs.445«7« TRCNO«JQ002365 A 3
RFS6KA6 H$.3i»(53 TRCNOlJOOOO’263 4 3 PETKi Hi.4.107® TRCNQ000002366 43

RPS6KA6 «5.36151.53 •D4CN00OODO2264 S3 Pi-TKl Hs.430742 TRCN0000002367 if 3
ΚΓ36ΚΑ6 HU6S153 Ί RfNOOfiOOQ2265 S3 PFVK5 Hs.4307® •iRCN000UX)2368 H3
αρ$$κα6 Hr 368153 TRCNOOO0OO2266 4 3 ΡΚΓΚ1 Bs.430742 TRCN0000002369 AS
i-TJNK Hs. 109437 TRCNW00002267 S3 ΡΓΓΚΙ fe.430742 rRCNOMOQOWO 43:

1KM Η-..Ϊ09437 TRCNOGOO<J&2268 S3 PLK4 Ms. 172052 TRCNOOOOO 07371 4 3

HUNK Hs. 109437 'IRCbW0002269 S3 PLK4 Hs. 172052 TRCNOOO0OG2372 A3

HUNK Us 100Ί37 TKCN0000002270 4 3 PLK4 H»J73052 TRCN00000C2373 .A 3

STK32B Us 133063 TRCW0<W272 («3 RUM Hs 172052 TRCN 0000002374 4 3

STK32B Hs J 33062 TRCNOOOW2273 S3: PLK4 Ms. 172052 TRCNOOO0002375 4 3

STK32H: Hs.133062 TRC. 10000002274 S3 CDKLS Hs. 1058:8 TRGNOOO 0002376 # 3

S'(K32B Bs (33062 TRCN00060Q2275 4 3 CDKL3 HS.W5B18 TRCNOOOOOOW7 4 3

STK32B Hs 133062 TRCN0900002276 S3 CDKU Ms.BJiSlS TKCN 0000002.(78 4 3

MAS’FL >b.2?O9O5 1RCMOOWO2277 S3 CDKL3 Hs.iOJSlS TRCNG000002379 #3

MASTL. FU 276905 W’FWK!G02278 S3 COKL3 Hs.105818 TRCNOOMOOZSKO A 3

MAS'lT. Hs.276905 TRCN<)(i00002279 4 3 5CYU Hs,425560 TKCNoooooonsi .43

MASTL Hs.2769O5 TRCNOOCO0O2289 f!3 SCYiB Ms 435560 ■[RCNO0Q0062587 *3

MaSIL Hs.276905 •CRCN000000228t S3 SCYL3 tls.435560 ~R0wwnK9 A3

MAPKAPK2 «5.643566 Τβ(:ΐΐωΰβθι32282 S3 SCYL3 Hs.435500 rRCNCC>00002?9i! •4 3
MAPKAPK2 Hs 643506 TRCNU0000<32283 O YSK4 Bs.659395 TRCNW0Q02m It 3

MAPKAPK2 Bs.643566 TRCNOGOOQ02284 S3 YSK4 1*659395 TRCN’0000002.192 ή

ΜΛΡΚΑΡΚ2 Ns.64356a TRCX0iX;00n2285 #3 VSK4 ίis, 659395 TRCN0000002393 a 3

ΜΑΡΚΑΝ Ms. 643566 TRCN0000002286 .4 3 YSK4 HS659395 TRCNOf /0000239-a AS

NEK 10 Hs. 506115 rRCN«XiC0002287 4 3. YSK4 Hs.659395 T5iCNOO(K)Off2395 & 3

NEK LQ Hs506H 5 TRCNO0OOOO2288 S3 3RSK) Hs. 182081 1RCNOXOOQ2-596 A3

NEKIO &.5<W5 TRCN0000002289 S3 MSK1 Hs. 182081 TRCNCW)0023^7 A 3

NWO Hs.506115 TC2NC000002290 S3 HRSK1 Hs. 18208! TkCNC000002398 4 3

N'EKJO HS.506H5 TR.CNOOO 0002291 S3 BRSKI HS.1S208! TRtN0CW02399 4 3

PDiKlU Bs 468801 TRC.NW0002292 S3 BRSK) Ms. 18308) TRO?vCOOO024OO 43

FDlKiL Us 465801 1»CNvOOCuO2293 S3 MYO3B Ha.67’900 TRCN0C<W2-Wr AS

PDIKIL «=.468801 7 RCN0000002294 S3 MYO3B Rs.67!900 TRCN000W2402

PDTK · L «8.468801 TRCNOOOW2295 4 3 MY038 Ms.67i«0 TRCN0000002403 A 3

RD1K1L Us 46880( TFCNGOOOOOZ296 S3 ΜΥΌ5Β Hs.671900 7RC?WW)2404 a 3

CAMKK2 Hs297343 TRCN00Q0002297 S3 MYO3B Hs.671900 TRCNOOO0OO24O5 •A3

CAMKK2 Hs 297343 TRCNO0(i0002-298 S3 GRK7 Hs.680654 TRC?4000(W4G6 $ 3

CAMKK2 K< .297)43 TRCtf00WP.299 fi'3 ORK7 Hs.680654 TBCNOODOOO'iNO? #3.

CAMiKKZ Hs.297343 rRCNnoO’WSOo S3 GRK7 Hs.580654 TRCN000000240S 4 3

CAMK.K2 Hs.297343 7RCNC<J00002301 H3 GRK7 Hs.6S06S4 7RCNO0ODOO24O9 a 3

A-NKKt Hs448473 TFANOaOOi!(?ZYJ2 S3 EU25006 Hs 657973 TRCNOOO 00024 IQ 43

ANKKi Hi 448473 TRCN0000302303 S3 1-13250(16 Hs.657973 TRCNOOOO<K4241 ( 43

ANKKJ Hs. 448473 3 RCN0000002304 S3 FLJ25006 HS657973 •1RCNOWSO02412 ft 3

MAP3K3 tk 29282 TKCNOOOO0O23O5 S3 FU25006 Hs. 657973 TRCNO0OU0024:3 a 3

MAP3K3 Hr 292.82 TRGW00002306 S3 TSSK-1 iis.314432 TRCNOGO0iiO24i4 4 3

ΜΛΡ3Κ3 Hi.29282 rRC<OOCW32307 S3 TSSK4 Hs.314432 TRCNOOOOGO2415 a 3
MAP3K3 H&.292S2 1X0’0000002308 7 3 TSSK4 Hs.314432 TRCNOOC’OOC'24 <6 4 3

NTRR3· Hs 410969 rKCN00000023-0? #3 TSSK4 Hs.314432 TRCN0000002417 4 3

NTRK3 Bs4WW? •(RCN0000002J10 S3 AKT1 Hs.525622 TRCNOOW02759 4 3

K:TRO r-is.4 (0969 TRCNOOQ 00023 H S3 1-YN Ma.39!!567 •fRCNOonoocnos? 4 3

NTRK3 «8.4(0969 TRCNG0000023i2 a 3 FYN Hs.390567 TRCNWMCWS 43

NTRK3 Hs410969 TRCN00000023I3 S3 FYN Hs. 390567 TRCN000U003099 £3

PDK2 Hs 256667 THUNGMQf «02314 S3 FYK! Ms.390567 TKCNWWKUWi) 43

P3K2 Hr 2^667 TRCN0C0000231S S3 FYN Ms 390567 TRCYOO0OOO3K)I 43

PDK2. HU56667 TRCNOOO(JC02316 #3 JAK1 Hs. 207538 TRCNGOOilOOI 102. a 3

PDK2 «$ 2.56667 TON0QC0iXU3l7 S3 MK1 Hs.207538 TRCNOOQO9O31G3 43

RDK2 Bs 25666? TRCNO0G0(JO23J8 S3 3AKJ Hs 20753 8 TP.CN0:}Q0G0U04 4 3

RRKCG Hs.633564 TRC N00000t>232-t S3 JAKI 7 07 )t TRCNOOODOOSiCS as

?&&<?<] «8.631564 TRCH00GCOG2325 S3 MSTsR H4s <t, TRGN0000003W6. a 3

PRKCG Rs 631564 TRCNC000002326 #3 MST-R A 5 JO-1 TRCN0000003107 ¥ :.3

PRKCG Us 63·564 TRCX 0000002 .12^ S3 MST1R V[ Μ-9-Π TRCNOOGOOQ3108 43

ΜΑΡ2Κ.Ϊ HU454U TRCNW0002S2S A3 MST1R is ΙΛ73 TRCK>GO(>jOG3ia9 43

MAP2K1 Us. 145442 TRCNOOOeOO2320 a 3 MSTIK >l4s 8’1 TRCNOOOOOffUir; * 3

M A?2K ■ Rs 145442 TRCNOI3O0fiO2.i3O S3 PRKCB Hilft 35' (|6 4 3

-ΜΑΡ2ΚΪ Hs 145442 TRCN0000002331 S3 PRKCiS h> ' TRCN0009003U? 4.3

ΜΆΡ2Κ1 Hs.145442 TRCNOOOOOOW2 it j PRKCB Hs 461.1½ TR(?N000GO03HS 43

AURKC Hs. 98338 TRCKfG000002233 S3 PRKCB Η»4o’35 TRCN0000003119 4 3:

AURKC Ns 98338 TRCNOOOU002334 S3 TYK2 Ms.?.55i6 TRCN(X>30003120 a 3

AUR.KC H&98330 1RC «9000002335 #3 TYK2 HS.75516 TRCN^O 0003121 as
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TYK2 H*.?55iO TRCN0000003122 #3 HIPK3 Hs.20i9!B TRCNOOOO‘JO575i
‘1ΎΚ2 Ms.755‘6 TRCNOOOOW3123 »3 HIPK3 Hs.201918 TKCN 00000052.5* #3
TYK2 Hs. 75516 TRCN000I1003124 #3 HIPK3 «>.201518 TRCN0000003257 #3

STK10 Hs.739134 TKCN00LW603135 #3 Him Hs.20J9lH rRCNikXXMXmSE * 3
sTKio Hs.719134 TRCN0000003I36 V3 RPS6KC1 Hs5914)6 TRCNOOOO0O3Z59 #3
STKiQ ».719134 TRCNOOOOOC313? a-3 RPS6KC1 Hs.591416 TRCNIWOiB&O $3
STK)O Hs 719134 TRCN0OOD003i38 *3 RPS6KCi Hs.59H[6 •raCSGOOOOOJ26] 4 3

&ΊΚ10 Hs7J 9134 TRCNCOO0OO3J39 4 3 RPS6KCI Hs.591413 TRCN 0000003262 -n
CDC2L6 Hs.719138 TRCNOOO 0003140 a 3 ZAK Hs,444451 ΓΚ CM 00004)03261 #3
■CDC2U Hs.719l38 7RCNW0C03(4t ZAK MU4445J TRCNOOOOW267 $3
CDC2L6 HS.719138 TRCNW00G3H2 ZAK «5.444451 I'RCNWOOOWZfiS ,5 3
CDC2U Hs.719138 TSICNCW0003H3 STO! Hs.309767 TRCN0000003274 3
CDC2L6 Bs.719138 TRCN0000003144 STK3 I Hs309767 TRCN0000003275 #3
LTK 111/134-181 TRCNO00CW3134 #3 STK31 «s.309767 TRCNOO£«OC03?‘?& ¢3
UK Ms. 434481 TRCN0000003LS$ 143 STK3 i Hs.309767 TRCN0000003277 j*3
LTK B&4344K! TRCNOOOOOOSJSO * 3 STK31 Hs.305767 TRCNOOOO0O3278 .+ 3
LTK Ms .43448! TRCNCCWMHS7 4 3 UHMK) Hs. 127310 TJ?CN00(l00032S0 £3

RPS6KB) MU63642 ••RCW{‘0003i58 S3 UHMKt HsJ273iO TROJr’00Q0032S! 4 3
RPSdR'Bl Hs.4 53642 TRCfcO0C4003l59 #3 UHMK1 Hs. )27310 7R(.\NQ(X1OOO3282 O

RPS6KBI Hs.4d3642 1RCN0000003160 tt3 UilMKJ Bs. 127310 TRCN0000003283 <3
RPS6K£M Hs. 46364? TRCNOO0C0O316I ti 3 RACi Ηκ.413812 ! RCN0000004869. 4 3
RPS6KB) Η9.Λ&&42 TRCN0000003162 a 3 RAC I mu mti TRCNOOOOOOWO S4
SYK Hs.3?1720 TRCN0W00:-ii63 ti? RAC! Hs.413812 TRCN0000004R7I 1U

SYK Hs.37l.720 TRCN0000003?6$ #3. RACI H$,4)38J2 TRCNOOOOGO4872 4 4

SYK Hs.3717’0 TRCNOi»O0O3l65 #.3- ίΰΠΡ- .115.643120 7 RC?4MfW5 Σ11 114
SYK Hs.371720 TRCN0000003I66 #3 ItfPiR 95.643-20 TRCNB0lW51!2 4Φ

SYK »37172« rRCNOOOOOOJ li>7 ti3 Κ3ΓΊ R ¢15.643120 TRCNC000005M3 4 4

CDC7 Hs. 533573 TRCNO'3000C3168 jQ ICF1R Ms 643120 TRCN0OOOOO5M4 j> 4
CDC? B> $33573 TBCH0000003169 83 1GF1R ».043120 7RCNOO''JOOf4$il$ 6. 4

CDC? Hs $33573 mCNWOWiBnO #3 iGI-lR HS.M3120 TRCN0OOOOQ5) :6 44

CDC7 J-L.5 33573 TRi?N0000003171 ¢3 1GF1R Hs. 643120 TRCNO0OOOO5) ;7 4 4

■CDC7' 115.533573 TRCNW:Wm 4-3 iGfiR Hs 643120 iP.GNWOOOSMS «4.

JAK2 Hr 65(7213 TRCN0D0(irj03O7 n TRRAP «5.203052 TRCM®0®0536> fi 4
3AK2 Hs6552)3 TRCKoooooosm #3 TRRAP Hs.203952 rRCN(XHW0O536? S4

JAK2 H£.6562n TRCNU000003I79 TRRAP Hs.203952 rKCNaxxwoscw £ 4

JAK2 Hs.656213 TRCNOOOOOO338O a 3 TRRAP I1S.2Q39S2 TKCNOOQOOOS365
j’AK2 Hs.656213 TRCNOOOOOO3581 *3 RT0K3 XS.7I9W9 TRCND0nO0054iS .$4

TBKJ Ms. $65 874 TRCNOOO 0003)82 #3 RI0K3 Ms.719109 TRCN00000054 !9 + 4

TBKI Hc.5O5874 TRCWC000003t83 83 R1O.K3 Hs.719109 TRCN0000005420 # 4

TBKi Hs.50SK?4 YRCNOOOOOOM84 « WK3 Ha.719109 i'RGSJOOOOOO5421 d- 4

T8K.I Hs 5OSS74 TRCND000003185 if 3 K1OK3 ■Hs.719109 ■)RCN9C00005421 44

TBK1 Hs 505874 TRCNOOOOOT3 i 86 #3 PI4KR Hs.632465 TRCN0000005u92 4'4

?N$RR H>243138 TRCNOOGOO03187 4 3 WKB Hs. 632465 TRCN0000005693 #4

Hs.2-48138 TRCNU0QOOQ3188 *3 P-4KB Hs.632465 7RCN0000005694 * 4

JNSRR Hs248138 TRCN0O0CO03J89 ¢3 PLiKS Hs.63246S TRCN0000005695 ii 4

[NSRR Hs.248138 TRCN00000031+Q -4 3 PHKB Hs.632465 TRCN0000005696 % 4

kl’U'21-iW i 115 444247 YRCNOOOOOOaiPi 4 3 PRKCi 1-15.478199 iR.CN5OG00006037 fr 4

RPb-?* *H19 l Hs.444247 4 3 PRKCl )1:,.4781¾ »aiW«W3s 44

RPfc 2>3di? 1 Hs.444247 TRCXW0O03W3 #3 PRKC1 Hs.478199 TRCN0000006039 #4

Rib 2)3)H« 1 B$ .444247 iRCW00C'00i)3l94 S3 PRKCt Hs478i99 TRQ40000006040 + 4

RA, 1 lll-ijo 1 Ms.444247 TRCh'0000003195 Λ 3 PRKCl Hs.478199 TRCN0000006Q4 { ti 4

M.rPK2 Ms. 397465 TRUNWj 003201 4 3 CSNK1A) Hs.712555 TRCW00006042

H1PK2 BU97465 TRCN0000003202 w 3 CSNKlAi Hs.712555 TRCNG000006043 til

h‘iPK'2 Hs.397465 TRC1400C0003203 ¢3 CSNKIA’ Hs.712553 TRCNOOOOCTO6044 ti 4

BJRK2 Hs.397465 TRCN00000032(M til CSNKJA? Ης.712355 TRCNOOWOOOMS

NDAK2 J is,497$ 12 TRCNG000003205 $3 COKLI Hs. ¢79430 I’RCNOOOOOOtKM# ,O

NUAK2 Hs.49?512 fRCNW000320(> 43 CDK.LI Hs.679430 TRCN0000006070 if 4

NUAO Hs 497512 ■JRCNOOT 0010767 4 3 C&K1.I Hs67943i! 7RCM0WO0O6O7I

NUAK2 H&.4975J2 rRChWO9M32O7 03 COKLI Hs.079430 TRCK0COOOO6O7? #4

ΝΊ.ΆΚ2 Hs.497532 7 RCN000000.3708 H3 CDKL1 Hs.679<i30 TRCN0000006073 fr'4

KIA Al 304 Hs.547779 TRCMWOO0O32O9 43 DORA HS..524488 TRCN(WOWO6O78 ti 4

KSAA1S1B Hs 547779 TRCNOOOOOCe2JO ^3 1X1KA HS.6244S8 TRCN0000006079

KSAA1S01 Hs 547779 TRCNO'.iOWOMll f»3 ΪΧ3ΚΛ «5.624488 TRCN0000006080 tiH

KIAA1804 Fh.547779 TRCN00000032J2 4 3 DGKA Hs.52.44SS Towomi ti’i

KIA Al #04 Hs.547/7? TRCNOO0OOO3213 #3 DGKE Hs.239514 •IRCN0000006033 ti 4

PSKH2 Hs. 680)36 •0010000003214 43 1X1KE «5.239514 TRCNOOOOOOO»

PSKH2 Ης 6&0Π6 m?NCOOOOG3?)5 ¢3 DGKE HU39514 TRCNOOGMCfcOSf» ti 4

PSK1I2 H&.680136 TRCNOW0OC3216 43 DGKii Ms.239514 TRCN0000006086

PSKJI2 Ks.680136 TRCNO0OO0O323? a 3 DGKB Ηϊ.239514 TRCNOOOOOOOOa? ti4

PSKH2 Μ$,680ί3ό TRCW000032)8 43 DOT MU42947 TRCNOO0OOD6O8S ϋά

TSSK2 Bs.694070 rRCN00000032 i9 S3 DGKi Hs.242947 TRCN00O&O06O89 ti A

TSSK2 Hs.694070 TRCN0000003220 S3 13GKI Ms.242947 TRCNO0OOOOM9O 4- 4

TSStC! Hs.6940?0 TRCNOOOOU0322i 4 3 DOT Hs.242947 TRCNOWOOO6091 #4

TSSK2 Hs 69-)070 TRCN000000322? ¢3 DGKQ Hs.584858 TRCNHOOOOikW 4 4

TSSK2 Hs 6941)70 TRCN0000007223 773 DGKO Hs.584858 TRCN0OOSOO6O93 »4

MLKL Hs.H98?H TRCN0000W)3224 #.3 D'ORQ Hs.51W8.S8 7RCK0000006094 * 4

MLKl. Hikl 19878 TRCN000000322S #3 DGK.Q H5.5848.S8- TRC:4iKX)aOOG095 ti 4

MLKL Hs 11987# ’I'RCN0000003226 #3 MKNK2 Hs. 515032 ■TRCN0000006Q96 4 4

MLKL Hs.) 19878 TRCNO 000003227 #3 MKNK2 Hs .51503? TRCK'OOOOOOSOO? #4

ML.KL HU 19878 TRCN0000003228 43 MKM2 ».515032 TRCNOOOOOOOOOS ti 4

ΊΤΒΚ3 ».6508'16 •CR<’N0WXK>D323Q »3 MK.W «s.5’3032 TRCN0000006C99 tiA

TVSKi K$.669S46 1 ROKJOODOGSm MKNK2 Hi 51 $032 •iRCNOilOOQOOlOO ti 4

PAK3 Ks656789 Τκ£Ν0ίί0Ο(ϊΙΧ12*2 #3 Maps 12 Hs.432642 TRCNOOOO0O6i45 * 4

PAK3 Hg.5567S9 TKCNOOOOO 03143 fi-3 MAFK12 Ils/132642 TRCNO0OaOO6i46 #4

PAK3 Hs.656789 TRCN0000003244 4 3 MAPK12 Hs.432042 TRCNOaOOOOOi47 ti 4

PAKS Hs.656789 TRCNOOODOOS245 #3 MAPK12 Bs.432642 TR<NQWJ0614i> ti 4

PAKS Hi.6567«9 TRCNWO 0003246 4 3 MAFK12 >{5.432642 ΤΚΟ5»0ί.'ίΧ»6149 //4.
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MAPK3 »i TRCN0O0W150 *4
MAPK3 Hs.SSJ TXCNOO0OOO6I5I ft4
MAPK3 -Hs.86) TRCN’oooimus? £4
MAPKAPK3 BS.23452I TRCNOOOOOQiji53 A4
MAPKAPK3 Us 234521 TRCNO000006154 *4
ΜΛΡΚΑΡ.Κ3 Hs.234521 TRCN0000006155 1/4
MAPK/-.r?3 Hs234521 TRCNTK) 00006136 $4
MAPKAPK3· 85.2.34521 TRCNOOO(JC06i57 ha

MAPS KJ h\ 653fr54 TRCN000Q006158 *4
MAP3K) Hs 653654 •(»0X00001X16359 #4
M’AFSKi «5.653654 TRCNC000006100 #4
•MAPS KT H$.6536$4 TROiOOOOOOGlfiJ
ΜΛΡ3Κ1 Hs653654 3'RCN0000C‘06162 #4
PMKijl Hs.? 15728 TRCN0000006201 44
?HKGl H&.715728 •IRCN0000006202 #4
PHKG1 Hs.71S72B rRCNOOOO0O6?O3 it 4.
PHKG1 Hs.7I$728 TRCN0000006204 £4
PBKGt HS.7U72S TRCN0000006205 44
CDC2L2 iis.7O9U2 TRCNOOOOOmffe #4
CDC2L2 Hs.7091-82 TRCN00015006207 A 4
CDC2L2 H$.7iW2 TRCNC00000620«? K4
CJX.-2L2 Hs.709182 TFCW10iHj06209 #4
CDC2b2 Hs.7G9it?. TRCN00000062W ¢4
EBF2K Hs.498892 'IXCN0000006221
KIE2K Hs.49S892 TRCNO‘300006222 H4
EEF2K IL· 198897 TRCN0000006223 £4
EEF2K Hs.498892 TRCN00Q0006224 F4
EEFZA ^.496892 TR.CNOOOOOG6225 44
KSSl hfj, 133jS4 TRCN(MX)005o276 4*4
KSRt IL· 133534 TR€\WCOO6227 #4
KSRi 115.133534 TRCN 0000006229
KSR1 Hs. 133534 ΤΚΟΝΟΟΟΟΟΟύ23ϋ ? 4
ΜΚΝΚΪ Hs.371594 TRCNOOOOLW31
MKXKI «$371594 TRCNOU0OOO62J.2
MKNK1 Hs371594 TR<WOOOOD6233 *4
MKfcKl Hs.J 71594 TRCN0000006234· £4
PKMYT1 Ks.7?78S TRCN000Q0062.35 A4
PKMYTt 145,777153 TRCXOG(’0O06336 Ji 4
fkmyti 1-^.77783 TRCN0000000237 34
MJN'Kl 85.443417 •rRCN000iMJ0623H *4
MIMK1 IL· 443-11? TRCNOOCACTAUA' A4
ΜΙΝΚΐ :15 443417 TRCN 0000006240 #4
PCTK2 JU.500415 '■■RCb’C-OO-W2-11 #4
PCTK2 115.506415 TKCNKiC<XK>6242 #4
PCTK2 Bs.5064i5 TRCN0000t/0&213 .4 4
PCTK-i' Hs.5ij64J5 !?.CNtAW0u244 S4
PCTK2 Ms 560415 I RON 0000006245 4 4
PI..K1 85.592049 TRCN0000006246 i>4
P.LKi Hs.592fr49 ΓΚΓΝ060000ό247 a 4
ri.Kl HS.S9S049 OlGi(«0UOC06?48 44
PUCi >15.502049 TRCN0000006149 44
FAK2 85.518530 TKCNW000067.50 M
PAKS Hs 518530 TRCN0000006251 44
PAK2 Bs-518530 TRCNooooowasa #4
PAKS Hs.5185 50 TRCWOOOC6253 a 4
PAK2 Hi.518530 rRCbWC006254 ϋ4
PRKDC Hs.491682 TRCN0000006255 ¢4
PRKDC Hs,491682 TRCNW0LW56 a 4
PRKDC I ί;Α 916H2 •lRCNO0O!‘OO02$7 #4
FRKDC IL· 491682 TRCN00000062S8 44
PR.KDC Hs.49tt>82 TRCNOOOOW6259 44
ΡΟΚΪ Ηί 470633 TRCN0000006260 4 A
PDK1 Η$.4?0633 TRCN000000026J ¢4
PDKI Hs. 4 70633 TRCN0000006262
POK1 Hs470633 TRCNO0OOOO6263 4 4
P.OK4 «$,8304 1110^0.000006204 44
P0K4 Hs 8364 TRCNiffiOOOtWS 4 4
PDK4 Ih.81'64 TRCN0000006266 4 4
PDK.4 Hs.S364 TRCN:0G0000626? 44
STK25 Hs516807 TRCN0000006269 44
STK25 Hi. 516807 TRCND0OD0O62?O a 4
STK25 Hs^S 16807 TRCN000000627I j>*4
STK25 IL· 516807 TRCNO000006272 44
STK7.5 H5.51&FU7 TRCN0000006273 ¢4
SRPK2 Hi 28319’ TRCW0OOO6274 $’4
5RPK2 1-5.285107 TRCN0000006275 iM
SRPK2 8s28519? TRCN 0000006276

7RQ-100QD006277
.4 4

SRP0 IL·28519?
S-RPK2 Hs285197 TRCN0000006278 i!4
TAFi Hs. 158560 TRCN0900006284 A4
TAFI 9s 158560 ’ERCNOC00006285 F 4
TAH Hs 158560 TROW0OO6286 a 4
TAFi 1-15 153303 ■rKCNOOOO‘X>6287 N 4
TAFI IL· 158560 TRCNO0u00i)62E8 A4
8RAF «$.550061 TRCN0000006289 ii 4
BEAT I-K $5ι706Ι TRCN0m006?.90 #4
BRAF 1-^550061 TRCN0000006291 #4
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BRAF ■L· 550061 TRCNGOOOfi06292 iM
BRAF Hs.550061 TRCN0000006293 #4
PRKCH Hs.333907 TRCW00006294 4Λ
PRKCH ?is,333907 TRCN0000006295 ti
PRKC8 Bs. 333007 TRCNOi)0CDO629ti <7 4
PRxar 1^,333907 TRCN0000006397
PRKC9 145.333907 TRCN00000062-58 4 i
BRUT Bs.482520 TftC?>IW000303 F4
BRUT Hs. 482520 TRCNOOOOOW04 A4
SRDT H1.482520 TRC5400G000630S .4 4
BRDT H5.48252Q rRCbOOOOGOte 44
SRDT Hs.482533 TRCN0000006307 if 4
BROZ Hs75243 TRCNOOQOOO6308 if 4
BROS tts.7$243 TRCWonooosoo 4 4
BRD2 Hs.7524-3 TRCN0000006310 i/4
BRD2 9x75243 TRCNOOOOiWn
BRD2 Hs.75243 TRCN0000006312 /14
CD’ Hs.H9594 TRCN00O'10G63n F4
C1T BU19594 TRCNOOOOOG6314 £ 4
CH Bs. B9594 TRCN0000006:il5 #4
err «3.119594 TRCNOOnOOtoSlfc 44
CiT HUl?W TRCiWWG > I ? 4 a

EASTK 115,647094 TEICNO00C-006318 4 4
FaSTK Hs-647094 IRCAMmjR 4 4
FASTK Hs.647094 7RCNW0000632l A 4
FASTK HS.647094 rRCN<}00«00{':322 44
ICK Hs,417022 TRCN0000006323 4 4
iCK Hs4W2 7RCN0000006?24 4 4
1CK Hs.4’7022 3 ΚϋΝ()ΟΟ0ΟΟίΒ2». Λ4
ICK Hk.4 17022 TRCNOOOOOO'5326 A4
ICK Hs.417022 TRCN0000006387 F4
MARK1 Hs.49780u TRCN0000006330 tu
MARKl Ib.497806 TftcuoooooocBn M
MARK! Hs497806 TkCN0000006332 iiA
PCTK3 ·Η.4454Ο2 TRCN0000006333 44
PCTK3 Hs.445402 1ACK(W0i>6?3$ 44
PCTK3 Hs445402 7^CNW00006336 Hi
PCTK3 Bs 445402 TFICNODO<.H>06337 4 4
PRKY H-i.6.32287 TRCN0000006343 44
PRXX Hs.390?88 TRCbO0OWO6344 4'4
RIPK2 Hs. 103755 ΤΚΓΝΟΓ,-ΟΟϋΟή^Κ /14
R1PK2 Hs, W<5 trcxwooos:^ is 4
?V?K> H&103’55 TRCNOiXWOA·:!) A4
RIPK2 H$. 103755 TRC:W000063.B #4
RPS6KA2 Bs.71913i ^■RCN0000006352
RPS6KA2 Hs.7i9131: TRCN0000006353 *4
RPS6KA2 Hs. 719131 TRCN0000000354 44
RPS6KA2 «5.719131 TRCN0000000355 #4
TTK Hs. 169840 TRCNOOOO0O635.6
TTK K>> tXCjidf"· flS. t vyQvu TRCNOOOOO06357 -*4
.BMX Hs.495731 TRCN0000006359 Ua

BMX Hs.495731 TRCNC000006360 a 4
BMX Bs 495731 TRCNOOOCO06361 H4
BMX Hs.49573) TRCN0000006362 #4
BMX HS.4W731 TRCN0000000363 #4
PKLR. Hs.95950 TRCNOOO 0006580 ϋ 4
PKLR Hs-95950 TRCNOQ0OOO6384 #4
FKL.R Hs.95990 TRCh'9000005385 #4
PKLR H&95990 TkCN00000063BO
PKLR. Hs95990 T»CN0tW06387
EPHAl Hs.89s39 IRCN'{1D000063V8 ti 4
B’HAJ Hs, 89839 ■fRCN'OOO0O»X>399 A4
EPF· AI Hs 89839 TRCNOf 100005401 4*4
HfHAl Hs89839 TR 0X0000006402 a 4
EPNA? J-ls.nSS!® ■•RCN0000000404 #4
EPriA2 Hs, )71596 TRCNWOOOO(BQ5 4 4
Ef*HA2 Us, (71596 TRCN(PiiXW6407 A4
EPHA3 HS.S236W TRCN0O(XX)O64O9 #4
EPHA3 Hs.:jS3*M TRCW00006410 44
EPHA3 f-s.Si.3643 TkCNuOOOOOMll 44
KPiiAS .¾ 123642 TRCNIW0006412 4 4
epbas 1-15.654492 TRCNOOilOOG-6413
EPHA5 Hs.654492 TRCMOOOCOQ6414 ilA
ΕΡΗΑ5 Us.654492 TRCNOOOCOOMb $4
EPHA5 Ks.654492. TRCN00000064I6
SPHAS Jia.654492 TRCNCWOOMI? a 4
EPMA7 Hs. 73962 TRCN0OaGO064!8 4 4
EPKA? Hs 23962 TRCN0000006419 44
EPBA? «5.73902 TRCN 0000006420 44
EPMA7 Hs. 73962 TRCNOOOOOOW21 44
EPHE2 Hs.52332.9 OiCNt:<W'064?2 ή‘4
EPHI32 »8.523329 TRC1N0OOOOU6423 44
EPHB2 Hs.523329 TRCfrT!OOiW424 #4
ΈΡΗ82 Hs.523329 TRCN0OOCOO64?5 £4
B?8B2 Hs 523329 TRCN0000006426 4 4
BPHS3 115.2913 TRCHOOOOOOW27 4 4
EPH83 Hs.3913 TRC1S 0000006428 44
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EPE1133 Hs.2913 TRCN0000006429 ft 4 PAX? B$,32S39 TR€N0000007I08 ft 4
EPHB3 Hs.2913 IRCN0«00006430 ft. 4 ?AK? HC32539 TRCN0000007 RD ft 4
nx? tis.9057.2 TRCN000000643 i * 4 PAX? 1X.32539 TRCN0000007110 ft4
ΡΪΧ7 Hs.90572 TRCNOOOOOO&433 H4 PAK7 Hs.32539 TRCN0000007H) ft4
PTK7 Hs.90$72 TRCN0000006434 ft 4 SCYL1 Hs.23m9 TRCNOOO0QO7122 ft 4

PTK7 Hs.905?2 TRCN0000006435 ft4 SCYL.1 Hs 238839 TRCNOOOOOG7123 ft4
5TK36 Hs.471404 TRCN0O0 0(W86 .4 4 SCY.U Hs 238839 TRCN0003007124 ft 4
STK36 Hs.471404 TRCN 000000698? /M SCYLJ «5.238839 TRCN0(i00O07125 ft4
$TK36 Bs4">4i!4 TR 0X0000006989 P4 SCYL1 Ms 238833 TRCKOOOWn2t> ft 4
STYX TRCN0020<W90 #4 STK32A Hs3850i>9 TRCNOOOOOGW? ft 4
CDC21.2 Hs.709182 rRCNOOUOO(%992 ft 4 S7K32A «».585069 TRCNUOOG007128 ft 4
CDC2L2 Hs 709182 TRCN0000006993 ft 4 STK22A 1¼ 5S$G6G TRCN0000007129 ft*
CDC2L2 1X.709122 TRCNOG00006995 H 4 STO2A Ms 585069 TRCNOOOCOQ713O ft 4
HJ.PK4 .«<.79363 TRCN0GO0i-06996 ft’4 STK32A 1-U 585069 TRCNiKWiOOJDl M
HiPKA Hs.79363 TRCNOQ0OCO6997 ft 4 R1PK4 U.S 17310 TRCN0000007132 ft 4
HEPK4 Ηϋ,79363 TRCN0000006998 ■74 RIPK4 Hs.5D3W TRCNOOOOGO? P3 ft 4

ΒϊΡΚ.4 Hs.79363 TRCN0D00006999 M Rim Ms 5)73)0 TRCNOOOOCG7.34 a 4
HIPK4 Hs.79363 TRCNCtWi}7W # 4 R1PK4 Hs.5D'3:0 TRCRO00000713$ ■ft 4

MAP2K2 Hs.465627 TRCNOOOOOOTOOS ft 4 REPK4 Hs.5P.no TRCNOOOOOO? i 36 ft 4
N1APXK2 Hs.46562? TRCNGOO&XmXD ft 4 TRI32 Ms. 467751 TRCN0000007I42 ft 4
MAP2K2 Hr. 46562? TRCNOOOOOtWOOS ft 4 TR1H2 Hs 467751 TRCK’OOO 0067143 ft 4
WNK4 Ks.W544S TRCN0000007020 ft 4 TRIB2 HS.4677S) TRCNOOGWn44 ft 4
WNK4 MsJ 05448 TRCNO0OO0G7O2 i ft 4 TRi82 IM 67751 TRCNW0007145 34
WNK4 HS.IO544H TRCNOOGO 007022 ft-4 TRIS2 Hs.467751 TRC.N0ODO007K ft-l
WNK4 Hs. )65448 TRCN0000007023 ft4 SCYU Hs.506481 TRCN0000037K? if 4
esHKiAii. 1-¼ 512.897 TRCNQOC0007024 ft 4 SCYL2 Hs.506481 TRCM0000007148 ft ft
CSNKIAJL «5.512897 TRCNOOOW>025 4 4 SCYU Hs.506481 TRCNTXW07149 ftft
CSNKU1L Hs. 512397 TRCN0000007026 if 4 SCYL2 HsJ0648l TRCNOGOOimiSO ft4
CSNKlAiL Bs5)2897 TRCN0000007027 ft4 SC YU? Pfe.50648) TRCNWWG7151 ft 4
CSb'KlAJL )-^.512897 TRCN0000007028 ft 4 MARK4 Hs.34334 TRCNO000007156 ft 4
i^RRK J H8.4O7918 TRCNOW000 703'8 #4 MARK4 Hs 34314 TRCN0000D07157 ft-4
LRRKi Hs.4O79]8 TRCN00G0QO7039 #4 MARK4 Ife.3AM4 TTCXf.GNXXJMA ft 4

LRRKi B<4079tS TKCW00007G4G ft 4 MARK4 Jls.34314 TRCN0000007159 ft 4
LfcRKl H&.407918 TRCNW0O0704t A 4 MARK4 HS.J4314 TRCN000000716C’ ft 4
STK32C Hs.469002 TRCN0000007043 ft4 HlPKi Hs.532363 TRCNOOOCG07ig[ M

.STK32C Hs.469G02 TRCNG000007045 ft 4 HJPKI Ms 532363 'lRCNOOGOOn7I6? ft4

STK32C Ms 469002 TRCNODQOD07iW> ft 4 HiPKl Hs.532363 TRCN00000071&3
STRADA Hs.514402 TRCNOuOOOO?(H7 ft 4 HIPK1 Hs. 532363 TKCNOG0W7164 ftA

STRADA. «5.5-4402 TRCN0000007048 ft 4 HIPKi Hs 5.12363 TR.CN0000007T65 ft 4
STRADA Hi 5’4102 TRCN0Q0W07049 ft 4 NPRl Hs.490330 T R.CN OODOOD 7326 ft4
STRADA Hs M 1102 TRCNOOC000705G ft 4 NPR1 Hs.4903'30 ΓΚΕΝ0000007327 ft 4

STR ADA Hs 4402 TRCN0000007U51 ft 4 NTR1 Hs 490330 TRI>flW>07328 fti
PAM T RCNoOiJ 0007052 ft 4 NPRi Rs.490330 TRCN0000Q07329 ft 4
RASK TRCNW0007Q53 ft 4 ADCK4 Hs. 130712 TRCN00000073$0 ft ft

PASfC H$.3 97891 TRCNOOOIWOS4 ft 4 ADCK4 Ms.1307’2 TRCN000000733) ftft
PASK Hs.397891 TRCN0000007(j5$ ft 4 ADCK4 Hk 130712 TRCKOOOOG07332 ft 4
TL-KJ Hs.719163 3RCNB000C07056 ft 4 ADCK4 US.13U7D. TRCN«W00&7334 A4

TLK2 Hs.7j9163 JRCNXX30007057 ft4 COC2 1 Ik.334j62 TRCNOOOOOO7Q23 ft4

TLK1 Hs7)9163 TRCNOfiOnOOTOSa ft4 CDC2 Bs. 334562 TRCNW0007924 ft 4
TLK1 719163 TKCW00007059 #4 CDC2 Hs334562 TRCNOOG0007925 ft 4

TLKt PUH9163 7X0400'10007060 ft 4 CDC2 Hs.334562 TRCN0C00li0?926 ft 4

KSR2 PE.375836 TRCN000000706J ft 4 cco Hs 334562 TRCW.OG 007^27 44

KSR.2 Hs.3 75836 TRCN000»X>07062 ft A ΜΥΕΚΛ Rs. 127830 TRCNGC00008902 ft 4

KSR2 Hs 375836 mCN0000007065 ft 4 TR1M28 1-(5.467408 •iRCNU00001?998 ft 4

S.RPK3 Ms.‘04865 TRCNOOOOOD706? ft4 TPJM28 1¼ 467408 TRCNGOOOO18000 ft 4

SRPK3 Ηδ. )04865 TRCMiOOCOD706S ft 4 TRfM2B Hs.467408 TRCNOOOOOJBOOI ft 4

MOG?2iO5 HS.25S45 TRCN0000007069 ft 4 TRIM’S Hs. 467408 TRCN0000iHS002 ft 4

MGC42105 BS.25845 TR 0X0000007070 R4 1FJ9.KB Hs.597664 TRCN0000018915 ft 4

•MGC42105 Hs.25845 TRCNWWO?· ft 4 JKMB Hs.597664 TRCN00000^910 ft 4
STRADB Hi 65233K TRCN0000007072 ft 4 1KBNB Hs. 597664 TRCNWOOOl89i7 ft ft

STRAPS Hs 652338 TRCN0000307073 ft 4 ‘KBKB HS 597664 TRCNW 0038918 #4

stradb- Hs 652338 TRCN0000007C‘74 M Hs.597664 7RCN0WO018919 4

STRADB Hs.6S7.33S TRCN00WG7075 ft 4 TEC Hs.479670 TRCNOOOGO19559 ftft

STRAPS I-h.652338 TRCN0CWP7i)76 ft 4 TEC Hs. 4796 70 TRCN 0000019560 ft 4

MGC16169 Hs.292986 TRCN0000007G77 #4 TEC Hs.479670 TRCN 0000019561 ft 4
Ms TRCN0000007078 ft 4 TEC Hs.479670 TRCWQ0CO19562 ft4

MGC16169 Hi 292086 TRCN0000CD7079 84 TEC Hs.479670 TRCN&.-W19563 ft 4

MO<i616« Hs.2.92986 TRCNOO00007080 ft4 P14KA Bs. 529438 TRCN0G00G2H99 ft 4
MGC36169 H4.2929S6 TRCNO1WO708* ft 4 P14KA Ms. 529438 TRCN0000021200 ft.4

RPS6KX! Hs 4)4481 TRC:X0000007082 84 P14KA Hs. 529438 TRCNO00G02 )2.01 ft 4

RPS6KL1 HS.4144XI TRCWOO007083 4 4 PJ4KA Rs.529438 TRCN00000217.02 ft 4

RPSMM H5Ai44S) TRCN0000007084 ft4 ΡΪ4ΚΛ Hs.529438 TRCNX'00021203 A4

RPS6KU H$,414481 TRCN000000708S ftd TRJNI24 Hs.490287 TRCN000002J259 ft 4

RPS6KXI Ms 414481 TRCN00000070S6 ft 4 TRTM24 Hs 490287 TRC.TXTOO212.5O ft 4

NEKS Hs.448468 TRCNG000007087 ft4 TRIM24 H$. 490287 TRCNOOOOG7126I ft 4

NEKS TRCN0000007088 #4 TRiM24 Hs.490287 TRGN000002PO? 4 4

NEO «>.4481*8 TRCN0000007G89 ft 4 TRJM24 }-i>,49O2S7 TRCNGOO0O21263 ft 4

ΝΈΟ Hs448468 TRCNOG00007G90 ft 4 E1RD.1 Hs.522472 TRCN00001l2i374 ft4

NEKS Kt448468 TRCNX00000709) ft4 RRD3 Ms 522472 TRCN0000021375 ftft

PINK I Hs.3S9i?t TRCNOQ00007097 ft 4 13RD3 Hs.522472 TRCND0iDO2J376 ■ft 4

PI NX J TaewooGO7O98 ft4 BR.D3 Hs.53.2472 TRCNOOOOO? C<7? .ft4

PINK I Hs .389171 TRCNOOGOO 07099 ft 4 SRP3 H$. 522472. TRCN0000021378 ft 4

ΡΪΝΚ1 HC38917} TRCN0000007101 ft 4 EPHA1C Hi. 129435 TMINW002B&4 #4

MAPMB Hg.636069 TRCNO000007)04 ft4 EFHA1C Hs. 129435 TRCN0000021385 #4

N4AP3W «5.656069 TRCN0000007J05 ¢4 XPHA10 Hs. 129435 TRCN000002I3S6 P4

MAF3KL3 Hs.656Q69 TRCNNXWn-OG ft 4 EPHAW Hs. 129435 TRCN000002i387 it 4

PAR? Hs.32539 TRCNW0007107 #4 ALPK2 Hb.5W52 TRCN0G0G021389 #4.

Hs.5P.no
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Λ1.ΡΚ2 fe.628I52 TRCN0000021390 .H 4
Α’^Κ2 HS.628J62 TRCN000002U(H «4
ALPK2 fe 628152. TRCN0000021392
AXPK2 Hs.628152 TKCN000002139J a4
NRBP2 fe52I926 TRCNOOOOO?! 399 A4
NRBP2 Hs.52i926 TRCN000002MfX> 44
NRBP2 fe.521926 TRCNC00002i40.l 84
NRB?2 He. 52)926 TRCN000002140.2 #4
NRBP2 fe 52.W TRCNOOOOO21403 # 4
.ΜΆΡ3Κ15 Bs.713701 TRCN000002J4G:
MAP3K15 fe,713701 TRCN 0000021405
MAP3K15 fe.?l370’ TRCNW002HC6 ϋ'4
MAP3K15 115.713701 TRCNOOO 002)407 a 4
MAt’SKlS fe.7!370i TRCNOOO 002 MOS #4
»EK5 fe.672-.i44 TRCNCfj0002l409 )14
NEKS Hs.672144 TR.CNiX}OOG214iO H4
NEK5 fe.672144 3RCNOOiW.14H 4
NEKS fe.672144 TRCNOOOOQ21412 ^•■1.
NEKS fe. 672144 rRCN000002Bl3 4 4
ΚΡΗΛ6 Hs.653244 TRCNOOi5OOH4T4 A4
&>HA6 bis 653244 TRCNG00002J4J6 #4
EPKA6 Ms.653244 TRCNW002M17 J?4
BFHA6 Hb 633244 TRCNOOi>C03i41B 4‘ 4
BRXM fe 1B7763 1 RCNQOOOG21424
B1W4 MeJS??63 TRCN000002J425 #4
BRIN l HJ 877*3 TRCN'0000021426 +4
»RD4 fe18?763 TRCNOOOOOiM?7 #•4
BRD4 Ms Hi 7763 TRCNOOSO02H7.8 +4
EFN2 fe.S?204J TRC.WWK29 +T
ERN2 fe.502041 π^?Ν<λΧ>002)4;ΰ 8 4
ERN2 Hs.59204i TRCNOSWmSl + 4
ERN2 Hs592041 TRCNOG0002J432
ERNC fe.592041 TRCbTO000021433
ΑΑΓΚ fe 5U575 TRCWW02MJ4
AATK f 15,514575 TRCNOOOOO?i-:35
ΛΛΤΚ Hi 5M57S 1NCN000002U36 #4
AATK fe 5 1-/575 TR.CNOC0002H3? 44
MASTS Ms.466184 TRCNOOO0O21439 #4
MASTS Hs4*6184 rRCN000no21440 A 4
MASH Hs 4-56184 TRCNW0G214'» 44
MASTS »5.466184 TROW002144S «4
MAST? HU66J84 TRCNW002i443 A4
HMPR1A Hs 5244?? TECN0000021446 if 4
BMPR1A lis.52447? TRC .40000021447
BMPRJA HS.5M477 TRCNG000023448 4 4
MAST4 Hs 59545b- TRCN000002M49 4 4
MAST? fe595458 TR-CNQQ0QQ2US« 8 4
■MAST4 Hs 595458 TRCN0000021452 4 4
Mason fe 595458 TRCNOOCW21453 44
LRRK2. feJ87636 TRCNOOOOQ2KS9 44
LRXK2 Hs U7636 TRCNOW0021460 #4
X.RRK2 fe187636 TRCNCWJ2K61 if 4
LRRK2 fe,»17636 TKCN000002I462 M
LRRK2 Ms. )87636 •trcnlwoshw- 84
CDK5 Hs.64707iI 7RCN0(W2M64 84
CDK5 »5.647078 TRCNCOOOC«2t4G5 A4
CDK5 Ms 647078 TRCN000002I466 >5 4
CDN5 Ms.64-'G78 TRCN0000021467 4 4
CDK5 Hs.f+70?3 TRCNOOOOil2l46g ?4
CDC42BPG Hs 293590 TRCNOG00O2I469 + 4
CDC42BFG BS293590 TRCN000002J47) Ji 4
CDC42BPG fe.3935?0 TRCN 0000021472 <f 4
CDC42BPG fe 293590 TRCNC9OO0214 73 i= 4
ΑΕΡ.ΚΧ fe652H25 WN0C00O2H74 /(4
Al.PKi Hs 652325 TCCN000002!47$ 0-4
ALPK i H?652825 TRCM)0000214?6 +4
.M.EK1 Hr. 052825 Tr<CN(WG02i47? 8'4
ALPK? »5.052825 TRCN0000021478 8 4
ADCK5 Hs 283374 TRCNW0021480 <4
ADCK5 Bs 2B3374 ■RCN000002M83 £4
ADCK5 fe283374 TRCN0000021482 a 4
ADCK5 fe.283374 TRCN000002i483 4 4
•LMTK3 Hs 207426 TRCNiX»002I454 44
LMTK3 Hs.207426 TRCN0006021483 #4
LMTK3 »-T 207426 TKCNOG000214S6 #4
LMTK3 Hs.207426 TRCN 000002)487 HA
LMTK3 Hs 707476 TRCN0000021488 #4
MAP3K9 fe.593542 TRCN00WX12M94 ϋ 4
MAP3K9 fe.593S42 TRCN000002I49S HA
MAP3K9 »>,$<•3542 TRCN08DW214% #4
MAP3K9 fe$93542 TRCMO0COO2I497 a 4
MAF3K9 fe.593542 TRCN0000021498 if 4
.WCKi fe.4 )3208 ΤΚ.ΟΝΟΟΟΟΟ?»·499 #4
AOCKi fe413208 TRCN0000021500 84
ADCK1 Hs 413208 ■)RQWG002I5G1 84
ADCKl H>4 J 3208 TRCNOWG021502 +4
ADCK1 fe.-H3208 TRC.NOGOOG215C3 3/4

CABCI 
CABC.i 
CABCI 
CABCI 
CABCI
RPS6KA4
RPS6KA4 
RPS6KA4 
‘RPS6KA4
CDKL4
CDKL4
CDK.L4 
CIXL4
CDKL4
GSG2
GSG2
MAST; 
MAST· 
MAST) 
PTK6 
P7K6 
?TK6 
PTK.6 
ΡΪΚ6
DOT 
DCLK3 
DCi.K.1 
PCLK3 
TRPM? 
TI? " 
MAP1 
su r H 

\1
< \ΡΊΚϊ 

MAP3K11 
>\l K 
rsux 
NEK{ 
NEK) 
NEK1 
NEK- 
TRPM6 
TRPM6 
TRFM6 
TRPM6 
CLK2 
cua 
OBSCN 
obscn 
08SCN 
OBSCN 
OBSCN 
TR1M33 
TKIM33 
TRIM33 
TR1M33

RGR1
RORl
RQR!
RORJ
PRKaCG 
PRKACG 
PRKACG 
FRKACG 
KSR2 
CDKS 
BRS KJ 
CSNK2AI 
.ΜΛΡ3Κ15 
PiK3R5 
PIK3R5 
PIK3R5 
PJK3CO 
E’iKJCD 
PIK3CD 
PJK3CD 
HKXO 
P1K3CG 
P1K3CG 
PTKJCG 
P1K3CG 
3TK3R1 
P1K3R1 
P1K3R3 
PCCIU 
•JK3KI

Hs.H824) 
Hs.llS24l 
Hs. 113241 
Ms. 1.18241 
HS.HH241 
Hs105584 
Hs. 10S5S4 
Hs 105584 
J-K105584 
»5,403201 
HS.4O32CI 
lfe.403201 
fe .403201 
Hs, 403201 
Hs$34059 
fe.534059 
Hs.227489 
fe,2274S9 
Bs.2274«9 
fe.5H33 
fe,51133 
HS.5H33 
H$.5H33 
HS.5H33 
Hs. 631907 
fe 631907 
Hs S31707 
V-h.631’?G7 
fe.512894 
1+.512894 
lUsoam 
Hs.507.S72 
fe.S028?2 
Hs.502.B72 
1+.502872 
tfe.436667 
fe.4,W? 
fe.481i9l 
Ms.481181 
fe.481181 
Hs.48iWI 
Hs.273225 
Hs.272225 
Hs.372225 
Hs.272725 
fe.73986 
»5.73986 
»5,656999 
Bs 656999 
Hs.656999 
»$.656999 
Hs.656999 
fe20837 
»5.26837 
fe.2683? 
1)5.2683? 
Hs20837 
fe.65449) 
»$.654491 
Hs.654491 
Hs.6544:H 
fe.l$8029 
Hs. 158029 
Hs. 158029 
fe. 158029 
»5.035836 
fe.382396 
Bs («2031 
fe,644056 
fe.713703 
Hs.278901 
Hs 27890i 
Hs.278901 
Hs 518451 
Bs.518451 
»$.51845! 
Hs.518451 
fe.32942 
fe.3.2942 
fe.32942 
Hs.32942 
fe.32942 
Ms.132223 
Hs. 132225 
HsJ 32225 
fe.:37725 
fe. )32225

TRCN(W)00215iS4 
TR€N000002i505 
TRCN000002L506 
TFCNiKX)002i.$0? 
TRCi 10000021508 
TRCN00000215M 
TRCN0000021515 
TRCN 0000021517 
••■RCN1.O0i.O215! 8 
TRCNC00G021519 
Hb7N0O(>0O2t5?G 
TRCNim02l52i 
1RCN0000021522 
TRCNOOOOO21523 
TRO4WKJH529 
TRCN000002:533 
TRCN000CO2B45 
TRCN0000021546 
TRCNOim.C. 154.7 
TRCNOOOOC21549 
TRCN000002IS50 
TRCNGf5OOi>2l55l 
TRC \0000021552 
TRCNQCiXK)7J553 
TRCNfXWXni5$4 
TKCNOOOO02i555 
TRCN 0000021556 
TRCNOOOWT55? 
TRCNQOO 0021559 
TRCNWG021561 
TRCNW0021664 
TRCNQ00002I5G5 
TRCN<m)021366 
TRCNOJXW1567 
iHCN0(100021568 
i'RCNG0G902)509 
TRCN000002I570 
TRCN000 0021580 
TRCKW002358: 
TRCNOOOOO21S82 
TRCN0000021583 
TRCW000021584 
TRCNWOO2I585 
TRCW00021587 
TRCNWO021588 
iRCN00{W159l 
T.RCNQ00002J593 
TRCN000002!5«9 
TR£ »0000021606 
TRCN 0000021601 
TRCNCOGO021602 
TRCNG000021603 
TRC.NOCOOb?2(K)4 
’RCNIi000022005 

TRCWOO'022005 
TRCNC000022007 
■XGN#WJ22(W8 

·.: RCNGOGW? 154 
TRCN0000022156 
TKCNQ000022157 
•{•RCNOOUW22158 
TRCNO0U0022354 
TRCNOO07022355 
fRCN000C0?.7356 
3TiCN0000022357 
TRCN0000022631 
TRCNQ0000232q4 
TRCNOOQOI‘7.4403 
TRCNW0C27627 
TRCNO&OOS32582 
TRCN000G033269 
TRCNO0OGO3327O' 
TRGNiOOCWyni 
ΤκθΝΰ000033274 
TRCNC000033276 
TRCNOOOOOJ3277 
7'RCNU000033278 
TRCNOOOOD33279 
'•RCNOOOOG33280 
TRCNO00003328J 
TRaNOrOG033282 
TRCN00000332S3 
•‘'.RCNOOOOOJ32H4 
TRCN00Q0033285 
•TRCN0000033286 
TRCN 0030033287 
IRCNO0GOO33288

44
44 
*4 
£ 4 
#4 
A 4 
#4 
#4 
#4 
#4 
H4 
ϋ 4
J*S
45
45
45 
ft 5 
#5 
US 
■ft $ 
ft 5 
i‘i 
if 5 
#5

#5
45 
ftS 
ft 5 
ft 5 
4 5 
ft 5 
ft 5 
•ft 3 
£5 
ft5 
4 5 
+ 5
* $ 
45 
*5 
US-
45 
8 5 
4'5 
+5 
ft5

+5 
ii5 
#5 
i*S 
£5 
>15 
/)5 
4 5 
H 5 
//5 
4 5
4 5 
?5 
h-S 
+ 5 
4 5 
4 5 
+5 
«5 
4 5 
45 
#5 
,7 5
4 5
45
.^5 
4 5
45 
£5
4 5
45 
.4 5 
#5 
45 
+5 
its 
■i 5 
i<5 
■4 5



WO 2012/138783 PCT/US2012/032202
48/70

HGNC UniGiine OH&D TRO Kincmc HGNC UniGenii Oligo TRC Kioome
Symbol id ID Pali I2&C110 Symbol ■Id ID Pool 120CHO

?-?<3R3 Ha,¢55387 TRCNOOOOKJ3289 ΤΓΝ Hs. 134602 TRCNOOOOO374SS H 5

P1K3R3 Hs.655387 TRCNiW033?90 •#5 TTN Hs. 134602 TRCNC4W37482 *5
Hs, 65 5337 TRCN000003329J A5 3TN Hs. 134602 • RCM0000037483 :8 5

PIK3R3 Hs 65538? TRCN0000033292 if 5 HRK Hs.209527 TRCN0000037-489 /15
PIK3R3 Hs.6$5387 TRCN00000332x3 #5 NRK Hs-,209527 TRCb!000003?490

MET 7¾. 132966 TRCNU0000j6t99 4$ NRK Ms.209$27 TRCN0000037491 #5

MET Hs 132906 TRCNC0000?5200 if 5 NRK Hs.209527 TRCN0000037492
MET Hs.,132966 TR€N0000b362Ol 45 NRK Hs 209527 TRCN0000037493 «15

MET «5.132966 TRCN00000362Q2 #5 S1K2 1-15,769(28 I7?CN0000037494 if 5

MET Hs.132%6 TRCNOOO0O362O3 4 5 S1K2 Hs 269128 •rRCNOO(KW37495 A5

SPRfil Hs.6806! TRCN0000036964 #5 SiK2 Hs.269l28 TRCN0000037496 #5

S?HK.1 Hs.6806\ TRCNC000036965 #5 S1K2 Hi.269128 TRCN0000G3249? // 5
SPHKI £-5.6806.( •mCN0000036966' 4 5 SIK2 Jb.269128 TRCN0030037498 #.$
SPHKJ Hs.68061 ••“RCN0000036967 45 TA HL ((5.591036 TJR.CN000G037499 6 5
SPHK2 Bs.528006 TRCN000G0.36972 45 TAFH., Hs591OS6 TRCN0000037300 •7 3

SFHK2 H&.52SW6 TR.CX0000V36973 #S •fAnt Hs 5914)(56 IRCNOOOOi-W.H « 5

SBKJ Jls.97837 TKCA 00(-00117394 4$ TAF3L Hs.591086 TR<:N0000037$03 #5

SBK1 Hs.9.7837 TRCNO0G0037396 45 R1OK2 Hs.2?02l TRCN0000037504 4 3

SSK3 Hs.97837 TRCNOOO0037397 85 R1QK2 Bs.27021 TR€NO«OOfJ3?505 8 5
S8K5 Ηδ.9?837 TRCX0iWj37398 7 5 RTOK7 I-U.27021 TRCH0G00C3?506 ii 5

■RiOK.1 Hs.43?474 TRGN0090037399 8 5 RIOK2 Ks.270? 1 TRCNOOWXmSO? 4 5

RIOKt $•5.437474 TRCMW0374i}0 4 5 R1OK2 (K27021 TRCNOCKXM375O8 85
RIOKJ «$..427474 TRCN000003740J #5 R1PK5 Hs.6874 TRCN0000037509 8 5
RI0X1 Hs.437474 TRCNOQOOC‘37403 #5 R(PK$ HU-S'M TRC«000WJ3751G #i S

TRFB3 «5.5(6826 TRCW0000037404 #5 RiPKS HS.6874 TRCNOOOOQ37SH 4 5

TR1E3 Hs.516S26 TRCN0000037405 45 R1PK5 Hs.6874 TRCN0000037512 $5

TRIES Bs.516826 TRCNOOOIM37406 7/5 RTRKS Ms 6H74 TRCN00000375I3 £ 5
ΤΪΗΒ3 1 U.S 16826 TRCNQWB7407 ΊΝΓΚ. Hs.34024 TRCNWJ0037514 15

TRH33 Ms.S 16826 TRCNVO(J0037408 tit TNiK Hs. 34024 ΓΚθ(000ϋ0375(5 #5

SMG1 Hs.48()179 TRCH0000037409 85 TN1K Hs34024 TRCN000C0375 (6 if 5

SMG1 1E.460179 TRCN00000374W 4 5 TNiK Hs 34024 TRCN00000375J7 # ,5

SMCB Hr.460179 TRCN00iW?4H 4 5 TMIR Hs. 34024 TRCs 000003’518 #5

SMC5I Η5460Π9 TRCN’0000037412 as Ti'53RK Hs. 410263 TRCN0000037519 #5
SMOf Jb 469179 TRCN00000374S3 £5 -TP53RK Hs 440263 TRCNOOCXX13752O ti5

Hs .530381 TRCNOCiOOO374H 8 5 TP53RK Hs.440263 TRCN000003752) 8 5
Hs 5303M TRCN00000374(b #5 TPS3RK Hi,44'.i263 I RCf :0030037522 Λ 5

PIM3 M-. 5303511 WXOOH103741? ¢5 TP53RK. Rs.440263 7 RCN0009037523 A5

(jW iU,S3?O34 TRCN00000374t9 8$ TAOK) Hs.631758 TRCX‘OOOCL'37524 8 5
vLK3 Hs,5! 5034 TRCNWOiWZO a 5 TAOKl 1U.611758 TRCNOOOQOj?525 H5
U1.-K3 Hs.513034 TRCNOOW37421. TAOKi Hs.osnsg IRCb 900003? 526 45

ULR3 Hi 5 :3034 TRCX0000037422 .4 $ TAOKI $k.63(758 ΤΚΓΝΟΟΟβ03?5?7 «5

ULK3 Hs.5 13034 TRCN0000037423 4 5 ΤΑΟΚΐ Hs.63175S TRC\000003?528 #5

FRAG.MIN Hs.657673 TRCN0000037424 #5 SGK493 Hb.408542 TR< N’OOC-0037579 4 5

vraomin Hi. 657673 TRCN0000037425 as SGM93 Hs.408542 TRCN0000037$30 S 5

PRAOMIN Hs. 65 7673 TRCX0W0Q3 7426 as SGK493 Hs.408542 TRCN0000037531 if 5

PRAGMLN bL.6.57673 TRCi/(KXW057427 #5 SGK493 Hs.4U8.542 TRCN0000037532 8 5

PRAGMA Hs.657673 3 RCN’0000037428 45 SQW.i Hs.408542 T8CW00037533 4 5

SPBG Hs.21630 TRCN05W37-U9 #5 ΤΠΙΚ) Hs.48S4J6 TRCNWKBT$34 (i 5

SPEC Hs.21639 TRCX0000037430 * 5 ΤΠ3Κ1 Rs 485436 TRCNUOOOOS^Si 8 5
SPEG Hi.21039 TRCN0000037431 4 5 TTilKl Hs.485436 TRCNG000037537 45

SPEC «8.21639 TRCNOOOOi)3743X 8 5 'ΠΈΚ1 Ms.485436 TRCND000037S38 # 5

SPEC Hs 2 ’.639 TRCNC000037433 8 5 P14K28 Rs 19l70i TRCNQ006037584 4 5

C9orf96 Hs (59448 TRCNW0037434 45 FUK2S Hs.191701 TRC«0000037585 4 5:

C9otf96 Hs 159448 7 R.CS000n037435 4 5 P34K2B Ms, io:: 701 1 4 5

C9or<96 tb J59448 TRCN0600037436 A'5 P14K2B HsJ9i701 TRCNO0O«O3758? #5

<Wi96 Hs 1594is TRCN0000037437 85 PUK2S Rs. (9-70( TRC\0·.-00037 58?. 8 5

C9ar£96 Hs. 159448 TRCK0060037438 4 5 PMK2A Hs.25300 iRCW0003/6U4 45

SGK259 HS-.9587 1'RCNOOOOO 57419 8 5 814K2A «5.25300 TRCN0000037605 ti 5

SQK269 Hs.9587 TRCN0000037440 45 PI4K2A Hs.25300 TRCN0000Q37606 4 5
SGK26? Hs 9587 TRCN0900037441 85 PMK2A Hs.25‘300 TRCNOOOOi: >7607 8 5
SGK269 Hs.958? TRCN0000037442 8 5 PMK2A «6.25300 TRCK’00000:!?608 #5

SGK269 H* 9587 3RCN0000037443 4 5 CERR Hs-200668 7RCN9OGO03W1 #5

MYLM HsJ 27830 TRCN0000037444 4 5 CERK H&20066H TKCN00090376S5 4 5

MYLK4 Hs J 27330 TRCW0M37M5 4 5 CERK Hs.290668 TRC«0000037686 45

MYLK4 Hs J 27830 TR£NO<X)Q037446 85 CERK Hs.200668 TRCN0000037687 A 5

MYLK4 Hi 127830 TRt:M<300ti037447 4 5· CERK HS.2M66B TRCNOOO 6037688 45

MYLK4 Hs. 127830 TRCN0000037448 P1K3C3. IR46497I TRC\'0C0b03779q 45

Κ(ΑΛ0999 H., 167451 TRCNOODCO37449 8 5 r-s3O3 Hs.464971 TRCN0000031795 4 5

K1AA0999 HsJ 67451 TRCM0000037450 4 5 PIK3C3 HsA 64971 TRCN0000037796 4 S

K1AA0999 Ms.) 67451 TRCNOOQOO-374SI 85 P1K3CS ;is.4649?l T8CN0W0037797 4 $

KIAA0999 Hs. 187451 1RCNOOOW37452 4 5 P1K3C3 Hs.464971 TRCN0000037798 4 5

LOC&46W Hs.532676 TRCH0000037455 7 5 MAST* ih,59M58 TRCN(«X)803?874 45

T$SK4 Hs 3 TRCNOOO0037459 85 MAST4 ife.59545H 3 RCN!iCOtiC378T5 4.5

TS$M JC 3 14432 TRCN000003T460 85 MAST4 Hs.595458 TRCN0000037870 4 5
TSSR4 H-5.314432 TRCK 00000374 61 4 5 MAST4 Rs 595458 TRCN0000Q3787? 85

TSSK4 HS.3U432 TRCX0000037462 8 5 MASTA Hs.5954SS TRCNOOOQOliWS a 5

TSSKA Hs354432 'ΠΚ"Χ·000003?4*3 8 5 SRC Hs. 195059 TRCN00Q9038(50 4 3

TSSK1B Hs.701555 TRCNOO 00037464 s5 SRC Hs. 195659 TOCNWO{i38151 8 5

r&SKis 1(3.701555 1RCXOOOO&37466 8 5 SRC H> 105659 TRCXWOCSSi 52 45

TSSKIB Hs 701555 TRCN0000037467 85 SRC Hs.195659 •1'RCA9OO(1O38I53 45

TSSKIB Ik 70:555 TRCN0000037408 4 5 ATM Rs.36743? TRCNO-./OOt'38i-$4 4 5

TEX14 1Ϊ5.390221 TRCND009037469 4 5 AIM Rs.3674.T7 TRCX000003S655 4 5

ΤΈΧΪ4 Hs.390221 TRCN 0000037479 #5 AIM H&.367437 Ϊ RC Ψ )000038656 ti 5

TEX 14 Hs.390221 TRCN0000037471 45 ATM Rs.367437 TROW.wabes·’ 4 5

TEX14 Hs.390221 TRGN 900003 7477. 8 5 ATM Rs.3 6743.7 TRCN0«N0386SJ< 8 5

ΓΓΝ Hs <134602 TRCN0000037479 45 MAPK15 Hs.49;H69 '■ RCN90DOO38650 ti 5

TIN Hs. 134602 TRCNOOOOO3748O 4 5 MAPKJ5 Hs.493569 TRCN0000038660 8 5
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MAFK15 Hs.493169 TRCNOOOOQ3JM.63 85
CSNK1G2 Hs,65)9C5 TRCH<W003S669 F5
CSNK102 Hs.65i905 TOCN0000038670 #5
CSNKJG2 Hs.651905 TRCN000003S67J a s
CSNK1G2 11,6'1905 TRCN0000038672 ¢5
CSNKJG2 TRCNOOOOil3S673 ■*5
MTDR Hs 33K07 TRC4KW03S674 as
MTOR Hs.33820? TRCN000003867S #5
MTOR Jis 33820? TRCM000003BC76 F5

Hs.338207 TRCNM00038677 *5
MTOR Hs.338207 ■JRC8i000003S67S * $
C1&K3 A ί is <66828 TRC10000038679 8 5
GSKJA- Hs.466828 TKCN0000038680 as
OSK3A Hs.466828 TR 040000038681 H5
GSK3A Hs.466828 TRCH6C00038682 4$
GSK3A HS.WS828 TRCN00000386K3 AS
FJK3CA iis 8570! TRCN30000396CI3 as
PSK3CA Hs.8S701 TRCN0000039604 as
Ptt:.3CA Ms.85701 TR.CN0000039605 us.
P1K3CA Hs.RSTCl TRCN0000039606 as
P1K3CA Hs.85701 TRCK-J8100039607 as
ATR Hs.?71?W TRCK00000396J3 as
ATR Hs27J 191 TRjaWflOO6306W as
alR Hs.?7:?i>i "f RCNOW00396J 5 pS

ATR Hs.2?i 791 TRCN00000396J6 »5
ATR JJs.27i79i TRCN00000396I7 as
I:OFR Ms.488293 WN®00(B90'33 as
EGFR Hs.488293 TRCN0000039634 #5
EGfX Hs.488293 3710-10000039635 as
CGFR Hs. 488293 TRCN0C0OO39636 as
EGFR IM 488293 ■tRCN0l»0i)39<i37
IGF1.R Hs.fiWiSO TRCW0M3W4 as

Η» 643120 TRCN000003967S #5
TGFJR Hs64M20 TRCN000003!K>76 ί 5
ΡίΚ3Κ2 M-: 37)344 TRCN00000396S3 #5
PIK3R2 Hs.371344 TRCM0000039685 a 5
PIK3R2 Hs. 371344 TRCK0000039686 US
PIK3R2 Hs371344 TRCN0JW039687 #5
ERSB4 HS.390729 TReNooooojsatp as
EPJ3B4 IE.390729 TRCN0000039691 as
ERB04 Jis.390729 TRCN0000039692 as
NSR Hs.465744 TRCN0000039698 as
■NSR HS465744 TRCN0J.W39699 as
INSR. Hs.465744 TRChSOO 9039700 as
INSR iE36S?44 ■JRCNOOOOO39701 as
1NS.R Hs.405744 TRCN 2000039702 as
FVF3 Ms, 507590 TRCX‘0000039703 as
pun Ms 507390 TRCN0090039705 as
rLT3 HS.50759O Ί RCN0000039706 as
FLT3 iis.507590 TRCN0000039707 as
CDlv6 FIS ί 19882 TRCN0000039743 ti s
UDK6 Ms. 119882 TRCN00000397M as
CDK6 Ms. 119882 3RCN0OOOO39745 #5
CDK6 Hs. 119882 TRCNO0WO39746 as
CDK6 Bs. 119882 ?RCS0300a39747 as
RPS6KAI Hs. 149957 TR< W110039754 as
RPS6KA) JIs.J499.57 TRC'<0Oi)OO3975S 8 5
RPSGKA1 Hs. 149957 TRCN0000039757 *5
GSK3A Hs.466828 TRCN 0000039763 as
GSK3A Jis,466828 TRCNW0O39764 a s
GSK3A- Hs.466828 TRCKWWW397W #5
GSK3A Hs.46682;! TR.CH0000039766 as
OSK3A Hs.466828 ■TRCN0000039767 $5
TGF'BRI Hs.494622 71’040000030773 as
TGFBR1 1 Is .494622 TRCN0000039774 AS
TGFBiU Hs.494622 TRCN 0000039775 as
TGFBRI Hs.494622 TRCNO0OOO39776 as
•i'GWl Hs.494622 TRCN0000039777 as
PDKl 13$ 4 70633 TRCN0OMO39778 fi5
PDK! H5.47G633 TRCN0000039779 as
PPKI Hs.4 70633 TRCN0000039781 as
PDKJ. Ms 470633 TRCN0000039782 ■as
MTOR Hs.338207 TRCN9000039783 US
MTOR Ms. 338207 TRCNW00039784 5
MTDR Hs.338207 TRCHO0OOO3978S #5
MTOR Hs.338207 7RCM0000039786
&4TOR Hs.338207 TRCNW00039787 #5
A.KT1 «5.525622 TRCNM00039793 #5
AKT1 Hs. 525622 TRCNOOt>Oi)39794 as
AKTl Hs 525622 TRCN0000039796 as
AKTi Ms 525623 TRCJ90CO6O39797 #5
CHEKI «6.24529 TRCNOOOO(B9853 fi5
CHEKJ Hs.245® TRCH0000019854
CHEKI Hs 24529 JRCNOOWKWS #5
CHEKI Hs.24529 TR.CNOO<W398S6 aS
CHEKI Hs.245’9 TRCN000M39857 as
ERS82 iis.446352 TRCT0000039B78 U 5
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ERBB2 Hs.4+5352 TRCNO000039879 Μ
ERB32 HS.M6352 TRCN0000539a$K)
ER.8B2 Hs 446352 TRCN0G00039881 as
AKTJ FM!W2 TRC*i000003981J8 AS
ARCS TRCNOCOOOWeq A 5
AKT3 Ks49S2i>2 TRCNOOOO03989O
AKT3 J-Li.4.98292 TRCN060003989I as
AKT3 Hs.498292 TRCN0000039892 as
ABI-i Hs.43I04B TRCD00000.5%9rf 4 5
ΛΒ1.1 :4s 431048 ■'RUNOOOCW9&99 * 5
ABLl Hs.43J04S TRCKOO0CO39‘X>O as
ABU FU.43104K TRCNiiOO 003990J ■as
ABl.i «$.431048 3 RCN'OGOOOSGSOZ if 5
PFK3R.1 HU32225 TRCN0000039903 U5
P!K3Rt IHCN00000399G4 US
PIK3RJ bs ^2225 TRCN0000039905 as
P.IK3K1 P2225 TRCNOW0O399O6 ri5
PJKR1 H \;.5 WJNW0(H9907 as
MAP2K4 Fh-5 !448) TRCN0000039.914 a $
MAf-2K4 H$.5Wl )KCN’j000039916
MAP2K4 i !$ 514681 TRCN000G0399I7 a s
CHEK2 Bs 2Q1.J&3 TRCX000003y944 tis
CHEK2 Π&.29ί3ί$3 ΤΪΚΝΰί)ί)ΟΟ39045 as
C11EK2 Hs.29.U63 TRCM/0C‘ftC39946 +5
CBEK2 Bs.2^363 TRCN000<D?9947 ■« 5.
ATM Hs J 67437 TKCNOW039948 »5
ATM H8.367437 yRCNOO‘30039949 S 5
ATM Hs.3S?4S7 TRCW30O3995O ft1 5
ATM Hiv367437 TRCNWW951 if 5
KIM Hs.367437 IRCN0&J0O39W #5
COK2 Hs.-9192 TKCSW0039958 4 5
CDK2 Hs. 19192 TRCN0000039959 us
CDK2 Hs.19192 TRCNOOOOW96G ft 5
CDK2 H&I9J92 'mCNOGG0039«6i 45
CtJK.2 HsJ9l92 TRCM00iK>399W 3 5
AKT2 Hs 631535 TRCN000003996& a s
;3KT2 Hs.631535 TKCN00iJ0fi3W7G us
AKT2 HsoSU35 ‘FRCN0CG0G39971 a 5
ΑΚΏ Hs.631535 TRCNOO 0003 9972 #5
P1K3CB Hs239818 TRCN0000939y78 #5
PJK3CB 2^813 TBCXW0039979 ii 5
PJK3CB Η»?3·>?ΐί HKN(J0iW399H ή'5
P1K3C8 Hs 23^18 TRCNWmW. ¢5
GSK3B :^44573^ TRCN0Q0GG39998
CSK3B Hs.445?33 ’n?C\W003W9 #5
QSK3B HU45733 TRCNGOG(K?400yO $5
GSK3S Hs.445733 TRCN WOOHOO J 45
GSK3B Hs.445733 TRCN0000040002 #5
TOPBR2 Ηξ.82028 TRCN000004000S »5
TGF0R2 Ηλ«?Ο28 rRUN(.-OQOO4OCO4 4 5
TGFBR2 Hs.«2028 TRCN00000400iiJ 4 5
TOFBR2 Bs.82028 ■iKCNOOOWOOH AS
TOFBR2 Hi.82028 TRCNOOO 0040012 4 5
REF Hs.3 51)321 rRCNrOO’X‘4O0‘H n
RET th 353321 TRCNGOQOOW* 4 5
RET Hs 55032· TRCNOGOOiWOi/27 <*5
MET Hs .132966 TRCKW00040G43 as
MFC Hs B2966 T!<CT0O(W6C!41 4 5
Μίΰ H4l329c6 TRCNOuGCD40045 A5
MET Hs 132966 iJ<CNWOGW040 #5
MET HiJ 32966 ilRC'WOGWMOGi? *■5
BRBB3 TR.CNG00O040fO8 4.5
ERBB3 Hs. n 8681 TRCNOOOOMOiOS ■7 5
ER13B3 HSJI&6)H TRCX’OOOOG^IM *'5
ER BBS if-, J14681 TRCNGOCWOn? 45
RPS6KA3 Hs.445.387 TRCNGOaG040i43 4 5
RPS6KA3 Ks 445387 TRCNG000040144 4 5
RPS6KA3 K.VI45W TRCN:Oai0040l4$ #5:
RPS6KA3 Hs.445387 TRCNOOOCO4C146 4 5
RRS6KA3 Hs445387 TRCNWGG4G147 US
BUBl Hs.469649 TRCN0000040I54 ■4 5
BUB! Hs.469649 TRC:<flOG(.O40l55 45
BUB) Ms.46%4? TRCN000604G356 as
BUBi Hs.469649 'IRCXOOOGOiOU? 45
SGKJ J-fe.5 K)078 TRCSOOGIX)4OD3 as
scKi H$.5W?8 rKCNGiXWiHT* as
SGK.I Hs510078 TRCNOGOGOiflm 46
SCSI Hfi.5i0078 TRCNOGOOG40D6 45
SGKI Η&.5’007Κ TRCMD0GiW4(H77 4 5
ROS1 ih 1041 TRmW045099 45
ROS I HS.HJ41 VRC\0COCu45)02 45
OFF Η5.Π9594 TRCNOO<XK)45573
err «5.119594 7 RCXGQGU045574 us
GIT Β$.ί )9594 TR£W<D(M5575 4 5
CIT Hs. 119594 TRC -400000155^7 45
SRM Hs.76244 TRCN90Q9045?28 4 $
SRM Hs. 76244 TRCNKJ00045731 4 5
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STvf fis.76244 TRCNfXW0045732 #5
P'Ml Hs.81170 TRCN0000046794 ft 5
FIMl HS.81 ί'Φ TRCW00046705 #5
NM &.W70 TRCNOOW6796 *5
PIMi HsJim TRCN0000046797 as
ROS) Hs.l04i TRCWOWW •ft 5
ROS? Hs iGMl 3’KCN0000047I75 ft5
N.L.K Ht20S759 WNC«Wi*9U8 4‘5
ΧΊ.Κ t5208’59 TRCN0000049149 #5
NLK -K /08’5* TRCNO0OOO49I5O as
NLK Hs 208 TRCN00000491S1 #5
NLK π TRCN00OO0*9152 #5
ATI? TRCN0000052393 as
ATR 1 sZ’i TRCNOOO«)52397 #5
EMP2K Ms: Ή&551 TRCN00000526I5 »5
8MP2K Ha TRCNOOQOG52616
PJ4KA is ’U<i TRCN0000052624
EMKA H ERCN0000052625 *5
SCYL1 Ks.SWylSi TRCNG00G057848 as
SCYL? Hs.5 06481 TRCWW57849 o
SCYL2 HS.5064.8) TRCN0Q000578J0 as
SCYL3 Hs.506481 TRCS0OOW578S1 as
SCYL2 Rs.500481 TRCNW0057852 as
SCYL2 Βά.5Ο6481 TRCN0000057883
SCYi.2 Hs.S'kMgf TRCNOOOOC«5?384 an
SCYL2 Ha.506-18) TRCN00000578S5 as
SCYL2 HS.50648F TRCWOO0OS7886 as
SCYL1 Hs.238839 YRCNOOOOO$7943 as
SC YU Hs.238839 TRCN006005?944 n
$C¥M Η5.2» TRCN000005)94$ as
SCYU H<,.238&39 TRCNQOO6O57946 a 5
SCYU Ηκ238839 TRCKOQOOGS7947 #5
RAGE H$ (0*117 TRCx0M0062t-5<? i/5
RAGE H> HMD 9 TRCN0000062660 ftS
RACE F is. UM 119 TRCNC-OQOC62661 #5
RAGE 1·«. 604ΐίί.’ TKCNC000062662 #5
A'lK iib 271791 TRCN00000632I8 as
.ATR Hs-27179! TRCX!00000632I9 a s
ATR Hs.27179i TRCNWQ0C63220 a $
AYR TRCN<»0<J063221 a-5
CNKSR2· m.5559)7 YRCNOOO 0077893 as
CNKSR2 Hs.555917 TRGN0000077B94 as
OTCSR2 Hs.555917 TRCNC000077895 as
CNKSR2 Hs.5$59l7 TRCN0000077896 as
CNKSR2 Hs.555917 TRCNOQ00077897 if 5
FGFRI Hs264B87 7RCNW.O078H3 S'S
U.LK2 Hs. 168762 TRCN9000078495 as
ULK2 Ms. 168762 TRCN0000078496 as
Eir2AK4 Hs.656673 TRCNOOOOO 78649 ii5
EIF2AK4 Hs.656b?3 TRCND000078651 #r$
E1F2AK4 Ki .6 $0673 TRCW00078652
PMKA IL 529458 TRCNGOOOO?868fc 65
Ϊ14ΚΑ Hs-529'BS TRCN0OQ0678689 as
ΡΒΚΆ Hi 529433 TRCN000007S691 as
AAK.1 1K 4*8878 TRCNOOOOOB^S a s
AAK1 H5.46887S TRCN90U0082350 #6
z\AKi Ms.468878 )’RCNOOOOOS2351
AAKl iMoms TRCN00Q0082352 aa
•OBSCN Hs 656999 w:noooooh?398 <7 6
OBSCN M%.6569<?9 TR.CN0000082400 #6
OBSCN HiC56999 TRC.W0Q082401 a 6
SMG1 FM6PU9 TRCN000008241! 26
C9orf96 Ms f59448 TRCN000008244S a 6
C9oH% Us ί WS TRGN9000082449 ae
G'9ori96 Ms. 159 UH TRCNO00OO82450 ii6
G9orf96 Ms. 159*48 TRCN0000082451 a 6
C9orf26 tWm 'raCXOf)i)OOJD45< #6
FLIT Ms.654360 TRO :0000082 $6$ a ο
FLTt Hs65*360 rRCN<WOW<57 a 6
ckesc? Hi.291363 TRCNOOOGOS26K) a 6
CHEK2- ^.73(36.1 XRCN0Q000S26I ί #6
CHKK2 291363 TRCND000082612
PIK3CA Hs85701 TRCMGOO0082624 66
P1K3CA Ms 8*701 TRCNOCOOOS2626
PIK3CA HS.8S70.1 TRCNOV00082627 #6
A.TR Bs. 27179( TKGNOC00083903 #6
ATR 1-U.37179J TRCNOC00083905 66
ATR Hs2’7P91 ΤΚΓΝ0(ί00083906 a 6
ATR ί :<.27Ι7Ή TR.CNOOOOOE3907 afl
ADRBK2 Hs65'U94 TRCN0000084C08 a 6
PIK3R6 Ms 355809 TKCNOO0C’lO718O if 5
P1K3R6 H„, ?5C8(N TRCWOOW71Ri T6
R1K3R6 Hk2$5809 XRCN0000W?i8? *6
HK3R6 Hs25$8G9 TRCrWU07U3 a 6
PIK3R6 Hs255809 TRCNOOOf-107184 66
ACTR2 Ms 7192 74 TRCNOftT0133861 a 6
ACTR2 Η&·Ί7274 TRCNOOGOI 13852 66
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AITS.? Bs.71.9274 TRCN0000113863 A A
ACTR2 Hs.719274 TRCNOOOOn3S6S a 6
MAST’ Hs.2-27489 IXLNOOOO M393I as
MASTl. HS.2274&9 TRCNOMO) C>93?. ■46
MASH J Is 227489 TRCN0000113933 #6
MAST! Hi: 227489 TRCNQOOOUS934 as
MAST1 Hs.227489 TRCNOOOOJ13535 #6
PLK1 Hs.592049 Γ&0\0ί<’0ί17441ί #6
PLKI Rs.592049 TRCNOOOO117449 as
PLKl 2Ϊ5.592049 TRCWXW117450 as
PLKI Hs.592049 TRCN0M0) :745) as
GRK5 Hr524625 TRCNOOOO118898 a 6
YES I Hs.l 94148 7HCN0000131D62 as
YES? Hs. J 94148 TRCMOOOumOOS as
yes; 1¾. 194J48 TRCNWOUUlOb* as
Y8SS Ils. 194148 TRCN0000121965 as
Yi-si Ms. 194148 TROiB000l2l066 as
EGFR Hs.488293 TRCNOOOO’21067 as
EGFR £■3.48829:1 I'RCNOOO0t2lO68 as
EGFR 118.488293 rRCN0G00)2li>69 H6
EGFR Ms 4B8293 W.NOOOOI2’(DO aS
EGFR Hs.488293 ORCW090121671
ΡΙ.ΚΊ Hs,592(i49 ΪΚθΚ<8)·Μ2ί072 as
PLKl 111592049 ΤΡ(?Ν000012Ι073 a-6
RUCi Hs.592049 TRCN0000121074 as
PLX) M&.592049 ••RCwmri2)C75 as
PLK4 Hs;1720$2 TRCNOOCO121077 #6
PLK4 Hs. 172052 TKCSWCCJ2IO?g 46
PLK4 HS-J7M52 (RCN00fXH2!079 as
PLK4 Hs.172052' TRCNGQ^UAORO as
PLK4 Hs J 72052 TRCN0Q0OL21O8! as
DORI Hs6jJ9»8 TRCN0000)2KjS2 a 6
DDK I Hs.631988 TRCN&OOOI?.P.?«3 as
DDR I 113.6319811 TRCNOOOC’I2:08·? as
DDR. 1 MS.631988 TRCMWW0131C85 a 6
D.0K1 Rs 631988 7RCN000012li«6 Y6
MET Ms 152966 TRCK(WO12HJ87 a 6
MET HU3296<> TRCNOOO'HzJOaS as
MiG" Rs MW> TRCN0000121089 il€
.MET Hs. 132966 TRCN000012W90 *6
MET 14s 02966 TRCHixyiODJOYl as
RQCKi bb.3C6307 TReXiOOOtZ 1092 as
ROCKi Bs.306307 TRcxxjoonmcm as
RCX?K) Ns 396307 TRCX000C121094 ii 6
ROCKt H'.3116307 7R<NaW0l?AC9$ as
ROCKl Hs.306307 TRCN0000I21096 #6
ABLi Hs431048 TRCNOOOOI21097 as
ASLI Hs431048 TF.CNOOOOl?i098 a 6
ABU M5.:>1O4H TROTXW0121099 as
Ml H&43:048 TRCN000012UGO as
ABU Hs.43’648 TRCN000012H01 as
FGFR1 >k 264887 :«C«0Wi?l :02 as
FGFRl Ma.264887 TRCiTKWiUlOl as
FGFK1 BS.264K87 TRCMwom io* 46
FGFR1 HS.2S4887 TRCKOOOO) 21)05 as
FQFRl Kg,2<R8K7 TRCN00001211&6 as
TXK Hs. 479669 TRC’lOOOOm 107 as
TXK Hs.479669 TRCNOCiOOHliOS AS
TXK Rs.479669 TRCNQO00J21)09 S(>
TXK Hk.479669 TRCNOOOOniUO as
TXK Hs.4796'69 TRCM0000I2MH as
T1EJ Ms. 78824 TRCNGiX70i2) 1 (2 as
TIE: l Pls 78824 TRCAW012H13 as
T’Ei Hs.78824. WMOttWl :34 as
TiEl Hs.78824 rRCSMxxHams as
ΉΕ1 Bs.78824 TRCNOOOOiiUiO as
DDR2 Hs.593833 TFCSWOiUH? it{>
DDR2 Hs.593833 ’’RCNOOOOlzM)8 as
DDR2 Hs.593833 TRCW»12H»9 as
DDR2 Ks.593833 TRCN0000131120 as
INSR Hs.465744 TRCNOOOOI2i)23 aS
JNSR Ms.465744 TRGNOGOOi?] 124 as
1NSR FUA65744 TRC:-J000012U25 a 6
INSR Hs.465744 TRCNC0Q012:126 a 6
PTK2 Ms .39548.2. TRCN0000121127 as
PTK2 1^395482 TRC>M000UH28 *6
PTK2 Ms.395482 TRCNGOGOIWS? as
PTK2 Rs. 39548? YHCXC00012D30 as
ΡΓΚ2 Bs.395482 TRtNOOOOlU i 31 as
JGiTR HS.WJ2-3 TKCWIOIKHZID.? ns
IGFIR Hs.6-43120 TRCN0000121):D as
IGF1R Hs.643120 TRCNOQOOI21:34 as
IGFiR Hs643120 TRCN0000121 135 ft· 6
IGF’R IU643120 TRCN9OQO121I36 ft 6
IRAKI Hs.522819 IRCN00001?n37 as
IRAK I 115.522819 TRCNOOi’DUUSS ft 6
IRAKI Hs.522£!9 TRCNUOOOI23139 ft6
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IRAK! 1¾522819 TRCN000012I140 YES) hV 594)48 TRCN000012JW.
IRAKI 115.522819 TKCH000012U41 #6 MET BS.1M966 TRCN000U171247
JAK1 ΙΪ5.207538 TRGNW012H42 8' 6 MET HS.W29® TRCNC000l?l24S #6

JAK1 JU207538 TRCNMW2H43 MKJ- Hs. 132966 TRCNOOOOJ2I240 H 6

JAKJ Hs.207538 TRCX000612!J4<J it 6 .MET ils. 132966 TRCS000032U5Q ¢6

JAK1 MS.2O7S38 7RC.\(XK)012n43 MET i Is. 132966 IRCMOOMClW! if 6
JAK1 HS.2O7MB TRC7400W12U46 NiSTJR Hs.$ 17973 TRCKW0121252 #6

MST1R Hs.517973 TRCN0tMH2)i47 #6 MSTJR ih.Sl'?973 TRCN0000i21253 //6

MSTiR Ha 517973 TRCNOOOG121148 if 6 MSTIR 11.5179^ TRCN0OOOi2)254 //6
MTHR Hs.517973 TRCN0CW2U49 8 6 WGR HS.S17973 TRCNOOOOJ21255
MSTtR Ks.517973 TRCNOQOOI2H50 Λ-6 MST1R Hs.S 17973 TRCNOOOOt2I256
XOT.tR Hs.517973 TRCN0000121151 4 6 PLK4 Hi. 172052 TRCN0000121257 #6

MST1R Hs517?73 TRCN00W 12)359 H 6 PLK4 Hs. )72552 TRCN«X)0]2t258 A6

MSTJR Ms$17973 TRCN000012B60 86 PIK4 Hs. 173052 TKCN060012I2$9 P6
M5TJ R Hs.517973 [RCK0(W:2B6i a 6 PLK4 Ms I7205J TRCXOC0012126Q *’6

DORI HS.6319S8 TRCNEWi2I162 46 PLK4 Hs. 172052 TRC^0W0-2H6l 5Ϊ 6

DORI Rs.631988 TRC5WKH21 >63 6 6 I>DR2. Hs.593833 TKCNW.) I2U62 ίίύ
DORI Hs.63-988 TRCK000012B65 8 6 DDR2 Hs.593333 TRCW00r21263
DDR1 Η8.6319Η» TRCN0000121166 86 DOT2 Hs 593833 TRGNOOflO 121264
ABD Bs.431048 TRCNOOOOJ2H68 86 DDR2 Hs.593833 TRCW00«0l21266
ABL1 Hs. 431048 TRCNOOO&1.3H69 #4 ΊΪΕ1 HS.7SB24 •I-RCNOOO<n2]?Y>7
AJ3H )fc.43W48 TRCN0(XXil2H7O 86 T1E1 Hs. 78824 TRCN000C]2126fc »6
DDR2 Hs.593S33 TR040000 i?H72 86 TH·· Hs.78824 TOCN000012126?
DDR2- Bs.593833 jROMHWim 86 TIE- Hs.7»»24 IRCHUOOO 12)270
DPR2 Hs.593833 TRCNOOOOm 174 Αύ Til-1 HS.7S824 TRCN000012J2VI
DDR2 1U593833 TRCNOiW?B75 A6 JAKi Hs.207538 TRCN0000121272 H6
DGR2 K5.593S33 TRCN000012H76 H6 JAKi Hs.2<>7538 TRCN0060121274 F6
TXK Ms 479669 7RbN’OOOOt2H77 8 6 JAK1 Hs.?.l)7538 TRCW>Q012U75 3’6
TXK fMW TRCNOOOOL2U78 #6 JAX1 HS.207538 TRCN:)00<U2>2?6 8 6
TXK. Hs.47%69 Γ«€Ν0000121Π9 if 6 Λ&Ε3 )-12.431048 TRCN00C0t2U77 86
TXK Hs.479669 TRCNOOOOLBlSO 8 6 AB1..1 Hs.431048 TRCWOOOU1278 ae
TXK f 15.479669 TRCN000012j 181 #6 /U3L1 iis .«1048 TRCNOOGnizlSiO fib
FCii-Rl Bs.264b87 TRCNOOOOUB82 86 ASLI HS.431048 TRCN0&00121280 .8 6
FGFR1 HS.264W TRCNOOOIH 2.1)83 A6 ABL> Hs.431048 TRCNO<MXT.25W> U 6
FGFR i Ms.2WZ? TR€N000012tl85 #6 !NSR )*.W5744 TRCNOOOOI21282
FQFRi Ht.264887 7RCHOOOOmi86 ;S(5 INSR Hs.465?44 TRCN(XWJ12HF3 a 6

ΌΕΙ Hs.78S24 TRCKOoOOi2U8? AS 1NSR »8.465744 TRCN0000121284 #6
I Ii’? Hs.78S24 TRCNOOO'JJ2U8K it 6 )NSR Hs.465744 TRCXWC121286 8 6
ΤϊΕϊ ];i.7R824 TRCN000012J1F9 86 TXK Ms.479669 TRCXOOOO121287 8 6
TIEl Hs.78824 TRCH000012:i9t 86 TXK Hs.479669 TR€NWO12I288 ff 6
KjHR Hs.643120 TRCHOOC-UDB192. *6 TXK Hs.47%69 TRCN000O121289 86
IGFiR Bs 643120 iRON00001<U93 .7 6 TXK HS479669 TRCN0u00l21296 86
m Ik 643120 TRCN000012B95 8 6 TXK Hs.479669 •(RCXOOC-OK.D^E H6

3k 643120 TOttWiM A 6 □DIG «5.631988 1RCNC<KM 121292 #6
PLK4 Hs 172052 ••iRC«(JOUOI23198 DDR J Hs.631988 TRCN0000121293 8 6
ELK4 Hs. 172052 m'WCO'JPl 199 DDK i HsOPWS TKCN000012-294 8 6
FLX4 TRCN000O12U00 *6 DDR1 Hs.631988 TRCKO0Wi2)295 86
PLK4 Hs. 172052 TRCNOflOO UKWt 8 6 DDR1 Ms.631988 ■mCi<OOOOK3?96 8 6
EGFR Its. 48S2P3 TRCKWjO1212O2 86 tGFJR Hs.643120 TRCXO6O0?2l297 #6

EGFR FMb8293 n<CN‘)0C‘(H2)2i)3 #6 IGFiR Hs.643120 TRCNOOOOi2l298 86
EGFR Bs 488293 TRfWOlZnO·! iU 1GFIR Hs.643120 rRCXOOOOt2)299 8 6

t-GFR Hs488293 TRCN0000121205 46 IGF3R Hs.643120 TRCN0G0012U00
EGFR )k.4S8293 TRCNOCOOI212W) 4 6 1GFIR Hs.643120 TRCN0900I2I301 8 6
PTK2 Hs 3^82 TRCX000012U07 O IRAK 1 Hs.522819 TRCNOGOOI21303 8 6
PTK2 Hs.395482 rRCN600UJ2l?09 8 6 IRAKI «5.522819 TRCNDG00)2s3O4 86
PTK2 •k 195482 TRCNOGOO121231 8 6 IRAKI Hs.522819 TRCS<X>0012BC5 86
J/\KJ 145.207538 ΤΧΓΗ000017Ι212 46 IRAKI )!s.5228)9 TRCNWOPiSOfc 86
JAK1 1 is.2O7538 TRCNOOOOJ21M3 8 6 FGFR1 Hs.264887 TRCN 000012(307 #6

J Uil Bs 2A7538 TRCNOOOOJ21214 #6 FGFRi Hs.264 887 •IRC<W12^0S
JAKt HUO?S38 TRCM00001212B 86 FGFR· Hs.264887 TRCNGOOu?2)3C)9 8 6
JAK1 '4U0753S T«CN0000Uni6 S6 FGFR’. Bs 264887 TRONOOOOI713KJ 4 6

IX’S'R Hs.465744 TRCKW0>2)217 FGFR-t Hs.264887 TRCX-XW:2nM H6
JNSR fls 464744 TRCM000121218 a 6 ROCKS Hs.306307 TRCNOOOOianU .<6

IXSR H$4gS?44 IRCXOOQOUt.?’’? 86 ROCK! Hs. 30630? TRCNOOQOI213:4 8 6

:NSR ks 465744 TR 0X0000121220 86 ROCK1 Hs.306307 TRCKO«OOI2I3’5 86
EbTSR Us 465/44 TR<WVl2’?2! A 9 ROCKJ Hj.306307 IRCKOOMIIB >16 86

FLK1 Hs.592045 TRC?WM)2122? 86 PTK2 Hs.595482 TRCNOOOOI2rSP 86
PLK1 Hs 592049 TRCN000012i223 86 PTK2 Hs.395482 TRCNOOOO] 21318 if 6

HXl Hs.592049 ■fRCN000Cl21224 86 ΪΤΚ2 )15.395482 TRCNOOOOI2D19 r/6

FI.KJ Ms 592049 TRCNWX>O32J226 776 PTK2 Ms3‘>548Z TRCKOO'3OI2i:?2U 8 6
vest Ms 194148 TRCNXW21227 A 6 ?TK2 «S.J95482 TRCNQ00Q12l32l #6
YESt Bs. 194)48 TRCN 0000)21228 86 PL&] Hs.392049 FRCNOOOO) 2:322 4 6
YES) MMW TRCNW0121279 #6 PLK1 Hs.592049 ‘I RCN0D00J2D23 O

YESJ Hi 194148 Txcxooooumo 86 PLK1 Hs.592049 1X0)0000121324 '4 6
YES I 8s.)9G4H ΓΚ(?ΝΟ(10ίΒ?123ΐ 8 6 PLK1 Hs. 592049 TRCN000iH2j325 ¥6

MET Hs 132966 TRCN0000121232 86 PLK5 Hs.597049 TRGN:000012i326

Mb? Rs 132966 TRCNWiO12’233 86 EGFR Hs 488293 TRCK0060121327 8 6

Μ·ΪΤ Hs 132%6 TRCNQOOO32i234 #6 EGFR «5.488293 FRCWWm 32?· 86
MET Ms. J 37966 TRCN000LB21235 EGFR 315.488293 TkCX00001213?9 86

IRAKI BU22519 1RCN0000121237 #6 EGFR HS.48S293 TRCN000012133G if 6

IRAKI Hs 532819 TRCHOUOOUi238 #6 EGFR «5.488293 TRCiMOOGO’21Gl 8 6

IRAKI HU 22819 TRUNO09O12I239 8 6 MOS HS.573432 TRCN0000134162 46
iRAK) IH 522819 TRCN'OOOOj?U4(i #6 MOS Bs.533432 TRCNOOOO! 35668· 4 ΰ

VEST Hs 194148· TRCNOoOmW-P 86 MOS Hs.533432 TRCNOOOOJ 35967 a 6

YES’ Rs 194148 TRCNOOOOUI243 A6 MOS Hs.533432 TRCNOOCOiJTlK K>

YESi Rs 19M4S •fRCN0O00121244 H6 MEF Hs. 132966 TRCNO-KIOISSIOO 8 6

YRS I lb 394)43 TRCN<UOO32W5 #-£■ MET Hs. 132956 TRCNDOOOBS690 8 6
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MET Hs.] 32966 'n*r«m>i369$9 CSFIR Hi 3 86219 rRCNOOOOO 10645
MET »$.132966 TRCNOBO0134872 CSF1R Ms.586219 TRQx 0000010644 a 6
MET KU32966 TRCNOOOOJ37418 MOS i-Is.533432 TRCNOOOOO10649 &&
CHEK1 Hs,24529 TRCN000Q133395 #6 MOS »«.533432 TRCNG000C'10648 ^6
AAK1 »5.468878 3RCNOCOO127601 #6 MUSK Hs.521653 IRCNOOOOC 20683 i?6
S0K2 Hs.300863 TRUN000012?78S TYROS Hs.381282 TRCNOGOOO10684 ti 6
SGK2 B$.300B63 TRCbWOl 39926 LNTrK? H5.444179 TRCNOOOOO10636
SGK2 Hs.3DO&5?> 'iRtNOvOD)225l6 it 6 1.MTK2 »«.444179 TRCNOOOGO10633
WEE I Hs.24944) TRCN0000139739 A-5 LMTK2 Hs.444179 TRCNOOyOO 10632 ti 6
MKNKi Bs.371594 TRCNOOOSU3«3i /6 JLMTK2 Hs.444i79 1RCNuO0Q0i063a #6
MKNK) Hs371594 TRCNOOOu 122706 .#6 LMTK2 Hs.444179 TRCHOOOOO Π5635 #6
ERN2 Hs 59204? 7RCMOOOOtS8998 #<■> MAST2 Hs.3 Ϊ948Ι TRC\O90C010i:5D #6
ABL2 HU59472 TRCNW01407i9 #6 1RAK4 Ms. 138499 TROiOOOOiBOfc?? ti6
ίτκ Ns .558348 TRCNQOOO130981 ft-6 CSNK101 Hs.64<5SC3 TRC.XWOOIO6L-7 tii
ΜΑΡΚίΟ Hs.125303 TRCN0D00M9OS4 O CSUKfGI Hs.646508 TRCNOOOGOlOvOC 4 6
AGK l-ls59936j TRCNOOOOl 53828 a 6 CSNK1G1 Hs.646508 TRCNOOOOfHOi>«9 ¢6
AOK Hs.69936) TRCNOGt-Ol 53242 A-6 CSNK-Ul Hs.646508 TRCNOOOOO 10638 ti 6
AOK l '5 699361 TR CW00I52W #6 CSXKlG? .Hs.046508 n<CN00000.10609 #6
AOK Hs. 699351 TRCN0000153S40 8 6 ΟΪΧΐίί M$.699177 TRCriOOO-jOi'JBSS #5
aGK Hs 699361 TRCNOOOOl 52111 tie DYRK1 a. Hs719269 TRCNOOOOO 10612 >5 5
NEK! HS.4BH8I TRCNOOOOJS5S36 tie DYRK1A H$.719269 rKCNOGOCOJOi! ί ίϊ6
MAP3K3 lfs.2^82 T.RCN(XXH»5$402 *6 jy/RKiA 118.719269 WN000003061S #6
Ci.K2 Hi 73986 TRCN0000155095 DYRKiA H^7i9269 TRCNOOOOO 10513 i?6
ACVRLt Hs.59(D26 TRCN0l!0OOifJ519 4*6 DVRKiA Hs.719269 TRCNOOOOO 10614 ti 6
CDK4 Hs.95577 TRCN0000010520 *6 CSNK1D Hs 631725 TRCNOOOO0M64O $6
PGFR3 Hs 1420 TRCNOOOOO 5052( 06 SGK2 Hs.300863 TRCN00n0010632 ti6
CIUCY20 Hs.592109 TRCNQ000010522 46 CSMK2A5. »5644056 TRCN0000010672 tit
MSR »$.465744 TRCNOOOHC' 10523 CSNK2AI HS.M4056 rRCN0OOO(HO&?3 4 6
CDK3 Hi 796766 TRCNOOOOO10525 *6 JAK! »$207538 TRCNOG00OI076O A 6
!RAK2 Hs.449?i)7 TRCn'OOOOG 10527 ?i6 MAP3K3 Hi 25287 1RCN0000010692
OCRJ Hs.63?9S8 TRCNOOOOO )(1528 46 PRKCB H\46035.S TRQW0010761 #6
EES Hs.7636 TRCNO00QO10S29 tie PRKCG Hs 6X564 HtCNOiW) 10693 tit
FGEfW Hs 1(:5950 T^CNOOOOO 10531 tie AGRKC I ».93335 TRCNOOOOO 10694 #6
FGFR< Hs. i 65950 TIUIN(MW0WQ53O AS 1NSRR Hy.2481'58 mCNOOOOO 10765 ne
GSK3B Mi.445733 3RCW0010$5 I 4 6 H1PK2 Hs.397465 rRCNC000010?66 £6
IIMK! Hs.647035 TRCNOOOOOK1S55 .«6 GRK7 Hs 680654 ΓΚ.(.'ΝΟϋΟίΧΗθ696 Ϊ (i
UMK1 Hs647035 TRCN-0000-H05S3 A 6 TSSK4 Hs3l4rt3> H?CNOOnOO 10698 #6
.MAPK13 HS. 178695 TR€K0000010556 46 ANKK? Hs.44«473 WRO0090i069i ti6
OYRK3 Η® ? 6-1267 TRCNOOOOO10532. #6 OGKQ Hs.5848SK TRCN‘-iOOnoiU995 HC
AURKA Fb 250822 TRCNOOOOO10-533 ti 6 CSNKiAl »$712555 TRCNOOOOO 10990 tie
MAP4K3 Hs655750 '!RCN!Ju00010534 A6 PDKI r».47O633 •fRr’\Oil0001UO7 tie
DC-KZ Hr 502461 TRCNW00010535 #6 MAPK3 ib.861 TRCNOOOOO 109<‘? ti 6
DGKX Hs.502451 •IRC'ftOOOOO 10536 46 MA?K3 Hs.86: TRCNOOOOO 10998 #6
RPSEKB2 Hs.534345 TRCN000u0i0.539 4 6 J'TK Bs.(6?8l0 TRCNOOOOO HOI 2 /6
RPSIKBZ il5.534.74S ’IRCNGiWO 10540 46 TTK Hs 169840 TRCNOOOOO HOD if 6
RPS6KB2 Hs 53434$ TF.CNOOD0uJO541 ti6 ρκΛ-ίγη H%.?7783 •IRGNOGOOOJ1003 /6
MAP3KJ4 Hs.404183 TRCNOOOOCjfM tie PKMYTl Rs. 77783 TRCNOOOOO 110-32 #’6
PTraB Η5.49Π22 TRCN 0*000010544 4 6 EPHA7 HS73962 TRCNOOOO011019 #6
ΡΪΚ2Β »$.491322 •TRCNOOOGO10545 # 6 EFB33 Hs29?3 TRQWOOUOZO Y6
PETS Bs 507590 TKCWCOO10546 a 6 DGKl Hs.242947 TRCN0OC-6O10994 K6
AUERS Hs.442658 TRCNO0LW0547 *e PLKl »3.592949 TRCNIWOHOOo
Sr KI 73 »5.8829? TRCN00iW(W 46 MINK! Bs4434J7 TRCNOOOOO 11005
BUB1 Hs.4b%49 TRCNIW010S49 H6 MINK I Hs.4434 17 TRCNOOOOO 11004 «6
CSNK1O3 Hs H 29206 TOCNOOOOOJOiSO H6 RPS6KA2 Hs 7191 H TRCNOOOOO H010 #6
STKI7A Hs 709484 TRCNOOOOD10569 46 SRPK3 lls 10486S TRCNOOOOO H 067
MAF2K.7 H$ 52 Π54 TRCND04300 (0SE7 it 6 SRPK3 Hs 104865 TRCNOOOOO J1066
.MAP2K.7 ι·»53Π54 TRCNGOOOO i 0586 *5 PASK H« 39759? TRCNOOOOO J1065 ne
MAP2K7 Fk >3 (754 TRCNOQOOO10588- AS MAP2K2 Hs465627 TRCNOOOOO 11063 ne
ORK5 Hs 524625 TRCNOG90010557 #6 MGC42W5 HS.25845 TRCNOOOOO 11048
MAP3K4 ΪΗ 39042« TRCN0C000W558 46 MGC42J05 Hs.25846 TRCNW00H069 as
CDC42BPB H$654634 TRCNOOOOO10559 46 STK32C H3.469002 TKCNOOOOOl 1064 #6
PLK2 Hs398157 TKCN<W-OW560 O RPS6KA4 Hs. 105584 lRCN«mK)21$t6 tie
TBIO Hs 13003 ■ TRCH000001G561 #6 MAS-Ί Hs.227489 TRCNOOOOO? 1544 #6
PIK3R4 Hsj 49052 7RCNOOC‘OG1C562 46 TRPM7 Hs.512894 TRCNOOOOO? 1560
VRK3 Hs 443330 TRCNOOOOO10563 46 ALPK3 Ih 4*9183 3RCNOOO0021526 ne
NEKS Hs.448.468 TRCN0009G(0564 A 6 ΕΡΜΑΙΟ fHJ 29435 TRCMJ00CO2.1388 tie
MYLK2 Hs.86092 TRCN0O00(>>0566 4 6 ADCK5 »s.283374 TRCN000W2I479 tie
MYLK HS.477375 TRCXWOO10508 >6 KPHA6 Hs 653244 TRCNOOOOu?i4l5 tie
MY1K Us 47’375 TRCN0000010.S67 4 6 CDC42BPQ Hs.293590 TRCN00O00X470 ne
MAPKS J (5 1382 H TkCNOOOOO 10580 #6 ΆΑΤΚ *».514575 ?’RCNii00(iC2i438 *6
MARKS lh (38211 TRCWCKW581 4 6 PRKACG Hs. 153029 TRCW0U022358 tie
ORM »$.2351.16 TRCN!&00(MH00?9 46 PiM3 Hs.530381 TRCNOOOOC-37418 tie
□RK6 Hi 233110 TRCN000901061S 4 6 PIM3 Hs.53iU8i TRCN00000374J5 ne
MARK3 H$.3582S TRClsW'Ol··^] 46 Κ1ΑΛ0999 HS. 1674 5 J TRC?^0QOO37453 tie
MAP3Kti> (15.466743 TRCNOOOCO10634 4 6 TEXJ4 Bs.39O221 TRCNOOCOi»?473 tie
PRKACA Bs.631630 Ί RCNOOOOO )0620 46 TS-SKHl Hs.70i555 TF.CXOOfjOiD?465 tie
MAPK6 »$411847 TKCN’W0ii010642 *6 MAPI’S »5.493169 ! RC:;00000385(>2 ti e
ORKi Hs 303501 TRCNOOOOO10624 46 MAPK15 »$.493-169 TRCNOOOOO 3S661 tie
NPR2 »$.785)8 TRCNOG00010603 46 TAP IL Μδ.591036 TRCNW0037502 tie
EPHB4 Bs.4 37008 iRC??00(/001065i 4 6 SBK1 Hk97837 TRCNOOO 0037395 tie
EPHB6 Hs.380089 •IXC^OOCOO'10676 4 6 R8T (»350321 TRCNOiW040024 ne

Hs.3S60S9 TRCNOOCGO10677 46 AKT2 Hs.631535 TRCNOOOOO W>9 # 6-
ROR2 Hs.98255 TRCNOOOQOW625 46 AKT2 Hs631535 TRCN0000174056 tie
PRKX »5.390788 TRCH0000010652 >i 6 ERBH3 Hs.l 18681 TRCN0000040HO ne
OXSR1 Hs 475970 TRCN0000010643 46 MAP2K4 Hs.514681 TRCNWQ039915 #■&
AHU Hs.431048 TRCNOOOOO1062» H6 FL/D HS..5F7590 TRCN0000039704 tie
ADRBK2 M5.657494 TRCN0000010678 46 ERBSZ Hs.446352 7RCNOOOOOJ^882 ne



PCT/US2012/032202WO 2012/138783
53/70

HGNC UniGcne Oligo TRC Kinome HGNC Ui'iGene OHgo
Symbol Id ID Poo· WXW Symbol M ID

ΛΚΤ.! Hs.525622 rR.CN0000039795 BTK Hs. 159494 TRCN0090009935
ER8B4 Hs.390729 TRCN0000039690 #6·: BTK HsJ$9494 TRCNOQ00009936

SRM M3.76244 TRCX0WM572? ftO BTK HsJ 59494 TRCN0000009937
$RM Bs.76244 TRQ-JB000045730 ft6 B'i K Hs. 159494 TRCN0000009938
Ρ·4ΚΑ Hs529438 TRCNOOOO-jS2627 ft'& BTK Hs, 159494 TRCK0000009939
PJK3C0 Hs.51845I TRCM0G00i'$47$8 ft 6 CHEKl «8,24529 TRCN00G0009942
PJK3CD Hs.MWl •iRCN00(3O054262 ft 6 CHEK) Bs.24.S29 TRCNOOO0OO9946

SC"YL2 Bs.506481 TRCXW0057S8? ft 6 CHEK1 Hs,24529 TRCW0090994"
OT2BP? Hs, 35433 TRCN0000072628 CHEKi Hs.24529 TRCX00(KMX)9948
A8U Ms [59472 TRC-N0000073848 ft6 DGKG Hs.683449. rRCX'0000009950
atr «5.7.7179! TRCN0G00083904 ft6 DGK.G Ks.683449-. TR.CN0000009951
ABU Hs. 43J04K TRCXOQ000102^9 ft6 DGK.G Hs:6-i3445; TRCNOOOOQOP952
ΑΚΓ2 Rs.631535 TRCN0000009819 a 6 DCKG Hs.683449: TRCN0Q00009953
AKTZ Hs.63153S TRCX‘0WtataK20 8 6 ίΧ-KG Hs.683449: TRCN0000009943
ARTS Hs.498292 IRCHOtaOOlQlM ft6 DAPK3 Bs. 631844 TRCNOC‘00009944

AKT3 Hs.498292 TRCHOOGOOS0292 46 DARKS 1(5,631844 TRCNOOOOQ09945
ATM «,<367437 TRCM000il0VJ299 ft 6 DAPR3 Hg. 631844 TRCNOO0&CO9954
ATR H'S 27 3 79! TRCNOOO 0010.100 ft 6 DAPK3 1:5.631844 TRCN(W>0G9958
ACR J-M271791 TRCNC\M)00)030i 8 6 DAPK3 Hs631844 3RCN00000G9959

ATR M:>.27F?93 TRCNOOGOO10302 ft6 CAMK4 lis.591269 TRCN0000009960
BUB I «$.469649 TROHUCC-OOIOW ft6 CAMK4 Hs.591269 ΤΗΟΝΟΟΰΟΟΰ9961
BUB I Hs.46%49 TRCNGOGOOIOSOH ft6 CAMK4 Ms.59:;269 'i RCMti00iKX)9962.

BUS J Hs 469649 TRCNOOOO0IO3O9 ft 6 CAMK4 Hs.591269 n<CN00000099f>3
CHEK1 H&.2A529 TRCW00Cv9826 ft 6 CAMK4 Hs.59'i269 TRCXOUOOOOOOM

CHEKi Hs.24529 TR<?Mi0O(>009827 ft6 CSNK1E HU74833 TRCN0000009965

CHEK1 Hs.24529 TRCN000V009828 ft5 CSNKiC H5.474833 TRCNQ000009955

CHEK2 «$.291363 TRCNOOOOC’10312 ft 6 CSNK-E Hs.474833 TRCN0000009956

CHEK2 Ms .291363 TRCNOOOOO 103:3 ftO CSK'KIE Ms.4 7483 3 TRCN0000009957

CHEK2 H5.29I36’- •iRCNOOiiOOKHM ft 6 CSX K IF Ms 474833 TRCX:0OOOOO9966

£UFR H&.48H243 TRCX'OOOOO 10329 4 6 HCK 1H655210 TR(>W00W9%?

GSK3A Hs. 466828 TRCVW0IO ft Cr HCK Hs.635210 TRCN0000009968

GSK3A As 466F28 TRCNta0W1034O ft© WCK Hs.65S210 TRCNW0009%9
GSK3B fb 44^713 TRCN00000395&4 ft 6 HCK Hs.655210 TFZN0OOOLW?7O

CSK3B Mo 445733 TRCbH?OO 6039565 #6 HCK «5.655210 TRCN0000009971
1:RBB2 EM 4 46352 TRCNODOOO10341 ■ft 6 ΜΛΡΚΗ Hs.57732 TRCN0000009972
ERBB2 Hs.4-46352 TRCNOOOOO Hl 342 86 MAPKU Rs.57?32 TRCNC000009976
ERB82 H: 440^'52 TRCN00G0010343 #6 ΜΛΡΚ1E Ms 57732 3RCN0000009977.

.ER8B3 «41'8681 TRC :4000001034 4 ft 6 MAFK13 MsJ7S695 TRCNT!00W09978
ERBB3 Hs IMioSi 1X0X0000018327 8 6 MAPKJ3 Ms. 178695 1'RCN0000009979

ERBB3 Ms TRCNOOOOOOms ft 6 MaPK:3 Hs. 178695 iR.CNOG00000980
BW Hs 390729 TRCNOOO 0009836 ft 6 MAPK'3 Ms. 178695 •iRCNOOPCXlOWSi

BRBB4 Η&3ΤΗ29 TRCKTO00018328 46 MAPS 13 F>-J?8695 TRCNOOOOO 09973
ERBB4 Mb %729 TRCWOOO10345 a 6 MAP21O Hs5UO12 TRCNOOOOOG99?4

IGFH? H>.e43L20 TRCNOC-OQO18331 ft 6 ΜΛΡ2Κ3 Hs.514012 TiK:N0(WW75

•CPHi ί·1$ .(>43 (20 TRCNOQOOOlimi a 6 MAP? >23 HS.5HO12 TRCN0000009985
MET ih J 32966 3RCH0000009S50 46 MAF2K3 Hs.;514012 TRCN0000009986

MET I is JV.966 TRCN000000985I ft& MAF2K6 Hs. 463978 TRCXO00000998?

MET Hs132906 TRCNOOCOOWIJO 8 6 ΜΛΡ2Κ6 113,463978 “K 0X0000009988

PIK3R2 HCTO TRCXOOO0018339 ft 6 MAP2K6 M3.463978 M?CX00000099g9

PiKSRZ Ms 373314 TRCNOOOOO10402 S6 MAP2K6 Hs.463978 TR.CN9000009990

FIK3CA Ms 0701 TRCNuOOOC KH06 Hi M/\P2K6 Hs.463978 TKCMWWWl

KK3CA bMOJUi TRCN0Q00C40407 ft 6 TEC HU79670 TRCN 0000009992
PIK3CB Hs Διν8!8 TRCN0000009859 if 6 TEC Hs.479670 TRCN0000009983

P1K3CB Ms 2398]8 •ERCNOOOOOJ8340 ft 6 TEC Hs. 4 79670 TRCNCOCOOO9933

P1K3CS >H ’398Hi TRCN-<XXJ0009860 46 TEC Hs 479670 TRCN0000009984

PORI Hs W33 TRCNOOOOOiOHJ 8 6 TEC HS.479670 TRCMOOOOOQ9993

PQKi Hs 470633 π<θΝθΟΟ(ΧΗΟ«4Ε4 ft 6 'I7CK Hs.479669 TRCN000000995H

RET Hs 350321 TRCN00D0iR0423 ft6 TXK Hs.479669 TRCNOOOO 009998

RET Ms iRCNOOmWG *>6 TXK Hs.479669 TRCW10G009999

RET H&.350321 TRCN0000009864 8 6 CAMK1 Hs.434875 TriCNOCOOiHOGOO

RPS6KAi Hs. 149957 TRCNOOCKXJ1O420 ft 6 CAMKl «5.434873 TRCX;OOOBO ιοωι

RPS6KAI Hs J 49957 TRCN 0000010427 ft6 CAMKi FU,434875 TkCHO0OOUWOO2
RPS6KA3 Hs 44538? TR.CN 6000010428 ft6 CAM Ki Hs434875 TRCNW0UC9994

RPS6KA3 Μδ.445387 TRCNW00010429 ftO CAMKJ Hs.434S75 TRCNOOOOOCWS

SGK1 Hs 510078 TRCNOOO 0010432 ft6 CSK HsC??93 TRCNOOtaO09996

SGKl Hs. 51 {»7S TRC\0000009366 86 CSK Hs. 77793 TRCNOOOOOiOOOa

SCKi Hs.SJOO?* TRCN0000009867 ftS CSK. Hs.77793 TRCNOOOOOIOOG?

TOFBR1 Jis 494622 TRCNOOOOOiO'MI 4 6 CSK Ms 77793 TRCMoooooioooa

TOE'tTRS «5.494622 TiiCNOOOOO 10442 ft 6 CSK Hi. 77793 TRCMJOOtalWS

TGFBR1 Hs.494622 IRCNObOOu 10443 ft6 MAP3KS HM32453 TRCNOOOtaWOlO

TOFBR2 Hs 82028 TKCN’OCWO JO444 ft 6 MAP3K8 Bs.432453 TRCN00000100H

TGFBR2 Hs.52028 TRCNOOOOO10445 ft 6 MAP3K3 Hs.432453 TRCN0GOGO1OCH2

TGFBR2 Ms.82038 TRCN00000KJ446 ft6 MAP3KS (H/-32'! 53 trcxoooooiood

CDK2 1 is. 19192 TRCNOOOOO :0469 8 6 MAP3KS Hs.432453 TRCNOOOiWOU

€3X2 BS.HH93 TRCNOOOOO '0470 46 YES I Hs 194 HS TRCN0(1001H0L'C4

CD K2 Hs 19192 TRCN 00000)047· a 6 YES1 Hs. 794148 TRCNOOOOO10005

CDK4 Ms.953?" “RCKDOODO10472 4 6 YES I Ms. 194148 TR.CN0000010006

CDK4 Hs 05577 TRCNOOOOO18364 46 YES1 •feWUS OiCNOOiltaKOks

CDK4 Hs.9557? TRGN0000009876 4 6 YES1 Hs. 194148 TRCNOGOeOlOOH?

CDK.6 Hs. i 19882- TRQ9OCO0CO9877 ft 6 JTK >11x558348 TRCBQOOOO10020

COK6 113.119882 TRCN0000009878 86 ΠΚ Hs. 558348 TRCN0D00010021

CDK6 Hs. 1'9882 TRCN00000RM73 86 ΠΚ Ms. 55834 8 TRCXOOOGO13022

MAP7.K4 Hs.514681 TRCN0W10495 ft6 ITK Hl 558348 3R< \000GfH0023

MaP2K4 Hs $1*681 •[•RCN00G0CW496 86 F1K3GS H&.2398i8 TRCNWOOG10024

FLT3 «5.507590 TRCN0000009886 4 6 HK3CB Hs239818 TRCXOtaOO :9025

FLT3 Hs 507520 TRCN0Q0KMJ9337 4 6 F1K3CB Hs.239858 TRCNOtaOtBtaie

*W ■Hs.507590 ΤΡΛΝ00000098Κ8 8 6- FIK3CS «5.239818 TRCN0000010017

TRC Kinome
Pool liQDilO

#6
4 6 
K6 
ϋό 
ft 6
*6
46

*7
a 7
47 
ft?
H7
47 
ft?
#7 
#7 
ft?
ft?
tri 
ft 7 
a ·?
ft 7
ft 7
117
ft?
X? 
ft?
x 7 
a 7
K7 
ft?
ft 7
4 7 
ft?
ill
4 7
ft' 7
>>?
*7 
a 7
4?
4 7
4 7 
ft?
ft?
ft 7
a 7 
ft?
n-1 
ft 7 
a 7 
ft?
4 7 
ft 7 
ft? 
ft?
47 
ft?
47
47
47 
a 7
H7 
ft?
*1
ii 7 
ft 7 
ft 7 
ft?
ft 7 
ft 7 
ft?
ft 7
ft 7 
ft 7 
ft? 
a?
¢7
ft?
4 7
a 7
ft 7 
ft?
Hl 
$7 
ft?
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Hs.239818 •iUCNOOOOOJOfilS $7 BCKDK HS..5B520 TRCNOOBOOIG196 η
PRKC’i Rs.654556 TRCNOOOO010026 4 7 PAK4 HS.2W TKCNOOOOOIO'197 in
FRKGi Ms.6$4$56 TRCNGOOQO (0030 A 7 ΡΆΚ4 i6>.’0W TRCNOOGGOlom tn
PRKGJ Hs.654551$ TRCNQD00(HG031 til ΡΛΚ4 !is2M47 TRCNOOOOOMS99 A?
PRKOl BS.6545S6 TRCNO06 0310032 #7 PAK4 Hs.20447 TRCNOOiKXi I02C0 if!
PRKC1 Ks.G5455& l-RCNO^(XHO033 tn PAK4 Hi.2W7 TR£TWJ<W20i tn
ΙΚΚΚ,β M321045 TRCNWOO10034 r! 7 FRKCP fis.3 55342 TRCNOGQO0I02O2 in
IKSKE Hs.32.l04i TRCNOOO0OH)O35 A 7 PRKCD Hs. ISS342 TRCNODOnOHM in
IKBKE HsJ2W trcnoooodioo3<> m PRKCD Hs. 155342 TRCNOOGDOWISN .7 7

ΓΚΒΚΕ HS..T25O45 TRCiWOO 10937 fl 7 PRKCD Hs. 135343 TRCNOOOGOKI203
iKBKB HU21045 TRCNOOWO10027 Π VRK2 Hs.6’66703 TRGNOOOOQ -10204 A 7
MAP-Kl Hs.431S50 ΊΚΓΝ0000010049 #t 7 VRK2 Hs.656703 TRCN00000102G5 tn
MAPK1 i-L<.43I85C< TRCNOOOOO10039 A 7 VRK2 HS.6W703 TRCNOCKXXt 10206 A 7
MAPK1 JK43I«50 1 RCW.OOOWOtaO $7 VRK2 HS;«»?03 TRCNDOOOOIC207 tn
MAPKJ Hs.431850 TRCNOOCOOPJ04J #7 VRX2 Hs¢66703 ■mCN’OCOOO 10208 A?

MARK’ Hs.4,31S50 TR<N0000010050 #7 CI-IEK2 Hs.291363 trcnowoo 10209 A?
MAPKH Ms.4SS233 •(RGNOOUOO10051 A 7 CH£K2 HS.29B63 TRCNOOOOOWSiO tn
ΜΑΡΚ14 Hs.485235 TRCNOOOO010052 A? CHEK2 HU91363 TRCNOO0OO]O2H in
MAPK1* HU 85233 TRCNLW0010053 A? CHEK2 )Ij.29J363 •iRCNOOOGOtom ϋ 7

MAPKL· Hs.4-85238 TRCNC000010054 #7 CHEK2 sis.29i363 (RCNG0Q00W2B $?
PUKG2 HUO&ITT TR€NOOOO0iaO56 Ϊ/7 STK38 Hs409578 TfiCNOOOQOIOSH A?
PMKG2 Hs. )9/5377 TRCNOOOOOJ 0065 A? STIGS HS.409S78 TRCNOOOOOW215 A"
PHKG2 ik 196177 3XCNi<WlC063 tn STK38 «4.4095'18 ·( RCN00<XXH(m6 «7
PHKC:2 HS.196P7 TRCN000G010069 A? I3SPB8 Hs.400095 TRCNOOO 0010226 A?
CDK6 HU 19882. 'fJiCN0000010081 *Ί HSPB8 Hs.4iW5 TRCNTO001021K tn
CDK6 HU 39382 TRCNOOOOi)30082 H7 HSPB8 Hs 400095 TRCNDOOCOJ0219 a ?
CDF* HU 19882 TRCNOOOOO10074 tn HSP88 iis.4 00095 TRCNfOOOOOJ02?.7 a ?
SLK Bs (46591 TRCNOOOOO10075 ii7 S1F2AK1 HsTUBS TRCNOOOOO10229 ■tn
BLK Hs. 146391 TRCNOOOOU10083 tn £’F2 \K1 HS7191M TRCNODOGO10230 · tn
BLK 1¼ TRCN0C900HX)86 tn E1F2AR1 Hs.7i913i TRCNOGOOGltmt A 7
SIX HU*S591 TRCNOOOOOIG08? A7 tJF2AKl «5 719136 TRCWOOOOiB232 A 7

DDR I J Is 631988 PRCNOflOtW 10084 4 7 ΕίίΓ2ΛΚΊ HS.719I36 TRCNWW 102.1? A7
DDR1 Hs631988 ‘IRCNOOVOO10085 m VRK3 Hs.4433.30 TRCNOOOOO10234 A7

DDR1 Hs.631988 TRCNOOOOO10094 ΚΊ VRK3 HSA4J330 TRCNOOOW :.0235 A 7

rRK Hs.894« TRCN0000010095 tn VRK3 «5.443330 'IRCN0000010236 m
ΒΪΚ Hs.89426 TRCNfiOO 0010096 6 7 VRK3 «144333(1 trcnowows A?

FRK Hs.80426 ^RCVOOOGOIW? .4 7 UMK2 Hs.474596 TRCNOOOOO10237 *17
ERK ^.89*26 TRCNO0OOO J'jfVDK a? UMK2 Hs.474506 TRCN0C03O)0z4<) •η
LYN 699154 'iRGNOOOttHOJOI H7 UMK2 Hs.4 74596 TRCNCKWU10241 n
LYN HsWJS4 TRCNOOOOOJOliA A? Ι.ΪΜΚ2 HS.4745M •jRCNOOOOO 10242 A?

LYN H$.699j54 TRCNOOOOOlOiGS A 7 RET Bs 350321 TRCNQ0G001O23S A 7

LYN Hs.699i>4 TRCN0000010106 A 7 RET «5.350321 TFCNiMiO010239 in
LYN 145.699 i 54 TRCN0&00010107 <•7 RET «5.330321 IRCNOOGOO10248 tn

Ρ·Μ1 Hs.,81170 TRG^WOOWll? A 7 RET Hs. 1150321 TRCNWOOIOW a 7
F1MI HS.8H70 TRCN0000010116 a 7 CAMKV Hs.145156 TRCNOOOOO10253 47
PJM1 lfc.81170 TRCNOOOOOliHI? A7 CAMK^ Hs.145156 ΤΕ€Χ0000ο:θ25Ί >n
ΡΪΛίΙ Hs.81170 TRCNGoouoiona tn C\MkV HU 45156 TRCNOOOO010255 in
Pi Ml HUI 170 TRCNOOOOolO'UO 'tn CMQA (-5.)45)56 TRGW'00010256 A7

PRKC2 HU96255 FRCNOOCOQ10120 #7 ο ·Λΐκ\ HS.WSW6 TRCNOOOOO10257 A 7

FRxez Hs 49625$ TRCM»0!12 Λ7 toCTXj «5.496063 TRCWWEOZSJi a 7
?RKC£ Hs.496255 TRCNOOOGOIO! 13 «7 PUK.1 Ks.496068 ‘XCNOOOOO10259 tn
PRKCZ Hs.49$255 TRCNOOOQ(HQH4 7 rax i Hs.496063 TRCN0000010249 A7
PRFtCZ Hs.496255 IKCNOOGOOWUl 6 7 PCTKl 115.496068 TRCNOOOOO 10250 tn
3TK.19 Hs.65Wl TRCNOQ00010149 6 7 pcTKi HS.49606S TRCN0G000102S1 #7

STK19 1Is 6543? 1 TRCMW0UB39 A? OCR Ms. 1270 TRCNOOOOO 1026? a 7
STRIP Hs.654373 TRCNO0OOIHOI4O 67 CCK Hs.1270 TRCNOOOOO :02-58 tn

STK19 Hs.654371 TftCXOOiKXBOMI ί 7 GCK Bs.1270 TRCNOOOOO 10269 A?

STR 10 Hs.6543?l TRCNOOOOO10150 ¢7 GCK Hs,’27O TRGNOBOOO1O270 A 7

S7K17B HU8297 TRCSWW0D4 A7 MAPK7 Hs.130136 TRCN0000010261 A?

STK17B Hs.88297 TRCN00000I0155 6 7 MAPK7 Hs, 150 J 36 TRCNOOOOO 10262 a 7
STKI7B 143.88297 TRO1OO0OO10156 6 7 MAPK7 Hs 150126 TRCNWU0I027J 3 7
STR ;“■> Hs.B8297 TRCN0000010157 6 7 MARK? Hs.l50!36 TRCNOOOOO 10275 A7
STRIVE Hs. 88297 TRCNOOOOOHJ15H it 7 MAPR9 iis.4S43?l TRCNOOOOO 10276 A 7
zACVRJS HUJ89I8 TKCNOOOOfHOB* 6.7 MAPK9 Hs. 484371 TRCNQOOuOliOT A 7

ACVR1B Hs.4389i8 TROiOGQOOJOlOO A 7 MAPK9 Hs434371 TRCNOOOOO 10278 A 7

ACVR1B HU38918 TRCNOOOO<1W15J m MAPK9 HS.4M37) •RCNOOOOG10279 ?/ 7

ACVRJ B HU38918 TRCN0000010152 A? MAPK9 Hs.484371 TRCNWJCU0280 ■in

EPHA4 11*371218 TRCNOC00010I53 A 7 SCK.2 HS300B63 TRCNOOOOO 1028’- a?
ε?ΗΑ4 Fis.37)2l& TRCNOOOOOlOUl #7 SQK2 Hs,300863 TRCNOOOOUilTO A7

ΕΡΗΛ4 num is TRCNQOOOClOliM A 7 SOK? Ms.3<®863 TRCNOOOOO:C273 A 7

EPBA4 Hs.571218 TKCND0C«WH0l65 #'? SQK2 Hs.300863 TRCN0000010274 tn

AKT1 Hs.S25622 TRCNOOOOOHJ162 6 7 SGK2 Hs.300863 TRCNGOOOOW282 <n
AKTT Hs525622 TRCNOOOOOI0163 6 7 CAMK2A Hs.716391 TRCNOOOOO 11)283 it 7
A KT J Hs;525622 3RCNO0QCW0171 A 7 OAMK2A Hs. 716391 •fRCX009G<n0284 nt
ART J Ms.525622 TRCN000001i)|74 6 7 CAMK2A Hs.716391 TRCNWOO102B5 A?

LCK Bs.47062? TRCN0000010175 A 7 C/SMK2A Ms 716391 TKCNGOOGy 19^6 A 7

tCK. Hs.470627 TRCNO0OGOJO176 6 7 ( (MK: Hs.647035 TRCNOOOOO 00825 tn

LCK HU70627 TRCNDOOOOIOI7? A 7 PRKCi- H-S.58035S TRCNDOOOOC’0845 in
LCK Hs479627 TRCNWJO10178 6? WNK1 Hs.769394 TRCN000i»CO922 A 7

AKT3 Hs.498292 TRCN030mS437 6 7 MYLK2 Bs.S6092 TRCN0000000934 in
AKC> Hs498292 TRCNOOOOO’OlM 67 SRFKi Hs.443861 rRC:JOOOOOOI228 F 7
ΑΚΓ3 Ha.498292 TRCNQOOOO 1.0(85 A7 SRPKI 715.443861 TRCNGOOOOOi23? 4 7

ΛΚΤ3 FL.49H292 TRCN0000010I86 6 7 CLK4 Hs.4065 5'7 TRCNOOOOOOISSS A?

AKT3 HUW92 TRCNW010187 67 CLK4 Hs.406557 •rRCN0000001353 A 7

I3CKDK H$ 533520 T R CN{« 10183 4 7 DGKH Hs.659437 ••RCKWOOGi.iOC a 7

acKDK. Ns.S 53520 TRCNO00001C192 A 7 PRKACA Hs.631630 TRCMlfKKJPO L370 n

SCKDK HU 13320 TRGW0001W5 6? MAPK4 Hs.433728 TKCN 0000001377 # 7
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BF2AK.1 TO.719136 trcno&>oooi3?9 ;Π
RPS’SKAi Hs. )49957 TRCNC00000.1386 #7
E-RBB4 Eh,390729 TKCNG000001411 #7
MW TO66Q75? TRCN0n0000S4l3 A7
DDR2 Ηϊ.593833 TRCNOOOOOOMl? 8 7
PDGFRA 115.74615 7KCW00001425 # 7
TESK2 HS.591W TRCN0000001436 a?
NRBPI Hs515876 TRCNOCOiJOOJ438 8 7
TAOK2 TO 29R23 TRCNOQOOOOW43 4 7
TAGK2 j ^291623 TRCN 000 OOO1446 8 7
MAP2K5 Hs H BPS 7 K<NOOOQOOl469 a 7
pDKi H- 170633 YRCNflixyicws '4?
PDKl TO4"0623 IRCNOOOOOOM79 #7
PDK1 Us 47l<33 TRCN 0000001480 A7
?AK1 He TRCNWW0B81 #7
ΡΑΚΙ IK USM4 1KCH0000001482 #7
PARI Hs.43.5714 TRCN000000148S 4 7
I‘AK.1 Hs.435714 TRCNOOOOOOM85 #7
ROR2 TO.9B255 WNCKWOB93 if 7
RPS6KA5 Ms.510225 TRCNW0Q01495 #7
RPS6KA5 115.510225 VRCNfcOGOOmW A7
ABLT «$.431048 TRCKOOOOOO150i a 7
PRKG3 TO.570333 TP,CN0LW0i.50^ ¢7
TAOK3 TO,644420 TRCNOOOOOO:525 U7
TAOKJ Hs. 644420 TR.CNOOCOO&1526 7
MARKS Hs.3&m TRCHOONKKy- $67 4?
MAFK6 BS.4JI34? TRC.N005U00157) .7 7
TXK Η$.47$·669 IRCNOOOOWLt’B 8 7
EPHA6 115.653244 TROWOOD1767 7'7
MAK TO.446125 ri<c?<oonomB rss .4 7
PBK Hs. 10474 E TRCNOOOOOOlSOy ll 7
AMHR2 Hs 659889 TRCN0000001956 87
XT.K1 ί J :4.657330 7RCNWOOOI902 .47
NERH Hs.657336 rR.CNOOOuO0]964 4?
NBKII •Is,657336 TRCN0000001965 8 7
MAFKJ5 TO.493169 iRCNWOouozzn 8 7
MAPK15 TO 493169 TRC: Xi 0'10002213 Al
MATK Hs,631845 TRCNW000U2219 #7
FASTK Fls«?(W TRCNC000006320 8 7
R1PK2 Ms i®?5i rRCNW0(iO6347 87
NPRI Hs.<! 90330 TRCNQ000007325 U- 7
ALPK3 Hs.459iS3 TRCv0OCOO21$24 87
TR.PM? Hs.5m94 ^RCN0[.W21$6!> 8 7
TRPM7 Hs.512894 TRCXO0OOO2t563 87
PNCK Hs.436607 TF.CNiXW21371 #7
PNCK !u.4366i;7 TRCN0000021372 8 7
PNCK Hs.436667 TRCNC000021S73 #7
TRPM6 TOX 72225 TRCXOOIWUSO 4 7
C1X?. Hs 73986 rRCN000002:590 W 7
CLK2 TO.739S6 TRCN0000021592 #?
CDC42BPA Ks.35433 TRCN<W0022’P9 A7
F1K3R.5 Hs.27390: TRCNWXW033272 ft 7
HK3CD Hs,5JS45I TKCN(WH.332?5 u 7
TOMSK Hs 43X0115 ΊΚΟΝΟΟΟΟδ3^807 «■?
SPHKI TO 68061 TRCN<W036X08 4 7
1GHR TO6-LH30 TRCN000003967? #7
P1K3R2 TO.371314 TRCNWLXrW* 4 7
PJM! Hs 81170 TRCN000004679'i n‘7
FAK/i Hs 65ii7rf9 TRCNOOOOO 47593 8 7
PAKS TO 666789 TRCNG0OOO47S94 8 7
PAKS Hs.656789 TRCNLWC47595 87
PAK3 Hs 656789 IRCNW0047596 5-7
PAK3 Hs 656789 TRCN0000047597 87
KALRN Hs.8004 TRCN0(K)OO482U8 A7
KACRN Hs 2004 TkCN0C<WW9 87
KA1.RN Hx8004 fRCNooooamio ii 7
KALRfy Hs.8004 TRCN00000482J2 87
AIR TO 7.7)791 ’TOCN0000052394 #7
ATR IK 2?i79J TRCN0000052395 a 7
APR Hs371791 TRCNOOOO052396 8 7
ΓΜΚΑ Hs 529438 I RCMOOUCOii*·?’ 4?
L-1MK2 TO 47X596 TRQNOOOOQ52680 47
P1K3CD Ik 5:845.1 TRCN0000054260 47
TT8K2 Hs.65%46 TPCNOOOOiK.238? 47
RAGS Hs HJ4115 TRCN0Q00062658 A7
AIR TO 27179- TRCN0000063222 -4 7
LAlSl TO 7166T7 TRCN0000073773 4 7
CAMKID Hs.65.95J7' TRCNIW074123 A?
ΡΪ4ΚΑ Bs.529438 TRCNQO(iO07869O #7
PJ4KA Hs529438 •rRCN0000078692 4 7
AAKl HvU3878 TRCN{XX)0082348 4 7
DDR2 Hs. 593833 TRCNOOOO33im $7
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KNSG0O0CS0O3989 SI..C7A2 down ENSGOOOOO 105974 GAVl 00
ENS000000069482 GAL down ENSG09000106366 SERPINEL up
ENSGaOOOQi J 0042 DTX4 down ENSGOOOOO 196868 SUSD1 up
ENSG00000130600 HI 9 down ENSGOOOOO 108797 emu APi LipENSG00000135069 PSAT'I down ENSGOOOOO! W4?2 CPE up
ENSG90000136997 MYC down FNSG090001 i 1348 ARHGD1B ■up-
ENSGOOOOO 138028 CGREFl down ENSGOOOOO 1 i 1799 COLI2A1 up··
ENSGOOOOOI43333 RGSI6 down ENSGOOOOO! 11913 FAM65B up
ENSGOOOOOJ 63050 ADCK3 down ENSG0000Q113070 HBEGF up
BNSG00099164362 TERT down SNSG00000113578 EGF! up
ENSGOOOOO) 76387 HSD1 IB2 down ENSGOOOOOl 14019 AMOTL2 Up
ENSG00900I78821 TMEM52 down ENSGOOOOO 114115 JRBP1 up
ENSG00000184634 MEDJ2 down ENSGOOOOO! 1«29 C3orf52 up
RN5GOOOOOI84956 MUC6 down bNSGOGOOO 114854 TNNC1 up
ENSGOOOOO! 88883 K1.RG2 down ENSGWOOOl 15380 EFEMP1 up
ENSG00000196167 Cl iorf92 down ENSG0i.flC0H5590 IUR2 up
ENSG00000215182 M1JC5AC down ENSGOOOOO 115641 H1L2 up
ENSG00000224837 down ENSGCOOOO! 15828 QPCT up
ENSG00000226942 1L9RP3 down ENSGOOOOO! 16269 QSOXI up
ENSG0000023 0787 down ENSGOOOOO 116701 NCF2 up
ENSG00000232445 down ENSGOOOOOI16962 NIDI up
ENSG000002538I0 down ENSGOOOOO) 17226 GBPS Up
ENSG00000005238 ΚΙΑΛΙ 539 up ENSGOOOOOI 17228 GBP) up
ENSGO00OOOO5884 JTGA3 up ENSGOOOOO U 8523 CTGF up
FNSGOOOOOOW494 IDS up ENSGOOOOOI) 8898 RPC up
bNSGWWOl 1422 PI.AUR up. ENSGOOOOO123240 OPTN up
ENSG00000013364 MVP up ENSG90000123342 MMRI9 up
ENSG00000014257 ACPP up ENSGOOOOO 123843 C4BPB up
ENSG000000149I4 MTMRU up ENSGOOOOO) 24 i 16 Wf'DCJ up
ENSGOvOOOO 18625 ATPIA2 up ENSGOOOOO! 24762 CDKNJA. up
ENSG0000902317I GRAMD1B up ENSG00000125148 MT2A up
ENSGOO090024422 EHD2 Up- ENSGOOOOQ125775 STXBP2 up
ENSG0000002602S VIM up ENSGOOOOG! 27325 BEST3 up
5.'NSGOOOOOO3586? TIMP2 up ENSG00000127561 SYNGR3 up
ENSG0000004I982 TNC FJJ ENSGOOOOO 127920 GNGI i up
EN3G009C0049323 LTBP1 lip ENSGGOOOOi 28487 SPECC* up
BNSG0000005&165: D.KK3 up ENSGOOOOO! 28510 CPA4 up
EN8G00000053747 LAM A3 up ENSG00000128591 FLNC up
ENSGOOOOOOS6558 TRAP! Up ENSGOOOOO 128849 CGNLI up
ENS60000W57704 TMCC3 up ENSGOOOOOi 29226 CD68 up
ENSG00000058085 1..AMC2 up ENSG00000I3I0I5 ULBP2 -up
ENSG00000060I40 STY KI up ENSGOOOOOI317H MAPIB up
ENSG00000065534 ΜΥΪ..Κ up ENSGOOOOO 13 2334 PTPRE up
ENSG00000067798 NAVj up ENSGOOOOOI 32357: CARD6 up
BNSGOOO0OQ70778 PTPN21 up ENSG00000132535 DLG4 up
EN5G00000074527 Wf up ENSG00000133121 STARDI3 lip
ENSG0C000074966 TXK up ENSGOOOCOi33805 AMPD3 up
ENSG00000075223 SEMA3C up ENSGOOOOO’338! 6 MICAL2 up
ENSG00000075393 RASAL2 up ENSGOOOOO *34668 SF0CD1 «9
ENSG00000075461 CACNG4 up ENSGOOOOO 135046 ANNA I up
ENSG0000007664! PAG1 Up ENSGOOOOO! 35596 MICALI up-
ENSG00900076706 MCaM up ENSGOOOOO 13567 8 GPM up
ENSG000000788C4 TP53INP2 up ENSGOOOOOI35842 FAMi29A up
ENSG000000793S5 CEACAM1 up ENSGOOOOO J 36378 ADAMTS7 up
ENSG0000008003J PTFRH up ENSGOOOOO) 36542 GALNT5* up
ENSG90000084636 C0L16A1 up ENSGOOOOO1.37193 PIMJ up
ENSG00000085063 CD59 up ENSGOOOOOi 37709 POU2F3 up
ENSG90000085I17 CDB2 up ENSG00000I3827I GPR87 up
ENSG00000086730 T.AT2 up ENSGOOOOO 1383 56 AOX1 up
ENSG00009087494 PTHLH up ENSGOOOOO i 38411 HECW2 up
ENSG00000088538 DOCKS Up ENSGOOOOO) 38613 APHIS up
ENSG00000088854 C2OorfI94 up ENSG00000138772 ANXA3 up
ENSG00000091986 CCDC80 up ENSGOOOOO) 38829 FBN2 up
ENSG00000092929 UNCI 3D up ENSGOOOOO! 39044 84GALNT3 up
ENSG00000095752 Itl! up ENSGOOOOO· 39 i 12 GABARAPL) up
ENSGOOOOO W00.97 I .galSi up ENSGOOOOO 140545 MFGE8 up
ENSG000001C03J i PDGFB up ENSGOOOOO 140682 TGFBlli up
ENSG09000I00647 KIAA0247 up ENSGOOOOO 140950 ΚΙΛΑ 1609 up
ENSG00000I01335 MYL9 up ENSGOOOOOI42227 EMP3 up.
EN8G00000102265 T1MP1 up ENSGOOOOO 142871 CYR61 up
ENSGOOOOO103647 CORO2B up ENSG00000142910 TINAGLI up
ENSGOOOOO104324 up. ENSGOOOOO 143! 27 ITGAiO up
ENSGOOOOO 105339 QENND3 up ENSGOOOOO 143359 ECM1 up
ENSG00000105696 TMEM59L up ENSGOOOOO 14 3669 LYST Lip
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ENSG000001438J6 WNTSA up ENSGOOOOO! 77694 naaladu up
ENSGOOOOO) 44655 CSRNF1 up ENSG00000177839 PCDHB9 up
ENSGOOOOO) 44681 STAC up ENSGO0000178038 ALS2CL up
ENSGOOOOO 144310 COL8A1 up ENSGOOOOO! 79674 ARM 4 up
ENSGOOOOO 144821 MYH15 up ENSGOOOOO! 81458 TMEM45A up
ENSG00000147852 VJLDLR up ENSGOOOOO 181652 ATG9B up
ENSGOOOOO!49591 TAGEN up ENSGOOOOO 182568 SATB! up
ENSG00000150722 PPP1K1C up ENSGOOOOO 182795 CiorfU6 up
ENSGOOOOO 150782 11.18 up ENSGOOOOO! 83044 ΑΒΛΤ up
ENSG00000152104 PTPN14 up ENSGOOOOO! 84557 S0CS3 up
ENSGOOOOOIS2137 HSPB8 up ENSGOOOO0185567 AHNAK2 Up
ENSG00000152377 SP0CK1 up ENSGOOOOO! 86594 CI7ort9! :up
ENSGOOOOO 152503 TRLM36 up ENSGOOOOO 186684 CYF27C1 up
ENSGOOOOO 152689 RASGRP3 Uf5 ENSGOOOOO 187720 THSD4 up
ENSGOOOOO! 53u71 DAB 2 up ENSG00000188015 S100A3 up
ENSG0000015.3208 MERTK. up ENSGOOOOO! 88042 ARMC up
ENSGOOOOO! 53294 GPR115 up. ENSG000001881S3 COMAS ■up
ENSG00000154065 ANKRD29 up ENSGOOOOO! 88404 SM.,1. up
ENSGOOOOO: 55918 R-AETiL up ENSG0000019SL88 CTSE up
ENSG00000157064 NMNAT2 up ENSGOOOOO! 96352 CD55 up
ENSG00000I58125 XDH Up ENSGOOOOO196878 lambs up
ENSGOOOOO 158246 FAM46B up ENSGOOOOO 197461 PDGFA up
ENSG00000160469 BRSKI up ENSGOOOOO! 98796 ALPK.2 up
ENSGOOOOO 16163 8 1TGA5 up ENSG00000203780 FANK.I up
ENSGOOOOO  J 62545 CAMK2N1 up ENSG00000204525 HLAT.' up
ENSGOOOOO 162641 AKNAD1 up ENSG00000204.S40 PSORSICl up
ENSG00000162645 GBP2 up ENSG000002054! 3 SAMD9 up
ENSCKWOO 16.2840 MT1F2 up ENSG00000213626 U1H up
ENSG00000163235 TGFA up ENSG00000213949 1TGA1 up
ENSG00000163346 J’BXIFl up ENSGOOOOO? 15018 C0l.28A.i up
ENSGOOOOO 163395 JGFN1 up ENSG00000221866 PLXNA4 up
ENSGOOOOO 163637 PRICKLE2 •up ENSG00000222009 BTBD19 up
ENSG00000163898 L1PH up ENSG00000227825 S1.C9A7F1 up
ENSG0000016397S MFJ2 up ENSG00000229056 up
ENSGOOOOO! 6417! ITGA2 Up ENSG00000234745 HI.A-3 Up
ENSGOOOOO :6425) f 2RL1 up ENSG00000235471 up
ENSG00000164465 DCBLD! up ENSG00Q002.56043 CTSO up
ENSGCODOOI6452O ΚΑΡΠΕ up
CNSGOOOOOI64932 CTJ1RCI up
ENSGOOOOO ΪΟ4949 GEM up
ENSGOOOOO! 65046 LETM2 up
ENSG00Q00165124 SVEP] up
ENSG0000016631! SMPOi up
ENSGOOOOO! 66401 SERP1NB8 up
ENSGOOOOO166446 CDYL2 up
ENSGOOOOO 166920 C15ort48 up
ENSGOOOOOJ67065 CUSP 18 up
ENSG00000167552 TUBA!A up
ENSGOOOOW 67601 AXE up
ENSG00000107767 KRT80 up
ENSG00000167772 ANGPTL4 up
ENSG00009167972 ABCA3 up
ENSG00000168016 TRANK!. up
ENSGOOOOO 168487 BMP1 up
ENSG00000168685 IE7R up
ENSGOOOOO 169184 MN: up
ENSGOOOCOJ 69213 RAS3B up
ENSG000001695S3 CLIC3 up
ENSGOOOOO 170537 TMC7 up
ENSGOOOOO! 70558 CD112 up
ENSG00000171522 PTGER4 up
ENSGOOOOO 171680 PEEKHG5 up
ENSGOOOOO 171992 SYNPO up
ENSGOOOOO 17247 8 C2ort54 up
ENSGOOOOO 172602 RND1 up
ENSGOOOOO: 72738. TMEM217 uo
ENSGOOOOO! 73267 SNCG up
ENSOOOOOOl73705 SUSD5 up
ENSGOOOOO 173706 HEG1 up
ENSGOOOOO )74500 GCET2 up
ENSGOOOOO 176014 TUBES up
ENSGOOOOO 176438 CMorf49 Di>
ENSGOOOOO 177469 PTRF up
ENSGOOOOO 177494 ZBED2 up



WO 2012/138783 PCT/US2012/032202
58/70

Fig. 38
HGNC Dirscijofi of regulation Ensembl HGNC Direction of

Gene symbol during BMT Gaie S> symbol ίΐ+ΊΏίϊ FMT
BNSG00000005243 COPZ2 ep ENSG00090I22870 BICC! up
ENSG00000006! !8 T.MEM13.2.A Up ENSG00000123080 CDKN2C up
ENSG00000066638 TBXA2R up ENSGOOOOO 123416 TUBAIB up
ENSGOOOOOO: 1465 DCN yp ENSGOOOOO! 2349« !!.·! 3S.A2 up
ENSGOOOOCO13297 Cl.DNll up ENSGOOOOO 1'2 3610 TNFAIF6 ut>
ENSG00000019549 SNAI2 up BNSG00000524212 PTGiS up
ENSG00000022267 FHLI up ENSG000001242I6 SNA n up
ENSG0000002602.5 VIM UP ENSGOOOOO! 24942 ΑΗΝΛΚ up
ENSG00000038427 VCAN im ENSGOOOOO 1253 54 SEPT6 up
ENSG00000049323 LTBP1 up ENSG00000125384 PTGER2 up
ENSG00000050I65 DKK3 up ENSGOOOOO! 26860 EV!2A ;j n
ENSG00000059804 SLC2A3 lip ENSGOOOOO! 26947 ARMCX! up.
ENSG00000065308 TRAM2 up ENSG00000127863 TNFRSF19 up
BNSG00000067798 NAV3 up- ENSGOOOOO127920 GNG1 1 up
ENSG00000071282 LMCDi UP ENSGOOOOO 128656 CHN1 UP
ENSGC0000071967 CYBRDt 11Ό ENSGOOOOO!30270 ATP883 un
ENSGOOOOOO77782 FGFR1 up HNSGO0OW13O635 COL5AJ up
ENSG00000077942 FB1.NI up ENSGOOOOOi 31016 AKA?! 2 up
ENSGCTXW078098 r U’ up ENSG00000131378 RFJ’N! «Ρ
ENSG000000781 ί 4 G 13! up ENSGOOOOO :31459 GFPi'2 «Ρ
ENSGWOO0086289 FPl up ENSGOOOO0I31711 MAP! B UP
ENSG00000087245 CV ’ up ENSGOOOOO) 32429 1OPDC3 up
ENSG00000092969 IGIU up FNSGOOC0O1331IO PGSTN >jp
ENSG00000099250 NRPI up ENSG00000133J2! STARDI3 up
ENSGOOOOOl(XX>97 LGALSi UP ENSGOOOOO 133937 ■GSC up
ENSGOOOOO! 00.:46 SOXJO up ENSGiiOOOO.‘34824 FADS2 up
ENSG00000100154 7TC28 up ENSGOOOOO 134986 CSorfl 3 up
ENSGOOOOO 100985 MMP9 Up ENS<W10U135!H TBX3 up
ENSG0000010133S MYLO «Ρ ENSGOOOOO! 35905 DOCK 10 up
ENSG0000010I955 SRPX Up ENSGOOOOO! 36205 TNS3 ■up·
ENSGOOOOO 102265 riMPi up FNSGOOOOOI367J7 SIN I Up
ENSGOOOOO! 03489 XYLT1 UO ENSGOOOOO I36S59 ANGPTL2 up
ENSGOOOOO 10432 J TRPA! up ENSGOOOOO 136960 ENPP2 up
ENSGOOOOO 105137 SYDE1 up ENSGOOOOO 13 794) TT1.L7 up
ENSGOOOOO) 05270 CL1P3 up ENSG000Q0138356 AOX1 up
ENSGOOOOO 105928 DFNA5 up ENSGOOOOO: 38448 1TGAV up
ENSG00000106333 PCOLCE up ENSG00000138675 FGE5 up
ENSGOOOOOl 06366 SERPiNE· UP ENSG00000138685 FGE2 up
ENSGOOOOO!08691 cm un CNSGOOOOOI39278 Gi.IPRi up
ENSG00000109099 FMF22 up ENSG00009140092 FBLN5 UP
ENSGCQ000109814 GGDH up BNSG00000140416 TPM! up
ENSGOOOOO!! 1186 WNT5B up ENSGOOOOO 140682 TGFBiii up
ENSGOOOOOU :799 COI42A1 up ENSGOOOOO <40931 CMTM3 up
ENSGOO000112183 RBM174 up ENSGO 0000140937 CDHH up
ENSGOOOOO! 12186 CAP2 up ENSGOOOOO! 41753 KJFW4 up
ENSGOOOOO! 12276 BVES up ENSG00000142I56 COL6A1 up
ENSGOOOOO! 127651 LAMA4 up I74SGOOOOOI4222? EMP3 "UP
ENSGOOOOO! ί 2902 SEMA5A up ENSG00000142494 SLC47A1 up
ENSGOOOOO 113083 LOX up ENSG00000143196 DPT up
ENSGOOOOO 113(40 SFARC up ENSGOOOOO 143344 RGU up
ENSGOOOOO! 1 3657 DPYSL.3 up ENSGOO0OOT43369 ECMi »P
ENSGOOOOO!! 4251 WNTSA lip ENSG00000143515 ATP8B2 up
ENSGOOOOO 11-4450 ONB4 up ENSG00000143653 SCCPDH up
ENSGOOOOO! 14948 ADAM23 up ENSGOOOOO 1442! 8 AFF3 up
ENSGOOOOO! 15109 EPB4li.,5 up ENSG00000144642 RBMS3 up
ENSGOOOOO .113414 FN1 UP SNSGOOOOOl 45431 PGGTC up
ENSGOOOOO! 15648 M1.PH up ENSGOOOOO 146674 1GFBP3 up
ENSGOOOOO! 15935 WIPE I Up ENSGOOOOOJ47027 TMEM47 UP
ENSGOOOOO! 16132 FRRX! un ENSGOOOOO! 47065 MSN up
ENSGooOOOJ 16774 OLFML3 up ENSGOOOOO!485!6 ZEB: up
ENSGOOOOO! 16962 NIDI Up ENSGOOOOO 14 8677 ANKRDI up
ENSGOOOOO! 17:52 R<3$4 up ENSG00000149591 T'AG.LN up
ENS<J<<OOOOI 18495 PLAGL1 up ENSG00W0!49968 MMP3 up
ENSGOOOOO 118523 CTGF up ENSGOOOOO! 52022 L1XIL up
ENSGOOOOO 119242 CCDC92 up ENSGOOOOO :.52377 SPOCK! up
ENSGOOOOO 119681 LTBP2 UP ENS 000000153071 DAB2 up
ENSGOOOOO 120658 ENOXi up ENSGOOOQOl 539*76 HS3ST3A! up
ENSGOOOOO! 22254 HS3ST2 up ENSGOOOOO 154027 AK5 iip
ENSG0000012269i TWIST! tip ENSGOOOOO! 54096 THY! UP
ΕΝ$ΌϋΰϋΟΟΓ227Ο ’ RECK up ENSGOOOOO! 54734 AD AMTS 1 up
ENSGOOOOO 17.7786 CALDt up ENSGOOOOO 157168 NRG! up
ENSGOOOOO 122862 SRGN UP ENSGOOOOO I57350 ST3GAL2 up
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ENSG00000157613 CREB3LI up ENSG00000197043 ANXA6 up
ENSGO0COO158! Si MBAS up ENSGOOOOOI 97969 VFS13A up
ENSGOOOOOI 59167 STC1 up ENSGOOOOOI 97977 ELOVL2 up
ENSGOOOOOI 61638 1TGA5 up ENSGOOOOOI 98053 SIRPA up
ENSGOOOOOI 62407 ΡΡΛΡ2Β up ENSGOOOOOI 98755 GLT25D2 ίφ
ENSGOOOOO )62545 CAMK2NJ Up ENSGOOOOOI 98796 ALPK2 uv
ENSG00000162614 NEXN up ENSG00000204262 COL5A2 up
ENSGOOOOOI 62616 DNAJS4 up ENSG00000205426 KRT81 up
ENSGOOOOOI62733 DDR2 up ENSGOOOOOI! 1448 D1O2 UP
ENSGOOOOOI 63430 FSTIJ up ENSG00000240694 FNMA? up
ENSGOOOOOI 63453 1GFBP7 lip ENSG00000241697 TMEFF1 up.
ENSGOOOOOI 63661 PTX3 up ENSG00000249992 ΓΜΕΜ158 UP
ENSGOOOOOI 64176 ED.1L3 up ENSG00000251.349 C9ort30-TMErFl up
BNSG00000164647 STEAP1 up ENSG00000002587 >(S3Sn down

'ENSG00000164692 COL1A2 up ENSG00000006555 TTC22 down
ENSGOOOOOI 64741 DLC1 up ENSGOOOOOOl 1347 SYT7 down
BNSG00000166033 HTRA1 up ENSG00000014257 ACPP down
ENSG00000166073 GER 176 up ENSG00000021355 SERPINBf down
ENSGOOOOOI66086 .IAM3 up ENSG00000026036 RTELi dowr.
ENSG00000166147 FBNl up ENSG00000027075 PRKCH down
ENSGOOOOOI 66402 TUB up ENSG00000035115 SH3YIJ
ENSGOOOOOI66780 C16oif45 up ENSG00000039068 CDHi down
ENSG00000166831 RBPMS2 «Ρ ENSG00000049283 EPN3 down
ENSG00000166923 GREMl dp ENSG00000QS2344 PRSS8 down
ENSGOOOOOI 67S52 TUBA] A up ENSG00000053747 LAMA3 down
ENSGOOOOOI 67601 AXL up ENSG00000058085 LAMC2 down
ENSG0000016B386 FILIP IL Up ENS 000000058404 CAMK2B down
ENSGOOOOOI 68487 BMP1 UD ENSGO00QCO6203e CDH3 down
ENSGOOOOOI68542 COE3A1 up ENSG00000064270 ATP2C2 cowr
ENSGC0000'169554 ZE 82 ■up ENSG0000D065361 EKB133 down
ENSGOOOOOI69604 ANTXKl Up BNSG00000065618 COL; 7Al ccwn
ENSG00000169946 ZFPM2 up ENSG00000O66468 FGFR2 hewn
EN5G00000170558 CDH2 up ENSG0000006807S FGFR3 dOWH
ENSG00000170836 PPM ID t!p ENSG00000069764 PLA2GI0 down
ENSGOOOOOI 70961 HAS2 up ENSGO000C070159 PTPN3 down
ENSG00000171408 PDE7B up ENSG00000070190 DAPPJ down
ENSGOOOOOI72260 NEGRI Up ENSG00000076770 MBNU3 down
ENSG00000173068 BNC2 Up BNSG00000077238 MR
ENSGOOOOOI 73705 SUSD5 up ENSG00000083307 GRHL2 down
ENSG00000173706 HEG1 Up ENSC-OOOO OO863QO SNXlOi dowu
ENSGOOOOOI 74099 MSRB3 up ENSG00000086548 CBACAM6 down
EN3G00000175745 NR2F1 up ENSGOOO0OO8657G FAT2 down
gNSGOOOOO 176692 FOXC2 up ENSG00000087128 TMPRSS1 IE down
ENSGOOOOOI 76697 BDNF up ENSG00000087916 SLC6A14 down
ENSGOOOOC177311 ZETB38 up ENSG00000088726 TMEM40 down
ENSGOOOOO177469 PTRF Up ENSGOOOOOOS9356 FX¥D3 down
ENSG00000177707 PVRL3 up ENSG00000095203 EPB4IL4B down
ENSGOOOOO 179242 CDH4 up ENSG00000O9558S BUNK down
ENSGOOOOOI 79981 TSl-fZl i:d ENSG00000C96696 DSP down
ENSG00000181104 F2R up ENSG00000099204 ABLJM1 down
ENSGOOOOOI 82287 AP1S2 up E^SGC’(KiOOO99S12 GfSortJj down
ENSGOOOOO 182326 CIS up ENSGOOOOOI 00290 B1K down
ENSGOOOOO 182492 BON up ENSGOOOOOI 00418 PPPDE2 down
gNSGOOOOO 1826.3 6 NON up ENSGOOOOOI 01443 VVFDC2 down
ENSGOOOOOI 82752 PAPPA up ENSGOOOOOI 01670 L1FG down

•ENSG00000183098 GPC6 up ENSG00000102879 COROIA down
ENSGOOOOO 183688 FAM! 01B up ENSGOOOOOI 02890 ELMO3 down
ENSGOOOOOI 83722 1..HPP up ENSGOOOOOI 03089 FA2H down
ENSGOOOOO 183853 KI RS EL up ENSGOOOOOI 03460 ΊΌΧ3 down
ENSGOOOOO184304 PRKJ9J up ENSG00000103534 TMC5 down
ENSGOOOO0184 83 8 PRR16 Up ENSG00000104267 C.a2 dawn
ENSGOOOOOI 8.5070 FLRT2 up ENSG09000W4290 FZD3 down
ENSGOOOOOI 85483 RO.R1 up ENSGOOOOOI 044 19 NDRG1 .down
ENSGOOOOO J85669 SNAI3 up ENSG00000104722 NEFM down
ENSGOOOOOI 86047 DLEU7 up ENSGOOOOOI 05357 MYH14 down
ENSGOOOOOI 86310 NAP1L3 up ENSGOOOOO105388 CEACAM5 riov-B
ENSGOOOOOI 87498 COL4A1 up GNSGOOOOO 105699 LSR dO’AT:
ENSGOOOOOI 96159 FAT4 up ENSG00000105825 TFPI2 down
ENSG00000196368 NUDTJ1 up ENSGOOOOOI 05971 CAV7. down
ENSGOOOOO 196549 MME up ENSGOOOOOI 06537 ’i SPAN; 3 down
ENSGOOOOOI 96611 MMPi up ENSGOOOOO107014 RLN2 down
ENSGOOOOOI 96628 TCF4 up ENSG00000107I59 CAS down
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ENSGOOOOOi08479 GALKi down ENSGOOOOOl 37843 PAKS down
ENSG00000109255 NMU down ENSGOOOOO’3B273 GPR87 down
ENS600000109452 INPP4B dow ENSGOOOOOl 38670 RASGEF.U3 down
ENSGOOOOO109667 SLC2A9 down ENSGOOOOOl 38772 ANXA3 down
ENSGOOOOOl 10723 EXPH5 down ENSGOOOOOl 39055 ERF27 down
ENSGOOOOOl UO12 CYP27BI d.vwn ENSGOOOOOl 40297 GCNT3 down
ENSGOOOOOl 11319 SCNN1A down ENSCOOOOO 140832 MARVELD3 down
ENSGOOOOOl J1348 ARHGD1B dowB ENSCOO0OO!414O4 GN Al. dOVeTL
ENSGOOOOOl 11863 C6orfi05 down ENSGOOOOOl 42675 CNKSR1 doWT:
ENSGOOOOOl 12378 PERP down. ENSGOOOOOl 43126 CEL5R2 down
ENSGOOOOOl J 3070 11BEC-F down ENSGG0eo0143217 PVR1.4 down
ENSQOOOGOl 13356 POLR3G down ENSGOOOOOl 43375 CON down
ENSGOOOOOl 13430 IRX4 do mi ENSGOOOOOl 434! 2 ANXA9 down
ENSGOOOOOl 13645 WWC1 down ENSCOOOOO 143546 S100A8 down
ENSCOOOOO! 15221 ITGB6 down ENSG00000143556 SI 00 A? down
ENSGOOOOOl15339 GAI.NTS down ENSGOOOOOl 44452 ABCA12 down
ENSGOOOOOl15457 IGFBF2 ENSGOOOOOl 44681 STAC down
ENSGOOOOOl 1674 i RGS2 down ENSG00000145103 ILL'S. 1 down
ENSGOOOOOl 17407 ARTN down ENSGOOOOOl 45335 SN'CA down
ENSGOOOOOl17472 TSPANl down .F.NSG00000146I92 FCD2 down
ENSGOOOOOl17595 1RF6 down ENSG00000146904 EPH Al down
ENSGOOOOOl: 7676 RPS6KAJ down ENSCOOOOO )47676 MAL2 down
ENSGOOOOOl i 8785 SPP1 down ENSG00000147689 FAM83A down
ENSGOOOOOl 18898 PPL down ENSGOOOOOl 4 8346 LCN2 down
ENSGOOOOOl! 8971 CCND2 down ENSCOOOOO 14 8671 Cl OorfU 6 down
ENSGOOOOOl 19411 BSPRY down ENSCOOOOO 149300 CH O(f52 down
ENSG00000120756 PLS: down ENSGOOOOOl 49418 STI4 down
ENSG00000J21742 G.1B6 down ENSCOOOOO 150054 MPP7 μ own
ENSCOOOOO124102 ’Ή down ENSGOOOOOl 50782 fi..l 8 down
ENSG00000124!07 SLPI down ENSG0000015I150 ANK3 down
ENSGOOOOOJ25538 1L1B down ENSCOOOOO i 51715 TMEM45B down
ENSG00000125731 SH2D3A down ENSGOOOOOl 51914 DST down
ENSG00000125B50 OVOL2 down ENSGOOOOOl 52766 ANKRD22 down
ENSG00000I27954 STEA 1’4 down ENSCOOOOO 152939 MARVELD2 down
ENSGOOOOOl28422 KRTI7 down F.NSG000001S3292 GPR’ 10 down
ENSGOOOOOl28833 MYO5C down. ENSGOOOOOl 54556 SOK13S2 down
ENSG00000129354 API M2 down ENSGOOOOOl 54639 CXADR down
F.NSG00000129451 UK to down ENSG00000154889 M1PPE1 down
ENSGOOOOOl 2945 5 Ki K8 down ENSGOOOOOl 55066 PROM2 down
ENSCrOOOOO 129667 KHBDJ-2 down ENSGOOOOOl 567 If 1 ■:<. 3 down
ENSCOOOOO J 30768 SMPDL3B down ENSGOOOOOl 57992 KRTCAP3 down
ENSG0000013082I SLC6A8 down ENSG00G00158125 XDH down
ENSGOOOOOl 32470 JTC5B4 down ENSG0000015g769 FUR down
ENSG000UO132698 RAB25 down ENSGOOOOOl 59166 LAO)

DMKN
down

ENSGOOOOOl 32746 AWH3B2 dOM) ENSGOOOOOl 61249 down
ENSG00000133135 RNF128 down ENSGOOOOO162069 CCDC64B down
ENSGOOOOOl 33710 SPINKS down ENSCOOOOO 16277 7 DENND2D down
ENSGOOOOOl 33740 E2F5 down ENSGOOOOOl 62981 ΕΑ.Μ84Λ down
ENSG00000133985 TTC9 down ENSGOOOOOl 63032 VSNL: down
ENSGOOOOOl 34258 VTCN1 down ENSGOOOOOl 63209 SPURS down
ENSCO 0001)13431? GR.HU down ENSCOOOOO163219 ARHGAP25 down
ENSCOOOOO 134363 FST down ENSCOOOOO: 63220 SI00A9 down
ENSCOOOOO134709 HOOK) down ENSGOOOOOi 63347 CLDNI down
ENSGOOOOOl 34755 DSC2 down ENSCOOOOOf 63362 C lorn 06 down
ENSG00000134757 DSG3 down ENSGOOOOOl 63435 ELF3 down
ENSGOOOOOl.35373 EHF down ENS600000163624 CDS! down
ENSG0OQQO135374 E1.F5 down ENSCOOOOO 163993 SWOP down
ENSGOOOOOl 3 $378 PR.RG4 down ENSGOOOOOl 64078 MSTIR down
ENSG00000135423 GLS2 down ENSG00000165025 SYK down
ENSGOOOOOl 35525 MAP? down ENSCOOOOO 165105 RASEF down
RNSGOO0OOI3575O K.CNK1 down ENSCOOOOO 165140 FBP1 dowTi
ENSGOOOOOl 36155 SCEL down ENSGOOOOO!65272 AQF3 down
ENSGOOOOOI36167 LCP1 down ENSCOOOOO 1'65507 ClOorflO down
ENSCOOOOO) 36237 RAPGEF5 down ENSGOOOOOl 65591 FAAH2 down
ENSGOOOOOl 36689 a.iEN down ENSGOOOOOl 66145 SPIN'fl down
ENSGOOOOOl 369« CTSL2 down ENSGOOOOOl 66321 NUDT13 down
ENSCOOOOO 137269 LR.RC1 down ENSGOOOOOl 664 IS WD.R.72 down
F.NSG00000137440 FGFBP1 down ENSGOOOOOl 67306 MYO5B down
ENSGOOOOOl 37648 TMPRSS4 down ENSGCOOOOJ67608 TMC4 down
ENSCOOOOO 13 7699 TRM29 down ENSGOOOOOl 67642 8Ρ1ΝΪ2 down
ENSGOOOOOl 3 7709 FOU2F3 down ENSGOOOOOl 67754 KLK5 doMT
ENSGOOOOOl 37747 TMPRSS13 down ENSCOOOOO 167755 KLK6 down
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Gene ϊϊ>
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ENSGOOOOOI68743 
ENSG00000169035 
ENSGGOOW169403 
ENSGOO000169469 
ENSGOOOOOI 69474 
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Fig. 39

Ensembt Gene ID HGNC symbol
ENSG00000026025 VIM
ENSG00000049323 LTBP1
ENSG00000050165 DKK3
ENSG00000067798 NAV3
ENSG00000100097 LGALS1
ENSG00000101335 MYL9
ENSG00000102265 TIMP1
ENSG00900105366 SERPINE1
ENSG00000111799 C0L12A1
ENSG000001'16962 NID1
ENSG00000118523 CTGF
ENSG00000127920 GNG11
ENSG00000131711 MAP1B
ENSG00000133121 STARD13
ENSGOGOO0138356 AOX1
ENSG00000140582 TGF81I1
ENSG00000142227 EMP3
ENSG00000143369 ECM1
ENSG00000149591 TAG LN
ENSG00000152377 SPOCK1
ENSG00000153071 DAB2
ENSG00000161638 ITGA5
ENSG0Q000162545 CAMK2N1
ENSG00000157552 TUBA1A
ENSG00000167601 AXL
ENSG00000168487 BMP1
ENSG00000170558 CDH2
ENSG00000173705 SUSD5
ENSG00000173706 HEG1
ENSGOOOO0177469 PTRF
ENSGOOOO0198796 ALPK2
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Fig 40

Gene in MED12, signature Association with drug response [P-vaiue, p<0.05 is yellow)
Name AZD6244 CI-1040 PD-0325901 RDEA119
KIAA1539 1 1 1 1
IDS 0.035724124 0.103698283 0.007204722 0.009072613
PLAUR 0.446193324 0,048543765 0,006689257 0.044106897
MVP 1 1 0.052034101 0.062512513
ACPP 1 1 1 1
MTMR11 0.262248423 0.028000689 0.079666149 1
ATP1A2 J. 0.151826634 0.149859652 0.356086828
EHD2 1 0.170807202 1 0.522001041
VfM 1 1 1 1
TIMP2 1 1 1 1
TNC Λ 1 1 Ί
LTBP1 ■1 1 1 0.266201043
DKK3 1 0.321853846 1 0.341471162
LAMA3 1 1. 0.014662379 0,019795538
TRAF1 1 1 1 1
LAMC2 0.016993644 0.008295492 0.000611194 0.006561606
STYK1 0.003520393 1.49332E-05 1 3.33448E-05
NAV3 JL 0.292703449 0.172931222 1
PTPN21 1 .1 1
TXK 1 -{ .1. 0.389754146 0.446949305
SEMA3C 1 ■i 1 1
RASAL2 1 1 1 1
CACNG4 0.025096835 0.00436873 0,008541368 0.053280351
MCAM 1 1 1 1
CEACAM1 0.4845612 1 1 1
PTPRH 0.27541157 1 1 1
C0L16A1 1 X 1 1
CD59 1 1 1 1
CD82 0.138766892 1 0.042179701 1
LAT2 1 1 1 1
PTHLH 1 000660059 0.079666149 0.235948164
DOCKS 0.205715804 0.292703443 0.149859652 0.356086828
fill 1 0,048543765 1 0.522001041
LGALS1 1 1 1
PDGFB 0.338787391 0.040583181 1 0.429566594
KIAA0247 0.030605372 0.051187805 0.010861253 0.014236686
MYLO 0.151030068 1 1 0.24950523
TIMP1 1 1 1 1
COR02B 1 1 1
DENND3 1 1 1 1
ΊΓΜΕΜ591 1 Ί Λ 1 1
CAV1 0.373022246 0.182523483 0.067669502 0.076692102
SERPINE1 1 0,051779364 0..1.49859652 0.182544376
CNTNAP1 1 1 1 1
CPE 0.119650932 0.012660408 0.189043444 0.230289617
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ARHGDI8 1 1 1 1
FAM65B 1 1 1 1
HBEGF 0.000478029 0.002602582 0.001849879 0.016019705
FGF1 0.373107019 2 1 1
AM0TL2 0.067224767 1 0.032822032 1
C3orf52 1 1 1 1
TNNC1 1 0.023109233 0.046251047 1
EFEMP1 1 0.251579737 0.124236615 0.06335743
IL1R2 1 0.018990657 1 1
FHL2 0.153467922 0.049145657 0,06400942.9 0.076002792
QPCT 1 1 1 1
QS0X1 1 1 1 1
NCF2 1 1 1 1
NIDI 1 1
G8P1 0.052598892 0,170807202 0.1291713 0.060071089
CTGF 0.044994363 0.173839749 0.010861253 0.014236686
PPL 0.010914915 0.023109238 1 0.060071089
OPTN 0,05424316 0.000863155 0,001883394 0.002527713
MMP19 0,009433593 0.173839749 0.017347047 0.091369695
C4BP8 0.007028343 0.028000689 0.001849879 0.060071089
CDKN1A 1 1 1 1
MT2A 1 0.173635305 0.090117004 0.108352379
SYNGR3 0.408976565 1 -s 0.182544376
GNG11 1 1 1 1
FLNC 1 0.012660408 0.094440033 X
ULBP2 0.087147026 0.084371681 0.02269635 1
MAP1B 1 1 1 1
PTPRE 1 1 1 1
DLG4 1 0.338938111 1 0.507874212
STARD13 1 1 1 1
AMP03 1 1 1 0.053280351
MICAL2 1 .1 1 1
ANXA1 1 0,072909769 0.140239592 0.159171422
Ml CALI 1 1 1 1
CPM ■1 1 1
FAM129A ■s 1 1 1
ADAMTS7 0.526955497 1 0.346235667 1
Pi Ml 0.052598892 0-002100778 1 0.024350312
POU2F3 0.32802469 1 0.326197735 0.370611324
GPR87 0.02,5216974 0,01027043 0.005776881 0,008259465
AOX1 1 1 1
APH1B 1 Λ 1
ANXA3 1 1 1 1
FBN2 1 1 1 1
GABARAPL1 Λ 1 1 1
MFGE8 1 1 1 1
TGFBlil 0.101299971 0.029261914 1 0.26401086S
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Ki.AA1609
EMP3
CYR61

1
1

0.21221505

1
1

0,08094553

1
1

0.017347047

■j
1

0.022158519
T8NAGL1 0,030509021 0,004178214 0,001412054 0,002068791
ITGA10 1 1 14* 1
ECM1 1 1 •1 1
LYST 1 1 1 1
STAC 1 1 1 1
C0L8A1 0.446193324 1 0.094518292 0,116528901
MYH15 1 1 0.177729452 0.208818964
VLDLR 1 1 1 1
TAGLK* 0,025216974 1 0.025637552 1
!L18 1 1 1. 1
PTPN14 0.373107019 1 1 1
HSPB8 1 1 1 1
SP0CK1 0306180792 T 0.354028137 0.230289617
TRIM36 1 1 1 0.356086828
RASGRP3 1 1 1 1
DAB2 1 1 1 1
MERTK 0.180917105 1 0.273989769 0.32175975
NMNAT2 0.005605271 0000961068 0,004521321 0.028633774
XDH 0.05424316 0.173839749 0,013754481 0.017796117
ΠΈΑ5 1 1 1 1
CAMK2N1 1 0.051187805 0.090117004 0.108352379
GBPS 0.205715804 0.323544668 0.172931222 0,392092059
TGFA 0.035724124 .1 1 1
P8X5P1 1 1 1 X.
MFI2 1 1 1 1
ITGA2 0.180917105 0.098390417 0.02269635 0.029817575
F2RL1 1 .1. 1 .1
GEM 1 0.236284956 0.172931222 1
SVEP1 1 0,023660762 1 1
5MPD1 1 1 1 1
SERPINB8 1 0.473344876 1 1
TUBA1A 1 1 1 ■i:
AXL 0.0542.4316 0.00436873 0.013754481 0,017796117
ANGPTL4 1 0.061206117 1, 1
A8CA3 0.306180792 0.001267027 0.011700942 0.015019705
TRAMK1 1 1 1 1
BMP1 ■1 J- 1 1 1
IL7R 0,008776445 0.236284956 0.001073038 0.001595687
MN1 0.073972718 0,018990657 0.014662379 0.019795538
RAB3B 0.114825388 0.011539537 0.010854269 0.015594432
CL!C3 0,020748485 0.031508256 0.002728276 0,06335743
TMC7 0.24225212 0.028868468 X 0,022158519
CE)H2 1 1 A 1
PTGER4 1 1 1 1
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SYNPO 0.180917105 1 0.110744577 0.138384661
C2orf54 0.04406121 0.098390417 0.1291713 0.159341814
RND1 0.119650932 0.040583181 0.1291713 0.159341814
SNCG 0.065142784 0.173839749 0.021788406 0.108352379
SVSD5 1 1 1 1
HEG1 0,205715804 0.113885033 0.306746327 0,356086828
TUB86 0.153467922 0.032850482 0,078401465 0.092022499
PTRF 1 1 1 1
ZBED2 0.030509021 0.006671083 0.000811713 0.008259465
ALS2CL 0.04406121 0.001267027 0,002412797 0.003433595
ARL.:4 0.020748485 1 0.003521056 0.023500711
TMEM45A 1 1 0.30646622 1
SAT81 1 1 1 1
ClorfllS 0.085589832 0,002668745 0,021743723 0.030913619
ABAT 0.27541157 1 0.243416981 0,484177686
S0CS3 0.077931677 1 1 1.
AHNAK2 0.391899113 0.001911241 0.052034101 0,062512513
C17orf91 1 1 1 1
THSD4 1 1 1 1
S1O0A3 .1 1 1 2.
ARL4C 0,003674744 0.023660762 0,000810819 0.053280351
COL4A5 0.595498204 0.473344876 1 1
SELL 0.180917105 1 1 1
CTSE 1 1 η 1
CD55 1 1 1 1
LAM83 0,06251439 0.131989423 0.02269635 0.099469007
PDGFA 1 1 1 1
SAM 09 0,205715804 JL 0.066802001 0.084490204
IBM 1 0.426853709 1
FTGA1 1 1 1 1
CTSO 1 1 1 0.235948164
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Fig. 41
Ceil line IC-50 vaiues l· Gene mutations Ί
Νΰ n’t f; ..(. CTP AZD62

44
i CI-

1040
PD-
0325901

Ί RDEAI
19

i BRAF 1 KRAS ! liRAS ] NRAS 1
A673 Soft tissue 4.978 2.095 1.572 3.083 1! ° 10 0 i

COLO-829 J skill
1.. . 0.5663 -1.597 0,5201 ' 1 11 0'

1 0 0
!

COR-L23 1 Lung ).383 1.956 ■0.308! ,1.003 0 1 0 0
NCLH2347 I Lung, 2.354 2.695 -: 371 ■0.182 0 h 0 1
NCI-H2030 Lung 2.622 1.059 1:973 0 TT 0 o !
NCI-H2I22 Lung 3.835 1.876 -0.4983 0.8265 0 p 0 0
SK-5LAS CNS "ΓΪ374 0.05726 p4,803 -3.102 0 P 0 1
NCI-H1299 Lufig 4/517 2.848 Ϊ -1 718 2.617 ! o ] 0 ij 1
NC1-H2087 Lung G.323 1.341 ■2.315 0.8903 p 1 ϋ 0 1
UM-UC-3 Bladder 2.308 1.843 .3.195 0 k 0 0
NCI-H727 Lung 3.282 1.063 0.6008 f 3.746 0' 1 0 0

j Lung 1.085 1.921 -0.1091 2.698 0 Ϊ ■' D' 0
■NCI-Ill 355 | Lung 3.585 2Ό45 -2,072 3 0 1 0 0
NCl-Hi 792 Lung 3.113 2.253 -0,.2982 0.8857 0 ) 0 0 '

i HPAMI pancreas 1 257 1.31 -2.078 0 01 164 0 J 0........

MiA-PaCa-2 pancreas -0.1121 1.091 -2 777 ! 042 0 o 0
SHP-77 Lufig 1073' 5.771 0.094 6.199 0 0 0 1

t
NCJ-H2009 Lung. 2.942 0 — f\

NCI-H2291 : Lliilg -0.2846 0.2849 -3.066 -0.9257 0 1 ό 0
SW9Q0 Lung 4 Γ23 1 385 5.475 0 V 0 0____________
BB49HNC upper. i:ercdigestive_,tract 2,707 2.829 -0.419 osn 0 0 0
CP50-MEL-
B

Skin ■2 063 -i.736 -5.403 -3.837 i -0 0 0

CP66-MEL ■Skin -0,5167 0 0 0 1
SENS-62 Lung 1.896 0 0 1 0
KP-4 pancreas 2.864 0.4961 3.386 t:. I 0 0
KYSE-410 upper^^crodigestiye^tfact 3.907 2.906 0.4197 1.227 0 1 0 0·
LB2518-
MEL

Skin. -2.375 -0.3275 j .4:196 -2.548 0 0 0 1

L.B373-MEL·
D

Skin 2435 | ό 0 o i 1

MZ1-PC pancreas ).206 3.248 j -LO32 0.3052 β 1 o ■ ■ 0
M27-m«I Sfe in 1.47 4.67 f -3.513 -0.9893 1 :ΰ 0 : A

CAP AN-i pancreas 4.678 .pp..J -0.34)1 1.458 0 ) 0 0
HCT-116 Of tract 0.07475 1.927 1 ■1.22 ■0.633? 0 ! 0 0
HCT-15 GI tract 4.87S~t

1
0 ! 0 0

HL-60 Blood -3.208 -0.1998 i ■4.124 -3 062 0 •3 0 I I
NCI-H2.3 Lung 3.783 2.768 t -1.533 1.969 0 1 0 1 0
NCI-H460 Lung 1.004 3.674 ΐ -1.94) 0.8956 0 > 0 0 ■
A549 Lung *1.573 0.:676 i -4.828 -2.157 0 s e 0
CCRF-CE.M Bkwd 5.35 2.356 Γ 2.972 6.208 0 i ■ 0
SK-MEL-2S Skin ■1.187 i -6 537 -I.192 1 0 i 0 1 ϋ;
SK-MEL-2 Skin -0,9044 0.4594 -3.341 -2.286 0 0 p P
MOL'f-4 Blood 3.403 4.77 0.644 ■ 5 39 δ 0

L MDA-MB-
23) :

Breast 1 711 1.453 -1.808 0.1106 ) i i 1 0
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SW620 1 Gl tract -.1.192 Γο, 1396 ' -4.213 -1.267 0 I 0 1 0 :1

RPML8226 Blood -0.271 3.369 ■ 1.087 1.53 ■0 1 0 ~|0 j

OVCAR-5
HOP-62

Gy ary
Lung

1.797 
■*w ---------------

O'
““o

1 0
'Ί)

,

”...
LOXJMVI Skin -0.1389 0.582 ■3.243 -0.7422 j ΰ A \J 0
Ml 4 i Skm1 -3.29 -1.869 i -6.575 -3,575 ■i 0 0 0
UACC-62 Skin 5,196 6.452 1.235 6.1)49 1 0 0 0
UACC-257 Skin | -1.132

0.02906
-4.248 -2.729 .1 0 0 0

ACS Cn/tract 0.105 -1,97 ■3,891 »1,415 ij ' k 0 0
A2058 Sk in 0.5167 -0.81 1.325 7 0 0 0
A375 Skin 0,4632 -5,982 1 -2.128 i i 0 0 0
(597 Blood 1.824 1.3 2.636 p'wr p 6 ΰ 1
ACS CNS ■0.567'· -1.553 -4.149 -2.719 l· 0 0 C‘
COLO-800 Skin 2222 Π 0 '0 0
COLO- 741 Cl tract

t. .
-0.6582 i ΓΌ54l ■4,927

004502
0 0

COLO-679 j Skin' ■ 1.085 -1.112. -4.615’ -i.8S 1 0 0 0
CHP-2J2 CNS -.5.826 -3.516 -7.584 -5.312 0 0 0 1
CFPAC-1 I pancreas 2.005 3.118 -0.8254 2.028 0 1 0 0
CAV62
CSK6

i Other
Blood

0.435
”57564“

0 2094
“Ϊ398

-2.282
“3ΒΪ8~·""'"’

-0.3906
~6J67

0
”0

1 Ό
—

0
—

C32 Skin ■2.32 4.664 -5.604 -2.877 j 0 0 0
DB’iRG-
OSMG

CNS 2.229 2.2'i 3 0.4173 4.205 1 0 0 0
DU-4475 Breast -3.122 ■5.628 -3.338 i e “5

_

£01-1 GJ tract 0,627 1.283 -2 345 0.2443 0 1 <0 0
G-361 Skill -t .26 ■V 0 0 0
GC'f Son tissue 1.292 2.583 2.56

.
4.387 0 0 0

ilO-MY-Z Blood 2.856 0 0 6 ΐ
HEC-! Uterus 5 622 5.713 2.133 3.986 o' e 0
UMV-il Skin 1 -0.5522

----- --
1 0 0 !

HT-1080 Soft tissue 0..8877 LI 04 ■2.477 ■0.6269 0 0 0 ; I
HT-1197 Bladder 4.518 5.235 1,484 3.612 0 0 0 1
HT-144 Skin -2.429 -0.611 -4.726 -3.Q3: ! 0 ΰ 0
liuCC’H G! tract 0.2612 1.956 -1.333

0.08974
0 1 0 0

IGR-l Skin 2.1 IS 3.831 ■1.02. i.609 1 0 0 0
iST-MELl j Skin -0 46.13 1 0 0 “ 0
KE- 37 Blood 5.652 2.39 3.02 5.733 0 0 0 i
KMOE--2 Blood -1.61 0 0 0 1
HuP-T3 pancreas 1.555 1.719 -2.516 1.701 0 1 0 0
GP5d GI tract 1.572 -0.0386 -1.602 3.978 0 1 0 0
8.1)-19-19 Bladder 1.252 1.158 -1.329 -1.025 0 0 .0 ■ ■ ■
LoVo Gi tract 0.05979 0.3968 -2.717 -0.9301 [} 1 0 0
L3-S23 Gi tract 1.319 2,951 -0.5991 0.949 0 3 0 0
LS-411N' Gi tract 2.302 0.3378 ■1.059 “8819 i"“i Ό o ■”' 0
LS-513 Gt tract. 0.3343 0.3822 ■2.169 -0,8842 0 "l· 0 0
I.U-99A Lung 5.061 1.788 :.631 L47 0 1 0 0
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1 MEMfO I Skin -1.969 -1.274 ■4.664 i -3.224 1 0 : 0 0
MEL-JUSO Sk’ii i .524 0 o 1
NCS-SNU-i G! tract 0.5913 -0.2647 -2.334 0.1759 0 I 1 0 Ϊ)
NMC-GI CNS 3.454 . 3.253 0.691 1.902 1 1 0 0 t)
ΝΌΜΟ-Ι Blood -3.435 -1.347 -6.164 -1.989 0 1 0 0
■NCM1747 G1 tract -1.051 1.563 -3.38 ■0.4337 0 I 0 0
NCLH441 Lung 1.499 3.145 0.3699 3.455 0 1 0 0
NCLH358 Lung

0.08947
-i.163 2.691 0 ! 0 0

NCl-m 155 I Lung 2.577 1.631 1.758 4.397 0 1 0 o'
N'CI-HI573 1 i.ung 1.65 2.363 0.5107 :.781 0 1 0 0
ONS-76 CNS 0.4218 0 0 0 : !·
P’2-
(CHIKAWA

Blood 0.1629 ■0.5027 -2.779 0.5863 0 ϋ 0 1

PA-i Ovary 4.8’4 pm 2,104 5.259 0 0 0 ί
RCM-1 Gt tract ■0.7 0.2073 ; -3,055 -LOSS 0 I. 0 ΰ '
RD Soft tissue 1.516 0.9025 -2.699 1.214 0 0 0 1
RKO Gl tract 4® 2.201 -2.958 0.3409 1 b 0 0
RVR-42I Skin -1.279

0.01832
-4.376 -3.368 5 0 0 0

SHM Skin 0.3905 1 0 0 5
SK-HEP-l 1 vXhSJ 018217 ■ 797 -1.762 0.6682 1 0 0 0
SK-LU-1 Lung 1.327 1.293 -1.2.6 2.446 0 ί 0 0
SK-MEL-1 Skin 0.1979 0 0 0 !
SK-MEL-3 Skin 0.6664 -0.5469 0 94! 8 1 J 0 o. .it
SK-MEL-2··! Skin -1.082 -0.03023 ■ .697 ! 1 0· 0
SK-MEL-30 Skin -0.226: J.92 0.2876 2.494 0 0 0 i
SNU-387 Other 3.059 2 909 0.153 2.792 0 0 0 1
SNU-C2S GI tract 2.87 2.415 ■0.6852 2.07 0 1 o 0
SW1 1 !ό Gl tract 1.904 0.454! -2 786 : 579 0 I 0 0
SW1417 Gl tract 1.615 2.267 -0 8153 1.762 i 1 0 0 ϋ
SW1463 Gi tract 4. J 43 0.3185 -1.285 1 436 0 Ί 0 " ■ " b
SW026 Ovary LOS 0 0
SW837 G.Ltrac: 2.409 -0 2991 2.772 0 1 c rj
SW872 Soft tissue 0.2673 4.408 -3,475 -0.2346 1 i 0 0 :0
SW948 GI tract. 3.095 3,8 !. -0.9721 1.68 O' ί 0 ~b 1
SW982 Soil tissue t 2.975 2.87 0.60 J 8 -0.8337 ! b 0 0
'1'84 01 tract : 5,321 5.965 2.929 4,682 0 i 1 0 b
J'GBCJ! TK
8

GJ tract 2.213 2.788 -1 142 ! 655 0 1 Q 0

VM-CUB-1 Bladder 1.396 3,271 | -0.826 J ,314 0 0 : 0 i
WM-H5 Skin ■1.329 -0.7272 j *3.037 -0.8586 J 0 ΰ 0
YAPC pancreas 3.955 5.047 3.177 3.339 0 ■ j ί 0 o:
RS.N1 pancreas -1.006 -0 0455 -3.261 •1.628 0 ' 0 ■0
COLO-673 GJ tract 0.5067 2.064 -1.747 0.7554 0 1

J 1 0 a
COLO-668 Lung 4.165 5.388 1 23 2.605 0 i o 0'
AsPC-J pancreas -1.143 1.647 •3.086 0.09245 7. ■0 0
IA-LM Lung 3 538 0 0
C3A
.................. 1.

Other 3.199 3.303 ί
........... i.

0.04142 2.709 “j o { 0 j 0' i
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RP.Mi-795) Skin 2.159 j 1.54)' : -1 192 j -0313« l· o’ 0
SW1990 pancreas 3..394 1 2.523 -0.02852 1 2.954 0 i Γ ' 0 0

Capan>2 pancreas 3.626 2 723 i -I,..324 i 4.381 0 1 0 0
A-OID Skin -I.4J7 -1 559 pOs -2.961 1 0 0 0
BFTC-905 Bladder 0.8748 j 1.043 -2.847 -0,3296 0 o ΰ !
GAK Skin 0.6507 0.1816 -2701 -0 5825 0 0 0 Γ
AM -38 CNS 5.152 2.68 0.3405 2.423 1 0 0 0
8505C Other 4.507 1 0 0 0
BCPAP Other 0.7337 1.733 -2.043 0.7375 0 0 0
HTC-C3 Ollier 4.532 -0.7758 -5.119 -2.1’9 i o 0 0
K5 Other -0.8277 l 0 0 ■ 0...... ..
L-363 Blood 2.651 1.013 2.314 5.043 0 0 o 1
MMAC-SP Skin -2.226 0 0 0
Μ''>Ι·ί,·1Ο Soft tissue 5.66 1 0 3 0 J
PANC-03-27 pancreas J .484 1.199 - ■ 632 -0.27'98 0 1 0 0
PANC-08-13 pei'creas 4.446 3369 0.2521 4,662

ΰ
1 0 Q i

PANC-10-05 pancreas : .772 1.896 ■0.6389 4.21 o il O 1 1
HAL-Oi Blood 0.5493 4 553 -0.8092 2.867 0 0 0 Ί

LAN-6
L

GMS 1.035 i 465 -2.078 -0.659 0 1 ! G ϋ j
W2-MEL j Skin -0.937 0.7456 -3.34 -1444 ' ' 0 0 0 p (


