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(57) Abstract: This invention provides methods, pharmacodynamics biomarker signatures for multiple signaling pathways in a cell, 
sample such as anagen hair, in response to carboxyamidotriazole orotate (CTO) from a subject CTO has demonstrated response in 

f4 several cancers having different genomic mutations m clinical studies. This invention provides a diagnostic and prognostic assay for 
monitoring response to CTO ranging from - 100fold to +25 fold differential expression in several transcriptional signatures associ
ated with tumor inhibition including EGFR, MEK, HDAC, RAS, GFS, WNT, HSP90 or non-voltage dependent calcium signaling, 
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METHODS AND MOLECULAR PHARMACODYNAMICO B MARKERS FOR 

MULTIPLE SIGNALING PATHWAYS IN RESPONSE TO 
CARBOXYAMIDOTRIAZOLE OROTATE 

FIELD OF INVENTION 

his invention isrelated to evaluation of molecularpharmacodynamicsmarkersvi 

response to carboxyamidotriazole orotate (CT1) in exvivo human anagen hairs obtained.  

from healthysubjects or patients with different diseases. CTO is an orally active agent with 

antineoplastic activity, that inhibits non-votage oneratedCa2+channels,blockingbothCa2+ 

influx into cells andCa releasefromintracellularstoreandresulting in the disruption of 

calciunm-mediated signaltransduction and inhibition of vascular endothelial growth factor 

(VEGF) signaling, multiple tyrosine kinasetsignaling, including AK'T;MEK-ERK, or Ber 

Abl Moreparticularly,the presem invention reates to the evaluaonof molecular 

pharmacodynamisbiomarkers of overall signaling output by transcriptomicassessmetof 

responseto CTO given to patients or when added to ex vivo cultured human anagen hairs in 

vitro.  

L BACKGROUND TO THE INVENTION 

The development of new cancer drugs is now based on theidenticationofgenes that 

are responsible for driving malignancy and the elucidation of the signaltransduction 

pathways that they hijack. Tremeneous advanceshave been made in the area ofsmall 

molecule kinase inhibitors to develop targeted therapies designed to interfere with critical 

molecules andsignaling pathways driving tumor growth, for example, Imatinib@ (BCR 

ABL) i Gefitnib@ (EGFR)Edotinib (EGFR) and many other agents under preclinical and 

clinical development. h is important to focus on the pharmacokinetic and metabolic 

properties as well as on target potency and molecular selectivity to optimize the ffLcts of 

targeted therapies, Collin, I and Workmian, Cancer Signal Transduction Therapy1: 3-23 

(2006). In the clinical development ofthe kinase inhibitors, it important to develop robust
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and informativehionrarkers and develop assays fo predictingmolecularependenceand 

hencefor identifyingpaientswhowill benefit froni personalized medicine from a particular 

agent, and theo problem of drug resistancedeveloing 

Another challenge facing the development ofnolecuartherapeuticsis the likeyneed 

to inhibit several oncogenic targets in order to overcome cancer that are driven byseveral 

abnormalnies, as well as to prevent or neutralize the development of dg resistance.In some 

cases resistance to a drug may be linked to increased produetio of molecules,(e.g, 

cytokines. calcium channel signaling, or molecular signaling) in the tumor micro

environmentthat interferes with the sensitivity and efficacy of thedrugs. Therefore, even the 

most rationally conceived drug molecule mayfail because ofmutational changes downstream 

from its intended target or metabolic features of tumors that never allow the drug to reach its 

target or that trigger feedback mechanism against the dIg molecule 

Thereare severalmnethodscurirentl inuseto overcome d resistance.One misuse of 

cocktails of highly targeted agents that are designed according to the molecular make-up of 

the specific cancer, Another approach is to use multitargeted kinase inhibitors (for example 

Sorafenib@). A further strategy is to use an inhibitor of several kinases that control many 

oncogenic players and pathways in malignancy, fr. example inhibitors of histone 

deacetylases (HDAC) and the ISP90 molecular chaperone Garon EB et al, tMol Cancer 

Therm 12: 890900 (20 13); and Witt O at atCancer Letters 27 8-21 (2009), 

Screening and structure--ased design of target drugs against oncoenic markers 

driving specific cancers are now delivering tareteddugs for prclinical and cinial studies 

at rapid rate, However, there is need to study signaling pathways innormal cells to better 

understand the factors that cause important tumor suppressor proteins tofil as gatekeepers of 

unrma celadar function There need to better understand how these tumor suppessor
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proteins nay be modulated to prevent loss of their nonnal signaling in response tostress 

signals.  

More particularly, it is irnponant to develop drugs that can aid normal cels xto 

integrate multple signailngpathways or enhance their role as gate keepers to control growth 

and proliferation. For example, the P53 transcription factor is a major tumor suppressor 

protein thatnsrves asa atekeeper ofcelharfate inmuhicellular organisms,.P53 is activated 

in response to a variety of stress signals and itiates cell cycle arrest, senescence r apoptosis 

via pathways in vitranscvation of*P53 target genes. Stambolic V et al.,Mol Cell 317

325 (2001). This universal protection of genetic integrity is however impaired in many 

human cancers. The new paradigm is-o develop agentsthat target the precise molecular 

signaling that maintains normalcell cycle, growth and proliferation.  

Thus, the rational selection and development of combination treatments isextremely 

challenging and. ther is need to develop combinations of targeted drugs and or 

chemohiecapeutic agents based onknowlede ofthe molecular abnonnalities in particular 

cancers, together withthe understanding of the feedback loops that apply upon blockade of a 

given pathway as well as enhancing the tumorsupressor signaling pathways of p53 

transcription factor and PTEN in normal and cancer cells, 

Carboxyamidotriazoleorotate (CT an rotate salt of carhoxyamidtriazole (CAI) is 

an inhibitor of receptor-operated calcium channexmediated calcium idlux, an is shown to 

have anti-proliferativeandantnvasive functions in sveral hmnan cancer cell fines 

including human glioblastina cellsGe S etal, Clin Cancer Res 6: 1248254 (2000), By 

mnternspung Calcium mohilization as i secondmressenger. CAT can inhibitcacu-estv 

signal transduction pathways, including the release of arachidonic acidand its metabolites; 

nitric oxide release; the generation of inositol phosphates; and tyrosine phosphorylation Kohn 

f' C ei aCancer Res 52:3208-3212 (1992); Kohn E C t a Proe Nai Acad Sci 92: 130'
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131 (995) elder CFeaL, Phannacol Exp Therap 257: 967971 (1990);Hupc DJet al., 

Biol Chem 266: 10136-10142 (1991); MignenOcta, J Cell Sc 118: 56155623 (2005);and 

Enfissi eta Cell Calciun 36: 459-467 (2004) CAI inhibits phosphorylaion. of cellular 

proteins STATS and CrkL and induces apoptosis in imatinib mesylate-resistant chronic 

rnyeloid lukemia cells by down-regtdating BCR-ABL (Alessandro e aL PLOS 7: 1 3 

(2012), 

In clinical studies (NCT(1107522) CTO given alone was safe and tolerable without 

determining maximun tolerated dose, in cancer patients with different tumor types and 

havingdifferent genomic mutationsand CTO treatment resulted incancersrespondingand 

demonstrating stable disease orpartial response showing tumor shrinkage. Thusenormous 

efforts are directed to the development of molecular pharnmacodynamics biomiarkers of 

ignalinoutputs of CTO to design combinatorial regimensagainstmolecular targetsin 

different types of cancers, Currentmethods for assessing pathway activation in tumors 

involve the measurement of the drug targets known oncogenes or known tumor suppressors, 

However, one pathway can be activatedat multiple points so it is not feasible toassess 

pathway activation by evaluating just know cancer associated genes, 

It is therefore important to develop the complete molecular signatures ofCTO in view 

of its effect on snahngofmultiple kinases, tyrosine kinases and calcium signal transduction 

pathways. The invention is related to evaluatim of the response of molecuar 

pharmacodynamis markers in response to CTO treatment in human cell or tissue samples 

such as anagen hairs obtained from healthy subjects or from patients, eitherin vivo or in 

Vitro.  

in the in vivo model, anagen hairsare obtained before dosing the patient with CTO, 

and atdifferent time points after the daily dosing of atherapeutic amount of CTO is given.  

The patient's clinical status and blood levels ofCAI are monitored dunng this period, 

4
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In the in vitro model the anagen hais are obtained from an untreated subjectand the 

hairs are reaedtn ex vivo cultures with different doses of CTO which represent the range of 

doses required for therapeutic efficacy.  

In both novels, RNA is extracted froin the bulbs at the end ofanagen hairs, cDNA is 

then prepared from the.RNA and global transcriptional orgene expressior levels are 

determined by mcroarray analysis or by quantitative PCR (qPCR), Bioinfnnaicanalvsisis 

then conducd to identify CTO induced gene expression changes in anagen hairs. Such a 

protoco. can also be applied to issues other than anagen hair obtained fromheathy subjects 

or patients.  

Accordinglythe present invention describes in greater detail, uses of the plucked hair 

biornarker assay to study effects of CTO on mRNAand protein expression levels in vitro, 

Plucked scalp hair is anidealsurrogate for measuring direct response to treatment with CTO.  

Highly vascularized, hair fIllicle can respond within hours of exposure, Given this 

vaseularization., their epithelial nature and rapid rate of proliferation, thecells in the hairbulb 

atthe base of the plucked hairand the outer root sheath are highly relevant surrogate marker 

tissue fbr solid tumors, Highly vascularized, the hair follicle can respond to drug treatment 

within hours of exposure,.Bioinformatic analysis wasconducted to identf,'y drg-induced 

chances in hairs.  

3 SUMMARY OF THE INVENTION 

Theoresent invention relates to the evaluation ofmolecularpharacodymic 

biomarkers of multiple signaling pathways in response to CTO given in vivoor in vitro, inex 

vivo cultured human anagen hairs. Using commercially available plucked hairmolecular 

platform assay (Epistem Ltd, Manchester. UK) direct response to treatmentwith different 

dosesof CTO equivalent to levelsof carboxyamidotriazole (CAl) that are therapeutically
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achieved inlpatients, was evaluated to test targeting intrracllular signalin pathways in 

oncology and other herapeutic areas 

Accordingly, dhe presentirvention used plucked scalp hair from subjects, extracted 

the RNA from the bulbsat the end of theanaenhairs, prepared the cDNA from the RNA, 

determined the gene expression levels by microarray analysis or quantitative PCR qPCR) 

and conducted bioirmaicsnalysis to identity drug induced gene expression changes for 

CTO and other dgs, for example, Tarceva@(E)GFR inhibitor) or BEZ235 (aP3K 

inhibitor).  

The invention relates to devlopmet omolecularpharmacodynamics biomarkers of 

signaling output by transcriptomic assessment of esonseto CTO in cx vivo cultured. human 

anagen hairs from human subjects with or without cancer or other diseases.The molecular 

pha yna odaers of CTO expose incude RAS, GFS (PDKP\K/MTORI.  

MEK HDAC, NOTCH, WNT3 catenin. IHSP90,EGFR. P53 CAlPA, CA ex vivo Calcium 

Signaling Non-volage dependent, Calcium signalingall genes, Calcium signaling ex vivo, 

Canonical Calcium Signaling, Canonical Calcium ex vivo, Calcium all genes non-voltage 

dependent, EGR l, PTENTGF., CEACAMI, or Dystonin.  

In a further aspect the invention provided a method of inhibiting RAS pathway 

signaturesin response to treatment with CTO, 

In a further aspect the invention provideda methodofnibitingFS pathway 

signatures in response to treatmentithCTO 

in a further aspect the invention provided a method of inhibiting MEK pathway 

signatures in response to treatment with CTO 

In a furtherapectthe invention provided a method of inhiitin HDAC pathway 

signaturesinresponse to treatmen wi.h CTO 

6
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In a trthberaspecttheinventionprovidedamethodof OTCHpathway 

signatures In response to treatment with CTO.  

In a further aspect the invention provided a method of inhibiting WNT catenin 

pathway signatures in response to treatment with CTO.  

In a further aspect the inventioni provided a method ofinhibiting HSP90 signatures in 

response to treatment with CTO, 

Inafrther aspect the irvention provided a method of inhibiting EGFR pathway 

signatures in response to treatment withCO.  

In a further aspect the inventionrovidedamethod ofinducing P53 pathway 

signatures inresponse to treatment with CTO.  

Iafurtheraspect the invention provided a method of inhibtitinggenesassoated 

with nonmvoltage dependent calcium signaling in response totreatmentwith CO.  

Specifically, the invention provides Signature Scores for the CAI Ingenuity Pathway 

Analysis, theCAf ex vivo pathway, thecaicn signaling pathway and thecanonicalacu 

signaling pathways as pharmacodynarnics markers of response to CTO, 

in a further aspect the mventionprovided a method of up regulating GR pathway 

smatures inresponse to treatmentwithCO .  

In a further aspect the invention provided a method of Utp regulating PTEN pathway 

signatures inrespose to treatment with CTO 

In a further aspect the invention provided a methodofinducingTOF-ppathway 

signatures in response to treatment with CTO.  

in a further aspect the invention provided a method ofdown regulating CEACAMI 

pathway in response to treatment with0CT.  

In a inaraspect the invention provided a method of down regulatingdvston 

pathwayinresponse to eatment with CTil
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The ivention also relates topharmaceuticalcomposiionsincluding@COandanother 

agent combined to improve sensitivity and efficacy and reducetoxicity while regulating one 

or more gene signatures including EGFR, MIEK, VEF; HDAC, HSP90, ERK, BCR-ABL, 

p53, ERG1 CEACAM', dystonin or genes associates with non-voltage. dependent calcium 

signaling, monitoring the molecular pharmacodynamics biomarkers of signahngutu 

response to CTO in ex vivo cultured anagen hairs from a trated maimmal 

In an even lbrther aspect the invention provides method of treating or preventing a 

condition in a mammal in which theregulation of one or more gene signatures including 

EGFR, MEK, Vf F, IDAC, HSP90, ERK, BCR-ABL p53, ERGI, CEA CAMI , dystontn, 

or enesassociates with non-voltage dependent calcium signaling , prevents, inhibitor 

ameliorates a pathology or asynptonology of the condition, the method including 

administration of atherapeutically effective amounto~flO snionotherapy oras 

combinatorial therapy and monitoring the molecular harmaodynamicsbiomarkers of 

signaling outputin response to CTO in ex vivo cultured anagen hairs from a treated mammals 

I another aspect the present invention provides a method of preventing or treating a 

proliferative condition in a subect.the method including administration of a puially 

eeive amountof CTO alone or In combinationwithanotheragent, and. monitorng the 

molecular pharmacodnaics bionarkers of signaling outputin response to Tin ex vivo 

culured anagen hairs from a treated mammal Gene expressionpatterns cn b established 

other tissues as well to distinguish betweentissues in different disease states orto predict 

prognosis ofadisease suchas cancer in response to one or more therapies Another paradigm 

is to develop a platform of pharmacodynarnics. marers to design specific and customized 

formnulation base on the gene expression pattern 

The invention provides a paradigm for rationalselection and development of 

combination treatments based on knowledge of the molecular abnonralities in. articular
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diseases or cancer toeherwittheunderstandingthatCTOmay be combmedwith other 

targeted agents theatre onstructedtothemolecular makeup f the disease or caned, 

together with the understanding thatof the feedback loops that apply upon blockadeofa 

given pathway blocked by the targeted drugand how these feedbackloops may be prevented, 

to maintain sustained inhibition of the molecular targets that drive the disease as well as in 

somiWnstancs to inducesuppressor genes to optimize the treatment outcome, 

The invention provides a shift in the method of developingcombinatorialdrug 

regimens iribiting several oncogenic targets with CTO in ordei to overcomecancers that are 

driven by several abnormalites, as well asto prevent or neutralize the development ofdrug 

resistance by mnonthephmc th biomarkOls of s ing outut in response 

to CTO and carefully picked combination drugs, by transcriptomic assesmentinx vivo 

cultured anagen hairs. The current polyvpamaclogy approach using several targeted drugs 

cocktails has not been successful .and has posed new problems due to umrdatve oxicities of 

the drgs in the cocktail.  

An important embodiment of the invention is the development of the paneiof '5-20 

gene mRNA expression signatures from hair samples and deploy this on the cDNA samples 

generated from patients by Affymetrix array data to identify genes differentially expressed in 

scalp hair samples from untreated and treated patients.  

These and other features of the present teachings arc set forth herein.  

4.-BRIEF DESCRIPTION OF FIGURES 

FIG. ia illustrates the different stages of the plucked hair biomnarker platform 

(Fpisten. Ltd, Manchester, UK), including: anagenhair collection fomthe scalp; ex vivo 

culture of the hairs for 8 and 24 hirs to different doses of CITO and to reference dose of 

BEZ235 (PK inhibitor) and Tarcva(EFR inhibitor) for 24 hrs only. RNA isolation and 

9
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quality control; Epistemn GeniRx cDNA amplification; selection ofrcDNAs passingal quality 

controls for 5HNVs; sanple labeing and microarray hybridization; and bioinformatic 

anlssusing reference databases.  

FIG lb describes ANOVA analysis of results of transcription response forall 

cotrass in response to different doses of7CTO at 8 hr and 24 hr and fori dose of BEZ235 

(P13K inhibitor) andTarceva (ECR inhibitor) for 24 hr only, 

FIG. 2a illustratesthe resits of differentdosesoT onmultivariatesinaturesat 

8hr and 24hr periods for I different signatures starting with the stmngest to lowest 

inhibition-with EGFRI, MEKi, HSP9i, non-voltage dependent CAl related calcium 

signaling. HDACi, (GFand RAS, WNT-cateniin was inhibitory at 24hrand no activity was 

noted for Pi3KiP13K/mTOR, NOTCH/GSL Importantly, P53 was induced andP53 

stabilization was noted especially at 24hr.  

FIG. 2b lists 13 differentsignaturesstudied.  

FIG 3a illustrates the Signature Score for the RAS pathway in response to different 

doses of C 0 at 8hr and 24hr compared with BEZ35 and Tarcva@ for 24hr 

FIG 3billustrates the Signature Score for the Growth Factor Signature (GFS) pathway 

in response to different doses of CTO at 8hrand 24hr compared with BE235 and Tarceva@ 

for 24hr 

FIO c illustrates the Signature Score for theP3K pathway in response to different 

doses of CTO at 8Khrand 24hr compared wilh BEZ235 and Tarcevah for 24hr, 

FIG 3d illustrates the Signatuze Score for the P3K/mTOR pathway inresponse to 

different doses ofCTO at 8irand 24hr compared with BEZ235 and Tarcevat for24.hr 

FIG 3e illustrates the Sinature Score for the MEK pathway in responsetodifferent 

doses of070atorand24hrcomparedwith1BEZ235andiTarceva@for24h.  

FIG 4a illustrates the Signature Score for the HDAC pathway in response to different 

10
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doses ofCTO at Shr and 24hr comparedwihF BEZ235 and Tarceva@ for 24hr.  

FIG 4b illustrates the Signature Scoreforthe NOTCH pathway in response to 

di`ffeentidoses of CTO at 8hr and 24hr compared vithF BEZ2 andTarceva for 214hr 

FIG 4c ilustrates the Signature Score for the WNT1p-caenin pathway in response to 

different doses of CTO at 8 and 24hr compared with'BEZ235 and Tarcevafor 24hr.  

FIG 4d illustratesthe Signature Score for the HSP90 pathway in response to different 

doses of CTO at Shr and 24h1 compared with BEZ235 and Tarceva@ for 24hr 

FIG 4eiflustrates the Signature Score for the EGER pathway In response to different 

doses of CTO at Shr and 24hr compared with BEZ235 arid Tarcva@. for 24hr.  

FIG 4f illustrates the Signature Score for the P53 pathway in response to different 

doses of CTO at Shr and 24hr compared with BEZ235 and TarcevaforN24hr 

FIG 5a ihstra he Signature Score for the CA] IPA pathway in response to 

different doses of('TO at 8rand24hr compared withBE235 and Trceva@ffor 24h.  

Using the hrgenuity.Patways Analysis (IPA) (ngenuitySvstems, Redwood City, CA) for 

genes influenced by CAI, soe suppression of CA Osignaturei response to C'O treatment 

was observed, except at 10 M. When the 29 genes were filtered fromIPA for FDA <005 

and 1.5FC in CTO daa set, to select formative genes and determine thedirection of change, 

a14gene set restlted' 

FIG billustrates the Signature Score for the CAI Ex vivo pathway inresponse to 

different doses of CTO at hr and 24r compared with BEZ235 and Tarcevafor 24hr With 

the tissue specific direction of change information a strong dose dependent suppression ofthe 

IPA CAI list was observed, 

FIG 5 ilustrates the SignatureScore for the Calcium signaing pathwayin response 

to ditforen doses of CTO at 8hr and 24hr compared with BEZ235 andTareea@ for 24hr 

o ot de-pendentcalcium fs~ -ngahgees wereidentified from ndvises lit ttreto
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inormon regulation.  

FIG 3dillustrates the Signare Score for the Calcium signaing for all one pathways 

in response to different doses of CTO at 8hrand 24hr comparedwithD E235 and Tarceva@ 

for 24hr, The estimated regulatiom direction for all genes was identified.  

FIG Se illustrates the Signature Score ftr e Calcium Signaling pathway in response 

to different doses of CTO at 8hr and 24h compared with BEZ235 and Tarceva@o24hr 

ANOVA was used to filterl inrmiative genes (FDR J0.05 and 15 FC), 

Strong suppression of non-vohage dependent calcium ones was noted across CTO 

treatment in both literature deermined regulation and ANOVA determined set.  

Fil 6a illustrates the Signature Score for theCanonical Calcium signalusingthe 

KEOG Calcium Signaling and IPA to predict regulation of calcium signaling in response to 

different doses of CTO at 8hr and 24r compared with BEZ235 and Tarceva@ for24h.  

F3 6b 1flustrates the Signature Score for the Canonical Calcium signaling ex vivo 

using the KEGG Calcium Signalei and IPA to predict regulation of in response to different 

doses of CTO at 8hr and 24hr compared with 3EZ235 and Tarceva@ for 24hr, Suppression 

notedor 678 canonical pathwaygenes only.  

FIG 7aillustrates the Signature Score for all Signaling genesafter merging of the 

ANOVA filtered genesets for both the CA- signature (FG. 5b) and thenon-voltae 

dependent (NVD) gene sets (FIG 5c).  

FIG b illustrates results in a panel of -1 CA1/Calcium related genes capable of 

separating the different CTO doses, both bysignature view and by PCA 

FIG.8 illustrates the EGRI Signaling Pathway 

5. DETAILED DESCRIPTION OF[THE INVENTION 

This Invention is related to carboxaidotriazoleorotate (C10) an orally active 

agent with antineoplastic activity, that inhibits non-voltage operated Ca2+ channelsbockin 

12
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both Ca2+ influx into celand Ca2+ release frointraceliular stores and resuhing in the 

disruptionof caciummediatedsignaltrnsductionanduunonofvascularendothelial 

growth factor (WF) signaling, ultiple tyrosinekinase signaling including AKT, MEK

ERK, or BCR-ABi More particularly, the present invention relates to the evaluation of 

molecular phamiacodynamics bionarkers of signahing output by transcripomic assessment 

of response to CTO in vivo and in vitro cultures in ex vivo cultured human anaen hairs 

Anagen hairs are obtained at different time points front subjects given varying doses ofCTO 

treatment. This is the approach used in clinical trials of CTO in patients. Alternately anagen 

hairs are obtained from untreated subjects and the hairs are treated with varying doses of 

CTO in vitrothis approach is not subject to physiological conditions of absorption and 

delivery and was chosen, 

The understanding of cancerbiology and the human genome has led to the 

development of new classes of targeted therapies designed to interfenre with criticalmolecudes 

and signaling pathwaysdrivingtumorgrowthandholdpromisetoimproveoutcomes.Thisis 

particularly important tor onclogy therapy due to the large number of approved therapies, 

low response rates and resistance tomany currem treatments,and clinical importanceof 

optinaand tailored therapyTo impve on the tImitations of cytotoxicchemotherapeutic 

agents, current approaches to drug designin oncology are aimed at modulating specific cell 

signalingpathways importantfor tumor growth and survival In canercells, thesepathways 

become deregulated resuhing in aberrant signalmg, inibitionofapoptosis-increased 

metastasisand increased cell proliferation.  

'Though normal cellsintegrate multiplesignaling pathways for controlled growth and 

proliferation, tumors seem to be heavily reliant on activation of one or twooncogene 

pathways. Unfortunately thefocus on developing newanticancer therapies is not on inducing 

thtemultiple signaling pathways that keep controlled growth or proliferation in normal cells 

13
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under control. Insteadsthe components of the abrrant signaling pathwaysrepresent 

attractive selective targets for new anticancertherapies. It seems logical that patients with 

tumors that are driven by specificoncogec pathays will respond to therapeutics targeting 

thosepathways, However, one pathway can be activated at multiple points and it is not 

always feasible to assess pathway activation by evaluatingknown cancer associated genes, 

For example, signaling through the phosphatidylinositol3-kinase (P3K.) pathwayisactivated 

bymultiple growth factors through receptor tyrosine kinases and has effects on multiple 

processes, including cell growth and survival, metastatic potential, and drugretance 

through gene amplification and/or by pass or newmutationsMany pharninaceutical 

companies are developing specific inhibitors of One or more signaling pathways and 

proposingc.ombinations of severalspecific inhibitors to inhibit nmtiple oncogene pathways.  

However,a major linitation to the overall benefit from targeted therapyis the development 

of dgresistance. Resistance can occur because of mutations that render the drug target 

insensiive to the inhibitor orwhen cancer cells change their dependency on the pathway that 

is targeted; In the first example, resistance can be overcome by developing new drugs that 

effectively inhibit resistance-associatedmans, asin theexample of dasatinib and nilotinib 

which are effective on BCR-ABL nmtants that confer resistance to innatinib, A second 

approach is to target multiple signaling pathways and thus prevent thecancer 

from changing its dependeny to another significant pathway, for ipc inin 

inhibitors of mre-vdprotein (MAextrd l regulated kinase (ERK 

kinase with inhibitors of Pt3 kinase. The third approach isto enhance efficacy of the targeted 

therapy to sinutaneously target downstream proteins that protect tunor cells fromapoptosis.  

However, a new approach to develop molecules, each of which could modulate 

multiple oncogenic pathways would be a better approach to prevent both dug resistance and 

seroustoxcies. This would be a much harder approach to design the molecule, but this 
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approach of developingaoecule capable of modeling multiple oncogenic pathways is 

deemed inefficient andunacceptablestrategYet probably the best way to inhibitseveal 

oncogenic targets in order to overcome cancers fat aredriven by several molecular 

abnormalities,as well as to prevent drug resistanceand toxicity -is to develop molecules that 

modulate multiple oneogenic Pathways aInd or induce known tumorsprss 

By using a molecule that modulates the expression of mutipiegenes, and by 

integrating the expression data from these multiplegenes, a quantitative assessmentofthe 

geneexpressionsignaturesmaybepossible.These gene expression signatures for pathway 

activation and/or inactivation may be used as i) pharmacodynanics biomarkers to monitor the 

drug induced pathway inhibition in tumors or surrogate markers such as anagen hait ii) as 

prediction biomarkers to identify tumors with high level ofa particular pathway; and early 

efficacy biomarkers to get an early readout ofefficacy or prevention.  

Carboxyamidotriazole orotate('cT) an orotate saltocabvamidotriazoe 

(CAI) is an inhibitor ofreceptor-opeatedcalcium channelmediatedcalcium influx, and is 

shown to have anti-proliferative and anti-invasive functions in several human cancer ce 

lines, including human gliobastoma cells (Fiio Pla et al, 2008; Geet al,.2000) By 

intenuptingcalcm mobilization as a second messengerC can inhibit caleium-sensitive 

signal transduction pathways, including the release of arachidonic acid and its metabolites; 

nitric oxide release; thec generation of inostolphosphates; and tyrosine phosphorylation (Ge 

etat2000 Kohn et at 1992 CA inhibits phosphorylation of cellular proteins STATSand 

Crkl, and induces apoptosis in imatinib nesylatersistantc chronic nyeloid leukemia cells by 

down-reguatinghesrabl(Alessandroet al 2008), 

Thus enormous efforts are directed to the development of molecular 

pharmacodynamics biomarkers of signaling outputs of CTO to design combinaorial 

regimens against molecular targets in different types of cancers. Current methods for 
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assessing pathway activation tumors involvethe measurement of the drug argets known 

oncogenes or known tumor suppressors. However, one pathway can activated atmultiple 

points so it is not feasibleto assess pathway ativation bV evaluainnLjst knowncancer 

associatedgenesThe pluckedhair biomarkr assay is used to study effects of CTO on 

mRNA and protein expression levels invitro. Plucked scalp hair is an ideal surrogate for 

measurin directresponse to treatment with CTO. ighly vascularized, hair folliclecan 

respond withinhours ofcxposure. Given this vascuauzation, their eptheial nature and rapid 

rate of proliferation, the cells in the hair bulb at the baseof the plucked hair and the outer root 

sheath arehihl relevant surngate marker tissue for solid tumors. Bioinlbrmatic analysis is 

conducted to identify drug-induced changes in hairs.  

Theinvention relates to development of molecular pharmacodynamics biomarkers of 

signaling output by trnscriptoc assessment of response to in ex vivo ultured human 

anagen hairs from huinan subjects with or without cancer or other diseases.  

This invention provides methods, pharmacodynanicsbionarker signatures fo 

multiple signaling pathways in a cell samplesuch as anagen hair, In response to 

carboxyamidotriazole orotate (0T7) from a subject. CTO has demonstrated response ii 

several cancers having different genomic mutations in clinical studies. This invention 

providesadiagnosticandprognostic assay for monitoring response to CTO ranging from 

'00 fold to t25 fold differential expression in. several transcriptional signatures associated 

with tumor inhibition including EFR .MEK, HDAC RAS, FS, WNT, HSP90 or non~ 

voltage dependent calcium signaling, while inducing tumor suppressorssignatures such as 

P53 or EGRI in the anagen hair assay, 

A method for quantifyingthe response to carboxvaidotriazoieorotate (CO) on 

.namcsbiornarkers of multiple signature pathways, said method comprising: 

a) Obtaining a cell sample obtained from a subject and exposing the cell sample to 

16



WO 2015/017545 PCT/US2014/048905 

varying doses of (TO alone, to CTO ir nomination withanother agent or to 

other agents for differentnnei peods; 

b) Isolating the mRNA fror the treated cell sampleand preparing representative 

cDNA there from and measuing the transcriptional alteration in expression inthe 

cell sample resultingfrom CTO exposure; 

c) Calculating a signature scorefor each of the phamacodnanicsbiornarkers of 

multiple signature pathways and quantating the response to the varying doses of 

CTO exposure, selecting alist ofoverlapping genes over expressing at two time 

periods assisted in Table and 

d) Identifying each of the pharmacodynamics biomarkers of multiple signature 

pathways by at least 3 ornore genes ina compiled listand confining each of the 

pharmacodynamics bionarkers of multiple signature pahways using reference 

datasets.  

RAS GROWTHFACTOR, P13 K Signatures 

RAS gene products are involved in kinase signalingpathways that controlthe 

trascription of genes, which then regulate ceigrowth and differentiatonThe conversionof 

RAS front a proto-oncogene usually occurs through a point mutation in the gne, and the 

altered fiction can affect the cell in different ways because RAS is involved in many 

signaling pathways that control cell division and cell death, Mutant ras has been identified in 

cancers of many origins, including pancreascolon, mg, thyroid, ladder ovarian, breast, 

skin,liver kidney and some leukemias Song, S et al- PLOS ONE 7: 1-11 (2012).  

GFS is responsive to phosphatidylinosiol3-kinase (PI3KI pathway perturbation and 

related to phosphatase and tension honolog (PTIEN) degradation. Loboda A et al Clin 

Pharm& Therap 1: 92-96(2009), 
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Mutations in the 100u subunit offPI3K ca Hed P1KCA are often responsibIe fIr 

activation of PIKAKT and have been reported in several human cancers. ankA F et , j 

Clin Oncol 30:777-782 (2012).  

HEFRrpathiway signatures: 

In a further aspect the invention provided a methodof inhibiting EOFR pathway 

signatures in response to treatment with CTO, Dgs targeting the EGFreceptor (EGFR) 

antibodies binding the extracellular domain and small-molecule tyrosine kinase inhibitors 

Nave expanded treatment options for several solid tumors. The EFGR gene is frequently up 

regulated in carcinomas of the breast, kidney, ovary .cervix, and in squamous cell 

carcinomas. The up regulation is typically due to geneamplification oroverexpression 

EGFR up regulation in giomas is most often associated with the rearrangementofthe EGFR 

gene resulting in alterations of its transcript so that such glionias express both wild type 

endogenos EGFR as well as episoinalmutant fomn. The EGFR gene isamplified in>50% of 

gliobiastomas.  

The EGFR-targeted monoclonal antibodies Cetuximab@and Panittamnumab@ have 

been extensivelystudied in retastatic colorectal cancers. However,the clinical efficacy of 

EGFRtargeted antibodies isimited by the development of acquired secondary resistance 

which typically occursiwithin 3 to 12 months ofstarting therapy Multiple mechanisms of 

secondary resistance to anti-EGFR antibodies have been reported suchas expressionof 

EGFR ligands;HER2 amplification, and deregulation of the EGFR recycling process. KRA S 

mutatiorns arise and are responsible for acquired resistance in half the patients who initially 

respond t cetuximab or pantummabWang J et al Mol Cancer Ther 1 : 95-936 (2013) 

During the past several years or EGFR inhibitors have been approved includin 

eetuximab, paniturnumabgenib and erlotinib (Tarceva) and have become standard ofcare 

for use in cancer patients, however , the activityreported in unselected patients has been quite 
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hmted and typicallydevop resistance.[he extent ointrinsicand acquired resistance to 

EGFR inhibitors thus leaves ample roomfocrftrther anticancer drug development. Gou H-F 

et al PLOS ONE 8: 1-6 (2013) 

In a further aspect the inventon provided a method of fihibiting MEK pathway 

signatures in response to treatment with CTO, The MAPK pathway is commonly activated in 

human cancers and then activates RAF-MEK-ERK kinase cascade which leads to activation 

downstreamof substrates involved in ell proliferation, survival, transforiation translational 

control and cytoskeletal rearrangements.Tan N et al, M Cancer Ther 12: 853-864 (2013), 

Snall molecule inhibitors targeted this pathway, such as allosteric inhibitorsof MEK exhibit 

anticancer efficacy in vitro and in vivo.  

HDAC pathwaysgnatures: 

In a further aspect the invention provided a method f inhibiting HDAC pathway 

signatures in response to treatment with CfO. Histoneacetylation is a reversible 

modification, with deacetylation being catalyzed by histone deacetylases (HDACs. HDACs 

are represented by 18 genes in humansand are divided into four distinct classes. Several 

classes of HDAC inhibitors are being evaluatedin clinical investigations and indicate that 

certain HDAC family members are abematly expressed in several tumors, Unselective 

11DAC ihibitors show pronisingresults in leukemias and solid tmors, fbr example 

Vorinostat@ approved for cutaneous Tcell Lymphoma, Witt 0 et aL, Cancer Letter 277: 8-21 

(2008) However,some pan-HDAC inhibitors may cause numerous side effects thus 

requiring selective targeting of'HDACs with oncogenicfunctionincancer cells.  

....pathwa..sianaures.  

In a further aspect the invention provided a method of inhibiting WNT pathway 

signatures in response to treatment with CTO. The WNT family of signalingmolecules 
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regulatesnmerousprocesses inanimal develpmentand WNT malfunction is implicated in 

varousoms of disease including cancer and degenerative diseases. The canonical WNT 

signaling pathway is regulated at many levels and there is increasing evidence from other 

systems for crosstalk between WNT signaling and other pathways important in 

aumorigenesisconverging on B-catenin B-catenin is a multiuntionalprotein with distinct 

molecular rolesin cell adhesion at the plasma membrane and in transcription within the 

nucleus. An increasing number of studies suggest that elevated WNTsignaling in 

glioblastomia (GBM) is initiated by severallternativemnechanisms that are involved in 

diff1'ere steps otfthe disease. D cRoberis A e al ,Moi Canc heTer 12 1180-1189 (2013); 

and Nusse, PCell Res 15: 28-32 (2005), Therefore, inhibition of WNT signaling iay 

represent a therapeutically relevant approach for GBM treatment.  

USEP~jathwaxignatures: 

In a further aspect the invention provided a method ofinhibiting HSP90 pathway 

Signatures in responseto treatment with CTO, ieat shock proteins serves olecular 

chaperones required for stability; post translation modificationand fintiun ofmultiple 

client protens. Expression of HSP is increased at times of physiologic stress, and these 

effects are believed to support cell survival1SP90 is over expressec inn mny tumor types 

indicating that may play a role in the survival of cancer cells and thus making it an 

attractive target for an anticancer agent. Increased -SP90 has beenlinked toworse pognosis 

I patients withnon-small cell lung cancer Garon E B etal., Mol Cancer Ther 12:890-900 

(2013).NSCLC arises asa result of several driver mutations, for example EOF receptor 

mutations are seen in about I fiof NSCLC. HSPs play an important role in 

neurodegeneratiedisorderssuch as Parkinson's disease, Alzheimer's disease or Huington 

diseaseand therefore down regulation of HSP90 has potential beneficial effects in cancer and 

degenerative diseases.  
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Non*-voltanze dependent calcium sgaig 

in a rather aspect the invention provided a method of inhibiting genes associated 

wit nonvoltage dependent calcium signaling in response to treatment with CTO. Kohn E C 

t alCancer Res 523208~3212 (1992); Kohn E C etat Proc Nat Acad Sci 92: 13071311 

995) elderC et aL Phastmacol Exp Therap 257: 96-971 (199014upe DJ etat J Biol 

Chem 266: 10136-10142j19 Nignen ( et aL J Cell Sc 18: 5615-5623 (2005); and 

Enfissi E et al Cell Calcium 36: 459-467 (2004Calciumsignalingnon-voltagedependent 

genes were identified and strong Suppression was noted across CTO treatment.  

Canonical calcium signaling was analyzed usingthe KEC Calcium Signaling 

Pathway and IPA to predict regulation of canonical calcium signaling, No significant 

suppression of pathway was noted.Using ANOVA to filter for infonnative genes (FDR 

<005 & .5 ) it was noted that suppression of canonical calcium genes occurredacross CTO 

treatment, howeverthis only represented 7/68canonical pathway genes 

143?f'gtyvavsigtures: 

In a further aspect the invention provided a method of inhibiting genes associated 

withTGP-p signaling in response to treatment with CTO, TGF-l is part of a large family of 

structurally related cytokines that include bone morphogenic proteins. growth. and 

differentiationfactors activins and inhibins. Nearly every cell type has the ability to secrete 

TGF as well as the ability to respond toTGF-p via the presence of TGF-9 receptors on the 

Cell surface Therefore gain or loss of function of the TF- pathwayand its components are 

to lead toa variety of diseases including cancer, In epithelial cells TGF-l functions as a 

tumor suppressor, where it inhibits proliferation, induces apoptosis and mediates 

differentiation Conversely, in other contexts, TGF-tpromotes turnor progression through 

increasing tumor cell invasion and metastasis. Smith A L etal Clin Cancer Rs 18: 4514

4512 (2012).  
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CEACAM Ipathwaysignatures: 

In a furtheraspect the invention provided a method of downreuiatg CEACAMI 

pathway in response to treatment with CTO. CEACAM Iis a memberofthe 

carcirnoembrioicantigen (CEA) gene family of Ig-like cll-cell adhesionmolecules, 

CEACAM is down regulated. epithelal cancers. for example prostate, bladderand colon.  

Lawson EL etal, PPLOS ONE7: 1-14 (2012), 

DYtPnItpagipotein signatures: 

in a further aspect the invention provided a methodof downreulating dt'ofnin 

pathway in response to retentwithCTO. Dystonin/IBpag Iproteins are cvtoskeletal 

linkers whose lossof function inmiceresuts in a herOary sensoryneuropathy with a 

progressive loss of limb coordination, Young K et al xp Cel Res 314:275012761 (2008) 

P53pathayisignatres: 

in a further aspect the invention provided a method ofinducing P53 pathway 

signatures in response to treatmentwith CTO. Normal cellsntegratemultiplesignaling 

pathways to control growth and proemtion. For example, the p53 tmnscnption factor is a 

major tumorsuppressorproteinthatservesasa gatekeeperof celluarfate in multcellular 

organisms. P53 is activated in response to a variety of stress signals and initiates cell cycle 

arrest senescence or apoptosis via pathways involvitransactivaton ofp53 target genes.  

Stambolic V et al.Molecular Cell :317-325 (200)This universal protection ofgenetic 

Integrity ishoweverimpaired inmany human cancers 

In a further aspect the invention provided a method of up regulating P53 pathway 

signatures in responseto treatment withCTO Muttimons of PTEN are frequently found in a 

variety of cancers mnluding brain, breast, endometrial, prostate and kidney tunors PTEN is a 

tumor suppressorand isa negative regulator of 3KPKBAKT-dependencellularsurvival.  

EGRiah sigunatUres:
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In a further aspect the invention Provided a method of up regulating EGRI pathway 

signatures in response to treat-ent CTO. The early growth response J (EGRI1)ee 

product is a transcriphion factor with roles in differentation and growth, The transcripton 

factor EGCR1 is a direct regulator of multiple tumor suppressor including TGFPl PFN~and 

fibroneclin, Baron V et al Cancer geneTherapy 13: 115424 (2006). In certain human 

tumor cells and tissues EGR Iexhibits prominent tumorsuppressorfunctionand many human 

rumor cell lines express little orno EGR in contrast to their normal counterparts EGRI is 

decreased ot undetectable in non small cell lung cancersbreast tumors and human gliomas.  

Reexpression of ERGI in human tumor cell lines inhibitstransfomatioThe mechanism of 

suppression involves the direct inductionof TGF-i leading to increasedfibronectinand 

plasminogen. activator inhibitor, Lin C et al Proc NatI Acad S 93: 1183I11836 (1996), 

EGR is implicated in the regulation of P53 in melanoma cells leading to apoptosis 

and the proapoptoic suppressor gene PTEN is also directly regulated by GR1

The invention aorelates to pharmaceuticalcompositions including CTO and another 

agent combined to improve sensitivity nd efficacy and reduce toxicity while regulating one 

or more gene signatures including EGFR, MIK, VEGF, HDAC H-SP909 ERK, BCR-ABL, 

p53, ERG], CEACAM1 , dystonin, orgenes associateswithnon-voltagedependentcalcium 

signaling, by monitoring the molecular phannacodynamic biomarkers of signalingoutputin 

response to CTO in ex vivo cultured anangen hairs from a treatedmammal 

In an even further aspect theinventon provides a methodof treating or preventing 

condition ina mammal in which the regulation of one or more genesignatures including 

ECGER, MEK, VEGF, HDAC HSP90, ERK, BCR-AlL, p53, ERG1 ,CEACAM I , dystonin 

or genes associates with non-voage dependent calcium signaling prevents, inhibits or 

ameliorates a pathology or a symptomology of the condition, the method including 

administration ofatherapeutically effective amount of CTOas nonoiherapy or as 
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combinatorial therapy, and monitoring the molecular pharmacodynamicsbiomarkers of 

signaling output in response to CTO in cx vivo cultured anangen hairs from a treated 

mammal.  

in another aspect the present invention provides method of preventingortreatinga 

proieratvecondition ina suect, ithe method nchdingadministration of a therapeutically 

effctive amount of CTO alone or in combination with another agent. andmonitoring the 

molecularpharnnacodnicsbiomarkers ofsialing output in response to CTOin exvivo 

cultured anagen hairs front a treated mammal. eneexpression patterns can be established in 

other tissues as wellto distinguish between tissuesin different disease states or to predict 

prognosis ofa disease such as cancer in response to oneor more therapies. Another paradigmi 

is to develop a platform of hamacodynamismarkers to design specificand customized 

formulation base on the gene expression pattern.  

The invention provides paradigm for rational selection and development of 

combination treatments based on knowledge of the molecular abnormalities in particular 

diseases or cancer, together with theunderstanding that CTO may be combined with other 

targeted agents that are constructed to themolecular makeup of the disease or cancer, 

together with the understanding that of the feedback loops that apply upon blockade of a 

given pathway blocked by the targeted drug and how these feedback loops may be prevented, 

to maintain sustained inhibition of the molecular targets that drive the disease as well as in 

some instances to induce suppressor genesto optinize thetreatment outcome.  

The invention provides a shifting the method of developing combinatorial dn 

regimens inhibiting several oncognic targets with CTO in order to overcome cancers that are 

driven by several abnormalities, as well as to prevent or neutralize the development of drug 

resistance by monitoring the pharmacodynanmics biomiarkers ofisignaing output in response 

toCTOandcarefiuly pickedcombinationdrugsby ransriptomc assessmentnex vivo 
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cultured anagen hairs. Te cr rent poly-pharmacology approach usingseverai targeted dIgs 

cocktails has not been sucessfuland has posed new problems due to cumulative toxicities of 

the drugs in the cocktail, The invention pvites a rescue solution fbr targeted andnon 

targeted drug combinations that fail due to drug resistance mechanisms by combining them 

with CTO from the start or even after drug resistame is noted.to maintain sinutivity and 

effectiveness.  

An importantembodiment of the invention is the development of the panel of up to 

15-20Cgene mRNA expression signatures from hair samples and deploy this on the ,DNA 

samples eneratedfrompatients by Affymetrix array data to identify genes differentially 

expressed in scalp hair samples from untreated and treated patients.  

It is an objective of the present invention to evaluate nolecular pharmacodynamic 

markers in response to carboxyamidotazoleorotate (CTO) in ex vivohuman anagen hairs 

obtained from subjecs, CTO is anolly activeagent ih anteoplastiactivity, that 

inhibitsnonoltage operated Ca2+channels, blocking'bothCa2influxintocellsanda2+ 

release fromiin trcellular stores and. resulting inthe disruption of calcium-mediated signal 

transductionand inhibition of vascular eandothelial growth factor (VEGF) signaling multiple 

tyrosine kinase signaling, including AKT, MEK--ERK, or BCR-ABL More particularly, the 

present invention relates to the evaluation of molecular phannacodynamicsbiomarkersof 

signaling output by transcripomic assessment of response to CTO einx vivo cultured human 

ana enhairs, 

6. EXAMPLES 

The phicked hair bionarker platform developed by Epistem Ltd (Manchester, United 

Kingdom) was used to assess tanscriptmieresponse to 7 nex vivo cultured human 

anagenhairs. Figure la describes the overall process steps, 
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Plucked scalp hairs an ideal surrogateformeasuringdirect response to CTO treatment, 

It is a non-invasive and can also be used uing samples fron patients whohave been treated 

with CTO in which case the hairs do not need to be treated ex vivo, Hairs growing on the 

scalp in growth stage (anagen) and which have highly vascularized follicles aresuitable.  

Donor hairs were plucked from 5 male donor volunteers, imnediately transferred to 

maintenance medau cultures and exposed to varying doses of CTO equivalent to 2 pM, 5 

M, and 10 Mcarboxyamidotriazole(CAI). The cultures were either maintained for Shrs or 

24hrs, Contros were used, for example, Tarceva@ (EGFR inhibitor) at I pM and BEZ235 

PI3K inhibitor) at I uM for 24 hrs only, Once inc tuhairs ere collected at the 

specified periods fr mRNA isolation or protein analysis to ensure quality control. Small 

amountsof RNA (about up to Sing) ar extractedfron the bulbs at the end of the anagen 

hairs, RepresentatveDNA was prepared from the RNA and geneexpression levels 

determined by microarvay analysis, Biotin abeling;fragmentation and hybridizaton to 048 

Affymetrix 133 plus 20array was done, B.oinformteanalysis was done toidentifyTO 

induced gene expression changes, The whole procedure is given in FlG. L 

Results obtained show strong transcriptional response for all contrasts. High level of 

differential expression of transcripts wasoserved, areva@ showed less differential probes 

than CTO or BEZ235 att threshold. For CTO differentiali pohes increased in a dose 

related manner. CTO showed the greatest effect transcriptonalyin anagen hair at all doses 

compared with BEZ235 or Tarceva., Resulsare presented in detail in Figure 1, 

Biologically relevant alteration of the har bulb transcriptomeranging from -100fold to -25 

fold differential expressionwas obserd at clinicallyrelevant levels ofCTO.  

The siaturescores were assessed as described in detail by Loboda A., e al (Clinical 

Pharmnacology &Therapeutics 86:92-96 (2009) for identification of grmvh factor gene 
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signatures, and by Loboda.A et at, BMC Medical Genonics 3:1- 2010) foridentification 

of signatures of.RAS pathway and PDK. These references are incorporated herein. They 

describe the ingenuiy Pathway Analysis (Ingenuity Systems, Redwood City, CA); 

ttp://wwwinentycosoftware tool to identifysignaWg pthways that are statistically 

enriched among growth factor signature genes. The RAS pathway was analyzed using 

publicly available and. literature datasets,egp https:atmy.nci nih.gov/carray/projeet'voos

00041 

The results obtained for probes observed at the two tinen periods were: 1440 at 8 

hours and 2961 at 24 hrs. A high degree overlap was observed between the 2 lists (39, 

p<0.0001). Then et result was 558 probes (442 unique annotated genes ranging 45 to +33 

fold at high dose CTO /241u Significantresults of Signature Scores are presented 

grapically.The Probe List ispresented in Table 1 
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Usins the probe list in Table I a mulivaratetanalysis of different sigaureswas 

conducted using availablereerences to build the folloimg signatures, to an alyze the results 

a .different doses of CTO (equivalent to 2 PM, 5 pMand 10 M CAI) at 8hrsand 24hrs: 

-RAS sinate; Growth factor signature;P13K/mTOR inhibidon; PL3K inhibition; MEK 

inhibition:HSP90 inhibition; HDAC inhibition; EGFR inhibition; P53 Stabilization WNT/R 

Catenin inhibition; Calcium Signaling; CAI inhibition canonical calcium inhibition; and 

Non-voltage signaling 

Results obtained for the above analyses are sununarized ini Fgure 2b in detail EGFR, 

MEKand.HDAC pathways were strongly suppressed in response to CTO, 

In contrast, the pathway associated with P53 was stabilized in resp seto CTO, 

In addition, genes associated with nor-voltage dependent calcium simaling, were 

strongly suppressed Those results are discussed in detail below, 

FIG 3a describes results of multivariate signatures for RAS and Growth Factor 

Signatures. Briefly, modest down relation in RAS and Growth Factor signatures (GPS) 

were observed, the inhibition being most obvious athrs. Table 2 ivcs List ofRAS and 

GFS signatures.  

Table 2 

GFS And RAS:Symbol 

ABCCS CYHR1 HIST3H2A POU2F3 CORO1C FRD F 

ATP6V1B1 DEPTOR HOXB13 RAMP1 D LEU2 fMmPAD PNPTI 
ATXN3 DNAL4 ING4 SEMA3G DPH3 LK6 PSMC4 

BCA51 EIF4A2 OVGP. SEPPI EiF5 KPNA4 RPS6KA3 

BCL2L11 EPHX2 PCMTD1 SIDT2 ENO2 LRP8 5100A2 
CALCOC01 ERBB3 PCMTD2 AREG HNI MALL SERPINES 
. A C C. _ _ _ _ _ _ ................-------------- ----

CAPN13 HIST1H2AC PDIA4 BTG3 HSP90AAI MTHFDL SERPINES 
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CRBN HiST1H28D PLEKHG4 CEBPG HSPA4L PADI1 StC7AI 

..SRXNI 
--------- ----------------------------- - - ------ ------- ------ --- ----------------- ----------------------- -------------- -

(i. 3c describes resuIts on P13Kn response to CTO Strong suppressiOnof P3K 

signature wasobserved with control BEZ235 treatment but not within CTO, 

FIG 3d describes results on PI3K/mTOR signature. Strong suppression of 

PI3K/nTOR signature was observed with control BEZ235 treatment but not with CTO.  

FG. 3e describes strong inhibition of MEKi signature ina C treatments at Shrs 

and 4hrs.  

FIG. 4a gives results showing weak suppression of HDAC signature in response to 

COtreatment.The Signature Score for the HDAC pathway in response to different doses of 

CiTOat8hr and 24hr is compared with3BEZ235 and Tarceva@ for 24hr, 

FIG 4b describes no suppression of Notch signature in response to CTO treatment.  

The Signature Score fOrthe NOTCH pathway in response to different doses 4ofCTO at 8hr 

and 24hr is compared with BEZ235 and Tarceva@, for 24hr, 

Fi.4c describes results showing WNTi-catenin signature shows modes suppression 

in 24hrs exposure to CTO. T he Signature Score for the WNT p-catenin pathway in response 

to different doses of CTO at Shrand 24hr is compared with BEZ235 and Tarceva@ for 24hr 

FIG. 4d describes strongsuppressionof HSP90 signature with CTO treatment which 

dose dependent, The Signature Score for the HSP90 pathway n response to different doses 

ofCTO at Shr and 24hris compared with BEZ235 and Tarceva@ for 24hr.  

FIG. 4edescribes very strong suppression of EGFR signature with CTO Ireatment and 

importantly this is stronger than that in Tarceva@ at al doses of CTO and time points. The 

SignatureScre for the EGFR pathway in response to different doses of CTOat 8hr and 24hr 

is compared withRBE235 and Tarceva@ for 24hr 
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FIG,4f describes inducion of P53 signature with CTO treatment at all doses which i 

higher at the 24hr time point, The Signature Score for the P53 pathway in response to 

different doses of CTO at 8hr and 24hr is compared with E235and Tarceva@ for 24hr, 

Examnle5.  

FIG 5a illustrates the Signature Score for the CAI IPA pathway in response to 

different doses ofCTO at Shrand 24hr compared with BEZ235 and Tarceva@ for 24 hr.  

Using the Ingenuity Pathways Analysis (PA) (Ingenuity Systems, Redwood City CA) for 

genes influencedby CAL so suppressionof CAI signature in responsetoGTO treatment 

was observedexceptat 10 p.M When the 29 genes were fiered from IPA for FDA <0.05 

and I SFC in CTO data set,to select informnative genes and determine the directionof change 

a 14 geneset resulted.  

Table 3 liststhe CAI PA: Symbol 

NMP2 iESRI FOS PCG2 MAPK6 IMAP15 AKTI MOS3 HSP9081 

JUN CCND1 PPAR1 MAPK1 MAPK7 CASP AKT2 HSP90AA1 Hsp84 2 -------- -------- -- -- --- -- --- - A-T -- ----- ------ ..... ...- -- ----- ------ ----- ---
CEBPA MAPK3 PCLGI MAPK4 MAPKI2 HSPAS AKT3 iHSP9OA81 Hsp84-3 

__ _ _ _ _ _ ..........................................------ ----------- -------............... ............. ..........  

BAG3 

FIG 5b illustrates the Signature Score for the CAI Ex vivo pathway in response to 

difTerent doses of CTO at 8hr and 24hr compared with BEZ235 and Tarceva@ for 24hr With 

the tissue spec fic direction of change information strong dose dependent suppression ofthe 

IPA CAl list was observed, Table 4 ists the 14 geneset 

Table 4.  

Symbol 

AKT2 CASP3 FOS H I-SP9OAB1 JUN CESPA MAPK3 
........................-----

BAG3 CCND1 H5P9AA1 HSP9B1. AKTi MAPKI MAPK7 

FIG 5c illustrates the Signature Score for the Caiurn signing pathway in response 

to different doses ofCTO at Shr and 24hr compared with BFZ235 and Tarceva@ for 24h.  
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Non-voltage dependent calcium signahing genes were identifiedfroi datasets in lteratire to 

infon on regulation Theli-is presented in Table S.  

Table 5.  

Symbol: 

ARG2 CCNA1 CCNDI2 CCNE2 TNF : CA9 

BDNF CCNA2 CCNE1 CTFI BRAF CALR 

FIG 5d illustrates the Signature Scorefor the Calcium signaling for all gene paiway 

in response to different doses of CTO at 8hr and 24hr compared with BEZ235 and Tarceva@) 

fcr 24hr. The estimated regulation direction for all genes was identified. Thelist is provided 

in Table 6, 

Tabe 6 
Symbol 

ARO' CNW2 TNF P'PpR,, CALN'1 CAM"KtA LAMK4 ORAL RP'C3 1c7j 
BDNF CNE1 PPP3CA PPP3R2 CAMKI MK2 N9S2 STIM1 TRPC4 BRAF 
CCNA1 CCNE2 PP3CB CAM |AM MK MIS2D (RAll STIM2 TRPC5 CA9 
CCNA2 CTFl IPP3CC CALM2 CAMK1G CAMK2G ORA12 RPCL TRPC6 '. CAtR 

FIG 5e :llustrates the Signature Scor for the Calcium Signaling pathway in response 

to different doses of CTO at 8r and 24hr compared with BE235 and Tarceva. for 24hr.  

ANOVA was used to filter informative genes (FDR <0,05 and 15 FC).  

Strong suppression of non-votage dependent calcium genes was noted across CTO 

treatment in both literature determined regulation andANOVA detenninedset Table7.  

Table 

Symbol, 

BONF CCNEI PPP3CC ORA 3 TNF CAMK1 0RA11 BRAF 

CNA I PPP3CB CAMK2D CCND2 CALM CAMK2G STaM? CALR 

FIG 6n illustrates the Signature Score for the Canonical Calcium signaling using the 
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KX.ialoun Signpalincad ordcrgua~ lclimIgnaIngil 

PPP3CA CACNAt2'4 CHRhJ83 IHPA 101 
PP.P.3C B ( A CN EiI 01Rl4 HOACUI 
fPP3CC - CNS- - QffN[) HDAC2 
PPP3RI. [CACN63- CWRNE 1DC 
PPP3RQ CACNB4 CHRNu HflAt4 
ATP2CI C\CNGI uRA HAd 
(ACNAIA CHRFAM'1A GRMA H DAtG 

CACNAIC 8 9RNA10 GRIA4 HOALS7 
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FIG. 7aillustrates the Signature Score for all Signaling genes after merging of the ANOVA 

filteredgene sets for both the CAI signawre (FIG. 5b) and the non-voltage deendent (NVD) 

genesets(FIG. Sc).  

FG 7b illustrates results in a panel of 31 CAI/Calcium related genes capaee of 

separating the different CTO doses, both bysignature viewand b PCA.  

Table 10 provides the list of 31 genes.  

Table 10 

Gene 
Source 

Symbol 

AKT. CAI 

AKT2 CAl 
BAG3 CAI 
CASP3 CAI 

CEBPA CA 

Fos CAI 

HSP90AA1 CA 

HSP90AI CA 
HSP9081 I CA 

JUN I CA 

MAPK1 CAI 

MAPK3 CA 
MAPK7 CAI 

Non 
BDNF vl.g o*Itage 

Non 
BRAF 8PM voaage 

voltage 
Non

CALM3 
.A ..voltage 

Non
CALR 

voltage 

CAMK2C 

voltage 

iCAMOK2D) 

Non

voltage 

Non
CCNAI 

voltage 

Voltage 
CCNE1 Non-, 
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Non~ 
ORA1 N 

ivoltage 

Non 
ORA3 

voltage 
Non

TN No 

PPP3CC 

Non

voltage 
ATP2C1 KEGG 

CACNB3 KEGG 

GRIA3 K EG G 

HDAC3 KEGG 

HDAC4 KEGG 

Results of bioinfomatic analysis of data obtained in response to varying dosesof 

CTO at hr and 24hrs indicate that the early growth response 1 gene product (EGiR) was up 

regulated 6foidby CTtreatment In contrast EGR I was suppressed by BEZ235 and 

Tarcevat:. The up regulation of EGR I generally regulatesmulipletumor suppressor 

pathways inducing apoptotic downstreamevents Liu, C etal Proc Nal Acad Sci93: 11831

11836 (1996), 

Figure 8 illustrates the EGRI Signaling Pathway 

Exanmlc8.  

The carcinoembryonic antien-related cell adhesion. molecule (CEACAM) (also 

known as CD66a) was down regulated in response to both CTO andTarceva@treatment.  

Dystonin was down regulated by 60 ibld in response to CTO treatment.  

TGFt signaling was inhibited in response to treatment with CTO, 

The present invention is not to be limited in scope by the embodiment disclosedinthe 

examplewhicis intended as an illustration of one aspect of theinventionand any methods 

whichare funcuionally equivalent arewthn scope ofthe invention. Indeed, various 
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modifications of the invention in addition to those shown and described herein will become 

apparent to those skilled in the art from the foregoing description. Such modifications are 

intended to fall within the scope of the appended claims.  

Those skilled in the art will recognize, or be able to ascertain using no more than 

routine experimentation, any equivalents to the specific embodiments of the invention 

described herein. Such equivalents are intended to be encompassed by the claims.  

Definitions of specific embodiments of the invention as claimed herein follow.  

According to a first embodiment of the invention, there is provided a method for 

quantifying the response to carboxyamidotriazole orotate (CTO) on pharmacodynamics 

biomarkers of multiple signature pathways, said method comprising: 

a) obtaining a cell sample obtained from a subject and exposing the cell sample 

to varying doses of CTO for different time periods; 

b) isolating the mRNA from the treated cell sample and preparing representative 

cDNA therefrom and measuring the transcriptional alteration in expression in 

the cell sample resulting from CTO exposure; 

c) calculating a signature score for each of the pharmacodynamics biomarkers of 

multiple signature pathways using the Ingenuity Pathway Analysis (IPA) 

System and quantitating the response to the varying doses of CTO exposure, 

selecting a list of overlapping genes overexpressing after 8 hours and 24 hours 

of exposure to CTO from the list including: 

Probeset ID Entrez Gene Gene Symbol Gene Title 

222450_at 56937 PMEPAl prostate transmembrane protein, 
androgen induced 1 

351 FKBPIA-SDCBP2/ FKBPlA-SDCBP2readthrough 
233565sat 100528031//27111 SDCBP2 (non-protein coding) /I syndecan 

binding protein (syntenin) 

242832_at 5187 PERI periodhomolog 1 (Drosophila) 
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240463_at --- --- --

213039_at 23370 ARHGEF 18 Rho/Rae guanine nucleotide 
exchange factor (GEF) 18 

235072_s_at 63971 KIF 13A kinesin family member 13A 

208926_at 4758 NEUI sialidase 1 (lysosomal sialidase) 

237444_at --- --- --

239451_at --- --- --

222288_at --- --- --

227579_at 2241 FER fer (fps/fes related) tyrosine kinase 

pleckstrin homology domain 
212717_at 9842 PLEKHMI containing, family M (with RUN 

domain) member 1 

226853_at 55589 BMP2K BMP2 inducible kinase 

chromosome X open reading frame 
214112sat 541578 /1/ 91966 CXorf40A // CXorf40B 40A // chromosome X open 

reading frame 40B 

209012_at 7204 TRIO triple functional domain (PTPRF 
interacting) 

219476_at 79098 ClI orfl 16 chromosome 1 open reading frame 
116 

238086_at 100129617 LOC100129617 uncharacterized LOC100129617 

230721_at 730094 C16orf52 chromosome 16 open reading 
2 frame 52 

1566079_at 647190 RPS16P5 ribosomal protein S16 pseudogene 
5 

223839_s at 6319 SCD stearoyl-CoA desaturase (delta-9
desaturase) 

225671_at 124976 SPNS2 spinster homolog 2 (Drosophila) 

212961_x at 541578 CXorf40B chromosome X open reading frame 
40B 

223659_at 84000 TMPRSS13 transmembrane protease, serine 13 

229909_at 283358 B34GALNT3 beta-i,4-N-acetyl-galactosaminyl 
transferase 3 

223467_at 51655 RASD1 RAS, dexamethasone-induced 1 

235146_at 57458 TMCC3 transmembrane and coiled-coil 
domain family 3 

235548 at 164284 APCDD1L adenomatosis polyposis coli down
regulated 1-like 

206816_s_at 26206 SPAG8 sperm associated antigen 8 

242323_at 81579 PLA2G12A phospholipase A2, group XIA 

224579_at 81539 SLC38AI solute carrier family 38, member 1 

213315_x at 91966 CXorf40A chromosome X open reading frame 
40A 

227314_at 3673 ITGA2 integrin, alpha 2 (CD49B, alpha 2 
subunit of VLA-2 receptor) 

227093_at 57602 USP36 Ubiquitin specific peptidase 36 

200760 s at 10550 ARL6IP5 ADP-ribosylation-like factor 6 
0 -interacting protein 5 

201790_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

1554980_a_at 467 ATF3 activating transcription factor 3 

242255_at 22884 WDR37 WD repeat domain 37 

219267_at 51228 GLTP glycolipid transfer protein 

1555786_s at 645687 LINC00520 long intergenic non-protein coding 
RNA 520 

229734_at 283174 LOC283174 uncharacterized LOC283174 

242856_at --- --- --

201037_at 5214 PFKP phosphofructokinase, platelet 

1562970_at --- --- --
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201465_s_at 3725 JUN jun proto-oncogene 

202067_s_at 3949 LDLR low density lipoprotein receptor 

223679 at 1499 CTNNB I catenin (cadherin-associated 
protei),beta 1, 88kDa 

201235_s_at 7832 BTG2 BTG family, member 2 

225662 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 
potassium intermediate/small 

204401at 3783 KCNN4 conductance calcium-activated 
channel, subfamily N, member 

222906_at 28982 FLVCR1 feline leukemia virus subgroup C 
cellular receptor 1 

238613 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

206414_s_at 8853 ASAP2 ArfGAP with SH3 domain, 
ankyrin repeat and PH domain 2 

210794_s at 55384 MEG3 maternally expressed 3 (non
protein coding) 

226621_at 9180 OSMR oncostatin M receptor 

230682_x at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

235668_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 

205483_s_at 9636 ISG15 ISG15 ubiquitin-like modifier 

215808_at 5655 KLK1O kallikrein-related peptidase 10 

212281_s_at 27346 TMEM97 transmembrane protein 97 

212282_at 27346 TMEM97 transmembrane protein 97 

226287_at 91057 CCDC34 coiled-coil domain containing 34 

213618_at 116984 ARAP2 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 2 

231089_at 100505664 LOC100505664 uncharacterized LOC100505664 

227140_at 3624 INHBA inhibin, beta A 

231467_at --- --- --

202967_at 2941 GSTA4 glutathione S-transferase alpha 4 

230323_s_at 120224 TMEM45B transmembrane protein 45B 

224471_s at 8945 BTRC beta-transducin repeat containing 
E3 ubiquitin protein ligase 

202708_s at 8349 HIST2H2BE histone cluster 2, H2be 

242871_at 54852 PAQR5 progestin and adipoQ receptor 
family member V 

205627_at 978 CDA cytidine deaminase 

235542_at 200424 TET3 tet methyleytosine dioxygenase 3 

240410_at --- --- --

236656_s_at 100288911 LOC100288911 uncharacterized LOC100288911 

206164_at 9635 CLCA2 chloride channel accessory 2 

203159_at 2744 GLS glutaminase 

224991_at 80790 CMIP c-Maf inducing protein 

204258_at 1105 CHD1 chromodomain helicase DNA 
binding protein 1 

228249_at 119710 C I l orf74 chromosome 11 open reading 
frame 74 

229013at 145783 LOC145783 uncharacterized LOC145783 

platelet-activating factor 
211547sat 5048 PAFAHIBI acetylhydrolase ib, regulatory 

subunit 1 (45kDa) 

226863_at 642273 FAM1 10C family with sequence similarity 
S110, member C 

208161_s at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 
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214805_at 1973 EIF4Al eukaryotic translation initiation 
factor 4Al 

229429_xat 728855 /// 728875 LOC728855 /I uncharacterized LOC728855 // 
LOC728875 uncharacterized LOC728875 

202720_at 26136 TES testis derived transcript (3 LIM 
domains) 

224995_at 56907 SPIRE 1 spire homolog 1 (Drosophila) 

214771 x at 23164 MPRIP myosin phosphatase Rho 
1 -interacting protein 

201939_at 10769 PLK2 polo-like kinase 2 

238587_at 84959 UBASH3B ubiquitin associated and SH3 
domain containing B 

232113_at --- --- --

208690_s_at 9124 PDLIM1 PDZ and LIM domain 1 

201464_x_at 3725 JUN jun proto-oncogene 

236657_at 100288911 LOC100288911 uncharacterized LOC100288911 

215541_s at 1729 DIAPH1 diaphanous homolog 1 
(Drosophila) 

238028_at 647024 C6orfl 32 chromosome 6 open reading frame 
132 

226893 at 27 ABL2 v-abl Abelson marine leukemia 
viral oncogene homolog 2 

237576_x_at 100506480 LOC100506480 uncharacterized LOC100506480 

1552256_a_at 949 SCARBI scavenger receptor class B, 
member 1 

215255_at 22997 IGSF9B immunoglobulin superfamily, 
member 9B 

1557258_a_at 8915 BCL1O B-cell CLL/lymphoma 10 

240623_at --- --- --

solute carrier family 6 
228754at 6533 SLC6A6 (neurotransmitter transporter, 

taurine), member 6 

217257_at 6452 SH3BP2 SH3-domain binding protein 2 

241036_at --- --- --

242553_at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

239358_at --- --- --

210868sat 79071 ELOVL6 ELOVL fatty acid elongase 6 

platelet-activating factor 
200815sat 5048 PAFAHIBI acetylhydrolase ib, regulatory 

subunit 1 (45kDa) 

208436_s_at 3665 IRF7 interferon regulatory factor 7 

208138_at 2520 GAST gastrin 

241780_at --- --- --

200730_s at 7803 PTP4Al protein tyrosine phosphatase type 
IVA, member 1 

219697_at 9956 HS3ST2 heparan sulfate (glucosamine) 3-0
sulfotransferase 2 

201693_s_at 1958 EGRI early growth response 1 

218847_at 10644 IGF2BP2 insulin-like growth factor 2 mRNA 
binding protein 2 

230469_at 219790 RTKN2 rhotekin 2 

209917sat 11257 TP53TG1 TP53 target 1 (non-protein coding) 

224329_s_at 84518 CNFN cornifelin 

212253_x_at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

238058_at 150381 LOC150381 uncharacterized LOC150381 

239334 at 57488 ESYT2 Extended synaptotagmin-like 
protein 2 

222271_at --- --- --
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216718_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

219076_s at 5827 PXMP2 peroxisomal membrane protein 2, 
22kDa 

204475_at 4312 MIMP1 matrix metallopeptidase 1 
(interstitial collagenase) 

221185_s_at 84223 IQCG IQ motif containing G 

203586_s_at 379 ARL4D ADP-ribosylation factor-like 4D 

217802_s at 64710 NUCKS1 nuclear casein kinase and cyclin
Udependentkinase substrate 1 

205767_at 2069 EREG epiregulin 

228360_at 130576 LYPD6B3 LY6/PLAUR domain containing 
6B 

228917_at --- --- --

228748_at 966 CD59 CD59 molecule, complement 
regulatory protein 

sedoheptulokinase /I transient 
219632sat 23729 /// 7442 SHPK /// TRPV1 receptor potential cation channel, 

subfamily V, member 

238715_at 646014 LOC646014 Uncharacterized LOC646014 

218810_at 80149 ZC3H12A zinc finger CCCH-type containing 
12A 

225177_at 80223 RAB I I1FIP I RAB 1 family interacting protein 
S1(class I) 

224454_at 55500 ETNK1 ethanolamine kinase 1 

carcinoembryonic antigen-related 
209498_at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

1557257_at 8915 BCL1O B-cell CLL/lymphoma 10 

225133_at 51274 KLF3 Kruppel-like factor 3 (basic) 

202340_x_at 3164 NR4Al nuclear receptor subfamily 4, 
group A, member 1 

1556545_at --- --- --

212474_at 23080 AVL9 AVL9 homolog (S. cerevisiase) 

210241_s_at 11257 TP53TGI TP53 target 1 (non-protein coding) 

243543_at --- --- --

239132_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

222757 s at 51776 ZAK sterile alpha motif and leucine 
-s -zipper containing kinase AZK 

201194_at 6415 SEPW1 selenoprotein W, 1 

229874_x_at 100506687 LOC100506687 uncharacterized LOC100506687 

202557_at 6782 HSPAl13 heat shock protein 70kDa family, 
member 13 

239669_at --- --- --

231907 at 27 ABL2 v-abl Abelson marine leukemia 
viral oncogene homolog 2 

229074_at 30844 EHD4 EH-domain containing 4 

205428_s_at 794 CALB2 calbindin 2 

205822_s at 3157 HMGCS1 3-hydroxy-3-methylglutaryl-CoA 
synthase 1 (soluble) 

210869sat 4162 MCAM melanoma cell adhesion molecule 

225665 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

212781_at 5930 RBBP6 retinoblastoma binding protein 6 

232355_at 767579 SNORD 114-3 small nucleolar RNA, C/D box 
114-3 

membrane bound 0
213288at 129642 MBOAT2 acyltransferase domain containing 

2 

221666_s at 29108 PYCARD PYD and CARD domain 
containing 
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203072_at 4643 MYOlE myosin IE 

215465_at 26154 ABCA12 ATP-binding cassette, sub-family 
22A(ABC1), member 12 

224453_s_at 55500 ETNK1 ethanolamine kinase 1 

216935_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

209086_x_at 4162 MCAM melanoma cell adhesion molecule 

218833 at 51776 ZAK sterile alpha motif and leucine 
zippercontammgkinase AZK 

209377_s at 9324 HMGN3 high mobility group nucleosomal 
binding domain 3 

223519 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

210138_at 8601 RGS20 regulator of G-protein signaling 20 

1558845_at 100506089 LOC100506089 uncharacterized LOC100506089 

201819_at 949 SCARB I scavenger receptor class B, 
member 1 

natriuretic peptide receptor 
204310sat 4882 NPR2 B/guanylate cyclase B 

(atrionatriuretic peptide receptor B 

239377_at 84285 EIF1AD eukaryotic translation initiation 
factor lA domain containing 

224611_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

219155_at 26207 PITPNC1 phosphatidylinositol transfer 
protein, cytoplasmic 1 

227163_at 119391 GSTO2 glutathione S-transferase omega 2 

209633_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

219681_s at 80223 RAB I I1FIP I RAB I 1 family interacting protein 
S1(class I) 

221860 at 3191 HNRNPL heterogeneous nuclear 
ribonucleoprotein L 

243296_at 10135 NAMPT Nicotinamide 
Tphosphoribosyltransferase 

237133_at --- --- --

1556000_s at 55727 BTBD7 BTB (POZ) domain containing 7 

204681_s at 9771 RAPGEF5 Rap guanine nucleotide exchange 
factor (GEF) 5 

215726_s at 1528 CYB35A cytochrome b5 type A 
(microsomal) 

210886xat 11257 TP53TG1 TP53 target 1 (non-protein coding) 

226597_at 92840 REEP6 receptor accessory protein 6 

204995 at 8851l CDK5R1 cyclin-dependent kinase 5, 
regulatory subunit l (p35) 

236119_s_at 6706 SPRR2G small proline-rich protein 2G 

219228_at 55422 ZNF331 zinc finger protein 331 

234971xat 113026 PLCD3 phospholipase C, delta 3 

201127_s_at 47 ACLY ATP citrate lyase 

226880_at 64710 NUCKS1 Nuclear casein kinase and cyclin
0dependentkinase substrate 1 

209383_at 1649 DDIT3 DNA-damage-inducible transcript 
3 

204168_at 4258 MGST2 microsomal glutathione S
transferase 2 

239670_at 65268 WNK2 WNK lysine deficient protein 
kinase 2 

myeloid/lymphoid or mixed
208512_s-at 4301 MLLT4 lineage leukemia (trithorax 

homolog,Drosophila); translocate 

213281_at 3725 JUN Jun proto-oncogene 

potassium channel tetramerisation 
218310_at 154881 /1/ 27342 KCTD7 /I RABGEF1 domain containing 7 /// RAB 

guanine nucleotide exchan 
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205151 s at 9865 TRIL TLR4 interactor with leucine-rich 
repeats 

218217_at 59342 SCPEP1 serine carboxypeptidase 1 

integrin, alpha E (antigen CD103, 
205055_at 3682 ITGAE human mucosal lymphocyte 

antigen 1; alpha polypeptide 

215009 s at 100499177 THAP9-AS1 THAP9 antisense RNA 1 (non
2 a 14 proteicoding) 

227484 at 57522 SRGAP1 SLIT-ROBO Rho GTPase 
activating protein 1 

239769_at 1009 CDH11 Cadherin 11, type 2, OB-cadherin 
(osteoblast) 

230360at 342035 GLDN gliomedin 

227112_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

201482_at 5768 QSOX quiescin Q6 sulfhydryl oxidase 1 

210337_s_at 47 ACLY ATP citrate lyase 

203911_at 5909 RAPIGAP RAP IGTPase activating protein 

206683_at 7718 ZNF165 zinc finger protein 165 

202935_s at 6662 SOX9 SRY (sex determining region Y)
box 9 

phosphatidylinositol-specific 
218951sat 55344 PLCXD1 phospholipase C, X domain 

containing 1 

233488_at 84659 RNASE7 ribonuclease, RNase A family, 7 

202562_s at 11161 C1I 4orfl chromosome 14 open reading 
frame 1 

ATP synthase, H+ transporting, 
208745at 10632 ATP5L mitochondrial Fo complex, subunit 

G 

236078_at 57707 KIAA1609 KIAA1609 

226226_at 120224 TMEM45B transmembrane protein 45B 

213854_at 9145 SYNGRI synaptogyrin 1 

243955_at --- --- --

222111_at 54629 FAM63B family with sequence similarity 63, 
1 member B 

1560296_at --- --- --

240038_at --- --- --

211372sat 7850 IL1R2 interleukin 1 receptor, type II 

202672_s_at 467 ATF3 activating transcription factor 3 

218717_s_at 55214 LEPREL1 leprecan-like 1 

228366_at --- --- --

2305 16_at 115416 MALSU I Mitochondrial assembly of 
ribosomal large subunit 1 

201920_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

209632_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

207367 at 479 ATP12A ATPase, H+/K+ transporting, 
nongastric, alpha polypeptide 

1557256_a_at --- --- --

200811_at 1153 CIRBP cold inducible RNA binding 
protein 

205201_at 2737 GLI3 GLI family zinc finger 3 

227724_at 728190 LOC728190 uncharacterized LOC728190 

205403_at 7850 IL1R2 interleukin 1 receptor, type II 

242827_x_at --- --- --

228084_at 81579 PLA2G12A phospholipase A2, group XIIA 
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209365_s_at 1893 ECM1 extracellular matrix protein 1 

243279_at --- --- --

224946_s_at 84317 CCDC115 coiled-coil domain containing 115 

218708_at 29107 NXT1 NTF2-like export factor 1 

1560531_at 353132 LCE1B late cornified envelope lB 

207761_s_at 25840 METTL7A methyltransferase like 7A 

206011 at 834 CASP1 caspase 1, apoptosis-related 
cysteine peptidase 

213703_at 150759 LINC00342 long intergenic non-protein coding 
RNA 342 

224595_at 23446 SLC44AI solute carrier family 44, member 1 

224613_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

212504_at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

213682_at 10762 NUP50 nucleoporin 50kDa 

205247_at 4855 NOTCH4 notch 4 

228235_at 84848 MGC16121 uncharacterized protein 
MGC16121 

242873_at --- --- --

205960 at 5166 PDK4 pyruvate dehydrogenase kinase, 
isozyme 4 

230494_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

221260_s at 81566 CSRNP2 cysteine-serine-rich nuclear protein 

224480_s at 84803 AGPAT9 1-acylglycerol-3-phosphate 0
acyltransferase 9 

210180_s at 6434 TRA2B3 transformer 2 beta homolog 
(Drosophila) 

204621sat 4929 NR4A2 nuclear receptor subfamily 4, 
groupA, member 2 

217863_at 8554 PIAS1 protein inhibitor of activated 
STAT, 1 

236423_at --- --- --

223421_at 50626 CYHR1 cysteine/histidine-rich 1 

220272_at 54796 BNC2 basonuclin 2 

201791_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

215574_at --- --- --

224328_s_at 84648 LCE3D late cornified envelope 3D 

211828_s at 23043 TNIK TRAF2 and NCK interacting 
kinase 

58367_s at 79744 ZNF419 zinc finger protein 419 

218950_at 64411 ARAP3 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 3 

caspase recruitment domain 
1552703_s at 114769 /// 834 CARD16 / CASP I family, member 16 // caspase 1, 

apoptosis-related cysteine 

219687_at 55733 HHAT hedgehog acyltransferase 

232127_at 1184 CLCN5 chloride channel, voltage-sensitive 

218377_s_at 10069 RWDD2B RWD domain containing 2B 

Ras association (RaGDS/AF-6) 
210335at 9182 RASSF9 domain family (N-terminal) 

member 9 

227927_at --- --- --

227224_at 55103 RALGPS2 Ral GEFwith PH domain and SH3 
binding motif 2 

224778sat 57551 TAOK TAO kinase 1 
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229566_at 645638 LOC645638 WDNM1-like pseudogene 

thyroid hormone receptor 
202734_at 9322 TRIP10 interactor 10 

201851_at 6455 SH3GL1 SH3-domain GRB2-like 1 

237337_at --- --- --

37152 at 5467 PPARD peroxisome proliferator-activated 
receptor delta 

209687_at 6387 CXCL12 chemokine (C-X-C motif) ligand 
12 

203152_at 64976 MRPL40 mitochondrial ribosomal protein 
L40 

201627_s_at 3638 INSIGI insulin induced gene 1 

232593_at 93082 NEURL3 neuralized homolog 3 (Drosophila) 
pseudogene 

224769at 57551 TAOK TAO kinase 1 

209702_at 79068 FTO fat mass and obesity associated 

204546_at 9764 KIAA0513 KIAA0513 

mannan-binding lectin serine 
232224_at 5648 MASP1 peptidase 1 (C4/C2 activating 

component of Ra-reactive fac 

UDP-N-acetyl-alpha-D

239930_at 2590 GALNT2 galactosamine:polypeptide N
acetylgalactosaminyltransferase 2 

(Gal 
glycine amidinotransferase (L

203178_at 2628 GATM arginine:glycine 
amidinotransferase) 

235782_at --- --- --

218181_s at 9448 MAP4K4 mitogen-activated protein kinase 
kinase kinase kinase 4 

233520_s_at 202333 CMYA5 cardiomyopathy associated 5 

213456_at 25928 SOSTDC1 sclerostin domain containing 1 

219528_s at 64919 BCL11B B-cell CLL/lymphoma l IB (zinc 
finger protein) 

224945_at 55727 BTBD7 BTB (POZ) domain containing 7 

214866 at 5329 PLAUR plasminogen activator, urokinase 
receptor 

209941 at 8737 RIPKl receptor (TNFRSF)-interacting 
serine-threonine kinase 1 

226029_at 57216 VANGL2 vang-like 2 (van gogh, Drosophila) 

212596sat 10042 HMGXB4 HMG box domain containing 4 

229873_at 283219 KCTD21 potassium channel tetramerisation 
domain containing 21 

226392_at 5922 RASA2 RAS p21 protein activator 2 

226005_at 7326 UBE2G1 ubiquitin-conjugating enzyme E2G 

214445_at 22936 ELL2 elongation factor, RNA 
polymerase II, 2 

227680_at 284695 ZNF326 zinc finger protein 326 

227786_at 90390 MED30 mediator complex subunit 30 

222067_x_at 3017 HIST1H2BD histone cluster 1, H2bd 

1569106_s at 55209 SETD5 SET domain containing 5 

231785_at 4909 NTF4 neurotrophin 4 

223937_at 27086 FOXPI forkhead box P1 

1558685_a_at 158960 LOC158960 uncharacterized protein BC009467 

211965_at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

39549_at 4862 NPAS2 neuronal PAS domain protein 2 

203800_s at 63931 MRPS14 mitochondrial ribosomal protein 
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S14 

1556321_a_at --- --- --

212321_at 8879 SGPL1 sphingosine-1-phosphate lyase 1 

222154 s at 26010 SPATS2L spermatogenesis associated, serine
rich 2-like 

218774_at 28960 DCPS decapping enzyme, scavenger 

212268_at 1992 SERPINB I serpin peptidase inhibitor, clade B 
(ovalbumin), member 1 

213134_x_at 10950 BTG3 BTG family, member 3 

230669at 5922 RASA2 RAS p21 protein activator 2 

1559901_s at 388815 LINC00478 long intergenic non-protein coding 
RNA 478 

225298_at 25953 PNKD paroxysmal nonkinesigenic 
dyskinesia 

242558_at --- --- --

226043_at 26086 GPSM1 G-protein signaling modulator 1 

protein tyrosine phosphatase, 
210236_at 8500 PPFIA receptor type, fpolypeptide 

(PTPRF), interacting protein 

natriuretic peptide receptor 
214066xat 4882 NPR2 B/guanylate cyclase B 

(atrionatriuretic peptide receptor B 

240024_at 23541 SEC14L2 SEC14-like 2 (S. cerevisiae) 

235462_at 132864 CPEB2 Cytoplasmic polyadenylation 
element binding protein 2 

1554015_a at 1106 CHD2 chromodomain helicase DNA 
binding protein 2 

leucine-rich repeats and calponin 
235347at 84859 LRCH3 homology (CH) domain containing 

3 

230847_at 56897 WRNIP1 Werner helicase interacting protein 

201427sat 6414 SEPP I selenoprotein P, plasma, 1 

1557905_s at 960 CD44 CD44 molecule (Indian blood 
group) 

219084_at 64324 NSD1 nuclear receptor binding SET 
domain protein 1 

206176_at 654 BMP6 bone morphogenetic protein 6 

219826_at 79744 ZNF419 zinc finger protein 419 

212356_at 23351 KIINYN KH and NYN domain containing 

218909_at 26750 RPS6KC1 ribosomal protein S6 kinase, 
52kDa, polypeptide 1 

230555_s_at 90390 MED30 Mediator complex subunit 30 

212687_at 3987 LIMS I LIM and senescent cell antigen
like domains 1 

203098_at 9425 CDYL chromodomain protein, Y-like 

229054_at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

236039_at 284348 LYPD5 LY6/PLAUR domain containing 5 

209661_at 3801 KIFC3 kinesin family member C3 

209560_s_at 8788 DLK1 delta-like 1 homolog (Drosophila) 

225812_at 619208 C6orf225 chromosome 6 open reading frame 
225 

227829_at 120071 GYLTL1B glycosyltransferase-like lB 

238623_at --- --- --

229415_at 54205 CYCS cytochrome c, somatic 

209222_s_at 9885 OSBPL2 oxysterol binding protein-like 2 

1555809_at 83716 CRISPLD2 cysteine-rich secretory protein 
LCCL domain containing 2 
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204567_s at 9619 ABCG1 ATP-binding cassette, sub-family 
G (WHITE), member 1 

solute carrier family 28 (sodium
232277_at 64078 SLC28A3 coupled nucleoside transporter), 

member 3 

237197_at --- --- --

225209_s at 118424 UBE2J2 ubiquitin-conjugating enzyme E2, 
J2 

231916_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

212279_at 27346 TMEM97 transmembrane protein 97 

204862_s at 4832 NME3 NME/NM23 nucleoside 
diphosphate kinase 3 

230483_at --- --- --

212856_at 23151 GRAMD4 GRAM domain containing 4 

224650_at 114569 MAL2 mal, T-cell differentiation protein 2 
(gene/pseudogene) 

202963_at 5993 RFX5 regulatory factor X, 5 (influences 
HLA class II expression) 

225320_at 90550 MCU mitochondrial calcium uniporter 

236274_at 8662 EIF3B eukaryotic translation initiation 
factor 3, subunit B 

putative homeodomain 
209780at 57157 PHTF2 transcription factor 2 

218823_s at 54793 KCTD9 potassium channel tetramerisation 
domain containing 9 

227787sat 90390 MED30 mediator complex subunit 30 

230296_at 730094 C16orf52 chromosome 16 open reading 
frame 52 

222892_s_at 55287 TMEM40 transmembrane protein 40 

carcinoembryonic antigen-related 
210610_at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

230031_at 3309 HSPA5 heat shock 70kDa protein 5 
(glucose-regulated protein, 78kDa) 

238477_at 10749 KIFIC kinesin family member IC 

209409_at 2887 GRB10 growth factor receptor-bound 
protein 10 

217995_at 58472 SQRDL sulfide quinone reductase-like 
(yeast) 

226873_at 54629 FAM63B family with sequence similarity 63, 
member B 

1553722_s at 220441 RNF152 ring finger protein 152 

204710_s at 26100 WIPI2 WD repeat domain, 
phosphoinositide interacting 2 

212653_s_at 23301 EHBP1 EH domain binding protein 1 

203979_at 1593 CYP27A1 cytochrome P450, family 27, 
subfamily A, polypeptide 1 

244350_at 4651 MYOlO myosin X 

223233s_at 57530 CGN cingulin 

1555967_at --- --- --

100128553///100142659 CTAGE 15P// CTAGE family, member 15, 

214355_x_at /1/ 340307 /// 441294 // CTAGE4 /I CTAGE6P pseudogene /I CTAGE family, 

643854 //C TAGE8 // member 4 /// CTAGE family, 
CTAGE9 member 

214469_at 3012 /// 8335 HIST1 H2AB /I histone cluster 1, H2ab /// histone 
HISTlH2AE cluster 1, H2ae 

microtubule associated 
212472at 9645 MICAL2 monoxygenase, calponin and LIM 

domain containing 2 

228115_at 64762 FAM59A family with sequence similarity 59, 
member A 

228964_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 

230027s at 84545 MRPL43 mitochondrial ribosomal protein 
L43 
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207318_s_at 8621 CDK13 cyclin-dependent kinase 13 

221689_s at 51227 PIGP phosphatidylinositol glycan anchor 
biosynthesis, class P 

219270_at 79094 CHACI ChaC, cation transport regulator 
homolog 1 (E. coli) 

225299_at 4645 MYO5B myosin VB 

239770 at 83850 ESYT3 extended synaptotagmin-like 
protein 3 

226399_at 79982 DNAJB 14 DnaJ (Hsp40) homolog, subfamily 
B, member 14 

226656_at 10491 CRTAP cartilage associated protein 

228852_at 2029 ENSA endosulfine alpha 

206239_s_at 6690 SPINKI serine peptidase inhibitor, Kazal 
type 1 

210993_s_at 4086 SMADI SMAD family member 1 

238462_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

211962_s at 677 ZFP36L1 zinc finger protein 36, C3H type
like 1 

224666 at 197370 NSMCE1 non-SMC element 1 homolog (S.  
cerevisiae) 

239028_at 130574 LYPD6 LY6/PLAUR domain containing 6 

213577_at 6713 SQLE squalene epoxidase 

202011 _at 7082 TJP l tight junction protein 1 (zona 
occludens 1) 

212254sat 100652766 /1/ 667 DST// LOC100652766 dystonin /I dystonin-like 

221701_s at 64220 STRA6 stimulated by retinoic acid gene 6 
homolog (mouse) 

239576_at 57509 MTUS1 microtubule associated tumor 
suppressor 1 

234418_x_at 960 CD44 CD44 molecule (Indian blood 
group) 

227985_at 100506098 LOC100506098 uncharacterized LOC100506098 

213462at 4862 NPAS2 neuronal PAS domain protein 2 

224975_at 4774 NFIA nuclear factor LA 

225990_at 91653 BOC Boc homolog (mouse) 

240616_at --- --- --

219911_s_at 28231 SLCO4AI solute carrier organic anion 
transporter family, member 4A1 

224970_at 4774 NFIA nuclear factor LA 

214623 at 26226 FBXW4P I F-box and WD repeat domain 
containing 4 pseudogene 1 

239478_x at 55668 C1I 4orfl 18 chromosome 14 open reading 
frame 118 

226909_at 85460 ZNF518B zinc finger protein 518B 

208670_s at 23741 EID1 EP300 interacting inhibitor of 
differentiation 1 

206192_at 1041 CDSN corneodesmosin 

222173_s_at 55357 TBC1D2 TBC1 domain family, member 2 

228450 at 144100 PLEKHA7 pleckstrin homology domain 
containing, family A member 7 

1558097_at 253143 PRR14L proline rich 14-like 

219373_at 54344 DPM3 dolichyl-phosphate 
mannosyltransferase polypeptide 3 

230388 s at 644246 KANSL1-AS1 KANSLI antisense RNA 1 (non
-a -protein coding) 

207098_s_at 55669 MFN1 mitofusin 1 

223484_at 84419 C15orf48 chromosome 15 open reading 
frame 48 

244804_at 8878 SQSTM1 sequestosome 1 
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229679_at 400073 C 12orf76 chromosome 12 open reading 
frame 76 

225826_at 326625 MMAB methylmalonic aciduria (cobalamin 
deficiency) cblB type 

213352_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

carcinoembryonic antigen-related 
211883xat 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 
HIST1H2BCI// 

8339 /8343 /// 8344 / HIST1H2BE// histone cluster 1, H2bc /// histone 
210387_at 8346 // 8347 HISTlH2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

210916_s_at 960 CD44 CD44 molecule (Indian blood 
group) 

solute carrier family 25 
221432sat 81894 SLC25A28 (mitochondrial iron transporter), 

member 28 

218487_at 210 ALAD aminolevulinate dehydratase 

223264_at 59274 MESDC1 mesoderm development candidate 

guanine nucleotide binding protein 
206356sat 2774 GNAL (G protein), alpha activating 

activity polypeptide, 

218097_s_at 79004 CUEDC2 CUE domain containing 2 

228001_at 757 TMEM50B transmembrane protein 50B 

212441_at 9778 KIAA0232 KIAA0232 

201854sat 23300 ATMIN ATM interactor 

121_at 7849 PAX8 paired box 8 

222143_s_at 64419 MTMR14 myotubularin related protein 14 

1558002 at 11171 STRAP Serine/threonine kinase receptor 
associated protein 

226040_at --- --- --

226141_at 91050 CCDC149 coiled-coil domain containing 149 

1556567_at 4676 NAP1L4 nucleosome assembly protein 1
like 4 

226263_at 154007 SNRNP48 small nuclear ribonucleoprotein 
2226a 1548kDa(Ull/U12) 

212074 at 23353 SUNI Sadl and UNC84 domain 
containing 1 

227387_at 54780 NSMCE4A Non-SMC element 4 homolog A 
(S. cerevisiae) 

232795_at --- --- --

matrix metallopeptidase 9 
203936sat 4318 MMP9 (gelatinase B, 92kDa gelatinase, 

92kDa type IV collagenase) 

225033 at 6482 ST3GAL1 ST3 beta-galactoside alpha-2,3
sialyltransferase 1 

209109sat 7105 TSPAN6 tetraspanin 6 

213351_s at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

203047_at 6793 STK1O serine/threonine kinase 10 

220721_at 80110 ZNF614 zinc finger protein 614 

1556127_at 23181 DIP2A DIP2 disco-interacting protein 2 
homolog A(Drosophila) 

215016_x_at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

carcinoembryonic antigen-related 
206576sat 634 CEACAMI cell adhesion molecule 1 (biliary 

glycoprotein) 

240674_at 3720 JARID2 jumonji, AT rich interactive 
domain 2 

225646_at 1075 CTSC cathepsin C 

62



1554010_at 3340 NDSTl N-deacetylase/N-sulfotransferase 
(heparan glucosaminyl) 1 

204100_at 7067 THRA thyroid hormone receptor, alpha 

221840 at 5791 PTPRE protein tyrosine phosphatase, 
receptor type, E 

209078_s_at 25828 TXN2 thioredoxin 2 

218530_at 29109 FHOD1 formin homology 2 domain 
containing 1 

235434_at --- --- --

230063at 9422 ZNF264 zinc finger protein 264 

40420_at 6793 STK1O serine/threonine kinase 10 

221027_s_at 81579 PLA2G12A phospholipase A2, group XIIA 

244202_at --- --- --

212108_at 23197 FAF2 Fas associated factor family 
member 2 

204294_at 275 AMT aminomethyltransferase 

225503_at 207063 DHRSX dehydrogenase/reductase (SDR 
family) X-linked 

solute carrier family 1 
212810sat 6509 SLC1A4 (glutamate/neutral amino acid 

transporter), member 4 

214814_at 91746 YTHDC1 YTH domain containing 1 

228468 at 84930 MASTL microtubule associated 
serine/threonine kinase-like 

209108_at 7105 TSPAN6 tetraspanin 6 

220444_at 79230 ZNF557 zinc finger protein 557 

206172_at 3598 IL13RA2 interleukin 13 receptor, alpha 2 

225002_s_at 25870 SUMF2 sulfatase modifying factor 2 

212205_at 94239 H2AFV H2A histone family, member V 

228851sat 2029 ENSA endosulfine alpha 

209048 s at 23613 ZMYND8 zinc finger, MYND-type 
-s -containing 8 

211846_s at 5818 PVRL1 poliovirus receptor-related 1 
(herpesvirus entry mediator C) 

238909_at 6281 SiOOA10 Si00 calcium binding protein A10 

205503 at 5784 PTPN14 protein tyrosine phosphatase, non
receptor type 14 

243829 at 673 BRAF v-raf marine sarcoma viral 
oncogene homolog B1 

244379_at --- --- --

223251_s_at 55608 ANKRD1O ankyrin repeat domain 10 

202633 at 11073 TOPBP1 topoisomerase (DNA) II binding 
protein 1 

214502_at 8970 HISTlH2BJ histone cluster 1, H2bj 

221773 at 2004 ELK3 ELK3, ETS-domain protein (SRF 
accessory protein 2) 

41858_at 27315 PGAP2 post-GPI attachment to proteins 2 

212850_s at 4038 LRP4 low density lipoprotein receptor
related protein 4 

223408s_at --- --- --

HIST1 H2AD /I 
HISTlH3AI/ 
HIST1H3B /// 

3013 //8350 ///8351 /1/ HIST1H3C /// histone cluster 1, H2ad /// histone 

214472_at 8352 /8353 /8354 /// HISTlH3DI// cluster 1, H3a /// histone cluster 1, 8355 /8356 //8357 // HIST1 H3E // H3b /1/ histo 
8358/ HISTl H3F // 

HIST1H3G// 
HIST1H3H// 
HIST1H3J1// 
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HISTlH3J 

225647_s_at 1075 CTSC cathepsin C 

1559977_a_at 284723 SLC25A34 solute carrier family 25, member 
34 

211347_at 8555 CDC14B CDC14 cell division cycle 14 
homolog B (S. cerevisiae) 

1558208_at --- --- --

227570_at 144110 TMEM86A transmembrane protein 86A 

227492_at 100506658 /1/ 647859 LOC647859 /// OCLN occludin pseudogene /// occludin 

1558778_s at 57496 MKL2 MKL/myocardin-like 2 

nuclear receptor subfamily 1, 
31637_s-at 7067 // 9572 NR1D1 I/ ITHRA group D, member 1/// thyroid 

hormone receptor, alpha 

229190_at 100507376 LOC100507376 uncharacterized LOC100507376 

236188_s at 4676 NAP 1L4 Nucleosome assembly protein 1
like 4 

212503_s at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

nuclear receptor subfamily 1, 
204760sat 7067 // 9572 NR1D1 I/ ITHRA group D, member 1 /// thyroid 

hormone receptor, alpha 

212099_at 388 RHOB ras homolog family member B 

214873 at 91355 LRP5L low density lipoprotein receptor
related protein 5-like 

228181_at 7779 SLC30AI solute carrier family 30 (zinc 
transporter), member 1 

calmodulin regulated spectrin
212763at 23271 CAMSAP2 associated protein family, member 

2 

226285_at 4076 CAPRIN1 cell cycle associated protein 1 

213567_at 3840 KPNA4 karyopherin alpha 4 (importin 
alpha 3) 

nuclear factor of kappa light 
203927at 4794 NFKBIE polypeptide gene enhancer in B

cells inhibitor, epsilon 

HIST1H2BCI// 

8339 //8343 /// 8344 / HIST1H2BE// histone cluster 1, H2bc /// histone 
208523_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

219389_at 55061 SUSD4 sushi domain containing 4 

202329_at 1445 CSK c-src tyrosine kinase 

238523_at 79786 KLHL36 kelch-like 36 (Drosophila) 

1565016_at 3276 PRMTl protein arginine methyltransferase 

226409_at 128637 TBC1D20 TBC1 domain family, member 20 

229926_at 100500850 MIR3682 microRNA 3682 

HIST1H2BCI// 

8339 /// 8343 /// 8344 /// HIST1H2BE// histone cluster 1, H2bc /// histone 
208527_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

223598_at 5887 RAD23B RAD23 homolog B (S. cerevisiae) 

243797_at 9262 STK17B serine/threonine kinase 17b 

203317 at 23550 PSD4 pleckstrin and Sec7 domain 
containing 4 

230965_at 9099 USP2 ubiquitin specific peptidase 2 

HIST1H2BCI// 

8339 /// 8343 /// 8344 / HIST1H2BE// histone cluster 1, H2bc /// histone 
208490xat 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 
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235514_at 151516 ASPRV1 aspartic peptidase, retroviral-like 1 

209098_s_at 182 JAGI jagged 1 

1554229_at 153222 CREBRF CREB3 regulatory factor 

209398_at 3006 HISTIHIC histone cluster 1, HIc 

202629_at 10513 APPBP2 amyloid beta precursor protein 
(cytoplasmic tail) binding protein 2 

203428_s at 25842 ASF lA ASF I anti-silencing function 1 
homolog A (S. cerevisiae) 

238005_s at 25942 SIN3A SIN3 transcription regulator 
homolog A (yeast) 

HIST1H2BCI// 

8339 //8343 /// 8344 // HIST1H2BE// histone cluster 1, H2bc /// histone 
214455_at 8346 // 8347 HISTlH2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HISTlH2BI 

214073_at 2017 CTTN cortactin 

203140_at 604 BCL6 B-cell CLL/lymphoma 6 

232150_at --- --- --

208546_x_at 8345 HISTlH2BH histone cluster 1, H2bh 

243446_at 84962 AJUBA ajuba LIM protein 

236207_at 6744 SSFA2 sperm specific antigen 2 

212016 s at 5725 PTBP1 polypyrimidine tract binding 
-a -protein 1 

232311_at 567 B2M Beta-2-microglobulin 

219711Iat 54807 ZNF586 zinc finger protein 586 

H2B histone family, member S 
208579xat 54145 // 85236 H2BFS // HIST1 H2BK (pseudogene) /// histone cluster 1, 

H2bk 

239493_at 6129 RPL7 ribosomal protein L7 

214074sat 2017 CTTN cortactin 

228091_at 55014 STX17 syntaxin 17 

234331_s at 151354 FAM84A family with sequence similarity 84, 
member A 

212372_at 4628 MYHO 10myosin, heavy chain 10, non
muscle 

and 

ABCC5 CYHR1 HIST3H2A POU2F3 COROiC IFRD1 PFKP 

ATP6V1B1 DEPTOR HOXB13 RAMPI DLEU2 IMPADI PNPT1 

ATXN3 DNAL4 ING4 SEMA3G DPH3 KLK6 PSMC4 

BCAS1 EIF4A2 OVGP1 SEPPI EIF5 KPNA4 RPS6KA3 

BCL2L11 EPHX2 PCMTD1 SIDT2 ENO2 LRP8 S100A2 

CALCOCO1 ERBB3 PCMTD2 AREG HN1 MALL SERPINB5 

CAPN13 HIST1H2AC PDIA4 BTG3 HSP90AA1 MTHFD1L SERPINB8 

CRBN HIST1H2BD PLEKHG4 CEBPG HSPA4L PADI1 SLC7A1 

SRXN1 

TIPIN 

;and 
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identifying each of the pharmacodynamics biomarkers of multiple signature pathways by at 

least 3 or more genes listed in Table 1 and confirming each of the pharmacodynamics 

biomarkers of multiple signature pathways using reference datasets compiled by IPA or NCI 

for each identified gene.  

According to a second embodiment of the invention, there is provided a method for 

quantifying the response to carboxyamidotriazole orotate (CTO) on pharmacodynamics 

biomarkers of non-voltage dependent Calcium signaling pathways, said method comprising: 

a) obtaining a cell sample obtained from a subject treated with varying doses of 

CTO for different time periods; 

b) isolating the mRNA from the treated cell sample and preparing representative 

cDNA therefrom and measuring the transcriptional alteration in expression in 

the cell sample resulting from CTO exposure; 

c) calculating a signature score for each of the pharmacodynamics biomarkers of 

non-voltage dependent calcium signaling pathways using the Ingenuity 

Pathway Analysis (IPA) System and quantitating the response to different 

doses of CTO exposure in vivo to the varying doses of CTO, selecting a list of 

overlapping genes overexpressing after 8hours and 24 hours of exposure to 

CTO; and 

d) identifying each of the pharmacodynamics biomarkers of non-voltage 

dependent calcium signaling multiple signature pathways by selecting a list of 

overlapping genes after 8 hours and 24 hours of exposure to CTO from the list 

including: 

Probeset ID Entrez Gene Gene Symbol Gene Title 
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222450_at 56937 PMEPAl prostate transmembrane protein, 
androgen induced 1 

FKBPlA-SDCBP2/// FKBP1A-SDCBP2readthrough 
233565sat 100528031 /1/ 27111 SDCBP2 (non-protein coding) /I syndecan 

binding protein (syntenin) 

242832_at 5187 PERI periodhomolog 1 (Drosophila) 

240463_at --- --- --

213039_at 23370 ARHGEF 18 Rho/Rac guanine nucleotide 
exchange factor (GEF) 18 

235072_s_at 63971 KIF 13A kinesin family member 13A 

208926_at 4758 NEUI sialidase 1 (lysosomal sialidase) 

237444_at --- --- --

239451_at --- --- --

222288_at --- --- --

227579_at 2241 FER fer (fps/fes related) tyrosine kinase 

pleckstrin homology domain 
212717_at 9842 PLEKHMI containing, family M (with RUN 

domain) member 1 

226853_at 55589 BMP2K BMP2 inducible kinase 

chromosome X open reading frame 
214112sat 541578 /1/ 91966 CXorf40A // CXorf40B 40A // chromosome X open 

reading frame 40B 

209012_at 7204 TRIO triple functional domain (PTPRF 
interacting) 

219476_at 79098 ClI orfl 16 chromosome 1 open reading frame 
116 

238086_at 100129617 LOC100129617 uncharacterized LOC100129617 

230721_at 730094 C16orf52 chromosome 16 open reading 
2 frame 52 

1566079_at 647190 RPS16P5 ribosomal protein S16 pseudogene 
5 

223839_s at 6319 SCD stearoyl-CoA desaturase (delta-9
desaturase) 

225671_at 124976 SPNS2 spinster homolog 2 (Drosophila) 

212961_x at 541578 CXorf40B chromosome X open reading frame 
40B 

223659_at 84000 TMPRSS13 transmembrane protease, serine 13 

229909_at 283358 B34GALNT3 beta-i,4-N-acetyl-galactosaminyl 
transferase 3 

223467_at 51655 RASD1 RAS, dexamethasone-induced 1 

235146_at 57458 TMCC3 transmembrane and coiled-coil 
domain family 3 

235548 at 164284 APCDD1L adenomatosis polyposis coli down
regulated I-like 

206816_s_at 26206 SPAG8 sperm associated antigen 8 

242323_at 81579 PLA2G12A phospholipase A2, group XIIA 

224579_at 81539 SLC38AI solute carrier family 38, member 1 

213315_x at 91966 CXorf40A chromosome X open reading frame 
40A 

227314_at 3673 ITGA2 integrin, alpha 2 (CD49B, alpha 2 
subunit of VLA-2 receptor) 

227093_at 57602 USP36 Ubiquitin specific peptidase 36 

200760 s at 10550 ARL6IP5 ADP-ribosylation-like factor 6 
0 -interacting protein 5 

201790_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

1554980_a_at 467 ATF3 activating transcription factor 3 

242255_at 22884 WDR37 WD repeat domain 37 

219267_at 51228 GLTP glycolipid transfer protein 

1555786_s at 645687 LINC00520 long intergenic non-protein coding 
RNA 520 
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229734_at 283174 LOC283174 uncharacterized LOC283174 

242856_at --- --- --

201037_at 5214 PFKP phosphofructokinase, platelet 

1562970_at --- --- --

201465_s_at 3725 JUN jun proto-oncogene 

202067_s_at 3949 LDLR low density lipoprotein receptor 

223679_at 1499 CTNNB I catenin (cadherin-associated 
protein),beta 1, 88kDa 

201235_s_at 7832 BTG2 BTG family, member 2 

225662 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

potassium intermediate/small 
204401at 3783 KCNN4 conductance calcium-activated 

channel, subfamily N, member 

222906_at 28982 FLVCR1 feline leukemia virus subgroup C 
cellular receptor 1 

238613 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

206414_s_at 8853 ASAP2 ArfGAP with SH3 domain, 
ankyrin repeat and PH domain 2 

210794_s at 55384 MEG3 maternally expressed 3 (non
protein coding) 

226621_at 9180 OSMR oncostatin M receptor 

230682_x at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

235668_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 

205483_s_at 9636 ISG15 ISG15 ubiquitin-like modifier 

215808_at 5655 KLK1O kallikrein-related peptidase 10 

212281_s_at 27346 TMEM97 transmembrane protein 97 

212282_at 27346 TMEM97 transmembrane protein 97 

226287_at 91057 CCDC34 coiled-coil domain containing 34 

213618_at 116984 ARAP2 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 2 

231089_at 100505664 LOC100505664 uncharacterized LOC100505664 

227140_at 3624 INHBA inhibin, beta A 

231467_at --- --- --

202967_at 2941 GSTA4 glutathione S-transferase alpha 4 

230323_s_at 120224 TMEM45B transmembrane protein 45B 

224471_s at 8945 BTRC beta-transducin repeat containing 
E3 ubiquitin protein ligase 

202708sat 8349 HIST2H2BE histone cluster 2, H2be 

242871_at 54852 PAQR5 progestin and adipoQ receptor 
family member V 

205627_at 978 CDA cytidine deaminase 

235542_at 200424 TET3 tet methyleytosine dioxygenase 3 

240410_at --- --- --

236656_s_at 100288911 LOC100288911 uncharacterized LOC100288911 

206164_at 9635 CLCA2 chloride channel accessory 2 

203159_at 2744 GLS glutaminase 

224991_at 80790 CMIP c-Maf inducing protein 

204258_at 1105 CHD1 chromodomain helicase DNA 
binding protein 1 

228249_at 119710 C I l orf74 chromosome 11 open reading 
frame 74 

229013_at 145783 LOC145783 uncharacterized LOC145783 
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platelet-activating factor 
211547sat 5048 PAFAHIBI acetyihydrolase ib, regulatory 

subunit 1 (45kDa) 

226863_at 642273 FAMI0C family with sequence similarity 
110, member C 

208161_s at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

214805_at 1973 EIF4Al eukaryotic translation initiation 
factor 4Al 

229429_xat 728855 /// 728875 LOC728855 /I uncharacterized LOC728855 // 
LOC728875 uncharacterized LOC728875 

202720_at 26136 TES testis derived transcript (3 LIM 
domains) 

224995_at 56907 SPIRE1 spire homolog 1 (Drosophila) 

214771 x at 23164 MPRIP myosin phosphatase Rho 
1 -interacting protein 

201939_at 10769 PLK2 polo-like kinase 2 

238587_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

232113_at --- --- --

208690_s_at 9124 PDLIM1 PDZ and LIM domain 1 

201464_x_at 3725 JUN jun proto-oncogene 

236657_at 100288911 LOC100288911 uncharacterized LOC100288911 

215541_s at 1729 DIAPH1 diaphanous homolog 1 
(Drosophila) 

238028_at 647024 C6orfl32 chromosome 6 open reading frame 
132 

226893 at 27 ABL2 v-abl Abelson marine leukemia 
viral oncogene homolog 2 

237576_x_at 100506480 LOC100506480 uncharacterized LOC100506480 

1552256_a at 949 SCARB Iscavenger receptor class B, 
member 1 

215255_at 22997 IGSF9B immunoglobulin superfamily, 
member 9B 

1557258_a_at 8915 BCL1O B-cell CLL/lymphoma 10 

240623_at --- --- --

solute carrier family 6 
228754at 6533 SLC6A6 (neurotransmitter transporter, 

taurine), member 6 

217257_at 6452 SH3BP2 SH3-domain binding protein 2 

241036_at --- --- --

242553_at 8714 ABCC3 ATP-binding cassette, sub-family 
23C(CFTR/MRP), member 3 

239358_at --

210868_s_at 79071 ELOVL6 ELOVL fatty acid elongase 6 

platelet-activating factor 
200815_sat 5048 PAFAHIBI acetylhydrolase ib, regulatory 

subunit 1 (45kDa) 

208436_s_at 3665 IRF7 interferon regulatory factor 7 

208138_at 2520 GAST gastrin 

241780_at --- --- --

200730_s at 7803 PTP4Al protein tyrosine phosphatase type 
IVA, member 1 

219697_at 9956 HS3ST2 heparan sulfate (glucosamine) 3-0
sulfotransferase 2 

201693_s_at 1958 EGRI early growth response 1 

218847_at 10644 IGF2BP2 insulin-like growth factor 2 mRNA 
binding protein 2 

230469at 219790 RTKN2 rhotekin 2 

209917_s_at 11257 TP53TG1 TP53 target 1 (non-protein coding) 

224329sat 84518 CNFN cornifelin 
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212253_x_at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

238058_at 150381 LOC150381 uncharacterized LOC150381 

239334 at 57488 ESYT2 Extended synaptotagmin-like 
protein 2 

222271_at --- --- --

216718_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

219076_s_at 5827 PXMP2 peroxisomal membrane protein 2, 
22kDa 

204475_at 4312 MIMP1 matrix metallopeptidase 1 
(interstitial collagenase) 

221185_s_at 84223 IQCG IQ motif containing G 

203586_s_at 379 ARL4D ADP-ribosylation factor-like 4D 

217802_s at 64710 NUCKS1 nuclear casein kinase and cyclin
dependent kinase substrate 1 

205767_at 2069 EREG epiregulin 

228360_at 130576 LYPD6B LY6/PLAUR domain containing 
6B 

228917_at --- --- --

228748_at 966 CD59 CD59 molecule, complement 
regulatory protein 

sedoheptulokinase /I transient 
219632sat 23729 /// 7442 SHPK /// TRPV1 receptor potential cation channel, 

subfamily V, member 

238715_at 646014 LOC646014 Uncharacterized LOC646014 

218810_at 80149 ZC3H12A zinc finger CCCH-type containing 
12A 

225177_at 80223 RAB 1FIP RAB 1 family interacting protein 
1 (class I) 

224454_at 55500 ETNK1 ethanolamine kinase 1 

carcinoembryonic antigen-related 
209498_at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

1557257_at 8915 BCL1O B-cell CLL/lymphoma 10 

225133_at 51274 KLF3 Kruppel-like factor 3 (basic) 

202340_x_at 3164 NR4Al nuclear receptor subfamily 4, 
group A, member 1 

1556545_at --- --- --

212474_at 23080 AVL9 AVL9 homolog (S. cerevisiase) 

210241_s_at 11257 TP53TGI TP53 target 1 (non-protein coding) 

243543_at --- --- --

239132_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

222757 s at 51776 ZAK sterile alpha motif and leucine 
-7 -zipper containing kinase AZK 

201194_at 6415 SEPW1 selenoprotein W, 1 

229874xat 100506687 LOC100506687 uncharacterized LOC100506687 

202557_at 6782 HSPAl13 heat shock protein 70kDa family, 
member 13 

239669_at --- --- --

231907 at 27 ABL2 v-abl Abelson marine leukemia 
viral oncogene homolog 2 

229074_at 30844 EHD4 EH-domain containing 4 

205428_s_at 794 CALB2 calbindin 2 

205822_s at 3157 HMGCS1 3-hydroxy-3-methylglutaryl-CoA 
synthase 1 (soluble) 

210869_s_at 4162 MCAM melanoma cell adhesion molecule 

225665 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

212781_at 5930 RBBP6 retinoblastoma binding protein 6 
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232355_at 767579 SNORD 114-3 small nucleolar RNA, C/D box 
114-3 

membrane bound 0
213288at 129642 MBOAT2 acyltransferase domain containing 

2 

221666_s at 29108 PYCARD PYD and CARD domain 
containing 

203072_at 4643 MYOlE myosin IE 

215465_at 26154 ABCA12 ATP-binding cassette, sub-family 
22A(ABC1), member 12 

224453_s_at 55500 ETNK1 ethanolamine kinase 1 

216935_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

209086xat 4162 MCAM melanoma cell adhesion molecule 

218833 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

209377_s at 9324 HMGN3 high mobility group nucleosomal 
binding domain 3 

223519 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

210138_at 8601 RGS20 regulator of G-protein signaling 20 

1558845_at 100506089 LOC100506089 uncharacterized LOC100506089 

201819_at 949 SCARB I scavenger receptor class B, 
member 1 

natriuretic peptide receptor 
204310sat 4882 NPR2 B/guanylate cyclase B 

(atrionatriuretic peptide receptor B 

239377_at 84285 EIF1AD eukaryotic translation initiation 
factor lA domain containing 

224611_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

phosphatidylinositol transfer 
219155at 26207 PTPNC protecytoplasmic 1 

227163at 119391 GSTO2 glutathione S-transferase omega 2 

209633_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

219681_s at 80223 RAB11 I FIP I RAB11 family interacting protein 
S1(class I) 

221860 at 3191 HNRNPL heterogeneous nuclear 
ribonucleoprotein L 

243296_at 10135 NAMPT Nicotinamide 
phosphoribosyltransferase 

237133_at --- --- --

1556000_s at 55727 BTBD7 BTB (POZ) domain containing 7 

204681_s at 9771 RAPGEF5 Rap guanine nucleotide exchange 
factor (GEF) 5 

215726_s at 1528 CYB35A cytochrome b5 type A 
(microsomal) 

210886_x_at 11257 TP53TG1 TP53 target 1 (non-protein coding) 

226597_at 92840 REEP6 receptor accessory protein 6 

204995 at 8851l CDK5R1 cyclin-dependent kinase 5, 
regulatory subunit l (p35) 

236119_s_at 6706 SPRR2G small proline-rich protein 2G 

219228_at 55422 ZNF331 zinc finger protein 331 

234971xat 113026 PLCD3 phospholipase C, delta 3 

201127_s_at 47 ACLY ATP citrate lyase 

226880_at 64710 NUCKS1 Nuclear casein kinase and cyclin
dependent kinase substrate 1 

209383_at 1649 DDIT3 DNA-damage-inducible transcript 
3 

204168_at 4258 MGST2 microsomal glutathione S
transferase 2 

239670_at 65268 WNK2 WNK lysine deficient protein 
kinase 2 
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myeloid/lymphoid or mixed
208512_s-at 4301 MLLT4 lineage leukemia (trithorax 

homolog, Drosophila); translocate 

213281_at 3725 JUN Jun proto-oncogene 

potassium channel tetramerisation 
218310_at 154881 /1/ 27342 KCTD7 /I RABGEF1 domain containing 7 /// RAB 

guanine nucleotide exchan 

205151 s at 9865 TRIL TLR4 interactor with leucine-rich 
repeats 

218217_at 59342 SCPEP1 serine carboxypeptidase 1 

integrin, alpha E (antigen CD103, 
205055at 3682 ITGAE human mucosal lymphocyte 

antigen1;alpha polypeptide 

215009 s at 100499177 THAP9-AS1 THAP9 antisense RNA 1 (non
-a -protein coding) 

227484_at 57522 SRGAP1 SLIT-ROBO Rho GTPase 
activating protein 1 

239769_at 1009 CDH11 Cadherin 11, type 2, OB-cadherin 
(osteoblast) 

230360_at 342035 GLDN gliomedin 

227112_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

201482_at 5768 QSOX quiescin Q6 sulthydryl oxidase 1 

210337_s_at 47 ACLY ATP citrate lyase 

203911_at 5909 RAP1GAP RAP1 GTPase activating protein 

206683_at 7718 ZNF165 zinc finger protein 165 

202935_s at 6662 SOX9 SRY (sex determining region Y)
box 9 

phosphatidylinositol-specific 
218951sat 55344 PLCXD1 phospholipase C, X domain 

containing 1 

233488_at 84659 RNASE7 ribonuclease, RNase A family, 7 

202562_s at 11161 Cl4orfl chromosome 14 open reading 
frame 1 

ATP synthase, H+ transporting, 
208745_at 10632 ATP5L mitochondrial Fo complex, subunit 

G 

236078_at 57707 KIAA1609 KIAA1609 

226226_at 120224 TMEM45B transmembrane protein 45B 

213854_at 9145 SYNGRI synaptogyrin 1 

243955_at --- --- --

222111_at 54629 FAM63B family with sequence similarity 63, 
1 member B 

1560296_at --- --- --

240038_at --- --- --

211372_s_at 7850 IL1R2 interleukin 1 receptor, type II 

202672sat 467 ATF3 activating transcription factor 3 

218717_s_at 55214 LEPREL1 leprecan-like 1 

228366_at --- --- --

2305 16_at 115416 MALSU I Mitochondrial assembly of 
ribosomal large subunit 1 

201920_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

209632_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

207367 at 479 ATP12A ATPase, H+/K+ transporting, 
nongastric, alpha polypeptide 

1557256_a_at --- --- --

cold inducible RNA binding 
200811I-at 1153 CJRBP protein 

205201_at 2737 GLI3 GLI family zinc finger 3 
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227724_at 728190 LOC728190 uncharacterized LOC728190 

205403_at 7850 IL1R2 interleukin 1 receptor, type II 

242827_x_at --- --- --

228084_at 81579 PLA2G12A phospholipase A2, group XIIA 

209365_s_at 1893 ECM1 extracellular matrix protein 1 

243279_at --- --- --

224946_s_at 84317 CCDC115 coiled-coil domain containing 115 

218708_at 29107 NXT1 NTF2-like export factor 1 

1560531_at 353132 LCE1B late cornified envelope lB 

207761_s_at 25840 METTL7A methyltransferase like 7A 

206011 at 834 CASP1 caspase 1, apoptosis-related 
cysteine peptidase 

213703_at 150759 LINC00342 long intergenic non-protein coding 
RNA 342 

224595_at 23446 SLC44AI solute carrier family 44, member 1 

224613_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

212504_at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

213682_at 10762 NUP50 nucleoporin 50kDa 

205247_at 4855 NOTCH4 notch 4 

228235_at 84848 MGC16121 uncharacterized protein 
MGC16121 

242873_at --- --- --

205960 at 5166 PDK4 pyruvate dehydrogenase kinase, 
isozyme 4 

230494_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

221260_s at 81566 CSRNP2 cysteine-serine-rich nuclear protein 
2 

224480_s at 84803 AGPAT9 1-acylglycerol-3-phosphate 0
acyltransferase 9 

210180_s at 6434 TRA2B3 transformer 2 beta homolog 
(Drosophila) 

204621_s_at 4929 NR4A2 nuclear receptor subfamily 4, 
group A, member 2 

217863_at 8554 PIAS1 protein inhibitor of activated 
STAT, 1 

236423_at --- --- --

223421_at 50626 CYHR1 cysteine/histidine-rich 1 

220272_at 54796 BNC2 basonuclin 2 

201791_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

215574_at --- --- --

224328sat 84648 LCE3D late cornified envelope 3D 

211828_s at 23043 TNIK TRAF2 and NCK interacting 
kinase 

58367_s at 79744 ZNF419 zinc finger protein 419 

218950_at 64411 ARAP3 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 3 

caspase recruitment domain 
1552703sat 114769 /// 834 CARD16 / CASP I family, member 16 // caspase 1, 

apoptosis-related cysteine 

219687_at 55733 HHAT hedgehog acyltransferase 

232127_at 1184 CLCN5 chloride channel, voltage-sensitive 

218377_s_at 10069 RWDD2B RWD domain containing 2B 

Ras association (RaGDS/AF-6) 
210335at 9182 RASSF9 domain family (N-terminal) 

member 9 
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227927_at --- --- --

227224_at 55103 RALGPS2 Ral GEFwith PH domain and SH3 
binding motif 2 

224778_s_at 57551 TAOK TAO kinase 1 

229566_at 645638 LOC645638 WDNM1-like pseudogene 

202734 at 9322 TRIP 10 thyroid hormone receptor 
interactor 10 

201851_at 6455 SH3GL1 SH3-domain GRB2-like 1 

237337_at --- --- --

37152 at 5467 PPARD peroxisome proliferator-activated 
receptor delta 

209687_at 6387 CXCL12 chemokine (C-X-C motif) ligand 
12 

203152_at 64976 MRPL40 mitochondrial ribosomal protein 
L40 

201627_s_at 3638 INSIGI insulin induced gene 1 

232593_at 93082 NEURL3 neuralized homolog 3 (Drosophila) 
pseudogene 

224769at 57551 TAOK TAO kinase 1 

209702_at 79068 FTO fat mass and obesity associated 

204546_at 9764 KIAA0513 KIAA0513 

mannan-binding lectin serine 
232224at 5648 MASP1 peptidase 1 (C4/C2 activating 

component of Ra-reactive fac 

UDP-N-acetyl-alpha-D

239930_at 2590 GALNT2 galactosamine:polypeptide N
acetylgalactosaminyltransferase 2 

(Gal 
glycine amidinotransferase (L

203178_at 2628 GATM arginine:glycine 
amidinotransferase) 

235782_at --- --- --

218181_s at 9448 MAP4K4 mitogen-activated protein kinase 
kinase kinase kinase 4 

233520_s_at 202333 CMYA5 cardiomyopathy associated 5 

213456_at 25928 SOSTDC1 sclerostin domain containing 1 

219528_s at 64919 BCL11B B-cell CLL/lymphoma l IB (zinc 
finger protein) 

224945_at 55727 BTBD7 BTB (POZ) domain containing 7 

214866_at 5329 PLAUR plasminogen activator, urokinase 
receptor 

209941 at 8737 RIPKl receptor (TNFRSF)-interacting 
serine-threonine kinase 1 

226029_at 57216 VANGL2 vang-like 2 (van gogh, Drosophila) 

212596_s_at 10042 HMGXB4 HMG box domain containing 4 

229873_at 283219 KCTD21 potassium channel tetramerisation 
domain containing 21 

226392_at 5922 RASA2 RAS p21 protein activator 2 

226005_at 7326 UBE2G1 ubiquitin-conjugating enzyme E2G 

214445_at 22936 ELL2 elongation factor, RNA 
polymerase II, 2 

227680_at 284695 ZNF326 zinc finger protein 326 

227786_at 90390 MED30 mediator complex subunit 30 

222067_x_at 3017 HIST1H2BD histone cluster 1, H2bd 

1569106_s at 55209 SETD5 SET domain containing 5 

231785_at 4909 NTF4 neurotrophin 4 

223937_at 27086 FOXPI forkhead box P1 

1558685_a_at 158960 LOC158960 uncharacterized protein BC009467 
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zinc finger protein 36, C3H type211965_at 677 ZFP36LI like 1 

39549_at 4862 NPAS2 neuronal PAS domain protein 2 

203800_s_at 63931 MRPS14 mitochondrial ribosomal protein 
S14 

1556321_a_at --- --- --

212321_at 8879 SGPL1 sphingosine-1-phosphate lyase 1 

222154 s at 26010 SPATS2L spermatogenesis associated, serine
rich 2-like 

218774_at 28960 DCPS decapping enzyme, scavenger 

212268_at 1992 SERPINB I serpin peptidase inhibitor, clade B 
P(ovalbumin), member 1 

213134_x_at 10950 BTG3 BTG family, member 3 

230669at 5922 RASA2 RAS p21 protein activator 2 

1559901_s at 388815 LINC00478 long intergenic non-protein coding 
RNA 478 

225298_at 25953 PNKD paroxysmal nonkinesigenic 
dyskinesia 

242558_at --- --- --

226043at 26086 GPSM1 G-protein signaling modulator 1 

protein tyrosine phosphatase, 
210236at 8500 PPFIA receptor type, fpolypeptide 

(PTPRF),interacting protein 
natriuretic peptide receptor 

214066xat 4882 NPR2 B/guanylate cyclase B 
(atrionatriureticpeptide receptor B 

240024_at 23541 SEC14L2 SEC14-like 2 (S. cerevisiae) 

235462_at 132864 CPEB2 Cytoplasmic polyadenylation 
element binding protein 2 

1554015_a at 1106 CHD2 chromodomain helicase DNA 
binding protein 2 

leucine-rich repeats and calponin 
235347at 84859 LRCH3 homology (CH) domain containing 

3 

230847_at 56897 WRNIP1 Werner helicase interacting protein 

201427_s_at 6414 SEPP I selenoprotein P, plasma, 1 

1557905_s at 960 CD44 CD44 molecule (Indian blood 
group) 

219084_at 64324 NSD1 nuclear receptor binding SET 
domain protein 1 

206176_at 654 BMP6 bone morphogenetic protein 6 

219826_at 79744 ZNF419 zinc finger protein 419 

212356_at 23351 KIINYN KH and NYN domain containing 

218909_at 26750 RPS6KC1 ribosomal protein S6 kinase, 
52kDa, polypeptide 1 

230555_s at 90390 MED30 Mediator complex subunit 30 

212687_at 3987 LIMS I LIM and senescent cell antigen
like domains 1 

203098_at 9425 CDYL chromodomain protein, Y-like 

229054_at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

236039_at 284348 LYPD5 LY6/PLAUR domain containing 5 

209661_at 3801 KIFC3 kinesin family member C3 

209560_s_at 8788 DLK1 delta-like 1 homolog (Drosophila) 

225812_at 619208 C6orf225 chromosome 6 open reading frame 
225 

227829_at 120071 GYLTL1B glycosyltransferase-like lB 

238623_at --- --- --

229415_at 54205 CYCS cytochrome c, somatic 
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209222_s_at 9885 OSBPL2 oxysterol binding protein-like 2 

1555809_at 83716 CRISPLD2 cysteine-rich secretory protein 
LCCL domain containing 2 

204567_s at 9619 ABCG1 ATP-binding cassette, sub-family 
G (WHITE), member 1 

solute carrier family 28 (sodium
232277_at 64078 SLC28A3 coupled nucleoside transporter), 

member 3 

237197_at --- --- --

225209_s at 118424 UBE2J2 ubiquitin-conjugating enzyme E2, 
J2 

231916_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

212279_at 27346 TMEM97 transmembrane protein 97 

204862_s at 4832 NME3 NME/NM23 nucleoside 
diphosphate kinase 3 

230483_at --- --- --

212856_at 23151 GRAMD4 GRAM domain containing 4 

224650_at 114569 MAL2 mal, T-cell differentiation protein 2 
(gene/pseudogene) 

202963_at 5993 RFX5 regulatory factor X, 5 (influences 
HLA class II expression) 

225320_at 90550 MCU mitochondrial calcium uniporter 

236274_at 8662 EIF3B eukaryotic translation initiation 
factor 3, subunit B 

putative homeodomain 
209780_at 57157 PHTF2 transcription factor 2 

218823_s at 54793 KCTD9 potassium channel tetramerisation 
domain containing 9 

227787_s_at 90390 MED30 mediator complex subunit 30 

230296_at 730094 C16orf52 chromosome 16 open reading 
frame 52 

222892sat 55287 TMEM40 transmembrane protein 40 

carcinoembryonic antigen-related 
210610_at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

230031_at 3309 HSPA5 heat shock 70kDa protein 5 
(glucose-regulated protein, 78kDa) 

238477_at 10749 KIFIC kinesin family member IC 

209409 at 2887 GRB10 growth factor receptor-bound 
protein 10 

217995_at 58472 SQRDL sulfide quinone reductase-like 
(yeast) 

226873_at 54629 FAM63B family with sequence similarity 63, 
member B 

1553722_s at 220441 RNF152 ring finger protein 152 

204710_s at 26100 WIPI2 WD repeat domain, 
phosphoinositide interacting 2 

212653sat 23301 EHBP1 EH domain binding protein 1 

203979_at 1593 CYP27AI cytochrome P450, family 27, 
subfamily A, polypeptide 1 

244350_at 4651 MYOlO myosin X 

223233_s_at 57530 CGN cingulin 

1555967_at --- --- --

100128553///100142659 CTAGE 15P// CTAGE family, member 15, 

214355_x_at /// 340307 /// 441294/// CTAGE4 /I CTAGE6P pseudogene /I CTAGE family, 

643854 //C TAGE8 // member 4 /// CTAGE family, 
CTAGE9 member 

214469_at 3012 /// 8335 HIST1 H2AB /I histone cluster 1, H2ab /// histone 
HISTlH2AE cluster 1, H2ae 

microtubule associated 
212472at 9645 MICAL2 monoxygenase, calponin and LIM 

domain containing 2 

228115_at 64762 FAM59A family with sequence similarity 59, 
member A 
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228964_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 

230027_s_at 84545 MRPL43 mitochondrial ribosomal protein 
L43 

207318_s_at 8621 CDK13 cyclin-dependent kinase 13 

221689_s at 51227 PIGP phosphatidylinositol glycan anchor 
biosynthesis, class P 

219270_at 79094 CHACI ChaC, cation transport regulator 
homolog 1 (E. coli) 

225299_at 4645 MYO5B myosin VB 

239770 at 83850 ESYT3 extended synaptotagmin-like 
protein 3 

226399_at 79982 DNAJB 14 DnaJ (Hsp40) homolog, subfamily 
B, member 14 

226656_at 10491 CRTAP cartilage associated protein 

228852_at 2029 ENSA endosulfine alpha 

206239_s_at 6690 SPINKI serine peptidase inhibitor, Kazal 
type 1 

210993_s_at 4086 SMADI SMAD family member 1 

238462_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

211962_s at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

224666 at 197370 NSMCE1 non-SMC element 1 homolog (S.  
cerevisiae) 

239028_at 130574 LYPD6 LY6/PLAUR domain containing 6 

213577_at 6713 SQLE squalene epoxidase 

202011 _at 7082 TJP l tight junction protein 1 (zona 
occludens 1) 

212254_s_at 100652766 /1/ 667 DST// LOC100652766 dystonin /I dystonin-like 

221701_s at 64220 STRA6 stimulated by retinoic acid gene 6 
homolog (mouse) 

239576_at 57509 MTUS1 microtubule associated tumor 

suppressor 1 

234418_x_at 960 CD44 CD44 molecule (Indian blood 

group) 

227985_at 100506098 LOC100506098 uncharacterized LOC100506098 

213462at 4862 NPAS2 neuronal PAS domain protein 2 

224975_at 4774 NFIA nuclear factor LA 

225990_at 91653 BOC Boc homolog (mouse) 

240616_at --- --- --

219911_s_at 28231 SLCO4AI solute carrier organic anion 
transporter family, member 4A 

224970_at 4774 NFIA nuclear factor LA 

214623 at 26226 FBXW4P I F-box and WD repeat domain 
containing 4 pseudogene 1 

239478_x at 55668 C1I 4orfl 18 chromosome 14 open reading 
frame 118 

226909_at 85460 ZNF518B zinc finger protein 518B 

208670_s at 23741 EID1 EP300 interacting inhibitor of 
differentiation 1 

206192_at 1041 CDSN corneodesmosin 

222173sat 55357 TBC1D2 TBC1 domain family, member 2 

228450 at 144100 PLEKHA7 pleckstrin homology domain 
containing, family A member 7 

1558097_at 253143 PRR14L proline rich 14-like 

219373_at 54344 DPM3 dolichyl-phosphate 
mannosyltransferase polypeptide 3 

230388 s at 644246 KANSL1-AS1 KANSLI antisense RNA 1 (non
2 a 62 proteicoding) 

207098sat 55669 MFN1 mitofusin 1 

77



223484_at 84419 C15orf48 chromosome 15 open reading 
frame 48 

244804_at 8878 SQSTM1 sequestosome 1 

229679_at 400073 C 12orf76 chromosome 12 open reading 
frame 76 

225826_at 326625 MMAB methylmalonic aciduria (cobalamin 
deficiency) cblB type 

213352_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

carcinoembryonic antigen-related 
211883xat 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

HIST1H2BCI// 

8339 8343 /// 8344 HIST1H2BE// histone cluster 1, H2bc /I histone 
210387_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

210916_s_at 960 CD44 CD44 molecule (Indian blood 
group) 

solute carrier family 25 
221432sat 81894 SLC25A28 (mitochondrial iron transporter), 

member 28 

218487_at 210 ALAD aminolevulinate dehydratase 

223264_at 59274 MESDC1 mesoderm development candidate 

guanine nucleotide binding protein 
206356sat 2774 GNAL (G protein), alpha activating 

activity polypeptide, 

218097_s_at 79004 CUEDC2 CUE domain containing 2 

228001_at 757 TMEM50B transmembrane protein 50B 

212441_at 9778 KIAA0232 KIAA0232 

201854_s_at 23300 ATMIN ATM interactor 

121_at 7849 PAX8 paired box 8 

222143sat 64419 MTMR14 myotubularin related protein 14 

1558002 at 11171 STRAP Serine/threonine kinase receptor 
associated protein 

226040_at --- --- --

226141_at 91050 CCDC149 coiled-coil domain containing 149 

1556567_at 4676 NAP1L4 nucleosome assembly protein 1
like 4 

226263_at 154007 SNRNP48 small nuclear ribonucleoprotein 
22663a 148kDa(Ull/U12) 

212074_at 23353 SUN1 Sadl and UNC84 domain 
containing 1 

227387_at 54780 NSMCE4A Non-SMC element 4 homolog A 
(S. cerevisiae) 

232795_at --- --- --

matrix metallopeptidase 9 
203936sat 4318 MMP9 (gelatinase B, 92kDa gelatinase, 

92kDa type IV collagenase) 

225033 at 6482 ST3GAL1 ST3 beta-galactoside alpha-2,3
sialyltransferase 1 

209109_s_at 7105 TSPAN6 tetraspanin 6 

213351_s at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

203047_at 6793 STK1O serine/threonine kinase 10 

220721_at 80110 ZNF614 zinc finger protein 614 

1556127_at 23181 DIP2A DIP2 disco-interacting protein 2 
homolog A (Drosophila) 

215016_x_at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

carcinoembryonic antigen-related 
206576sat 634 CEACAMI cell adhesion molecule 1 (biliary 

glycoprotein) 
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240674_at 3720 JARID2 jumonji, AT rich interactive 
domain 2 

225646_at 1075 CTSC cathepsin C 

1554010_at 3340 NDSTl N-deacetylase/N-sulfotransferase 
T(heparanglucosaminyl) 1 

204100_at 7067 THRA thyroid hormone receptor, alpha 

221840 at 5791 PTPRE protein tyrosine phosphatase, 
receptor type, E 

209078_s_at 25828 TXN2 thioredoxin 2 

218530_at 29109 FHOD1 formin homology 2 domain 
containing 1 

235434_at --- --- --

230063at 9422 ZNF264 zinc finger protein 264 

40420_at 6793 STK1O serine/threonine kinase 10 

221027sat 81579 PLA2G12A phospholipase A2, group XIIA 

244202_at --- --- --

212108_at 23197 FAF2 Fas associated factor family 
member 2 

204294_at 275 AMT aminomethyltransferase 

225503_at 207063 DHRSX dehydrogenase/reductase (SDR 
family) X-linked 

solute carrier family 1 
212810sat 6509 SLC1A4 (glutamate/neutral amino acid 

transporter), member 4 

214814_at 91746 YTHDC1 YTH domain containing 1 

228468 at 84930 MASTL microtubule associated 
serine/threonine kinase-like 

209108_at 7105 TSPAN6 tetraspanin 6 

220444_at 79230 ZNF557 zinc finger protein 557 

206172_at 3598 IL13RA2 interleukin 13 receptor, alpha 2 

225002sat 25870 SUMF2 sulfatase modifying factor 2 

212205_at 94239 H2AFV H2A histone family, member V 

228851_s_at 2029 ENSA endosulfine alpha 

209048 s at 23613 ZMYND8 zinc finger, MYND-type 
-s -containing 8 

211846_s at 5818 PVRL1 poliovirus receptor-related 1 
(herpesvirusentry mediator C) 

238909_at 6281 SiOOA10 S100 calcium binding protein Al0 

205503 at 5784 PTPN14 protein tyrosine phosphatase, non
receptor type 14 

243829 at 673 BRAF v-raf marine sarcoma viral 
oncogenehomolog B1 

244379_at --- --- --

223251sat 55608 ANKRD1O ankyrin repeat domain 10 

202633 at 11073 TOPBP1 topoisomerase (DNA) II binding 
protein 1 

214502_at 8970 HISTlH2BJ histone cluster 1, H2bj 

221773 at 2004 ELK3 ELK3, ETS-domain protein (SRF 
accessory protein 2) 

41858_at 27315 PGAP2 post-GPI attachment to proteins 2 

212850_s at 4038 LRP4 low density lipoprotein receptor
related protein 4 

223408s_at --- --- --

HIST1 H2AD /I 
3013 //8350 ///8351 // HIST1H3A/// histone cluster 1, H2ad /// histone 
8352 /8353 /8354 /// HIST1H3B /// 

21447 a 8355 /8356 //8357 // HIST H3C cluster, H3a// histonecluster1, 
8358/ HIST1H3D/ H3b/1/histo 

HIST1H3E // 
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HIST1 H3F /I 
HIST1H3GI/ 
HIST1H3H// 
HIST1H3I// 

HISTlH3J 

225647_s_at 1075 CTSC cathepsin C 

1559977_a at 284723 SLC25A34 solute carrier family 25, member 
34 

211347_at 8555 CDC14B CDCl4 cell division cycle 14 
homolog B (S. cerevisiae) 

1558208_at --- --- --

227570_at 144110 TMEM86A transmembrane protein 86A 

227492_at 100506658 /1/ 647859 LOC647859 /// OCLN occludin pseudogene /// occludin 

1558778_s at 57496 MKL2 MKL/myocardin-like 2 

nuclear receptor subfamily 1, 
31637_s-at 7067 // 9572 NR1D1 I/ ITHRA group D, member 1/// thyroid 

hormone receptor, alpha 

229190_at 100507376 LOC100507376 uncharacterized LOC100507376 

236188_s at 4676 NAP 1L4 Nucleosome assembly protein 1
like 4 

212503_s at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

nuclear receptor subfamily 1, 
204760sat 7067 // 9572 NR1D1 I/ ITHRA group D, member 1// thyroid 

hormone receptor, alpha 

212099_at 388 RHOB ras homolog family member B 

214873 at 91355 LRP5L low density lipoprotein receptor
related protein 5-like 

228181_at 7779 SLC30AI solute carrier family 30 (zinc 
transporter), member 1 

calmodulin regulated spectrin
212763at 23271 CAMSAP2 associated protein family, member 

2 

226285_at 4076 CAPRIN1 cell cycle associated protein 1 

213567_at 3840 KPNA4 karyopherin alpha 4 (importin 
alpha 3) 

nuclear factor of kappa light 
203927at 4794 NFKBIE polypeptide gene enhancer in B

cells inhibitor, epsilon 
HIST1H2BCI// 

8339 //8343 /// 8344 / HIST1H2BE// histone cluster 1, H2bc /// histone 
208523_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

219389_at 55061 SUSD4 sushi domain containing 4 

202329_at 1445 CSK c-src tyrosine kinase 

238523_at 79786 KLHL36 kelch-like 36 (Drosophila) 

1565016_at 3276 PRMTl protein arginine methyltransferase 

226409_at 128637 TBC1D20 TBC1 domain family, member 20 

229926_at 100500850 MIR3682 microRNA 3682 

HIST1H2BCI// 

8339 /// 8343 /// 8344 /// HIST1H2BE// histone cluster 1, H2bc /// histone 
208527_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

223598_at 5887 RAD23B RAD23 homolog B (S. cerevisiae) 

243797_at 9262 STK17B serine/threonine kinase 17b 

203317 at 23550 PSD4 pleckstrin and Sec7 domain 
containing 4 

230965_at 9099 USP2 ubiquitin specific peptidase 2 

208490_x at 8339 /// 8343 /// 8344// HIST1H2BC// histone cluster 1, H2bc /// histone 
8346 // 8347 HIST1H2BE// cluster 1, H2be /// histone cluster 1, 
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HIST1H2BF// H2bf/// his 
HIST1H2BGI// 

HISTlH2BI 

235514_at 151516 ASPRV1 aspartic peptidase, retroviral-like 1 

209098_s_at 182 JAGI jagged 1 

1554229_at 153222 CREBRF CREB3 regulatory factor 

209398_at 3006 HISTIHIC histone cluster 1, HIc 

202629_at 10513 APPBP2 amyloid beta precursor protein 
(cytoplasmictail) binding protein 2 

203428_s at 25842 ASF lA ASF I anti-silencing function 1 
homolog A(S. cerevisiae) 

238005_s at 25942 SIN3A SIN3 transcription regulator 
homolog A (yeast) 

HIST1H2BCI// 

8339 //8343 /// 8344 // HIST1H2BE// histone cluster 1, H2bc /// histone 
214455_at 8346 // 8347 HISTlH2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HISTlH2BI 

214073_at 2017 CTTN cortactin 

203140_at 604 BCL6 B-cell CLL/lymphoma 6 

232150_at --- --- --

208546_x_at 8345 HISTlH2BH histone cluster 1, H2bh 

243446_at 84962 AJUBA ajuba LIM protein 

236207_at 6744 SSFA2 sperm specific antigen 2 

212016 s at 5725 PTBP1 polypyrimidine tract binding 
-a -protein 1 

232311_at 567 B2M Beta-2-microglobulin 

219711_at 54807 ZNF586 zinc finger protein 586 

H2B histone family, member S 
208579xat 54145 // 85236 H2BFS // HIST1 H2BK (pseudogene) /// histone cluster 1, 

H2bk 

239493_at 6129 RPL7 ribosomal protein L7 

214074_s_at 2017 CTTN cortactin 

228091_at 55014 STX17 syntaxin 17 

234331_s at 151354 FAM84A family with sequence similarity 84, 
member A 

212372_at 4628 MYHO 10myosin, heavy chain 10, non
muscle 

wherein said genes overexpress after 8 hours and 12 hours of exposure to CTO-and 

quantitating the response in each of the pharmacodynamics biomarkers of multiple signature 

pathways to different doses of CTO exposure in vivo to the varying doses of CTO.  

According to a third embodiment of the invention, there is provided a method for 

quantifying the response to carboxyamidotriazole orotate (CTO) on pharmacodynamics 

biomarkers of transcription signatures selected from the group consisting of EGFR, MEK, 

HDAC, HSP90, WNTj-catenin, P53, EGRi, PTEN, TGFj, RAS, GFS, CEACAMI and 

Dystonin, said method comprising: 

81



a) obtaining a cell sample obtained from a subject treated with varying doses 

of CTO for different time periods; 

b) isolating the mRNA from the treated cell sample and preparing 

representative cDNA therefrom and measuring the transcriptional 

alteration in expression in the cell sample resulting from CTO exposure; 

c) calculating a signature score for each of the pharmacodynamics 

biomarkers of multiple signature pathways and quantitating the response to 

different doses of CTO exposure in vivo to the varying doses of CTO, 

selecting a list of overlapping genes overexpressing after 8 hours and 24 

hours exposure to CTO; and 

d) identifying each of the pharmacodynamics biomarkers of multiple 

signature pathways by at least 3 or more genes from the list including: 

Probeset ID Entrez Gene Gene Symbol Gene Title 

222450_at 56937 PMEPAl prostate transmembrane protein, 
androgen induced 1 

351 FKBPIA-SDCBP2/ FKBP1A-SDCBP2readthrough 
233565_s_at 100528031//27111 SDCBP2 (non-protein coding) /I syndecan 

binding protein (syntenin) 

242832_at 5187 PERI period homolog 1 (Drosophila) 

240463_at --- --- --

213039_at 23370 ARHGEF 18 Rho/Rac guanine nucleotide 
exchange factor (GEF) 18 

235072_s_at 63971 KIF 13A kinesin family member 13A 

208926_at 4758 NEUI sialidase 1 (lysosomal sialidase) 

237444_at --- --- --

239451_at --- --- --

222288_at --- --- --

227579_at 2241 FER fer (fps/fes related) tyrosine kinase 

pleckstrin homology domain 
212717_at 9842 PLEKHMI containing, family M (with RUN 

domain) member 1 

226853_at 55589 BMP2K BMP2 inducible kinase 

chromosome X open reading frame 
214112_sat 541578 /1/ 91966 CXorf4OA // CXorf4OB 40A // chromosome X open 

reading frame 40B 

209012 at 7204 TRIO triple functional domain (PTPRF 
interacting) 

219476_at 79098 ClI orfl 16 chromosome 1 open reading frame 
116 

82



238086_at 100129617 LOC100129617 uncharacterized LOC100129617 

230721_at 730094 C16orf52 chromosome 16 open reading 
frame 52 

1566079_at 647190 RPS16P5 ribosomal protein S16 pseudogene 
5 

223839_s at 6319 SCD stearoyl-CoA desaturase (delta-9
desaturase) 

225671_at 124976 SPNS2 spinster homolog 2 (Drosophila) 

212961_x at 541578 CXorf40B chromosome X open reading frame 
40B 

223659_at 84000 TMPRSS13 transmembrane protease, serine 13 

229909_at 283358 B34GALNT3 beta-i,4-N-acetyl-galactosaminyl 
transferase 3 

223467_at 51655 RASD1 RAS, dexamethasone-induced 1 

235146_at 57458 TMCC3 transmembrane and coiled-coil 
domain family 3 

235548 at 164284 APCDD1L adenomatosis polyposis coli down
regulated 1-like 

206816_s_at 26206 SPAG8 sperm associated antigen 8 

242323_at 81579 PLA2G12A phospholipase A2, group XIIA 

224579_at 81539 SLC38AI solute carrier family 38, member 1 

213315_x at 91966 CXorf40A chromosome X open reading frame 
40A 

227314_at 3673 ITGA2 integrin, alpha 2 (CD49B, alpha 2 
subunit of VLA-2 receptor) 

227093_at 57602 USP36 Ubiquitin specific peptidase 36 

200760 s at 10550 ARL6IP5 ADP-ribosylation-like factor 6 
0 -interacting protein 5 

201790_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

1554980_a_at 467 ATF3 activating transcription factor 3 

242255_at 22884 WDR37 WD repeat domain 37 

219267_at 51228 GLTP glycolipid transfer protein 

1555786_s at 645687 LINC00520 long intergenic non-protein coding 
RNA 520 

229734_at 283174 LOC283174 uncharacterized LOC283174 

242856_at --- --- --

201037_at 5214 PFKP phosphofructokinase, platelet 

1562970_at --- --- --

201465s_at 3725 JUN jun proto-oncogene 

202067_s_at 3949 LDLR low density lipoprotein receptor 

223679_at 1499 CTNNB1 catenin (cadherin-associated 
protein), beta 1, 88kDa 

201235sat 7832 BTG2 BTG family, member 2 

225662 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

potassium intermediate/small 
204401at 3783 KCNN4 conductance calcium-activated 

channel, subfamily N, member 

222906_at 28982 FLVCR1 feline leukemia virus subgroup C 
cellular receptor 1 

238613 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

206414_s_at 8853 ASAP2 ArfGAP with SH3 domain, 
ankyrin repeat and PH domain 2 

210794_s at 55384 MEG3 maternally expressed 3 (non
protein coding) 

226621_at 9180 OSMR oncostatin M receptor 

230682_x at 8714 ABCC3 ATP-binding cassette, sub-family 
2 8C (CFTR/MRP), member 3 

235668_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 
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205483_s_at 9636 ISGI5 ISG15 ubiquitin-like modifier 

215808_at 5655 KLK1O kallikrein-related peptidase 10 

212281_s_at 27346 TMEM97 transmembrane protein 97 

212282_at 27346 TMEM97 transmembrane protein 97 

226287_at 91057 CCDC34 coiled-coil domain containing 34 

213618_at 116984 ARAP2 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 2 

231089_at 100505664 LOC100505664 uncharacterized LOC100505664 

227140_at 3624 INHBA inhibin, beta A 

231467_at --- --- --

202967_at 2941 GSTA4 glutathione S-transferase alpha 4 

230323_s_at 120224 TMEM45B transmembrane protein 45B 

224471_s at 8945 BTRC beta-transducin repeat containing 
E3 ubiquitin protein ligase 

202708sat 8349 HIST2H2BE histone cluster 2, H2be 

242871_at 54852 PAQR5 progestin and adipoQ receptor 
family member V 

205627_at 978 CDA cytidine deaminase 

235542_at 200424 TET3 tet methyleytosine dioxygenase 3 

240410_at --- --- --

236656_s_at 100288911 LOC100288911 uncharacterized LOC100288911 

206164_at 9635 CLCA2 chloride channel accessory 2 

203159_at 2744 GLS glutaminase 

224991_at 80790 CMIP c-Maf inducing protein 

204258_at 1105 CHD1 chromodomain helicase DNA 
binding protein 1 

228249_at 119710 C I l orf74 chromosome 11 open reading 
frame 74 

229013_at 145783 LOC145783 uncharacterized LOC145783 

platelet-activating factor 
211547sat 5048 PAFAHIBI acetylhydrolase ib, regulatory 

subunit 1 (45kDa) 

226863_at 642273 FAMI OC family with sequence similarity 
110, member C 

208161_s at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

214805_at 1973 EIF4Al eukaryotic translation initiation 
factor 4Al 

229429_xat 728855 /// 728875 LOC728855 /I uncharacterized LOC728855 // 
LOC728875 uncharacterized LOC728875 

202720_at 26136 TES testis derived transcript (3 LIM 
domains) 

224995_at 56907 SPIRE1 spire homolog 1 (Drosophila) 

214771 x at 23164 MPRIP myosin phosphatase Rho 
1 -interacting protein 

201939_at 10769 PLK2 polo-like kinase 2 

238587_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

232113_at --- --- --

208690sat 9124 PDLIM1 PDZ and LIM domain 1 

201464_x_at 3725 JUN jun proto-oncogene 

236657_at 100288911 LOC100288911 uncharacterized LOC100288911 

215541_s at 1729 DIAPH1 diaphanous homolog 1 
(Drosophila) 

238028_at 647024 C6orfl 32 chromosome 6 open reading frame 
132 

226893_at 27 ABL2 v-abl Abelson marine leukemia 
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viral oncogene homolog 2 

237576xat 100506480 LOC100506480 uncharacterized LOC100506480 

1552256_a at 949 SCARB Iscavenger receptor class B, 
member 1 

215255_at 22997 IGSF9B immunoglobulin superfamily, 
member 9B 

1557258_a_at 8915 BCL1O B-cell CLL/lymphoma 10 

240623_at --- --- --

solute carrier family 6 
228754at 6533 SLC6A6 (neurotransmitter transporter, 

taurine), member 6 

217257_at 6452 SH3BP2 SH3-domain binding protein 2 

241036_at --- --- --

242553_at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

239358_at --- --- --

210868sat 79071 ELOVL6 ELOVL fatty acid elongase 6 

platelet-activating factor 
200815_sat 5048 PAFAHIBI acetylhydrolase ib, regulatory 

subunit 1 (45kDa) 

208436_s_at 3665 IRF7 interferon regulatory factor 7 

208138_at 2520 GAST gastrin 

241780_at --- --- --

200730_s at 7803 PTP4Al protein tyrosine phosphatase type 
IVA, member 1 

219697_at 9956 HS3ST2 heparan sulfate (glucosamine) 3-0
sulfotransferase 2 

201693_s_at 1958 EGRI early growth response 1 

218847_at 10644 IGF2BP2 insulin-like growth factor 2 mRNA 
binding protein 2 

230469_at 219790 RTKN2 rhotekin 2 

209917_s_at 11257 TP53TG1 TP53 target 1 (non-protein coding) 

224329_s_at 84518 CNFN cornifelin 

212253_x_at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

238058_at 150381 LOC150381 uncharacterized LOC150381 

239334 at 57488 ESYT2 Extended synaptotagmin-like 
protein 2 

222271_at --- --- --

216718_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

219076_s_at 5827 PXMP2 peroxisomal membrane protein 2, 
22kDa 

204475_at 4312 MIMP1 matrix metallopeptidase 1 
(interstitial collagenase) 

221185_s_at 84223 IQCG IQ motif containing G 

203586_s_at 379 ARL4D ADP-ribosylation factor-like 4D 

217802_s at 64710 NUCKS1 nuclear casein kinase and cyclin
Cdependentkinase substrate 1 

205767_at 2069 EREG epiregulin 

228360_at 130576 LYPD6B LY6/PLAUR domain containing 
6B 

228917_at --- --- --

228748_at 966 CD59 CD59 molecule, complement 
regulatory protein 

sedoheptulokinase /I transient 
219632sat 23729 /// 7442 SHPK /// TRPV1 receptor potential cation channel, 

subfamily V, member 

238715_at 646014 LOC646014 Uncharacterized LOC646014 
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218810_at 80149 ZC3H12A zinc finger CCCH-type containing 
12A 

225177_at 80223 RAB I I1FIP I RAB 1 family interacting protein 
S1(class I) 

224454_at 55500 ETNK1 ethanolamine kinase 1 

carcinoembryonic antigen-related 
209498at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

1557257_at 8915 BCL1O B-cell CLL/lymphoma 10 

225133_at 51274 KLF3 Kruppel-like factor 3 (basic) 

202340_x_at 3164 NR4Al nuclear receptor subfamily 4, 
group A, member 1 

1556545_at --- --- --

212474_at 23080 AVL9 AVL9 homolog (S. cerevisiase) 

210241_s_at 11257 TP53TGI TP53 target 1 (non-protein coding) 

243543_at --- --- --

239132_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

222757 s at 51776 ZAK sterile alpha motif and leucine 
-7 -zipper containing kinase AZK 

201194_at 6415 SEPW1 selenoprotein W, 1 

229874_x_at 100506687 LOC100506687 uncharacterized LOC100506687 

202557_at 6782 HSPA13 heat shock protein 70kDa family, 
member 13 

239669_at --- --- --

231907 at 27 ABL2 v-abl Abelson marine leukemia 
viral oncogene homolog 2 

229074_at 30844 EHD4 EH-domain containing 4 

205428_s_at 794 CALB2 calbindin 2 

205822_s at 3157 HMGCS1 3-hydroxy-3-methylglutaryl-CoA 
synthase 1 (soluble) 

210869_s_at 4162 MCAM melanoma cell adhesion molecule 

225665 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

212781_at 5930 RBBP6 retinoblastoma binding protein 6 

232355_at 767579 SNORD 114-3 small nucleolar RNA, C/D box 
114-3 

membrane bound 0
213288at 129642 MBOAT2 acyltransferase domain containing 

2 

221666_s at 29108 PYCARD PYD and CARD domain 
containing 

203072_at 4643 MYOlE myosin IE 

215465_at 26154 ABCA12 ATP-binding cassette, sub-family 
A (ABC1), member 12 

224453_s at 55500 ETNK1 ethanolamine kinase 1 

216935_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

209086_x_at 4162 MCAM melanoma cell adhesion molecule 

218833 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

209377_s at 9324 HMGN3 high mobility group nucleosomal 
binding domain 3 

223519 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

210138_at 8601 RGS20 regulator of G-protein signaling 20 

1558845_at 100506089 LOC100506089 uncharacterized LOC100506089 

201819_at 949 SCARB I scavenger receptor class B, 
member 1 

natriuretic peptide receptor 
204310_s-at 4882 NPR2 B/guanylate cyclase B 

(atrionatriuretic peptide receptor B 
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239377_at 84285 EIF1AD eukaryotic translation initiation 
factor lA domain containing 

224611_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

219155_at 26207 PITPNC1 phosphatidylinositol transfer 
protein, cytoplasmic 1 

227163at 119391 GSTO2 glutathione S-transferase omega 2 

209633_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

219681_s at 80223 RAB11 I FIP I RAB11 family interacting protein 
S1(class I) 

221860 at 3191 HNRNPL heterogeneous nuclear 
ribonucleoprotein L 

243296_at 10135 NAMPT Nicotinamide 
phosphoribosyltransferase 

237133_at --- --- --

1556000_s at 55727 BTBD7 BTB (POZ) domain containing 7 

204681_s at 9771 RAPGEF5 Rap guanine nucleotide exchange 
factor (GEF) 5 

215726_s at 1528 CYB35A cytochrome b5 type A 
(microsomal) 

210886_x_at 11257 TP53TG1 TP53 target 1 (non-protein coding) 

226597_at 92840 REEP6 receptor accessory protein 6 

204995 at 8851l CDK5R1 cyclin-dependent kinase 5, 
regulatory subunit (p35) 

236119_s_at 6706 SPRR2G small proline-rich protein 2G 

219228_at 55422 ZNF331 zinc finger protein 331 

234971_x_at 113026 PLCD3 phospholipase C, delta 3 

201127_s_at 47 ACLY ATP citrate lyase 

226880_at 64710 NUCKS1 Nuclear casein kinase and cyclin
dependent kinase substrate 1 

209383_at 1649 DDIT3 DNA-damage-inducible transcript 
3 

204168_at 4258 MGST2 microsomal glutathione S
transferase 2 

239670_at 65268 WNK2 WNK lysine deficient protein 
kinase 2 

myeloid/lymphoid or mixed
208512_s-at 4301 MLLT4 lineage leukemia (trithorax 

homolog, Drosophila); translocate 

213281_at 3725 JUN Jun proto-oncogene 

potassium channel tetramerisation 
218310_at 154881 /1/ 27342 KCTD7 /I RABGEF1 domain containing 7 /// RAB 

guanine nucleotide exchan 

205151 s at 9865 TRIL TLR4 interactor with leucine-rich 
repeats 

218217_at 59342 SCPEP1 serine carboxypeptidase 1 

integrin, alpha E (antigen CD103, 
205055at 3682 ITGAE human mucosal lymphocyte 

antigen 1; alpha polypeptide 

215009 s at 100499177 THAP9-AS1 THAP9 antisense RNA 1 (non
-a -protein coding) 

227484_at 57522 SRGAP1 SLIT-ROBO Rho GTPase 
activating protein 1 

239769_at 1009 CDH11 Cadherin 11, type 2, OB-cadherin 
(osteoblast) 

230360at 342035 GLDN gliomedin 

227112_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

201482_at 5768 QSOX quiescin Q6 sulfhydryl oxidase 1 

210337_s_at 47 ACLY ATP citrate lyase 

203911_at 5909 RAPIGAP RAPi GTPase activating protein 

206683_at 7718 ZNF165 zinc finger protein 165 
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202935_s at 6662 SOX9 SRY (sex determining region Y)
box 9 

phosphatidylinositol-specific 
218951sat 55344 PLCXD1 phospholipase C, X domain 

containing 1 

233488_at 84659 RNASE7 ribonuclease, RNase A family, 7 

202562_s at 11161 C1I 4orfl chromosome 14 open reading 
frame 1 

ATP synthase, H+ transporting, 
208745_at 10632 ATP5L mitochondrial Fo complex, subunit 

G 

236078_at 57707 KIAA1609 KIAA1609 

226226_at 120224 TMEM45B transmembrane protein 45B 

213854_at 9145 SYNGRI synaptogyrin 1 

243955_at --- --- --

222111_at 54629 FAM63B family with sequence similarity 63, 
member B 

1560296_at --- --- --

240038_at --- --- --

211372_s_at 7850 IL1R2 interleukin 1 receptor, type II 

202672_s_at 467 ATF3 activating transcription factor 3 

218717_s_at 55214 LEPRELl leprecan-like 1 

228366_at --- --- --

2305 16_at 115416 MALSU I Mitochondrial assembly of 
ribosomal large subunit 1 

201920_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

209632_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

207367 at 479 ATP12A ATPase, H+/K+ transporting, 
nongastric, alpha polypeptide 

1557256_a_at --- --- --

cold inducible RNA binding 
200811I-at 1153 CJRBP protein 

205201_at 2737 GLI3 GLI family zinc finger 3 

227724_at 728190 LOC728190 uncharacterized LOC728190 

205403_at 7850 IL1R2 interleukin 1 receptor, type II 

242827_x_at --- --- --

228084_at 81579 PLA2G12A phospholipase A2, group XIIA 

209365_s_at 1893 ECM1 extracellular matrix protein 1 

243279_at --- --- --

224946_s_at 84317 CCDC115 coiled-coil domain containing 115 

218708_at 29107 NXT1 NTF2-like export factor 1 

1560531_at 353132 LCE1B late cornified envelope lB 

207761_s_at 25840 METTL7A methyltransferase like 7A 

206011 at 834 CASP1 caspase 1, apoptosis-related 
cysteine peptidase 

213703_at 150759 LINC00342 long intergenic non-protein coding 
RNA 342 

224595_at 23446 SLC44AI solute carrier family 44, member 1 

224613_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

212504_at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

213682_at 10762 NUP50 nucleoporin 50kDa 

205247_at 4855 NOTCH4 notch 4 
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228235_at 84848 MGC16121 uncharacterized protein 
8MGC16121 

242873_at --- --- --

205960 at 5166 PDK4 pyruvate dehydrogenase kinase, 
isozyme 4 

230494_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

221260_s at 81566 CSRNP2 cysteine-serine-rich nuclear protein 

224480_s at 84803 AGPAT9 1-acylglycerol-3-phosphate 0
acyltransferase 9 

210180_s at 6434 TRA2B3 transformer 2 beta homolog 
(Drosophila) 

204621_s_at 4929 NR4A2 nuclear receptor subfamily 4, 
group A, member 2 

217863_at 8554 PIAS1 protein inhibitor of activated 
STAT, 1 

236423_at --- --- --

223421_at 50626 CYHR1 cysteine/histidine-rich 1 

220272_at 54796 BNC2 basonuclin 2 

201791_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

215574_at --- --- --

224328_s_at 84648 LCE3D late cornified envelope 3D 

211828_s at 23043 TNIK TRAF2 and NCK interacting 
kinase 

58367_s-at 79744 ZNF419 zinc finger protein 419 

218950_at 64411 ARAP3 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 3 

caspase recruitment domain 
1552703sat 114769 /// 834 CARD16 / CASP I family, member 16 // caspase 1, 

apoptosis-related cysteine 

219687_at 55733 HHAT hedgehog acyltransferase 

232127_at 1184 CLCN5 chloride channel, voltage-sensitive 
5 

218377_s_at 10069 RWDD2B RWD domain containing 2B 

Ras association (RaGDS/AF-6) 
210335at 9182 RASSF9 domain family (N-terminal) 

member 9 

227927_at --- --- --

227224_at 55103 RALGPS2 Ral GEFwith PH domain and SH3 
binding motif 2 

224778_s_at 57551 TAOK TAO kinase 1 

229566_at 645638 LOC645638 WDNM1-like pseudogene 

thyroid hormone receptor 
202734_at 9322 TRIP10 interactor 10 

201851_at 6455 SH3GL1 SH3-domain GRB2-like 1 

237337_at --- --- --

37152 at 5467 PPARD peroxisome proliferator-activated 
receptor delta 

209687_at 6387 CXCL12 chemokine (C-X-C motif) ligand 
12 

203152_at 64976 MRPL40 mitochondrial ribosomal protein 
L40 

201627sat 3638 INSIGI insulin induced gene 1 

232593_at 93082 NEURL3 neuralized homolog 3 (Drosophila) 
pseudogene 

224769at 57551 TAOK TAO kinase 1 

209702_at 79068 FTO fat mass and obesity associated 

204546_at 9764 KIAA0513 KIAA0513 

232224 at 5648 MASP I mannan-binding lectin serine 

2peptidase1(C4/C2 activating 
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component of Ra-reactive fac 

UDP-N-acetyl-alpha-D

239930_at 2590 GALNT2 galactosamine:polypeptide N
acetylgalactosaminyltransferase 2 

(Gal 
glycine amidinotransferase (L

203178_at 2628 GATM arginine:glycine 
amidinotransferase) 

235782_at --- --- --

218181_s at 9448 MAP4K4 mitogen-activated protein kinase 
kinase kinase kinase 4 

233520_s_at 202333 CMYA5 cardiomyopathy associated 5 

213456_at 25928 SOSTDC1 sclerostin domain containing 1 

219528_s at 64919 BCL11B B-cell CLL/lymphoma l IB (zinc 
finger protein) 

224945_at 55727 BTBD7 BTB (POZ) domain containing 7 

214866_at 5329 PLAUR plasminogen activator, urokinase 
receptor 

209941 at 8737 RIPKl receptor (TNFRSF)-interacting 
serine-threonine kinase 1 

226029_at 57216 VANGL2 vang-like 2 (van gogh, Drosophila) 

212596_s_at 10042 HMGXB4 HMG box domain containing 4 

229873_at 283219 KCTD21 potassium channel tetramerisation 
domain containing 21 

226392_at 5922 RASA2 RAS p21 protein activator 2 

226005_at 7326 UBE2G1 ubiquitin-conjugating enzyme E2G 

214445_at 22936 ELL2 elongation factor, RNA 
polymerase II, 2 

227680_at 284695 ZNF326 zinc finger protein 326 

227786_at 90390 MED30 mediator complex subunit 30 

222067_x_at 3017 HIST1H2BD histone cluster 1, H2bd 

1569106_s at 55209 SETD5 SET domain containing 5 

231785_at 4909 NTF4 neurotrophin 4 

223937_at 27086 FOXPI forkhead box P1 

1558685_a_at 158960 LOC158960 uncharacterized protein BC009467 

211965_at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

39549_at 4862 NPAS2 neuronal PAS domain protein 2 

203800_s_at 63931 MRPS14 mitochondrial ribosomal protein 
S14 

1556321_a_at --- --- --

212321_at 8879 SGPL1 sphingosine-1-phosphate lyase 1 

222154 s at 26010 SPATS2L spermatogenesis associated, serine
rich 2-like 

218774_at 28960 DCPS decapping enzyme, scavenger 

212268_at 1992 SERPINB I serpin peptidase inhibitor, clade B 
(ovalbumin), member 1 

213134_x_at 10950 BTG3 BTG family, member 3 

230669at 5922 RASA2 RAS p21 protein activator 2 

1559901_s at 388815 LINC00478 long intergenic non-protein coding 
RNA 478 

225298_at 25953 PNKD paroxysmal nonkinesigenic 
dyskinesia 

242558_at --- --- --

226043_at 26086 GPSM1 G-protein signaling modulator 1 

protein tyrosine phosphatase, 
210236_at 8500 PPFIA receptor type, fpolypeptide 

(PTPRF), interactingprotein 
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natriuretic peptide receptor 
214066xat 4882 NPR2 B/guanylate cyclase B 

(atrionatriuretic peptide receptor B 

240024_at 23541 SEC14L2 SEC14-like 2 (S. cerevisiae) 

235462_at 132864 CPEB2 Cytoplasmic polyadenylation 
element binding protein 2 

1554015_a at 1106 CHD2 chromodomain helicase DNA 
binding protein 2 

leucine-rich repeats and calponin 
235347at 84859 LRCH3 homology (CH) domain containing 

3 

230847_at 56897 WRNIP1 Werner helicase interacting protein 

201427sat 6414 SEPP I selenoprotein P, plasma, 1 

1557905_s at 960 CD44 CD44 molecule (Indian blood 
group) 

219084_at 64324 NSD1 nuclear receptor binding SET 
domain protein 1 

206176_at 654 BMP6 bone morphogenetic protein 6 

219826_at 79744 ZNF419 zinc finger protein 419 

212356_at 23351 KIINYN KH and NYN domain containing 

218909_at 26750 RPS6KC1 ribosomal protein S6 kinase, 
52kDa, polypeptide 1 

230555_s_at 90390 MED30 Mediator complex subunit 30 

212687_at 3987 LIMS I LIM and senescent cell antigen
like domains 1 

203098_at 9425 CDYL chromodomain protein, Y-like 

229054_at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

236039_at 284348 LYPD5 LY6/PLAUR domain containing 5 

209661_at 3801 KIFC3 kinesin family member C3 

209560sat 8788 DLK1 delta-like 1 homolog (Drosophila) 

225812_at 619208 C6orf225 chromosome 6 open reading frame 
225 

227829_at 120071 GYLTL1B glycosyltransferase-like lB 

238623_at --- --- --

229415_at 54205 CYCS cytochrome c, somatic 

209222_s_at 9885 OSBPL2 oxysterol binding protein-like 2 

1555809_at 83716 CRISPLD2 cysteine-rich secretory protein 
LCCL domain containing 2 

204567_s at 9619 ABCG1 ATP-binding cassette, sub-family 
G (WHITE), member 1 

solute carrier family 28 (sodium
232277_at 64078 SLC28A3 coupled nucleoside transporter), 

member 3 

237197_at --- --- --

225209_s at 118424 UBE2J2 ubiquitin-conjugating enzyme E2, 
J2 

231916_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

212279_at 27346 TMEM97 transmembrane protein 97 

204862_s at 4832 NME3 NME/NM23 nucleoside 
diphosphate kinase 3 

230483_at --- --- --

212856_at 23151 GRAMD4 GRAM domain containing 4 

224650_at 114569 MAL2 mal, T-cell differentiation protein 2 
(gene/pseudogene) 

202963_at 5993 RFX5 regulatory factor X, 5 (influences 
HLA class II expression) 

225320_at 90550 MCU mitochondrial calcium uniporter 

236274_at 8662 EIF3B eukaryotic translation initiation 
factor 3, subunit B 
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putative homeodomain 
209780at 57157 PHTF2 transcription factor 2 

218823_s at 54793 KCTD9 potassium channel tetramerisation 
domain containing 9 

227787_s_at 90390 MED30 mediator complex subunit 30 

230296_at 730094 C16orf52 chromosome 16 open reading 
frame 52 

222892_s at 55287 TMEM40 transmembrane protein 40 

carcinoembryonic antigen-related 
210610_at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

230031_at 3309 HSPA5 heat shock 70kDa protein 5 
(glucose-regulated protein, 78kDa) 

238477_at 10749 KIFIC kinesin family member IC 

209409_at 2887 GRB10 growth factor receptor-bound 
protein 10 

217995_at 58472 SQRDL sulfide quinone reductase-like 
(yeast) 

226873_at 54629 FAM63B family with sequence similarity 63, 
member B 

1553722_s at 220441 RNF152 ring finger protein 152 

204710_s at 26100 WIPI2 WD repeat domain, 
phosphoinositide interacting 2 

212653_s_at 23301 EHBP1 EH domain binding protein 1 

203979_at 1593 CYP27A1 cytochrome P450, family 27, 
subfamily A, polypeptide 1 

244350_at 4651 MYOlO myosin X 

223233_s_at 57530 CGN cingulin 

1555967_at --- --- --

100128553///100142659 CTAGE 15P// CTAGE family, member 15, 

214355_x_at /1/ 340307 /// 441294 // CTAGE4 /I CTAGE6P pseudogene /I CTAGE family, 

643854 //C TAGE8 // member 4 /// CTAGE family, 
CTAGE9 member 

214469_at 3012 /// 8335 HIST1 H2AB /I histone cluster 1, H2ab /// histone 
HISTlH2AE cluster 1, H2ae 

microtubule associated 
212472at 9645 MICAL2 monoxygenase, calponin and LIM 

domain containing 2 

228115_at 64762 FAM59A family with sequence similarity 59, 
member A 

228964_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 

230027_s_at 84545 MRPL43 mitochondrial ribosomal protein 
L43 

207318_s_at 8621 CDK13 cyclin-dependent kinase 13 

221689_s at 51227 PIGP phosphatidylinositol glycan anchor 
biosynthesis, class P 

219270_at 79094 CHACI ChaC, cation transport regulator 
homolog 1 (E. coli) 

225299_at 4645 MYO5B myosin VB 

239770 at 83850 ESYT3 extended synaptotagmin-like 
protein 3 

226399_at 79982 DNAJB 14 DnaJ (Hsp40) homolog, subfamily 
B, member 14 

226656_at 10491 CRTAP cartilage associated protein 

228852_at 2029 ENSA endosulfine alpha 

206239_s_at 6690 SPINKI serine peptidase inhibitor, Kazal 
type 1 

210993_s_at 4086 SMADI SMAD family member 1 

238462_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

211962_s at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

224666 at 197370 NSMCE1 non-SMC element 1 homolog (S.  
cerevisiae) 
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239028_at 130574 LYPD6 LY6/PLAUR domain containing 6 

213577_at 6713 SQLE squalene epoxidase 

202011 _at 7082 TJP I tightjunction protein 1 (zona 
occludens 1) 

212254s at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

221701_s at 64220 STRA6 stimulated by retinoic acid gene 6 
homolog (mouse) 

239576_at 57509 MTUS1 microtubule associated tumor 
suppressor 1 

234418_x_at 960 CD44 CD44 molecule (Indian blood 
group) 

227985_at 100506098 LOC100506098 uncharacterized LOC100506098 

213462at 4862 NPAS2 neuronal PAS domain protein 2 

224975_at 4774 NFIA nuclear factor LA 

225990_at 91653 BOC Boc homolog (mouse) 

240616_at --- --- --

219911_s_at 28231 SLCO4AI solute carrier organic anion 
transporter family, member 4A 

224970_at 4774 NFIA nuclear factor LA 

214623 at 26226 FBXW4P I F-box and WD repeat domain 
containing 4 pseudogene 1 

239478_x at 55668 C1I 4orfl 18 chromosome 14 open reading 
frame 118 

226909_at 85460 ZNF518B zinc finger protein 518B 

208670_s at 23741 EID1 EP300 interacting inhibitor of 
differentiation 1 

206192_at 1041 CDSN corneodesmosin 

222173_s_at 55357 TBC1D2 TBC1 domain family, member 2 

228450 at 144100 PLEKHA7 pleckstrin homology domain 
containing, family A member 7 

1558097_at 253143 PRR14L proline rich 14-like 

219373_at 54344 DPM3 dolichyl-phosphate 
mannosyltransferase polypeptide 3 

230388 s at 644246 KANSL1-AS1 KANSLI antisense RNA 1 (non
-a -protein coding) 

207098_s_at 55669 MFN1 mitofusin 1 

223484_at 84419 C15orf48 chromosome 15 open reading 
frame 48 

244804_at 8878 SQSTM1 sequestosome 1 

229679_at 400073 C 12orf76 chromosome 12 open reading 
frame 76 

225826_at 326625 MMNIAB methylmalonic aciduria (cobalamin 
deficiency) cblB type 

213352_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

carcinoembryonic antigen-related 
211883_xat 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 
HIST1H2BC// 

8339 /// 8343 /// 8344 // HIST1H2BE// histone cluster 1, H2bc /I histone 
210387_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

210916sat 960 CD44 CD44 molecule (Indian blood 
group) 

solute carrier family 25 
221432sat 81894 SLC25A28 (mitochondrial iron transporter), 

member 28 

218487_at 210 ALAD aminolevulinate dehydratase 

223264_at 59274 MESDC1 mesoderm development candidate 

206356_s at 2774 GNAL guanine nucleotide binding protein 
(G protein), alpha activating 
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activity polypeptide, 

218097_s_at 79004 CUEDC2 CUE domain containing 2 

228001_at 757 TMEM50B transmembrane protein 50B 

212441_at 9778 KIAA0232 KIAA0232 

201854_s_at 23300 ATMIN ATM interactor 

121_at 7849 PAX8 paired box 8 

222143_s_at 64419 MTMR14 myotubularin related protein 14 

1558002 at 11171 STRAP Serine/threonine kinase receptor 
associated protein 

226040_at --- --- --

226141_at 91050 CCDC149 coiled-coil domain containing 149 

1556567_at 4676 NAP1L4 nucleosome assembly protein 1
like 4 

226263_at 154007 SNRNP48 small nuclear ribonucleoprotein 
2226a 1548kDa(Ull/U12) 

212074_at 23353 SUN1 Sadl and UNC84 domain 
containing 1 

227387_at 54780 NSMCE4A Non-SMC element 4 homolog A 
(S. cerevisiae) 

232795_at --- --- --

matrix metallopeptidase 9 
203936sat 4318 MMP9 (gelatinase B, 92kDa gelatinase, 

92kDa type IV collagenase) 

225033 at 6482 ST3GAL1 ST3 beta-galactoside alpha-2,3
sialyltransferase 1 

209109_s_at 7105 TSPAN6 tetraspanin 6 

213351_s at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

203047_at 6793 STK1O serine/threonine kinase 10 

220721_at 80110 ZNF614 zinc finger protein 614 

1556127_at 23181 DIP2A DIP2 disco-interacting protein 2 
homolog A (Drosophila) 

215016_x_at 100652766 /1/ 667 DST /1/ LOC100652766 dystonin // dystonin-like 

carcinoembryonic antigen-related 
206576sat 634 CEACAMI cell adhesion molecule 1 (biliary 

glycoprotein) 

240674_at 3720 JARID2 jumonji, AT rich interactive 
domain 2 

225646_at 1075 CTSC cathepsin C 

1554010_at 3340 NDSTl N-deacetylase/N-sulfotransferase 
T(heparanglucosaminyl) 1 

204100_at 7067 THRA thyroid hormone receptor, alpha 

221840 at 5791 PTPRE protein tyrosine phosphatase, 
receptor type, E 

209078sat 25828 TXN2 thioredoxin 2 

218530 at 29109 FHOD1 formin homology 2 domain 
containing 1 

235434_at --- --- --

230063at 9422 ZNF264 zinc finger protein 264 

40420_at 6793 STK1O serine/threonine kinase 10 

221027_s_at 81579 PLA2G12A phospholipase A2, group XIIA 

244202_at --- --- --

212108_at 23197 FAF2 Fas associated factor family 
member 2 

204294_at 275 AMT aminomethyltransferase 

225503_at 207063 DHRSX dehydrogenase/reductase (SDR 
family) X-linked 

212810_s at 6509 SLC1A4 solute carrier family 1 
(glutamate/neutral amino acid 
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transporter), member 4 

214814_at 91746 YTHDC1 YTH domain containing 1 

228468 at 84930 MASTL microtubule associated 
serine/threonine kinase-like 

209108_at 7105 TSPAN6 tetraspanin 6 

220444_at 79230 ZNF557 zinc finger protein 557 

206172_at 3598 IL13RA2 interleukin 13 receptor, alpha 2 

225002_s_at 25870 SUMF2 sulfatase modifying factor 2 

212205_at 94239 H2AFV H2A histone family, member V 

228851sat 2029 ENSA endosulfine alpha 

209048 s at 23613 ZMYND8 zinc finger, MYND-type 
-s -containing 8 

211846_s at 5818 PVRL1 poliovirus receptor-related 1 
(herpesvirusentry mediator C) 

238909_at 6281 SiOOA10 S100 calcium binding protein Al0 

205503 at 5784 PTPN14 protein tyrosine phosphatase, non
receptor type 14 

243829 at 673 BRAF v-raf marine sarcoma viral 
oncogene homolog B1 

244379_at --- --- --

223251_s_at 55608 ANKRD1O ankyrin repeat domain 10 

202633 at 11073 TOPBP1 topoisomerase (DNA) II binding 

protein 1 

214502_at 8970 HISTlH2BJ histone cluster 1, H2bj 

221773 at 2004 ELK3 ELK3, ETS-domain protein (SRF 
accessory protein 2) 

41858_at 27315 PGAP2 post-GPI attachment to proteins 2 

212850_s at 4038 LRP4 low density lipoprotein receptor
related protein 4 

223408_s_at --- --- --

HIST1 H2AD /I 
HISTlH3AI/ 
HIST1H3B/// 

3013/18350/18351/! HJST1IH3CI/ 
8352 8353 8354/! HIST1H3D// histone cluster 1, H2ad /I histone 

214472_at 8355 8356 8357 // HIST H3EI /I cluster 1, H3a /// histone cluster 1, 

83583/ HIST1 H3F /I H3b // histo 
HISTlH3G/// 
HIST1H3H// 
HIST1H3I// 

HISTlH3J 

225647sat 1075 CTSC cathepsin C 

1559977_a at 284723 SLC25A34 solute carrier family 25, member 
34 

211347_at 8555 CDC14B CDC14 cell division cycle 14 
homolog B (S. cerevisiae) 

1558208_at --- --- --

227570_at 144110 TMEM86A transmembrane protein 86A 

227492_at 100506658 /1/ 647859 LOC647859 /// OCLN occludin pseudogene /// occludin 

1558778_s at 57496 MKL2 MKL/myocardin-like 2 

nuclear receptor subfamily 1, 
31637_s-at 7067 // 9572 NR1D1 I/ ITHRA group D, member 1/// thyroid 

hormone receptor, alpha 

229190_at 100507376 LOC100507376 uncharacterized LOC100507376 

236188_s at 4676 NAP 1L4 Nucleosome assembly protein 1
like 4 

212503_s at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

nuclear receptor subfamily 1, 
204760s at 7067 // 9572 NR1D1 I/ ITHRA group D, member 1// thyroid 

hormone receptor, alpha 
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212099_at 388 RHOB ras homolog family member B 

214873 at 91355 LRP5L low density lipoprotein receptor
related protein 5-like 

228181 at 7779 SLC30AI solute carrier family 30 (zinc 
transporter), member 1 

calmodulin regulated spectrin
212763at 23271 CAMSAP2 associated protein family, member 

2 

226285_at 4076 CAPRIN1 cell cycle associated protein 1 

213567_at 3840 KPNA4 karyopherin alpha 4 (importin 
alpha 3) 

nuclear factor of kappa light 
203927at 4794 NFKBIE polypeptide gene enhancer in B

cells inhibitor, epsilon 

HIST1H2BCI// 

8339 //8343 /// 8344 / HISTlH2BE// histone cluster 1, H2bc /// histone 
208523_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HISTlH2BGI// H2bf///his 
HIST1H2BI 

219389_at 55061 SUSD4 sushi domain containing 4 

202329_at 1445 CSK c-src tyrosine kinase 

238523_at 79786 KLHL36 kelch-like 36 (Drosophila) 

1565016_at 3276 PRMTl protein arginine methyltransferase 

226409_at 128637 TBC1D20 TBC1 domain family, member 20 

229926_at 100500850 MIR3682 microRNA 3682 

HIST1H2BCI// 

8339 /// 8343 /// 8344 /// HISTlH2BE// histone cluster 1, H2bc /// histone 
208527_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HISTlH2BGI// H2bf///his 
HIST1H2BI 

223598_at 5887 RAD23B RAD23 homolog B (S. cerevisiae) 

243797_at 9262 STK17B serine/threonine kinase 17b 

203317 at 23550 PSD4 pleckstrin and Sec7 domain 
containing 4 

230965_at 9099 USP2 ubiquitin specific peptidase 2 

HIST1H2BCI// 

8339 /// 8343 /// 8344 / HISTlH2BE// histone cluster 1, H2bc /// histone 
208490_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HISTlH2BGI// H2bf///his 
HISTlH2BI 

235514_at 151516 ASPRV1 aspartic peptidase, retroviral-like 1 

209098_s_at 182 JAG1 jagged 1 

1554229_at 153222 CREBRF CREB3 regulatory factor 

209398_at 3006 HISTlH1C histone cluster 1, HIc 

202629_at 10513 APPBP2 amyloid beta precursor protein 
2(cytoplasmictail) binding protein 2 

203428_s at 25842 ASF lA ASF I anti-silencing function 1 
homolog A (S. cerevisiae) 

238005_s at 25942 SIN3A SIN3 transcription regulator 
homolog A (yeast) 

HIST1H2BCI// 

8339 //8343 /// 8344 // HISTlH2BE// histone cluster 1, H2bc /// histone 
214455_at 8346 // 8347 HISTlH2BF// cluster 1, H2be /// histone cluster 1, 

HISTlH2BGI// H2bf///his 
HISTlH2BI 

214073_at 2017 CTTN cortactin 

203140_at 604 BCL6 B-cell CLL/lymphoma 6 

232150_at --- --- --

208546_x_at 8345 HISTlH2BH histone cluster 1, H2bh 

243446_at 84962 AJUBA ajuba LIM protein 
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236207_at 6744 SSFA2 sperm specific antigen 2 

212016 s at 5725 PTBP1 polypyrimidine tract binding 
- a -protein 1 

232311_at 567 B2M Beta-2-microglobulin 

219711_at 54807 ZNF586 zinc finger protein 586 

H2B histone family, member S 
208579xat 54145 // 85236 H2BFS // HIST1 H2BK (pseudogene) /// histone cluster 1, 

H2bk 

239493_at 6129 RPL7 ribosomal protein L7 

214074_s_at 2017 CTTN cortactin 

228091_at 55014 STX17 syntaxin 17 

234331_s at 151354 FAM84A family with sequence similarity 84, 
member A 

212372_at 4628 MYH10 myosin, heavy chain 10, non
muscle 

or reference datasets and quantitating the response in each of the pharmacodynamics 

biomarkers of multiple signature pathways to different doses of CTO exposure in vivo to the 

varying doses of CTO.  

The reference to any prior art in this specification is not, and should not be taken as an 

acknowledgement or any form of suggestion that the prior art forms part of the common 

general knowledge 
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What is claimed is: 

1. A method for quantifying the response to carboxyamidotriazole orotate (CTO) on 

pharmacodynamics biomarkers of multiple signature pathways, said method 

comprising: 

a) obtaining a cell sample obtained from a subject and exposing the cell sample 

to varying doses of CTO for different time periods; 

b) isolating the mRNA from the treated cell sample and preparing representative 

cDNA therefrom and measuring the transcriptional alteration in expression in 

the cell sample resulting from CTO exposure; 

c) calculating a signature score for each of the pharmacodynamics biomarkers of 

multiple signature pathways using the Ingenuity Pathway Analysis (IPA) 

System and quantitating the response to the varying doses of CTO exposure, 

selecting a list of overlapping genes overexpressing after 8 hours and 24 hours 

of exposure to CTO from the list including: 

Probeset ID Entrez Gene Gene Symbol Gene Title 

222450_at 56937 PMEPAl prostate transmembrane protein, 
androgen induced 1 

351 FKBPIA-SDCBP2/ FKBP1A-SDCBP2readthrough 
233565sat 100528031//27111 SDCBP2 (non-protein coding) /I syndecan 

binding protein (syntenin) 

242832_at 5187 PERI period homolog 1 (Drosophila) 

240463_at --- --- --

213039_at 23370 ARHGEF 18 Rho/Rac guanine nucleotide 
exchange factor (GEF) 18 

235072_s_at 63971 KIF 13A kinesin family member 13A 

208926_at 4758 NEUI sialidase 1 (lysosomal sialidase) 

237444_at --- --- --

239451_at --- --- --

222288_at --- --- --

227579_at 2241 FER fer (fps/fes related) tyrosine kinase 

pleckstrin homology domain 
212717at 9842 PLEKHMI containing, family M (with RUN 

domain) member 1 

226853_at 55589 BMP2K BMP2 inducible kinase 

214112s at 541578 /1/ 91966 CXorf4OA // CXorf4OB chromosome X open reading frame 
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40A // chromosome X open 
reading frame 40B 

209012_at 7204 TRIO triple functional domain (PTPRF 
interacting) 

219476_at 79098 CIorfl16 chromosome 1 open reading frame 
116 

238086_at 100129617 LOC100129617 uncharacterized LOC100129617 

230721_at 730094 C16orf52 chromosome 16 open reading 
frame 52 

1566079_at 647190 RPS16P5 ribosomal protein S16 pseudogene 
5 

223839_s at 6319 SCD stearoyl-CoA desaturase (delta-9
desaturase) 

225671_at 124976 SPNS2 spinster homolog 2 (Drosophila) 

212961_x at 541578 CXorf40B chromosome X open reading frame 
40B 

223659_at 84000 TMPRSS13 transmembrane protease, serine 13 

229909_at 283358 B34GALNT3 beta-i,4-N-acetyl-galactosaminyl 
transferase 3 

223467_at 51655 RASD1 RAS, dexamethasone-induced 1 

235146_at 57458 TMCC3 transmembrane and coiled-coil 
domain family 3 

235548 at 164284 APCDD1L adenomatosis polyposis coli down
regulated I-like 

206816_s_at 26206 SPAG8 sperm associated antigen 8 

242323_at 81579 PLA2G12A phospholipase A2, group XIIA 

224579_at 81539 SLC38AI solute carrier family 38, member 1 

213315_x at 91966 CXorf40A chromosome X open reading frame 
40A 

227314_at 3673 ITGA2 integrin, alpha 2 (CD49B, alpha 2 
subunit of VLA-2 receptor) 

227093_at 57602 USP36 Ubiquitin specific peptidase 36 

200760 s at 10550 ARL6IP5 ADP-ribosylation-like factor 6 
0 -interacting protein 5 

201790_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

1554980_a_at 467 ATF3 activating transcription factor 3 

242255_at 22884 WDR37 WD repeat domain 37 

219267_at 51228 GLTP glycolipid transfer protein 

1555786s_at 645687 LINCO0520 long intergenic non-protein coding 
RNA 520 

229734at 283174 LOC283174 uncharacterized LOC283174 

242856_at --- --- --

201037_at 5214 PFKP phosphofructokinase, platelet 

1562970_at --- --- --

201465sat 3725 JUN jun proto-oncogene 

202067_s_at 3949 LDLR low density lipoprotein receptor 

223679_at 1499 CTNNB1 catenin (cadherin-associated 
protein), beta 1, 88kDa 

201235_s_at 7832 BTG2 BTG family, member 2 

225662 at 51776 ZAK sterile alpha motif and leucine 
zippercontammgkinase AZK 

potassium intermediate/small 
204401_at 3783 KCNN4 conductance calcium-activated 

channel, subfamily N, member 

222906_at 28982 FLVCR1 feline leukemia virus subgroup C 
cellular receptor 1 

238613 at 51776 ZAK sterile alpha motif and leucine 
zippercontammgkinase AZK 

206414_s_at 8853 ASAP2 ArfGAP with SH3 domain, 
ankyrin repeat and PH domain 2 

210794s at 55384 MEG3 maternally expressed 3 (non
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protein coding) 

226621_at 9180 OSMR oncostatin M receptor 

230682_x at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

235668_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 

205483_s_at 9636 ISGI5 ISG15 ubiquitin-like modifier 

215808_at 5655 KLK1O kallikrein-related peptidase 10 

212281_s_at 27346 TMEM97 transmembrane protein 97 

212282_at 27346 TMEM97 transmembrane protein 97 

226287_at 91057 CCDC34 coiled-coil domain containing 34 

213618_at 116984 ARAP2 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 2 

231089_at 100505664 LOC100505664 uncharacterized LOC100505664 

227140_at 3624 INHBA inhibin, beta A 

231467_at --- --- --

202967_at 2941 GSTA4 glutathione S-transferase alpha 4 

230323_s_at 120224 TMEM45B transmembrane protein 45B 

224471_s at 8945 BTRC beta-transducin repeat containing 
E3 ubiguitin protein ligase 

202708sat 8349 HIST2H2BE histone cluster 2, H2be 

242871_at 54852 PAQR5 progestin and adipoQ receptor 
family member V 

205627_at 978 CDA cytidine deaminase 

235542_at 200424 TET3 tet methyleytosine dioxygenase 3 

240410_at --- --- --

236656_s_at 100288911 LOC100288911 uncharacterized LOC100288911 

206164_at 9635 CLCA2 chloride channel accessory 2 

203159_at 2744 GLS glutaminase 

224991_at 80790 CMIP c-Maf inducing protein 

204258_at 1105 CHD1 chromodomain helicase DNA 
binding protein 1 

228249_at 119710 C I l orf74 chromosome 11 open reading 
frame 74 

229013_at 145783 LOC145783 uncharacterized LOC145783 

platelet-activating factor 
211547sat 5048 PAFAHIBI acetylhydrolase ib, regulatory 

subunit 1 (45kDa) 

226863_at 642273 FAM1 10C family with sequence similarity 
S110, member C 

208161_s at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

214805_at 1973 EIF4Al eukaryotic translation initiation 
factor 4Al 

229429_xat 728855 /// 728875 LOC728855 /I uncharacterized LOC728855 // 
LOC728875 uncharacterized LOC728875 

202720_at 26136 TES testis derived transcript (3 LIM 
domains) 

224995_at 56907 SPIRE1 spire homolog 1 (Drosophila) 

214771 x at 23164 MPRIP myosin phosphatase Rho 
1 -interacting protein 

201939_at 10769 PLK2 polo-like kinase 2 

238587_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

232113_at --- --- --

208690_s_at 9124 PDLIM1 PDZ and LIM domain 1 

201464_x-at 3725 JUN jun proto-oncogene 
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236657_at 100288911 LOC100288911 uncharacterized LOC100288911 

215541_s at 1729 DIAPH1 diaphanous homolog 1 
(Drosophila) 

238028_at 647024 C6orfl32 chromosome 6 open reading frame 
132 

226893 at 27 ABL2 v-abl Abelson marine leukemia 
viral oncogene homolog 2 

237576_x_at 100506480 LOC100506480 uncharacterized LOC100506480 

1552256_a at 949 SCARB Iscavenger receptor class B, 
member 1 

215255_at 22997 IGSF9B immunoglobulin superfamily, 
member 9B 

1557258_a_at 8915 BCL1O B-cell CLL/lymphoma 10 

240623_at --- --- --

solute carrier family 6 
228754at 6533 SLC6A6 (neurotransmitter transporter, 

taurine), member 6 

217257_at 6452 SH3BP2 SH3-domain binding protein 2 

241036_at --- --- --

242553_at 8714 ABCC3 ATP-binding cassette, sub-family 
23C(CFTR/MRP), member 3 

239358_at --

210868_s_at 79071 ELOVL6 ELOVL fatty acid elongase 6 

platelet-activating factor 
200815sat 5048 PAFAHIBI acetylhydrolase ib, regulatory 

subunit 1 (45kDa) 

208436_s_at 3665 IRF7 interferon regulatory factor 7 

208138_at 2520 GAST gastrin 

241780_at --- --- --

200730_s at 7803 PTP4Al protein tyrosine phosphatase type 
IVA, member 1 

219697_at 9956 HS3ST2 heparan sulfate (glucosamine) 3-0
sulfotransferase 2 

201693_s_at 1958 EGRI early growth response 1 

218847_at 10644 IGF2BP2 insulin-like growth factor 2 mRNA 
binding protein 2 

230469at 219790 RTKN2 rhotekin 2 

209917sat 11257 TP53TG1 TP53 target 1 (non-protein coding) 

224329_s_at 84518 CNFN cornifelin 

212253_x_at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

238058_at 150381 LOC150381 uncharacterized LOC150381 

239334 at 57488 ESYT2 Extended synaptotagmin-like 
protein 2 

222271_at --- --- --

216718_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

219076_s_at 5827 PXMP2 peroxisomal membrane protein 2, 
22kDa 

204475_at 4312 MIMP1 matrix metallopeptidase 1 
(interstitial collagenase) 

221185_s_at 84223 IQCG IQ motif containing G 

203586sat 379 ARL4D ADP-ribosylation factor-like 4D 

217802_s at 64710 NUCKS1 nuclear casein kinase and cyclin
Kdependentkinase substrate 1 

205767_at 2069 EREG epiregulin 

228360_at 130576 LYPD6B3 LY6/PLAUR domain containing 
6B 

228917_at --- --- --

228748_at 966 CD59 CD59 molecule, complement 
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regulatory protein 

sedoheptulokinase /I transient 
219632sat 23729 /// 7442 SHPK /// TRPV1 receptor potential cation channel, 

subfamily V, member 

238715_at 646014 LOC646014 Uncharacterized LOC646014 

218810_at 80149 ZC3H12A zinc finger CCCH-type containing 
12A 

225177_at 80223 RAB I I1FIP I RAB 1 family interacting protein 
S1(class I) 

224454_at 55500 ETNK1 ethanolamine kinase 1 

carcinoembryonic antigen-related 
209498at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

1557257_at 8915 BCL1O B-cell CLL/lymphoma 10 

225133_at 51274 KLF3 Kruppel-like factor 3 (basic) 

202340_x_at 3164 NR4Al nuclear receptor subfamily 4, 
group A, member 1 

1556545_at --- --- --

212474_at 23080 AVL9 AVL9 homolog (S. cerevisiase) 

210241_s_at 11257 TP53TGI TP53 target 1 (non-protein coding) 

243543_at --- --- --

239132_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

222757 s at 51776 ZAK sterile alpha motif and leucine 
22 a 5K zippercontammgkinase AZK 

201194_at 6415 SEPW1 selenoprotein W, 1 

229874_x_at 100506687 LOC100506687 uncharacterized LOC100506687 

202557_at 6782 HSPAl13 heat shock protein 70kDa family, 
member 13 

239669_at --- --- --

231907 at 27 ABL2 v-abl Abelson marine leukemia 
viral oncogene homolog 2 

229074_at 30844 EHD4 EH-domain containing 4 

205428_s_at 794 CALB2 calbindin 2 

205822_s at 3157 HMGCS1 3-hydroxy-3-methylglutaryl-CoA 
synthase 1 (soluble) 

210869sat 4162 MCAM melanoma cell adhesion molecule 

225665 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

212781_at 5930 RBBP6 retinoblastoma binding protein 6 

232355_at 767579 SNORD 114-3 small nucleolar RNA, C/D box 
114-3 

membrane bound 0
213288at 129642 MBOAT2 acyltransferase domain containing 

2 

221666_s at 29108 PYCARD PYD and CARD domain 
containing 

203072_at 4643 MYOlE myosin IE 

215465_at 26154 ABCA12 ATP-binding cassette, sub-family 
22A(ABC1), member 12 

224453_s_at 55500 ETNK1 ethanolamine kinase 1 

216935_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

209086xat 4162 MCAM melanoma cell adhesion molecule 

218833 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

209377_s at 9324 HMGN3 high mobility group nucleosomal 
binding domain 3 

223519 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

210138_at 8601 RGS20 regulator of G-protein signaling 20 
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1558845_at 100506089 LOC100506089 uncharacterized LOC100506089 

201819_at 949 SCARB I scavenger receptor class B, 
member 1 

natriuretic peptide receptor 
204310sat 4882 NPR2 B/guanylate cyclase B 

(atrionatriuretic peptide receptor B 

239377_at 84285 EIF1AD eukaryotic translation initiation 
factor lA domain containing 

224611_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

219155_at 26207 PITPNC1 phosphatidylinositol transfer 
protein, cytoplasmic 1 

227163_at 119391 GSTO2 glutathione S-transferase omega 2 

209633_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

219681_s at 80223 RAB I I1FIP I RAB I 1 family interacting protein 
S1(class I) 

221860 at 3191 HNRNPL heterogeneous nuclear 
ribonucleoprotein L 

243296_at 10135 NAMPT Nicotinamide 
Tphosphoribosyltransferase 

237133_at --- --- --

1556000_s at 55727 BTBD7 BTB (POZ) domain containing 7 

204681_s at 9771 RAPGEF5 Rap guanine nucleotide exchange 
factor (GEF) 5 

215726_s at 1528 CYB35A cytochrome b5 type A 
(microsomal) 

210886xat 11257 TP53TG1 TP53 target 1 (non-protein coding) 

226597_at 92840 REEP6 receptor accessory protein 6 

204995 at 8851l CDK5R1 cyclin-dependent kinase 5, 
regulatory subunit (p35) 

236119_s_at 6706 SPRR2G small proline-rich protein 2G 

219228_at 55422 ZNF331 zinc finger protein 331 

234971xat 113026 PLCD3 phospholipase C, delta 3 

201127_s_at 47 ACLY ATP citrate lyase 

226880_at 64710 NUCKS1 Nuclear casein kinase and cyclin
dependent kinase substrate 1 

209383_at 1649 DDIT3 DNA-damage-inducible transcript 
3 

204168_at 4258 MGST2 microsomal glutathione S
transferase 2 

239670_at 65268 WNK2 WNK lysine deficient protein 
kinase 2 

myeloid/lymphoid or mixed
208512_s-at 4301 MLLT4 lineage leukemia (trithorax 

homolog,Drosophila); translocate 

213281_at 3725 JUN Jun proto-oncogene 

potassium channel tetramerisation 
218310_at 154881 /1/ 27342 KCTD7 /I RABGEF1 domain containing 7 /// RAB 

guanine nucleotide exchan 

205151 s at 9865 TRIL TLR4 interactor with leucine-rich 
repeats 

218217_at 59342 SCPEP1 serine carboxypeptidase 1 

integrin, alpha E (antigen CD103, 
205055at 3682 ITGAE human mucosal lymphocyte 

antigen1;alpha polypeptide 

215009 s at 100499177 THAP9-AS1 THAP9 antisense RNA 1 (non
2 a 14 proteicoding) 

227484_at 57522 SRGAP1 SLIT-ROBO Rho GTPase 
activating protein 1 

239769_at 1009 CDH11 Cadherin 11, type 2, OB-cadherin 
(osteoblast) 

230360_at 342035 GLDN gliomedin 

227112_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 
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201482_at 5768 QSOX quiescin Q6 sulfhydryl oxidase 1 

210337_s_at 47 ACLY ATP citrate lyase 

203911_at 5909 RAPIGAP RAP IGTPase activating protein 

206683_at 7718 ZNF165 zinc finger protein 165 

202935_s at 6662 SOX9 SRY (sex determining region Y)
box 9 

phosphatidylinositol-specific 
218951sat 55344 PLCXD1 phospholipase C, X domain 

containing 1 

233488_at 84659 RNASE7 ribonuclease, RNase A family, 7 

202562_s at 11161 C1I 4orfl chromosome 14 open reading 
frame 1 

ATP synthase, H+ transporting, 
208745_at 10632 ATP5L mitochondrial Fo complex, subunit 

G 

236078_at 57707 KIAA1609 KIAA1609 

226226_at 120224 TMEM45B transmembrane protein 45B 

213854_at 9145 SYNGRI synaptogyrin 1 

243955_at --- --- --

222111_at 54629 FAM63B family with sequence similarity 63, 
1 member B 

1560296_at --- --- --

240038_at --- --- --

211372_s_at 7850 IL1R2 interleukin 1 receptor, type II 

202672_s_at 467 ATF3 activating transcription factor 3 

218717_s_at 55214 LEPREL1 leprecan-like 1 

228366_at --- --- --

230516_at 115416 MALSU I Mitochondrial assembly of 
ribosomal large subunit 1 

201920_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

209632_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

207367 at 479 ATP12A ATPase, H+/K+ transporting, 
nongastric, alpha polypeptide 

1557256_a_at --- --- --

cold inducible RNA binding 200811I-at 1153 CJRBP protein 

205201_at 2737 GLI3 GLI family zinc finger 3 

227724_at 728190 LOC728190 uncharacterized LOC728190 

205403_at 7850 IL1R2 interleukin 1 receptor, type II 

242827_x_at --- --- --

228084_at 81579 PLA2G12A phospholipase A2, group XIIA 

209365_s_at 1893 ECM1 extracellular matrix protein 1 

243279_at --- --- --

224946_s_at 84317 CCDC115 coiled-coil domain containing 115 

218708_at 29107 NXT1 NTF2-like export factor 1 

1560531_at 353132 LCE1B late cornified envelope lB 

207761_s_at 25840 METTL7A methyltransferase like 7A 

206011 at 834 CASP1 caspase 1, apoptosis-related 
cysteine peptidase 

213703_at 150759 LINC00342 long intergenic non-protein coding 
RNA 342 

224595_at 23446 SLC44AI solute carrier family 44, member 1 

224613sat 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
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C, member 5 

212504_at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C(Drosophila) 

213682_at 10762 NUP50 nucleoporin 50kDa 

205247_at 4855 NOTCH4 notch 4 

228235_at 84848 MGC16121 uncharacterized protein 
8MGC16121 

242873_at --- --- --

205960 at 5166 PDK4 pyruvate dehydrogenase kinase, 
isozyme 4 

230494_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

221260_s at 81566 CSRNP2 cysteine-serine-rich nuclear protein 

224480_s at 84803 AGPAT9 1-acylglycerol-3-phosphate 0
acyltransferase 9 

210180_s at 6434 TRA2B3 transformer 2 beta homolog 
(Drosophila) 

204621_s_at 4929 NR4A2 nuclear receptor subfamily 4, 
group A, member 2 

217863_at 8554 PIAS1 protein inhibitor of activated 
STAT, 1 

236423_at --- --- --

223421_at 50626 CYHR1 cysteine/histidine-rich 1 

220272_at 54796 BNC2 basonuclin 2 

201791_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

215574_at --- --- --

224328_s_at 84648 LCE3D late cornified envelope 3D 

211828_s at 23043 TNIK TRAF2 and NCK interacting 
kinase 

58367_s-at 79744 ZNF419 zinc finger protein 419 

218950_at 64411 ARAP3 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 3 

caspase recruitment domain 
1552703sat 114769 /// 834 CARD16 / CASP I family, member 16 // caspase 1, 

apoptosis-related cysteine 

219687_at 55733 HHAT hedgehog acyltransferase 

232127_at 1184 CLCN5 chloride channel, voltage-sensitive 

218377sat 10069 RWDD2B RWD domain containing 2B 

Ras association (RaGDS/AF-6) 
210335at 9182 RASSF9 domain family (N-terminal) 

member 9 

227927_at --- --- --

227224_at 55103 RALGPS2 Ral GEFwith PH domain and SH3 
binding motif 2 

224778_s_at 57551 TAOK TAO kinase 1 

229566_at 645638 LOC645638 WDNM1-like pseudogene 

thyroid hormone receptor 
202734_at 9322 TRIP10 interactor 10 

201851_at 6455 SH3GL1 SH3-domain GRB2-like 1 

237337_at --- --- --

37152 at 5467 PPARD peroxisome proliferator-activated 
receptor delta 

209687_at 6387 CXCL12 chemokine (C-X-C motif) ligand 
12 

203152_at 64976 MRPL40 mitochondrial ribosomal protein 
L40 

201627_s_at 3638 INSIGI insulin induced gene 1 

232593_at 93082 NEURL3 neuralized homolog 3 (Drosophila) 
pseudogene 
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224769_at 57551 TAOK TAO kinase 1 

209702_at 79068 FTO fat mass and obesity associated 

204546_at 9764 KIAA0513 KIAA0513 

mannan-binding lectin serine 
232224at 5648 MASP1 peptidase 1 (C4/C2 activating 

component of Ra-reactive fac 

UDP-N-acetyl-alpha-D

239930_at 2590 GALN T2 galactosamine:polypeptide N
acetylgalactosaminyltransferase 2 

(Gal 
glycine amidinotransferase (L

203178_at 2628 GATM arginine:glycine 
amidinotransferase) 

235782_at --- --- --

218181_s at 9448 MAP4K4 mitogen-activated protein kinase 
kinase kinase kinase 4 

233520_s_at 202333 CMYA5 cardiomyopathy associated 5 

213456_at 25928 SOSTDC1 sclerostin domain containing 1 

219528_s at 64919 BCL11B B-cell CLL/lymphoma l IB (zinc 
finger protein) 

224945_at 55727 BTBD7 BTB (POZ) domain containing 7 

214866 at 5329 PLAUR plasminogen activator, urokinase 
receptor 

209941 at 8737 RIPKl receptor (TNFRSF)-interacting 
serine-threonine kinase 1 

226029_at 57216 VANGL2 vang-like 2 (van gogh, Drosophila) 

212596_s_at 10042 HMGXB4 HMG box domain containing 4 

229873_at 283219 KCTD21 potassium channel tetramerisation 
domain containing 21 

226392_at 5922 RASA2 RAS p21 protein activator 2 

226005_at 7326 UBE2G1 ubiquitin-conjugating enzyme E2G 

214445_at 22936 ELL2 elongation factor, RNA 
polymerase II, 2 

227680_at 284695 ZNF326 zinc finger protein 326 

227786_at 90390 MED30 mediator complex subunit 30 

222067_x_at 3017 HIST1H2BD histone cluster 1, H2bd 

1569106_s at 55209 SETD5 SET domain containing 5 

231785_at 4909 NTF4 neurotrophin 4 

223937_at 27086 FOXPI forkhead box P1 

1558685_a_at 158960 LOC158960 uncharacterized protein BC009467 

211965_at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

39549_at 4862 NPAS2 neuronal PAS domain protein 2 

203800_s_at 63931 MRPS14 mitochondrial ribosomal protein 
S14 

1556321_a_at --- --- --

212321_at 8879 SGPL1 sphingosine-1-phosphate lyase 1 

222154 s at 26010 SPATS2L spermatogenesis associated, serine
rich 2-like 

218774_at 28960 DCPS decapping enzyme, scavenger 

212268_at 1992 SERPINB I serpin peptidase inhibitor, clade B 
P(ovalbumin), member 1 

213134_x_at 10950 BTG3 BTG family, member 3 

230669at 5922 RASA2 RAS p21 protein activator 2 

1559901_s at 388815 LINC00478 long intergenic non-protein coding 
RNA 478 

225298_at 25953 PNKD paroxysmal nonkinesigenic 
dyskinesia 
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242558_at --- --- --

226043_at 26086 GPSM1 G-protein signaling modulator 1 

protein tyrosine phosphatase, 
210236at 8500 PPFIA receptor type, fpolypeptide 

(PTPRF), interacting protein 
natriuretic peptide receptor 

214066xat 4882 NPR2 B/guanylate cyclase B 
(atrionatriureticpeptide receptor B 

240024_at 23541 SEC14L2 SEC14-like 2 (S. cerevisiae) 

235462_at 132864 CPEB2 Cytoplasmic polyadenylation 
element binding protein 2 

1554015_a at 1106 CHD2 chromodomain helicase DNA 
binding protein 2 

leucine-rich repeats and calponin 
235347at 84859 LRCH3 homology (CH) domain containing 

3 

230847_at 56897 WRNIP1 Werner helicase interacting protein 

201427sat 6414 SEPP I selenoprotein P, plasma, 1 

1557905_s at 960 CD44 CD44 molecule (Indian blood 
group) 

219084_at 64324 NSD1 nuclear receptor binding SET 
domain protein 1 

206176_at 654 BMP6 bone morphogenetic protein 6 

219826_at 79744 ZNF419 zinc finger protein 419 

212356_at 23351 KIINYN KH and NYN domain containing 

218909_at 26750 RPS6KC1 ribosomal protein S6 kinase, 
52kDa, polypeptide 1 

230555_s_at 90390 MED30 Mediator complex subunit 30 

212687_at 3987 LIMS I LIM and senescent cell antigen
like domains 1 

203098_at 9425 CDYL chromodomain protein, Y-like 

229054_at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

236039_at 284348 LYPD5 LY6/PLAUR domain containing 5 

209661_at 3801 KIFC3 kinesin family member C3 

209560_s_at 8788 DLK1 delta-like 1 homolog (Drosophila) 

225812_at 619208 C6orf225 chromosome 6 open reading frame 
225 

227829_at 120071 GYLTL1B glycosyltransferase-like lB 

238623_at --- --- --

229415_at 54205 CYCS cytochrome c, somatic 

209222_s_at 9885 OSBPL2 oxysterol binding protein-like 2 

1555809_at 83716 CRISPLD2 cysteine-rich secretory protein 
LCCL domain containing 2 

204567_s at 9619 ABCG1 ATP-binding cassette, sub-family 
G (WHITE), member 1 

solute carrier family 28 (sodium
232277at 64078 SLC28A3 coupled nucleoside transporter), 

member 3 

237197_at --- --- --

225209_s at 118424 UBE2J2 ubiquitin-conjugating enzyme E2, 
J2 

231916_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

212279_at 27346 TMEM97 transmembrane protein 97 

204862_s at 4832 NME3 NME/NM23 nucleoside 
diphosphate kinase 3 

230483_at --- --- --

212856_at 23151 GRAMD4 GRAM domain containing 4 
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224650_at 114569 MAL2 mal, T-cell differentiation protein 2 
(gene/pseudogene) 

202963_at 5993 RFX5 regulatory factor X, 5 (influences 
HLA class II expression) 

225320_at 90550 MCU mitochondrial calcium uniporter 

236274_at 8662 EIF3B eukaryotic translation initiation 
factor 3, subunit B 

putative homeodomain 
209780at 57157 PHTF2 transcription factor 2 

218823_s at 54793 KCTD9 potassium channel tetramerisation 
domain containing 9 

227787sat 90390 MED30 mediator complex subunit 30 

230296_at 730094 C16orf52 chromosome 16 open reading 
frame 52 

222892_s_at 55287 TMEM40 transmembrane protein 40 

carcinoembryonic antigen-related 
210610_at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

230031_at 3309 HSPA5 heat shock 70kDa protein 5 
(glucose-regulated protein, 78kDa) 

238477_at 10749 KIFIC kinesin family member IC 

209409_at 2887 GRB10 growth factor receptor-bound 
protein 10 

217995_at 58472 SQRDL sulfide quinone reductase-like 
(yeast) 

226873_at 54629 FAM63B family with sequence similarity 63, 
member B 

1553722_s at 220441 RNF152 ring finger protein 152 

204710_s at 26100 WIPI2 WD repeat domain, 
phosphoinositide interacting 2 

212653_s_at 23301 EHBP1 EH domain binding protein 1 

203979_at 1593 CYP27A1 cytochrome P450, family 27, 
subfamily A, polypeptide 1 

244350_at 4651 MYOlO myosin X 

223233s_at 57530 CGN cingulin 

1555967_at --- --- --

100128553///100142659 CTAGE 15P// CTAGE family, member 15, 

214355_x_at /1/ 340307 /// 441294 // CTAGE4 /I CTAGE6P pseudogene /I CTAGE family, 

643854 //C TAGE8 // member 4 /// CTAGE family, 
CTAGE9 member 

214469_at 3012 /// 8335 HIST1 H2AB /I histone cluster 1, H2ab /// histone 
HISTlH2AE cluster 1, H2ae 

microtubule associated 
212472at 9645 MICAL2 monoxygenase, calponin and LIM 

domain containing 2 

228115_at 64762 FAM59A family with sequence similarity 59, 
member A 

228964_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 

230027_s_at 84545 MRPL43 mitochondrial ribosomal protein 
L43 

207318_s_at 8621 CDK13 cyclin-dependent kinase 13 

221689_s at 51227 PIGP phosphatidylinositol glycan anchor 
biosynthesis, class P 

219270_at 79094 CHACI ChaC, cation transport regulator 
homolog 1 (E. coli) 

225299_at 4645 MYO5B myosin VB 

239770 at 83850 ESYT3 extended synaptotagmin-like 
protein 3 

226399_at 79982 DNAJB 14 DnaJ (Hsp40) homolog, subfamily 
B, member 14 

226656_at 10491 CRTAP cartilage associated protein 

228852_at 2029 ENSA endosulfine alpha 

206239_s at 6690 SPINKI serine peptidase inhibitor, Kazal 
type 1 
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210993_s_at 4086 SMADI SMAD family member 1 

238462_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

211962_s at 677 ZFP36L1 zinc finger protein 36, C3H type
like 1 

224666 at 197370 NSMCE1 non-SMC element 1 homolog (S.  
cerevisiae) 

239028_at 130574 LYPD6 LY6/PLAUR domain containing 6 

213577_at 6713 SQLE squalene epoxidase 

202011 _at 7082 TJP l tight junction protein 1 (zona 
occludens 1) 

212254sat 100652766 /1/ 667 DST// LOC100652766 dystonin /I dystonin-like 

221701_s at 64220 STRA6 stimulated by retinoic acid gene 6 
homolog (mouse) 

239576_at 57509 MTUS1 microtubule associated tumor 
suppressor 1 

234418_x_at 960 CD44 CD44 molecule (Indian blood 
group) 

227985_at 100506098 LOC100506098 uncharacterized LOC100506098 

213462at 4862 NPAS2 neuronal PAS domain protein 2 

224975_at 4774 NFIA nuclear factor LA 

225990_at 91653 BOC Boc homolog (mouse) 

240616_at --- --- --

219911_s_at 28231 SLCO4AI solute carrier organic anion 
transporterfamily, member 4A1 

224970_at 4774 NFIA nuclear factor LA 

214623 at 26226 FBXW4P I F-box and WD repeat domain 
containing 4 pseudogene 1 

239478_x at 55668 C1I 4orfl 18 chromosome 14 open reading 
frame 118 

226909_at 85460 ZNF518B zinc finger protein 518B 

208670_s at 23741 EID1 EP300 interacting inhibitor of 
differentiation 1 

206192_at 1041 CDSN corneodesmosin 

222173_s_at 55357 TBC1D2 TBC1 domain family, member 2 

228450 at 144100 PLEKHA7 pleckstrin homology domain 
containing, family A member 7 

1558097_at 253143 PRR14L proline rich 14-like 

219373_at 54344 DPM3 dolichyl-phosphate 
mannosyltransferase polypeptide 3 

230388 s at 644246 KANSL1-AS1 KANSLI antisense RNA 1 (non
-a -protein coding) 

207098_s_at 55669 MFN1 mitofusin 1 

223484_at 84419 C15orf48 chromosome 15 open reading 
frame 48 

244804_at 8878 SQSTM1 sequestosome 1 

229679_at 400073 C 12orf76 chromosome 12 open reading 
frame 76 

225826_at 326625 MMNIAB methylmalonic aciduria (cobalamin 
deficiency) cblB type 

213352_at 23023 TMICC1 transmembrane and coiled-coil 
domain family 1 

carcinoembryonic antigen-related 
211883xat 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

HIST1H2BC// 

8339 /// 8343 /// 8344 /// HIST1H2BE// histone cluster 1, H2bc /// histone 
210387_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

210916_s_at 960 CD44 CD44 molecule (Indian blood 
group) 

221432sat 81894 SLC25A28 solute carrier family 25 
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(mitochondrial iron transporter), 
member 28 

218487_at 210 ALAD aminolevulinate dehydratase 

223264_at 59274 MESDC1 mesoderm development candidate 

guanine nucleotide binding protein 
206356_s_at 2774 GNAL (G protein), alpha activating 

activity polypeptide, 

218097_s_at 79004 CUEDC2 CUE domain containing 2 

228001_at 757 TMEM50B transmembrane protein 50B 

212441_at 9778 KIAA0232 KIAA0232 

201854sat 23300 ATMIN ATM interactor 

121_at 7849 PAX8 paired box 8 

222143_s_at 64419 MTMR14 myotubularin related protein 14 

1558002 at 11171 STRAP Serine/threonine kinase receptor 
associated protein 

226040_at --- --- --

226141_at 91050 CCDC149 coiled-coil domain containing 149 

1556567_at 4676 NAP1L4 nucleosome assembly protein 1
like 4 

226263_at 154007 SNRNP48 small nuclear ribonucleoprotein 
2226a 1548kDa(Ull/U12) 

212074_at 23353 SUNI Sadl and UNC84 domain 
containing 1 

227387_at 54780 NSMCE4A Non-SMC element 4 homolog A 
(S. cerevisiae) 

232795_at --- --- --

matrix metallopeptidase 9 
203936sat 4318 MMP9 (gelatinase B, 92kDa gelatinase, 

92kDa type IV collagenase) 

225033 at 6482 ST3GAL1 ST3 beta-galactoside alpha-2,3
sialyltransferase 1 

209109_s_at 7105 TSPAN6 tetraspanin 6 

213351_s at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

203047_at 6793 STK1O serine/threonine kinase 10 

220721_at 80110 ZNF614 zinc finger protein 614 

1556127_at 23181 DIP2A DIP2 disco-interacting protein 2 
homolog A(Drosophila) 

215016_x_at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

carcinoembryonic antigen-related 
206576sat 634 CEACAMI cell adhesion molecule 1 (biliary 

glycoprotein) 

240674_at 3720 JARID2 jumonji, AT rich interactive 
domain 2 

225646_at 1075 CTSC cathepsin C 

1554010_at 3340 NDSTl N-deacetylase/N-sulfotransferase 

T(heparanglucosaminyl) 1 

204100_at 7067 THRA thyroid hormone receptor, alpha 

221840 at 5791 PTPRE protein tyrosine phosphatase, 
receptor type, E 

209078sat 25828 TXN2 thioredoxin 2 

218530_at 29109 FHOD1 formin homology 2 domain 
containing 1 

235434_at --- --- --

230063at 9422 ZNF264 zinc finger protein 264 

40420_at 6793 STK1O serine/threonine kinase 10 

221027_s_at 81579 PLA2G12A phospholipase A2, group XIIA 

244202_at --- --- --
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212108_at 23197 FAF2 Fas associated factor family 
member 2 

204294_at 275 AMT aminomethyltransferase 

225503_at 207063 DHRSX dehydrogenase/reductase (SDR 
family) X-linked 

solute carrier family 1 
212810sat 6509 SLC1A4 (glutamate/neutral amino acid 

transporter), member 4 

214814_at 91746 YTHDC1 YTH domain containing 1 

228468 at 84930 MASTL microtubule associated 
serine/threonine kinase-like 

209108_at 7105 TSPAN6 tetraspanin 6 

220444_at 79230 ZNF557 zinc finger protein 557 

206172_at 3598 IL13RA2 interleukin 13 receptor, alpha 2 

225002_s_at 25870 SUMF2 sulfatase modifying factor 2 

212205_at 94239 H2AFV H2A histone family, member V 

228851_s_at 2029 ENSA endosulfine alpha 

209048 s at 23613 ZMYND8 zinc finger, MYND-type 
-s -containing 8 

211846_s at 5818 PVRL1 poliovirus receptor-related 1 
(herpesvirus entry mediator C) 

238909_at 6281 SiOOA10 Si00 calcium binding protein A10 

205503 at 5784 PTPN14 protein tyrosine phosphatase, non
receptor type 14 

243829 at 673 BRAF v-raf marine sarcoma viral 
oncogene homolog B1 

244379_at --- --- --

223251_s_at 55608 ANKRD1O ankyrin repeat domain 10 

202633 at 11073 TOPBP1 topoisomerase (DNA) II binding 
protein 1 

214502_at 8970 HISTlH2BJ histone cluster 1, H2bj 

221773 at 2004 ELK3 ELK3, ETS-domain protein (SRF 
accessory protein 2) 

41858_at 27315 PGAP2 post-GPI attachment to proteins 2 

212850_s at 4038 LRP4 low density lipoprotein receptor
related protein 4 

223408_s_at --- --- --

HIST1 H2AD /I 
HISTlH3AI/ 
HIST1H3B/// 

3013 18350 18351// HJST1IH3C1 

8352//8353//8354/// HISTlH3D// histonecluster1,H2ad///histone 
214472_at 8355 //8356 ///8357 // HIST H3E / / cluster 1, H3a /1/ histone cluster 1, 

8358/ HIST1 H3F // H3b /1/ histo 
HISTlH3G/// 
HIST1H3H// 
HIST1H3J1// 

HISTlH3J 

225647_s_at 1075 CTSC cathepsin C 

1559977_a at 284723 SLC25A34 solute carrier family 25, member 
34 

211347_at 8555 CDC14B CDC14 cell division cycle 14 
homolog B (S. cerevisiae) 

1558208_at --- --- --

227570_at 144110 TMEM86A transmembrane protein 86A 

227492_at 100506658 // 647859 LOC647859 /// OCLN occludin pseudogene /// occludin 

1558778_s at 57496 MKL2 MKL/myocardin-like 2 

nuclear receptor subfamily 1, 
31637_s-at 7067 /I 9572 NR1D1 // THRA group D, member 1/// thyroid 

hormone receptor, alpha 

229190_at 100507376 LOC100507376 uncharacterized LOC100507376 
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236188_s at 4676 NAP 1L4 Nucleosome assembly protein 1
like 4 

212503_s at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

nuclear receptor subfamily 1, 
204760s at 7067 // 9572 NR1D1 I/ ITHRA group D, member 1 /// thyroid 

hormone receptor, alpha 

212099_at 388 RHOB ras homolog family member B 

214873 at 91355 LRP5L low density lipoprotein receptor
related protein 5-like 

228181_at 7779 SLC30AI solute carrier family 30 (zinc 
transporter), member 1 

calmodulin regulated spectrin
212763at 23271 CAMSAP2 associated protein family, member 

2 

226285_at 4076 CAPRIN1 cell cycle associated protein 1 

213567_at 3840 KPNA4 karyopherin alpha 4 (importin 
alpha 3) 

nuclear factor of kappa light 
203927at 4794 NFKBIE polypeptide gene enhancer in B

cells inhibitor, epsilon 
HIST1H2BCI// 

8339 ///8343 /// 8344 // HIST1H2BE// histone cluster 1, H2bc /// histone 
208523_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

219389_at 55061 SUSD4 sushi domain containing 4 

202329_at 1445 CSK c-src tyrosine kinase 

238523_at 79786 KLHL36 kelch-like 36 (Drosophila) 

1565016_at 3276 PRMTl protein arginine methyltransferase 

226409_at 128637 TBC1D20 TBC1 domain family, member 20 

229926_at 100500850 MIR3682 microRNA 3682 

HIST1H2BCI// 

8339 /// 8343 /// 8344 /// HIST1H2BE// histone cluster 1, H2bc /// histone 
208527_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

223598_at 5887 RAD23B RAD23 homolog B (S. cerevisiae) 

243797_at 9262 STK17B serine/threonine kinase 17b 

203317 at 23550 PSD4 pleckstrin and Sec7 domain 
containing 4 

230965_at 9099 USP2 ubiquitin specific peptidase 2 

HIST1H2BCI// 

8339 /// 8343 /// 8344 /// HIST1H2BE// histone cluster 1, H2bc /// histone 
208490_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HISTlH2BI 

235514_at 151516 ASPRV1 aspartic peptidase, retroviral-like 1 

209098_s_at 182 JAGI jagged 1 

1554229_at 153222 CREBRF CREB3 regulatory factor 

209398_at 3006 HISTIHIC histone cluster 1, HIc 

202629_at 10513 APPBP2 amyloid beta precursor protein 
(cytoplasmic tail) binding protein 2 

203428_s at 25842 ASF lA ASF I anti-silencing function 1 
homolog A(S. cerevisiae) 

238005_s at 25942 SIN3A SIN3 transcription regulator 
homolog A (yeast) 

HIST1H2BCI// 

8339 ///8343 /// 8344 // HIST1H2BE// histone cluster 1, H2bc /// histone 
214455_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HISTlH2BI 

214073_at 2017 CTTN cortactin 
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203140_at 604 BCL6 B-cell CLL/lymphoma 6 

232150_at --- --- --

208546_x_at 8345 HISTlH2BH histone cluster 1, H2bh 

243446_at 84962 AJUBA ajuba LIM protein 

236207_at 6744 SSFA2 sperm specific antigen 2 

212016 s at 5725 PTBP1 polypyrimidine tract binding 
-a -protein 1 

232311_at 567 B2M Beta-2-microglobulin 

219711_at 54807 ZNF586 zinc finger protein 586 

H2B histone family, member S 
208579xat 54145 // 85236 H2BFS // HIST1 H2BK (pseudogene) /// histone cluster 1, 

H2bk 

239493_at 6129 RPL7 ribosomal protein L7 

214074_s_at 2017 CTTN cortactin 

228091_at 55014 STX17 syntaxin 17 

234331_s at 151354 FAM84A family with sequence similarity 84, 
member A 

212372 at 4628 MYHO 10myosin, heavy chain 10, non
muscle 

and 

ABCC5 CYHR1 HIST3H2A POU2F3 COROIC IFRD1 PFKP 

ATP6V1B1 DEPTOR HOXB13 RAMPI DLEU2 IMPADI PNPT1 

ATXN3 DNAL4 ING4 SEMA3G DPH3 KLK6 PSMC4 

BCAS1 EIF4A2 OVGP1 SEPPI EIF5 KPNA4 RPS6KA3 

BCL2L11 EPHX2 PCMTD1 SIDT2 ENO2 LRP8 S100A2 

CALCOCO1 ERBB3 PCMTD2 AREG HN1 MALL SERPINB5 

CAPN13 HIST1H2AC PDIA4 BTG3 HSP90AA1 MTHFD1L SERPINB8 

CRBN HIST1H2BD PLEKHG4 CEBPG HSPA4L PAD11 SLC7A1 

SRXN1 

TIPIN 

;and 

d) identifying each of the pharmacodynamics biomarkers of multiple signature 

pathways by at least 3 or more genes listed in Table 1 and confirming each of 

the pharmacodynamics biomarkers of multiple signature pathways using 

reference datasets compiled by IPA or NCI for each identified gene.  

2. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature 

pathways include at least 3 or more genes for which pharmacodynamics biomarkers 

from the list including: 
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ABCC5 CYHR1 HIST3H2A POU2F3 COROIC IFRD1 PFKP 

ATP6V1B1 DEPTOR HOXB13 RAMPI DLEU2 IMPADI PNPT1 

ATXN3 DNAL4 ING4 SEMA3G DPH3 KLK6 PSMC4 

BCAS1 EIF4A2 OVGP1 SEPPI EIF5 KPNA4 RPS6KA3 

BCL2L11 EPHX2 PCMTD1 SIDT2 ENO2 LRP8 S100A2 

CALCOCO1 ERBB3 PCMTD2 AREG HN1 MALL SERPINB5 

CAPN13 HIST1H2AC PDIA4 BTG3 HSP90AA1 MTHFD1L SERPINB8 

CRBN HIST1H2BD PLEKHG4 CEBPG HSPA4L PAD11 SLC7A1 

SRXN1 

TIPIN 

are inhibited in response to CTO as depicted by the signaling score, and wherein said 

signature pathways include RAS, GFS, MEKi, HDAC, NOTCH, WNT-catenin, 

HSP90 or EGFR.  

3. The method of claim 1, wherein the pharmacodynamics biomarker of the signature 

pathways P53 is induced in response to exposure to CTO as depicted by the signaling 

score.  

4. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature 

pathways include at least 3 or more genes for which pharmacodynamics biomarkers 

from the list including: 

MMP2 ESR1 FOS PCLG2 MAPK6 MAP15 AKT1 MOS3 HSP90B1 

JUN CCND1 PPAR1 MAPK1 MAPK7 CASP3 AKT2 HSP90AA1 Hsp84-2 

CEBPA MAPK3 PCLG1 MAPK4 MAPK12 HSPA8 AKT3 HSP90AB1 Hsp84-3 

BAG3 

are signaling pathways as identified from IPA, and wherein said signaling pathways 

are inhibited in response to exposure to CTO.  

5. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature 

pathways include at least 3 or more genes for which pharmacodynamics biomarkers 
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from the list including: 

AKT2 CASP3 FOS HSP90AB1 JUN CEBPA MAPK3 

BAG3 CCND1 HSP90AA1 HSP90B1 AKT1 MAPK1 MAPK7 

are induced by CAI ex vivo, and wherein said pharmacodynamic biomarkers of the 

signature pathways are inhibited in response to exposure to CTO.  

6. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature 

pathways include at least 3 or more genes for which pharmacodynamics biomarkers 

from the list including: 

ARG2 CCNA1 CCND2 CCNE2 TNF CA9 

BDNF CCNA2 CCNE1 CTF1 BRAF CALR 

are calcium signaling pathways, and wherein said calcium signaling pathways are 

inhibited in response to CTO.  

7. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature 

pathways include at least 3 or more genes for which pharmacodynamics biomarkers 

from the list including: 

ARG2 CCND2 TNF PPP3R1 CALM3 CAMK2A CAMK4 ORA13 TRPC3 TRPC7 
BDNF CCNE1 PPP3CA PPP3R2 CAMK1 CAMK2B NOS2 STIMI TRPC4 BRAF 
CCNA1 CCNE2 PPP3CB CALM CAMK1D CAMK2D ORAIl STIM2 TRPC5 CA9 
CCNA2 CTF1 PPP3CC CALM2 CAMK1G CAMK2G ORA12 TRPC1 TRPC6 CALR 

are all gene calcium signaling pathways, and wherein said gene calcium signaling 

pathways are inhibited in response to exposure to CTO.  

8. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature 

pathways include at least 3 or more genes for which pharmacodynamics biomarkers 
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from the list including: 

BDNF CCNE1 PPP3CC ORA13 TNF CAMK1 ORAIl BRAF 

CCNA1 PPP3CB CAMK2D CCND2 CALM3 CAMK2G STIM2 CALR 

are non-voltage dependent calcium signaling pathways, and wherein said calcium 

signaling pathways is inhibited in response to exposure to CTO.  

9. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature 

pathways include at least 3 or more genes for which pharmacodynamics biomarkers 

from the list including: 

PPP3CA CACNA2D4 CHRNB3 HDAC1O 

PPP3CB CACNB1 CHRNB4 HDAC11 

PPP3CC CACNB2 CHRND HDAC2 

PPP3R1 CACNB3 CHRNE HDAC3 

PPP3R2 CACNB4 CHRNG HDAC4 

ATP2C1 CACNG1 GRIA1 HDAC5 

CACNA1A CHRFAM7A GRIA2 HDAC6 

CACNA1B CHRNA1 GRIA3 HDAC7 

CACNA1C CHRNA1O GRIA4 HDAC8 

CACNA1D CHRNA2 GRIKI HDAC9 

CACNA1F CHRNA3 GRINI HTR3A 

CACNA1G CHRNA4 GRIN2A RYRI 

CACNA1H CHRNA5 GRIN2B SLC8A1 

CACNAIl CHRNA6 GRIN2C TNNC1 

CACNA1S CHRNA7 GRIN2D 

CACNA2D1 CHRNA9 GRIN3A 

CACNA2D2 CHRNB1 GRIN3B 

CACNA2D3 CHRNB2 HDAC1 

are canonical calcium signaling pathways and wherein said signature pathways for 

canonical calcium signaling pathways are inhibited in response to exposure to CTO.  

10. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature 

pathways include at least 3 or more genes for which pharmacodynamics biomarkers 
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listed in a reference dataset, including, EGRI, CEACAMI, TGFP and Dystonin, 

wherein the pharmacodynamics biomarker of the signature pathways of EGRI 

CEACAMI, TGFP and Dystonin are stimulated in response to exposure to CTO.  

11. A method for quantifying the response to carboxyamidotriazole orotate (CTO) on 

pharmacodynamics biomarkers of non-voltage dependent Calcium signaling 

pathways, said method comprising: 

a) obtaining a cell sample obtained from a subject treated with varying doses of 

CTO for different time periods; 

b) isolating the mRNA from the treated cell sample and preparing representative 

cDNA therefrom and measuring the transcriptional alteration in expression in 

the cell sample resulting from CTO exposure; 

c) calculating a signature score for each of the pharmacodynamics biomarkers of 

non-voltage dependent calcium signaling pathways using the Ingenuity 

Pathway Analysis (IPA) System and quantitating the response to different 

doses ofCTO exposure in vivo to the varying doses of CTO, selecting a list of 

overlapping genes overexpressing after 8hours and 24 hours of exposure to 

CTO; and 

d) identifying each of the pharmacodynamics biomarkers of non-voltage 

dependent calcium signaling multiple signature pathways by selecting a list of 

overlapping genes after 8 hours and 24 hours of exposure to CTO from the list 

including: 

Probeset ID Entrez Gene Gene Symbol Gene Title 
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222450_at 56937 PMEPAl prostate transmembrane protein, 
androgen induced 1 

FKBPlA-SDCBP2/// FKBP1A-SDCBP2readthrough 
233565sat 100528031 /1/ 27111 SDCBP2 (non-protein coding) /I syndecan 

binding protein (syntenin) 

242832_at 5187 PERI periodhomolog 1 (Drosophila) 

240463_at --- --- --

213039_at 23370 ARHGEF 18 Rho/Rac guanine nucleotide 
exchange factor (GEF) 18 

235072_s_at 63971 KIF13A kinesin family member 13A 

208926_at 4758 NEUI sialidase 1 (lysosomal sialidase) 

237444_at --- --- --

239451_at --- --- --

222288_at --- --- --

227579_at 2241 FER fer (fps/fes related) tyrosine kinase 

pleckstrin homology domain 
212717_at 9842 PLEKHMI containing, family M (with RUN 

domain) member 1 

226853_at 55589 BMP2K BMP2 inducible kinase 

chromosome X open reading frame 
214112sat 541578 /1/ 91966 CXorf40A // CXorf40B 40A // chromosome X open 

reading frame 40B 

209012_at 7204 TRIO triple functional domain (PTPRF 
interacting) 

219476_at 79098 ClI orfl 16 chromosome 1 open reading frame 
116 

238086_at 100129617 LOC100129617 uncharacterized LOC100129617 

230721_at 730094 C16orf52 chromosome 16 open reading 
2 frame 52 

1566079_at 647190 RPS16P5 ribosomal protein S16 pseudogene 
5 

223839_s at 6319 SCD stearoyl-CoA desaturase (delta-9
desaturase) 

225671_at 124976 SPNS2 spinster homolog 2 (Drosophila) 

212961_x at 541578 CXorf40B chromosome X open reading frame 
40B 

223659_at 84000 TMPRSS13 transmembrane protease, serine 13 

229909_at 283358 B34GALNT3 beta-i,4-N-acetyl-galactosaminyl 
transferase 3 

223467_at 51655 RASD1 RAS, dexamethasone-induced 1 

235146_at 57458 TMCC3 transmembrane and coiled-coil 
domain family 3 

235548 at 164284 APCDD1L adenomatosis polyposis coli down
regulated I-like 

206816_s_at 26206 SPAG8 sperm associated antigen 8 

242323_at 81579 PLA2G12A phospholipase A2, group XIIA 

224579_at 81539 SLC38AI solute carrier family 38, member 1 

213315_x at 91966 CXorf40A chromosome X open reading frame 
40A 

227314_at 3673 ITGA2 integrin, alpha 2 (CD49B, alpha 2 
subunit of VLA-2 receptor) 

227093_at 57602 USP36 Ubiquitin specific peptidase 36 

200760 s at 10550 ARL6IP5 ADP-ribosylation-like factor 6 
0 -interacting protein 5 

201790_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

1554980_a_at 467 ATF3 activating transcription factor 3 

242255_at 22884 WDR37 WD repeat domain 37 

219267_at 51228 GLTP glycolipid transfer protein 

1555786_s at 645687 LINC00520 long intergenic non-protein coding 
RNA 520 
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229734_at 283174 LOC283174 uncharacterized LOC283174 

242856_at --- --- --

201037_at 5214 PFKP phosphofructokinase, platelet 

1562970_at --- --- --

201465_s_at 3725 JUN jun proto-oncogene 

202067_s_at 3949 LDLR low density lipoprotein receptor 

223679_at 1499 CTNNB I catenin (cadherin-associated 
protein),beta 1, 88kDa 

201235_s_at 7832 BTG2 BTG family, member 2 

225662 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

potassium intermediate/small 
204401at 3783 KCNN4 conductance calcium-activated 

channel, subfamily N, member 

222906_at 28982 FLVCR1 feline leukemia virus subgroup C 
cellular receptor 1 

238613 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

206414_s_at 8853 ASAP2 ArfGAP with SH3 domain, 
ankyrin repeat and PH domain 2 

210794_s at 55384 MEG3 maternally expressed 3 (non
protein coding) 

226621_at 9180 OSMR oncostatin M receptor 

230682_x at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

235668_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 

205483_s_at 9636 ISG15 ISG15 ubiquitin-like modifier 

215808_at 5655 KLK1O kallikrein-related peptidase 10 

212281_s_at 27346 TMEM97 transmembrane protein 97 

212282_at 27346 TMEM97 transmembrane protein 97 

226287_at 91057 CCDC34 coiled-coil domain containing 34 

213618_at 116984 ARAP2 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 2 

231089_at 100505664 LOC100505664 uncharacterized LOC100505664 

227140_at 3624 INHBA inhibin, beta A 

231467_at --- --- --

202967_at 2941 GSTA4 glutathione S-transferase alpha 4 

230323_s_at 120224 TMEM45B transmembrane protein 45B 

224471_s at 8945 BTRC beta-transducin repeat containing 
E3 ubiquitin protein ligase 

202708sat 8349 HIST2H2BE histone cluster 2, H2be 

242871_at 54852 PAQR5 progestin and adipoQ receptor 
family member V 

205627_at 978 CDA cytidine deaminase 

235542_at 200424 TET3 tet methyleytosine dioxygenase 3 

240410_at --- --- --

236656_s_at 100288911 LOC100288911 uncharacterized LOC100288911 

206164_at 9635 CLCA2 chloride channel accessory 2 

203159_at 2744 GLS glutaminase 

224991_at 80790 CMIP c-Maf inducing protein 

204258_at 1105 CHD1 chromodomain helicase DNA 
binding protein 1 

228249_at 119710 C I l orf74 chromosome 11 open reading 
frame 74 

229013_at 145783 LOC145783 uncharacterized LOC145783 
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platelet-activating factor 
211547sat 5048 PAFAHIBI acetyihydrolase ib, regulatory 

subunit 1 (45kDa) 

226863_at 642273 FAMI0C family with sequence similarity 
110, member C 

208161_s at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

214805_at 1973 EIF4Al eukaryotic translation initiation 
factor 4Al 

229429_xat 728855 /// 728875 LOC728855 /I uncharacterized LOC728855 // 
LOC728875 uncharacterized LOC728875 

202720_at 26136 TES testis derived transcript (3 LIM 
domains) 

224995_at 56907 SPIRE1 spire homolog 1 (Drosophila) 

214771 x at 23164 MPRIP myosin phosphatase Rho 
1 -interacting protein 

201939_at 10769 PLK2 polo-like kinase 2 

238587_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

232113_at --- --- --

208690_s_at 9124 PDLIM1 PDZ and LIM domain 1 

201464_x_at 3725 JUN jun proto-oncogene 

236657_at 100288911 LOC100288911 uncharacterized LOC100288911 

215541_s at 1729 DIAPH1 diaphanous homolog 1 
(Drosophila) 

238028_at 647024 C6orfl32 chromosome 6 open reading frame 
132 

226893 at 27 ABL2 v-abl Abelson marine leukemia 
viral oncogene homolog 2 

237576_x_at 100506480 LOC100506480 uncharacterized LOC100506480 

1552256_a at 949 SCARB Iscavenger receptor class B, 
member 1 

215255_at 22997 IGSF9B immunoglobulin superfamily, 
member 9B 

1557258_a_at 8915 BCL1O B-cell CLL/lymphoma 10 

240623_at --- --- --

solute carrier family 6 
228754at 6533 SLC6A6 (neurotransmitter transporter, 

taurine), member 6 

217257_at 6452 SH3BP2 SH3-domain binding protein 2 

241036_at --- --- --

242553_at 8714 ABCC3 ATP-binding cassette, sub-family 
23C(CFTR/MRP), member 3 

239358_at --

210868_s_at 79071 ELOVL6 ELOVL fatty acid elongase 6 

platelet-activating factor 
200815_sat 5048 PAFAHIBI acetylhydrolase ib, regulatory 

subunit 1 (45kDa) 

208436_s_at 3665 IRF7 interferon regulatory factor 7 

208138_at 2520 GAST gastrin 

241780_at --- --- --

200730_s at 7803 PTP4Al protein tyrosine phosphatase type 
IVA, member 1 

219697_at 9956 HS3ST2 heparan sulfate (glucosamine) 3-0
sulfotransferase 2 

201693_s_at 1958 EGRI early growth response 1 

218847_at 10644 IGF2BP2 insulin-like growth factor 2 mRNA 
binding protein 2 

230469at 219790 RTKN2 rhotekin 2 

209917_s_at 11257 TP53TG1 TP53 target 1 (non-protein coding) 

224329sat 84518 CNFN cornifelin 
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212253_x_at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

238058_at 150381 LOC150381 uncharacterized LOC150381 

239334 at 57488 ESYT2 Extended synaptotagmin-like 
protein 2 

222271_at --- --- --

216718_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

219076_s_at 5827 PXMP2 peroxisomal membrane protein 2, 
22kDa 

204475_at 4312 MIMP1 matrix metallopeptidase 1 
(interstitial collagenase) 

221185_s_at 84223 IQCG IQ motif containing G 

203586_s_at 379 ARL4D ADP-ribosylation factor-like 4D 

217802_s at 64710 NUCKS1 nuclear casein kinase and cyclin
dependent kinase substrate 1 

205767_at 2069 EREG epiregulin 

228360_at 130576 LYPD6B LY6/PLAUR domain containing 
6B 

228917_at --- --- --

228748_at 966 CD59 CD59 molecule, complement 
regulatory protein 

sedoheptulokinase /I transient 
219632sat 23729 /// 7442 SHPK /// TRPV1 receptor potential cation channel, 

subfamily V, member 

238715_at 646014 LOC646014 Uncharacterized LOC646014 

218810_at 80149 ZC3H12A zinc finger CCCH-type containing 
12A 

225177_at 80223 RAB 1FIP RAB 1 family interacting protein 
1 (class I) 

224454_at 55500 ETNK1 ethanolamine kinase 1 

carcinoembryonic antigen-related 
209498_at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

1557257_at 8915 BCL1O B-cell CLL/lymphoma 10 

225133_at 51274 KLF3 Kruppel-like factor 3 (basic) 

202340_x_at 3164 NR4Al nuclear receptor subfamily 4, 
group A, member 1 

1556545_at --- --- --

212474_at 23080 AVL9 AVL9 homolog (S. cerevisiase) 

210241_s_at 11257 TP53TGI TP53 target 1 (non-protein coding) 

243543_at --- --- --

239132_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

222757 s at 51776 ZAK sterile alpha motif and leucine 
-7 -zipper containing kinase AZK 

201194_at 6415 SEPW1 selenoprotein W, 1 

229874xat 100506687 LOC100506687 uncharacterized LOC100506687 

202557_at 6782 HSPAl13 heat shock protein 70kDa family, 
member 13 

239669_at --- --- --

231907 at 27 ABL2 v-abl Abelson marine leukemia 
viral oncogene homolog 2 

229074_at 30844 EHD4 EH-domain containing 4 

205428_s_at 794 CALB2 calbindin 2 

205822_s at 3157 HMGCS1 3-hydroxy-3-methylglutaryl-CoA 
synthase 1 (soluble) 

210869_s_at 4162 MCAM melanoma cell adhesion molecule 

225665 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

212781_at 5930 RBBP6 retinoblastoma binding protein 6 
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232355_at 767579 SNORD 114-3 small nucleolar RNA, C/D box 
114-3 

membrane bound 0
213288at 129642 MBOAT2 acyltransferase domain containing 

2 

221666_s at 29108 PYCARD PYD and CARD domain 
containing 

203072_at 4643 MYOlE myosin IE 

215465_at 26154 ABCA12 ATP-binding cassette, sub-family 
22A(ABC1), member 12 

224453_s_at 55500 ETNK1 ethanolamine kinase 1 

216935_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

209086xat 4162 MCAM melanoma cell adhesion molecule 

218833 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

209377_s at 9324 HMGN3 high mobility group nucleosomal 
binding domain 3 

223519 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

210138_at 8601 RGS20 regulator of G-protein signaling 20 

1558845_at 100506089 LOC100506089 uncharacterized LOC100506089 

201819_at 949 SCARB I scavenger receptor class B, 
member 1 

natriuretic peptide receptor 
204310sat 4882 NPR2 B/guanylate cyclase B 

(atrionatriuretic peptide receptor B 

239377_at 84285 EIF1AD eukaryotic translation initiation 
factor lA domain containing 

224611_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

phosphatidylinositol transfer 
219155at 26207 PTPNC protecytoplasmic 1 

227163at 119391 GSTO2 glutathione S-transferase omega 2 

209633_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

219681_s at 80223 RAB11 I FIP I RAB11 family interacting protein 
S1(class I) 

221860 at 3191 HNRNPL heterogeneous nuclear 
ribonucleoprotein L 

243296_at 10135 NAMPT Nicotinamide 
phosphoribosyltransferase 

237133_at --- --- --

1556000_s at 55727 BTBD7 BTB (POZ) domain containing 7 

204681_s at 9771 RAPGEF5 Rap guanine nucleotide exchange 
factor (GEF) 5 

215726_s at 1528 CYB35A cytochrome b5 type A 
(microsomal) 

210886_x_at 11257 TP53TG1 TP53 target 1 (non-protein coding) 

226597_at 92840 REEP6 receptor accessory protein 6 

204995 at 8851l CDK5R1 cyclin-dependent kinase 5, 
regulatory subunit l (p35) 

236119_s_at 6706 SPRR2G small proline-rich protein 2G 

219228_at 55422 ZNF331 zinc finger protein 331 

234971xat 113026 PLCD3 phospholipase C, delta 3 

201127_s_at 47 ACLY ATP citrate lyase 

226880_at 64710 NUCKS1 Nuclear casein kinase and cyclin
dependent kinase substrate 1 

209383_at 1649 DDIT3 DNA-damage-inducible transcript 
3 

204168_at 4258 MGST2 microsomal glutathione S
transferase 2 

239670_at 65268 WNK2 WNK lysine deficient protein 
kinase 2 
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myeloid/lymphoid or mixed
208512_s-at 4301 MLLT4 lineage leukemia (trithorax 

homolog, Drosophila); translocate 

213281_at 3725 JUN Jun proto-oncogene 

potassium channel tetramerisation 
218310_at 154881 /1/ 27342 KCTD7 /I RABGEF1 domain containing 7 /// RAB 

guanine nucleotide exchan 

205151 s at 9865 TRIL TLR4 interactor with leucine-rich 
repeats 

218217_at 59342 SCPEP1 serine carboxypeptidase 1 

integrin, alpha E (antigen CD103, 
205055at 3682 ITGAE human mucosal lymphocyte 

antigen1;alpha polypeptide 

215009 s at 100499177 THAP9-AS1 THAP9 antisense RNA 1 (non
-a -protein coding) 

227484_at 57522 SRGAP1 SLIT-ROBO Rho GTPase 
activating protein 1 

239769_at 1009 CDH11 Cadherin 11, type 2, OB-cadherin 
(osteoblast) 

230360_at 342035 GLDN gliomedin 

227112_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

201482_at 5768 QSOX quiescin Q6 sulthydryl oxidase 1 

210337_s_at 47 ACLY ATP citrate lyase 

203911_at 5909 RAP1GAP RAP1 GTPase activating protein 

206683_at 7718 ZNF165 zinc finger protein 165 

202935_s at 6662 SOX9 SRY (sex determining region Y)
box 9 

phosphatidylinositol-specific 
218951sat 55344 PLCXD1 phospholipase C, X domain 

containing 1 

233488_at 84659 RNASE7 ribonuclease, RNase A family, 7 

202562_s at 11161 Cl4orfl chromosome 14 open reading 
frame 1 

ATP synthase, H+ transporting, 
208745_at 10632 ATP5L mitochondrial Fo complex, subunit 

G 

236078_at 57707 KIAA1609 KIAA1609 

226226_at 120224 TMEM45B transmembrane protein 45B 

213854_at 9145 SYNGRI synaptogyrin 1 

243955_at --- --- --

222111_at 54629 FAM63B family with sequence similarity 63, 
1 member B 

1560296_at --- --- --

240038_at --- --- --

211372_s_at 7850 IL1R2 interleukin 1 receptor, type II 

202672sat 467 ATF3 activating transcription factor 3 

218717_s_at 55214 LEPREL1 leprecan-like 1 

228366_at --- --- --

2305 16_at 115416 MALSU I Mitochondrial assembly of 
ribosomal large subunit 1 

201920_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

209632_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

207367 at 479 ATP12A ATPase, H+/K+ transporting, 
nongastric, alpha polypeptide 

1557256_a_at --- --- --

cold inducible RNA binding 
200811I-at 1153 CJRBP protein 

205201_at 2737 GLI3 GLI family zinc finger 3 
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227724_at 728190 LOC728190 uncharacterized LOC728190 

205403_at 7850 IL1R2 interleukin 1 receptor, type II 

242827_x_at --- --- --

228084_at 81579 PLA2G12A phospholipase A2, group XIIA 

209365_s_at 1893 ECM1 extracellular matrix protein 1 

243279_at --- --- --

224946_s_at 84317 CCDC115 coiled-coil domain containing 115 

218708_at 29107 NXT1 NTF2-like export factor 1 

1560531_at 353132 LCE1B late cornified envelope lB 

207761_s_at 25840 METTL7A methyltransferase like 7A 

206011 at 834 CASP1 caspase 1, apoptosis-related 
cysteine peptidase 

213703_at 150759 LINC00342 long intergenic non-protein coding 
RNA 342 

224595_at 23446 SLC44AI solute carrier family 44, member 1 

224613_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

212504_at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

213682_at 10762 NUP50 nucleoporin 50kDa 

205247_at 4855 NOTCH4 notch 4 

228235_at 84848 MGC16121 uncharacterized protein 
MGC16121 

242873_at --- --- --

205960 at 5166 PDK4 pyruvate dehydrogenase kinase, 
isozyme 4 

230494_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

221260_s at 81566 CSRNP2 cysteine-serine-rich nuclear protein 
2 

224480_s at 84803 AGPAT9 1-acylglycerol-3-phosphate 0
acyltransferase 9 

210180_s at 6434 TRA2B3 transformer 2 beta homolog 
(Drosophila) 

204621_s_at 4929 NR4A2 nuclear receptor subfamily 4, 
group A, member 2 

217863_at 8554 PIAS1 protein inhibitor of activated 
STAT, 1 

236423_at --- --- --

223421_at 50626 CYHR1 cysteine/histidine-rich 1 

220272_at 54796 BNC2 basonuclin 2 

201791_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

215574_at --- --- --

224328sat 84648 LCE3D late cornified envelope 3D 

211828_s at 23043 TNIK TRAF2 and NCK interacting 
kinase 

58367_s at 79744 ZNF419 zinc finger protein 419 

218950_at 64411 ARAP3 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 3 

caspase recruitment domain 
1552703sat 114769 /// 834 CARD16 / CASP I family, member 16 // caspase 1, 

apoptosis-related cysteine 

219687_at 55733 HHAT hedgehog acyltransferase 

232127_at 1184 CLCN5 chloride channel, voltage-sensitive 

218377_s_at 10069 RWDD2B RWD domain containing 2B 

Ras association (RaGDS/AF-6) 
210335at 9182 RASSF9 domain family (N-terminal) 

member 9 
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227927_at --- --- --

227224_at 55103 RALGPS2 Ral GEFwith PH domain and SH3 
binding motif 2 

224778_s_at 57551 TAOK TAO kinase 1 

229566_at 645638 LOC645638 WDNM1-like pseudogene 

202734 at 9322 TRIP 10 thyroid hormone receptor 
interactor 10 

201851_at 6455 SH3GL1 SH3-domain GRB2-like 1 

237337_at --- --- --

37152 at 5467 PPARD peroxisome proliferator-activated 
receptor delta 

209687_at 6387 CXCL12 chemokine (C-X-C motif) ligand 
12 

203152_at 64976 MRPL40 mitochondrial ribosomal protein 
L40 

201627_s_at 3638 INSIGI insulin induced gene 1 

232593_at 93082 NEURL3 neuralized homolog 3 (Drosophila) 
pseudogene 

224769at 57551 TAOK TAO kinase 1 

209702_at 79068 FTO fat mass and obesity associated 

204546_at 9764 KIAA0513 KIAA0513 

mannan-binding lectin serine 
232224at 5648 MASP1 peptidase 1 (C4/C2 activating 

component of Ra-reactive fac 

UDP-N-acetyl-alpha-D

239930_at 2590 GALNT2 galactosamine:polypeptide N
acetylgalactosaminyltransferase 2 

(Gal 
glycine amidinotransferase (L

203178_at 2628 GATM arginine:glycine 
amidinotransferase) 

235782_at --- --- --

218181_s at 9448 MAP4K4 mitogen-activated protein kinase 
kinase kinase kinase 4 

233520_s_at 202333 CMYA5 cardiomyopathy associated 5 

213456_at 25928 SOSTDC1 sclerostin domain containing 1 

219528_s at 64919 BCL11B B-cell CLL/lymphoma l IB (zinc 
finger protein) 

224945_at 55727 BTBD7 BTB (POZ) domain containing 7 

214866_at 5329 PLAUR plasminogen activator, urokinase 
receptor 

209941 at 8737 RIPKl receptor (TNFRSF)-interacting 
serine-threonine kinase 1 

226029_at 57216 VANGL2 vang-like 2 (van gogh, Drosophila) 

212596_s_at 10042 HMGXB4 HMG box domain containing 4 

229873_at 283219 KCTD21 potassium channel tetramerisation 
domain containing 21 

226392_at 5922 RASA2 RAS p21 protein activator 2 

226005_at 7326 UBE2G1 ubiquitin-conjugating enzyme E2G 

214445_at 22936 ELL2 elongation factor, RNA 
polymerase II, 2 

227680_at 284695 ZNF326 zinc finger protein 326 

227786_at 90390 MED30 mediator complex subunit 30 

222067_x_at 3017 HIST1H2BD histone cluster 1, H2bd 

1569106_s at 55209 SETD5 SET domain containing 5 

231785_at 4909 NTF4 neurotrophin 4 

223937_at 27086 FOXPI forkhead box P1 

1558685_a_at 158960 LOC158960 uncharacterized protein BC009467 
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zinc finger protein 36, C3H type211965_at 677 ZFP36LI like 1 

39549_at 4862 NPAS2 neuronal PAS domain protein 2 

203800_s_at 63931 MRPS14 mitochondrial ribosomal protein 
S14 

1556321_a_at --- --- --

212321_at 8879 SGPL1 sphingosine-1-phosphate lyase 1 

222154 s at 26010 SPATS2L spermatogenesis associated, serine
rich 2-like 

218774_at 28960 DCPS decapping enzyme, scavenger 

212268_at 1992 SERPINB I serpin peptidase inhibitor, clade B 
P(ovalbumin), member 1 

213134_x_at 10950 BTG3 BTG family, member 3 

230669at 5922 RASA2 RAS p21 protein activator 2 

1559901_s at 388815 LINC00478 long intergenic non-protein coding 
RNA 478 

225298_at 25953 PNKD paroxysmal nonkinesigenic 
dyskinesia 

242558_at --- --- --

226043_at 26086 GPSM1 G-protein signaling modulator 1 

protein tyrosine phosphatase, 
210236at 8500 PPFIA receptor type, fpolypeptide 

(PTPRF),interacting protein 
natriuretic peptide receptor 

214066xat 4882 NPR2 B/guanylate cyclase B 
(atrionatriureticpeptide receptor B 

240024_at 23541 SEC14L2 SEC14-like 2 (S. cerevisiae) 

235462_at 132864 CPEB2 Cytoplasmic polyadenylation 
element binding protein 2 

1554015_a at 1106 CHD2 chromodomain helicase DNA 
binding protein 2 

leucine-rich repeats and calponin 
235347at 84859 LRCH3 homology (CH) domain containing 

3 

230847_at 56897 WRNIP1 Werner helicase interacting protein 

201427_s_at 6414 SEPP I selenoprotein P, plasma, 1 

1557905_s at 960 CD44 CD44 molecule (Indian blood 
group) 

219084_at 64324 NSD1 nuclear receptor binding SET 
domain protein 1 

206176_at 654 BMP6 bone morphogenetic protein 6 

219826_at 79744 ZNF419 zinc finger protein 419 

212356_at 23351 KIINYN KH and NYN domain containing 

218909_at 26750 RPS6KC1 ribosomal protein S6 kinase, 
52kDa, polypeptide 1 

230555_s at 90390 MED30 Mediator complex subunit 30 

212687_at 3987 LIMS I LIM and senescent cell antigen
like domains 1 

203098_at 9425 CDYL chromodomain protein, Y-like 

229054_at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

236039_at 284348 LYPD5 LY6/PLAUR domain containing 5 

209661_at 3801 KIFC3 kinesin family member C3 

209560_s_at 8788 DLK1 delta-like 1 homolog (Drosophila) 

225812_at 619208 C6orf225 chromosome 6 open reading frame 
225 

227829_at 120071 GYLTL1B glycosyltransferase-like lB 

238623_at --- --- --

229415_at 54205 CYCS cytochrome c, somatic 
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209222_s_at 9885 OSBPL2 oxysterol binding protein-like 2 

1555809_at 83716 CRISPLD2 cysteine-rich secretory protein 
LCCL domain containing 2 

204567_s at 9619 ABCG1 ATP-binding cassette, sub-family 
G (WHITE), member 1 

solute carrier family 28 (sodium
232277_at 64078 SLC28A3 coupled nucleoside transporter), 

member 3 

237197_at --- --- --

225209_s at 118424 UBE2J2 ubiquitin-conjugating enzyme E2, 
J2 

231916_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

212279_at 27346 TMEM97 transmembrane protein 97 

204862_s at 4832 NME3 NME/NM23 nucleoside 
diphosphate kinase 3 

230483_at --- --- --

212856_at 23151 GRAMD4 GRAM domain containing 4 

224650_at 114569 MAL2 mal, T-cell differentiation protein 2 
(gene/pseudogene) 

202963_at 5993 RFX5 regulatory factor X, 5 (influences 
HLA class II expression) 

225320_at 90550 MCU mitochondrial calcium uniporter 

236274_at 8662 EIF3B eukaryotic translation initiation 
factor 3, subunit B 

putative homeodomain 
209780_at 57157 PHTF2 transcription factor 2 

218823_s at 54793 KCTD9 potassium channel tetramerisation 
domain containing 9 

227787_s_at 90390 MED30 mediator complex subunit 30 

230296_at 730094 C16orf52 chromosome 16 open reading 
frame 52 

222892sat 55287 TMEM40 transmembrane protein 40 

carcinoembryonic antigen-related 
210610_at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

230031_at 3309 HSPA5 heat shock 70kDa protein 5 
(glucose-regulated protein, 78kDa) 

238477_at 10749 KIFIC kinesin family member IC 

209409 at 2887 GRB10 growth factor receptor-bound 
protein 10 

217995_at 58472 SQRDL sulfide quinone reductase-like 
(yeast) 

226873_at 54629 FAM63B family with sequence similarity 63, 
member B 

1553722_s at 220441 RNF152 ring finger protein 152 

204710_s at 26100 WIPI2 WD repeat domain, 
phosphoinositide interacting 2 

212653sat 23301 EHBP1 EH domain binding protein 1 

203979_at 1593 CYP27AI cytochrome P450, family 27, 
subfamily A, polypeptide 1 

244350_at 4651 MYOlO myosin X 

223233_s_at 57530 CGN cingulin 

1555967_at --- --- --

100128553///100142659 CTAGE 15P// CTAGE family, member 15, 

214355_x_at /// 340307 /// 441294/// CTAGE4 /I CTAGE6P pseudogene /I CTAGE family, 

643854 //C TAGE8 // member 4 /// CTAGE family, 
CTAGE9 member 

214469_at 3012 /// 8335 HIST1 H2AB /I histone cluster 1, H2ab /// histone 
HISTlH2AE cluster 1, H2ae 

microtubule associated 
212472at 9645 MICAL2 monoxygenase, calponin and LIM 

domain containing 2 

228115_at 64762 FAM59A family with sequence similarity 59, 
member A 
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228964_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 

230027_s_at 84545 MRPL43 mitochondrial ribosomal protein 
L43 

207318_s_at 8621 CDK13 cyclin-dependent kinase 13 

221689_s at 51227 PIGP phosphatidylinositol glycan anchor 
biosynthesis, class P 

219270_at 79094 CHACI ChaC, cation transport regulator 
homolog 1 (E. coli) 

225299_at 4645 MYO5B myosin VB 

239770 at 83850 ESYT3 extended synaptotagmin-like 
protein 3 

226399_at 79982 DNAJB 14 DnaJ (Hsp40) homolog, subfamily 
B, member 14 

226656_at 10491 CRTAP cartilage associated protein 

228852_at 2029 ENSA endosulfine alpha 

206239_s_at 6690 SPINKI serine peptidase inhibitor, Kazal 
type 1 

210993_s_at 4086 SMADI SMAD family member 1 

238462_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

211962_s at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

224666 at 197370 NSMCE1 non-SMC element 1 homolog (S.  
cerevisiae) 

239028_at 130574 LYPD6 LY6/PLAUR domain containing 6 

213577_at 6713 SQLE squalene epoxidase 

202011 _at 7082 TJP l tight junction protein 1 (zona 
occludens 1) 

212254_s_at 100652766 /1/ 667 DST// LOC100652766 dystonin /I dystonin-like 

221701_s at 64220 STRA6 stimulated by retinoic acid gene 6 
homolog (mouse) 

239576_at 57509 MTUS1 microtubule associated tumor 

suppressor 1 

234418_x_at 960 CD44 CD44 molecule (Indian blood 

group) 

227985_at 100506098 LOC100506098 uncharacterized LOC100506098 

213462at 4862 NPAS2 neuronal PAS domain protein 2 

224975_at 4774 NFIA nuclear factor LA 

225990_at 91653 BOC Boc homolog (mouse) 

240616_at --- --- --

219911_s_at 28231 SLCO4AI solute carrier organic anion 
transporter family, member 4A1 

224970_at 4774 NFIA nuclear factor LA 

214623 at 26226 FBXW4P I F-box and WD repeat domain 
containing 4 pseudogene 1 

239478_x at 55668 C1I 4orfl 18 chromosome 14 open reading 
frame 118 

226909_at 85460 ZNF518B zinc finger protein 518B 

208670_s at 23741 EID1 EP300 interacting inhibitor of 
differentiation 1 

206192_at 1041 CDSN corneodesmosin 

222173sat 55357 TBC1D2 TBC1 domain family, member 2 

228450 at 144100 PLEKHA7 pleckstrin homology domain 
containing, family A member 7 

1558097_at 253143 PRR14L proline rich 14-like 

219373_at 54344 DPM3 dolichyl-phosphate 
mannosyltransferase polypeptide 3 

230388 s at 644246 KANSL1-AS1 KANSLI antisense RNA 1 (non
2 a 62 proteicoding) 

207098sat 55669 MFN1 mitofusin 1 
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223484_at 84419 C15orf48 chromosome 15 open reading 
frame 48 

244804_at 8878 SQSTM1 sequestosome 1 

229679_at 400073 C 12orf76 chromosome 12 open reading 
frame 76 

225826_at 326625 MMAB methylmalonic aciduria (cobalamin 
deficiency) cblB type 

213352_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

carcinoembryonic antigen-related 
211883xat 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

HIST1H2BCI// 

8339 8343 /// 8344 HIST1H2BE// histone cluster 1, H2bc /// histone 
210387_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

210916_s_at 960 CD44 CD44 molecule (Indian blood 
group) 

solute carrier family 25 
221432sat 81894 SLC25A28 (mitochondrial iron transporter), 

member 28 

218487_at 210 ALAD aminolevulinate dehydratase 

223264_at 59274 MESDC1 mesoderm development candidate 

guanine nucleotide binding protein 
206356sat 2774 GNAL (G protein), alpha activating 

activity polypeptide, 

218097_s_at 79004 CUEDC2 CUE domain containing 2 

228001_at 757 TMEM50B transmembrane protein 50B 

212441_at 9778 KIAA0232 KIAA0232 

201854_s_at 23300 ATMIN ATM interactor 

121_at 7849 PAX8 paired box 8 

222143sat 64419 MTMR14 myotubularin related protein 14 

1558002 at 11171 STRAP Serine/threonine kinase receptor 
associated protein 

226040_at --- --- --

226141_at 91050 CCDC149 coiled-coil domain containing 149 

1556567_at 4676 NAP1L4 nucleosome assembly protein 1
like 4 

226263_at 154007 SNRNP48 small nuclear ribonucleoprotein 
22663a 148kDa(Ull/U12) 

212074_at 23353 SUN1 Sadl and UNC84 domain 
containing 1 

227387_at 54780 NSMCE4A Non-SMC element 4 homolog A 
(S. cerevisiae) 

232795_at --- --- --

matrix metallopeptidase 9 
203936sat 4318 MMP9 (gelatinase B, 92kDa gelatinase, 

92kDa type IV collagenase) 

225033 at 6482 ST3GAL1 ST3 beta-galactoside alpha-2,3
sialyltransferase 1 

209109_s_at 7105 TSPAN6 tetraspanin 6 

213351_s at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

203047_at 6793 STK1O serine/threonine kinase 10 

220721_at 80110 ZNF614 zinc finger protein 614 

1556127_at 23181 DIP2A DIP2 disco-interacting protein 2 
homolog A (Drosophila) 

215016_x_at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

carcinoembryonic antigen-related 
206576sat 634 CEACAMI cell adhesion molecule 1 (biliary 

glycoprotein) 
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240674_at 3720 JARID2 jumonji, AT rich interactive 
domain 2 

225646_at 1075 CTSC cathepsin C 

1554010_at 3340 NDSTl N-deacetylase/N-sulfotransferase 
T(heparanglucosaminyl) 1 

204100_at 7067 THRA thyroid hormone receptor, alpha 

221840 at 5791 PTPRE protein tyrosine phosphatase, 
receptor type, E 

209078_s_at 25828 TXN2 thioredoxin 2 

218530_at 29109 FHOD1 formin homology 2 domain 
containing 1 

235434_at --- --- --

230063at 9422 ZNF264 zinc finger protein 264 

40420_at 6793 STK1O serine/threonine kinase 10 

221027sat 81579 PLA2G12A phospholipase A2, group XIIA 

244202_at --- --- --

212108_at 23197 FAF2 Fas associated factor family 
member 2 

204294_at 275 AMT aminomethyltransferase 

225503_at 207063 DHRSX dehydrogenase/reductase (SDR 
family) X-linked 

solute carrier family 1 
212810sat 6509 SLC1A4 (glutamate/neutral amino acid 

transporter), member 4 

214814_at 91746 YTHDC1 YTH domain containing 1 

228468 at 84930 MASTL microtubule associated 
serine/threonine kinase-like 

209108_at 7105 TSPAN6 tetraspanin 6 

220444_at 79230 ZNF557 zinc finger protein 557 

206172_at 3598 IL13RA2 interleukin 13 receptor, alpha 2 

225002sat 25870 SUMF2 sulfatase modifying factor 2 

212205_at 94239 H2AFV H2A histone family, member V 

228851_s_at 2029 ENSA endosulfine alpha 

209048 s at 23613 ZMYND8 zinc finger, MYND-type 
-s -containing 8 

211846_s at 5818 PVRL1 poliovirus receptor-related 1 
(herpesvirusentry mediator C) 

238909_at 6281 SiOOA10 S100 calcium binding protein Al0 

205503 at 5784 PTPN14 protein tyrosine phosphatase, non
receptor type 14 

243829 at 673 BRAF v-raf marine sarcoma viral 
oncogenehomolog B1 

244379_at --- --- --

223251sat 55608 ANKRD1O ankyrin repeat domain 10 

202633 at 11073 TOPBP1 topoisomerase (DNA) II binding 
protein 1 

214502_at 8970 HISTlH2BJ histone cluster 1, H2bj 

221773 at 2004 ELK3 ELK3, ETS-domain protein (SRF 
accessory protein 2) 

41858_at 27315 PGAP2 post-GPI attachment to proteins 2 

212850_s at 4038 LRP4 low density lipoprotein receptor
related protein 4 

223408s_at --- --- --

HIST1 H2AD /I 
3013 //8350 ///8351 // HIST1H3A/// histone cluster 1, H2ad /// histone 
8352 /8353 /8354 /// HIST1H3B /// 

21447 a 8355 /8356 //8357 // HIST H3C cluster, H3a// histonecluster1, 
8358/ HIST1H3D/ H3b/1/histo 

HIST1H3E // 
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HIST1 H3F /I 
HIST1H3GI/ 
HIST1H3H// 
HIST1H3I// 

HISTlH3J 

225647_s_at 1075 CTSC cathepsin C 

1559977_a at 284723 SLC25A34 solute carrier family 25, member 
34 

211347_at 8555 CDC14B CDCl4 cell division cycle 14 
homolog B (S. cerevisiae) 

1558208_at --- --- --

227570_at 144110 TMEM86A transmembrane protein 86A 

227492_at 100506658 /1/ 647859 LOC647859 /// OCLN occludin pseudogene /// occludin 

1558778_s at 57496 MKL2 MKL/myocardin-like 2 

nuclear receptor subfamily 1, 
31637_s-at 7067 // 9572 NR1D1 I/ ITHRA group D, member 1/// thyroid 

hormone receptor, alpha 

229190_at 100507376 LOC100507376 uncharacterized LOC100507376 

236188_s at 4676 NAP 1L4 Nucleosome assembly protein 1
like 4 

212503_s at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

nuclear receptor subfamily 1, 
204760sat 7067 // 9572 NR1D1 I/ ITHRA group D, member 1// thyroid 

hormone receptor, alpha 

212099_at 388 RHOB ras homolog family member B 

214873 at 91355 LRP5L low density lipoprotein receptor
related protein 5-like 

228181_at 7779 SLC30AI solute carrier family 30 (zinc 
transporter), member 1 

calmodulin regulated spectrin
212763at 23271 CAMSAP2 associated protein family, member 

2 

226285_at 4076 CAPRIN1 cell cycle associated protein 1 

213567_at 3840 KPNA4 karyopherin alpha 4 (importin 
alpha 3) 

nuclear factor of kappa light 
203927at 4794 NFKBIE polypeptide gene enhancer in B

cells inhibitor, epsilon 
HIST1H2BCI// 

8339 //8343 /// 8344 / HIST1H2BE// histone cluster 1, H2bc /// histone 
208523_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

219389_at 55061 SUSD4 sushi domain containing 4 

202329_at 1445 CSK c-src tyrosine kinase 

238523_at 79786 KLHL36 kelch-like 36 (Drosophila) 

1565016_at 3276 PRMTl protein arginine methyltransferase 

226409_at 128637 TBC1D20 TBC1 domain family, member 20 

229926_at 100500850 MIR3682 microRNA 3682 

HIST1H2BCI// 

8339 /// 8343 /// 8344 /// HIST1H2BE// histone cluster 1, H2bc /// histone 
208527_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

223598_at 5887 RAD23B RAD23 homolog B (S. cerevisiae) 

243797_at 9262 STK17B serine/threonine kinase 17b 

203317 at 23550 PSD4 pleckstrin and Sec7 domain 
containing 4 

230965_at 9099 USP2 ubiquitin specific peptidase 2 

208490_x at 8339 /// 8343 /// 8344// HIST1H2BC// histone cluster 1, H2bc /// histone 
8346 // 8347 HIST1H2BE// cluster 1, H2be /// histone cluster 1, 
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HIST1H2BF// H2bf/// his 
HIST1H2BGI// 

HISTlH2BI 

235514_at 151516 ASPRV1 aspartic peptidase, retroviral-like 1 

209098_s_at 182 JAGI jagged 1 

1554229_at 153222 CREBRF CREB3 regulatory factor 

209398_at 3006 HISTIHIC histone cluster 1, HIc 

202629_at 10513 APPBP2 amyloid beta precursor protein 
(cytoplasmictail) binding protein 2 

203428_s at 25842 ASF lA ASF I anti-silencing function 1 
homolog A(S. cerevisiae) 

238005_s at 25942 SIN3A SIN3 transcription regulator 
homolog A (yeast) 

HIST1H2BCI// 

8339 //8343 /// 8344 // HIST1H2BE// histone cluster 1, H2bc /// histone 
214455_at 8346 // 8347 HISTlH2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HISTlH2BI 

214073_at 2017 CTTN cortactin 

203140_at 604 BCL6 B-cell CLL/lymphoma 6 

232150_at --- --- --

208546_x_at 8345 HISTlH2BH histone cluster 1, H2bh 

243446_at 84962 AJUBA ajuba LIM protein 

236207_at 6744 SSFA2 sperm specific antigen 2 

212016 s at 5725 PTBP1 polypyrimidine tract binding 
-a -protein 1 

232311_at 567 B2M Beta-2-microglobulin 

219711_at 54807 ZNF586 zinc finger protein 586 

H2B histone family, member S 
208579xat 54145 // 85236 H2BFS // HIST1 H2BK (pseudogene) /// histone cluster 1, 

H2bk 

239493_at 6129 RPL7 ribosomal protein L7 

214074_s_at 2017 CTTN cortactin 

228091_at 55014 STX17 syntaxin 17 

234331_s at 151354 FAM84A family with sequence similarity 84, 
member A 

212372_at 4628 MYHO 10myosin, heavy chain 10, non
muscle 

wherein said genes overexpress after 8 hours and 12 hours of exposure to CTO-and 

quantitating the response in each of the pharmacodynamics biomarkers of multiple signature 

pathways to different doses of CTO exposure in vivo to the varying doses of CTO.  

12. A method for quantifying the response to carboxyamidotriazole orotate (CTO) on 

pharmacodynamics biomarkers of transcription signatures selected from the group 

consisting of EGFR, MEK, HDAC, HSP90, WNT-catenin, P53, EGRi, PTEN, 

TGFj, RAS, GFS, CEACAMI and Dystonin, said method comprising: 
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a) obtaining a cell sample obtained from a subject treated with varying doses 

of CTO for different time periods; 

b) isolating the mRNA from the treated cell sample and preparing 

representative cDNA therefrom and measuring the transcriptional 

alteration in expression in the cell sample resulting from CTO exposure; 

c) calculating a signature score for each of the pharmacodynamics 

biomarkers of multiple signature pathways and quantitating the response to 

different doses of CTO exposure in vivo to the varying doses of CTO, 

selecting a list of overlapping genes overexpressing after 8 hours and 24 

hours exposure to CTO; and 

d) identifying each of the pharmacodynamics biomarkers of multiple 

signature pathways by at least 3 or more genes from the list including: 

Probeset ID Entrez Gene Gene Symbol Gene Title 

222450_at 56937 PMEPAl prostate transmembrane protein, 
androgen induced 1 

351 FKBPIA-SDCBP2/ FKBP1A-SDCBP2readthrough 
233565sat 100528031//27111 SDCBP2 (non-protein coding) /I syndecan 

binding protein (syntenin) 

242832_at 5187 PERI period homolog 1 (Drosophila) 

240463_at --- --- --

213039_at 23370 ARHGEF 18 Rho/Rac guanine nucleotide 
exchange factor (GEF) 18 

235072_s_at 63971 KIF13A kinesin family member 13A 

208926_at 4758 NEUI sialidase 1 (lysosomal sialidase) 

237444_at --- --- --

239451_at --- --- --

222288_at --- --- --

227579_at 2241 FER fer (fps/fes related) tyrosine kinase 

pleckstrin homology domain 
212717_at 9842 PLEKHMI containing, family M (with RUN 

domain) member 1 

226853_at 55589 BMP2K BMP2 inducible kinase 

chromosome X open reading frame 
214112_sat 541578 /1/ 91966 CXorf4OA // CXorf4OB 40A // chromosome X open 

reading frame 40B 

209012 at 7204 TRIO triple functional domain (PTPRF 
interacting) 

219476_at 79098 ClI orfl 16 chromosome 1 open reading frame 
116 
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238086_at 100129617 LOC100129617 uncharacterized LOC100129617 

230721_at 730094 C16orf52 chromosome 16 open reading 
frame 52 

1566079_at 647190 RPS16P5 ribosomal protein S16 pseudogene 
5 

223839_s at 6319 SCD stearoyl-CoA desaturase (delta-9
desaturase) 

225671_at 124976 SPNS2 spinster homolog 2 (Drosophila) 

212961_x at 541578 CXorf40B chromosome X open reading frame 
40B 

223659_at 84000 TMPRSS13 transmembrane protease, serine 13 

229909_at 283358 B34GALNT3 beta-i,4-N-acetyl-galactosaminyl 
transferase 3 

223467_at 51655 RASD1 RAS, dexamethasone-induced 1 

235146_at 57458 TMCC3 transmembrane and coiled-coil 
domain family 3 

235548 at 164284 APCDD1L adenomatosis polyposis coli down
regulated 1-like 

206816_s_at 26206 SPAG8 sperm associated antigen 8 

242323_at 81579 PLA2G12A phospholipase A2, group XIIA 

224579_at 81539 SLC38AI solute carrier family 38, member 1 

213315_x at 91966 CXorf40A chromosome X open reading frame 
40A 

227314_at 3673 ITGA2 integrin, alpha 2 (CD49B, alpha 2 
subunit of VLA-2 receptor) 

227093_at 57602 USP36 Ubiquitin specific peptidase 36 

200760 s at 10550 ARL6IP5 ADP-ribosylation-like factor 6 
0 -interacting protein 5 

201790_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

1554980_a_at 467 ATF3 activating transcription factor 3 

242255_at 22884 WDR37 WD repeat domain 37 

219267_at 51228 GLTP glycolipid transfer protein 

1555786_s at 645687 LINC00520 long intergenic non-protein coding 
RNA 520 

229734_at 283174 LOC283174 uncharacterized LOC283174 

242856_at --- --- --

201037_at 5214 PFKP phosphofructokinase, platelet 

1562970_at --- --- --

201465s_at 3725 JUN jun proto-oncogene 

202067_s_at 3949 LDLR low density lipoprotein receptor 

223679_at 1499 CTNNB1 catenin (cadherin-associated 
protein), beta 1, 88kDa 

201235sat 7832 BTG2 BTG family, member 2 

225662 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

potassium intermediate/small 
204401at 3783 KCNN4 conductance calcium-activated 

channel, subfamily N, member 

222906_at 28982 FLVCR1 feline leukemia virus subgroup C 
cellular receptor 1 

238613 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

206414_s_at 8853 ASAP2 ArfGAP with SH3 domain, 
ankyrin repeat and PH domain 2 

210794_s at 55384 MEG3 maternally expressed 3 (non
protein coding) 

226621_at 9180 OSMR oncostatin M receptor 

230682_x at 8714 ABCC3 ATP-binding cassette, sub-family 
2 8C (CFTR/MRP), member 3 

235668_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 
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205483_s_at 9636 ISGI5 ISG15 ubiquitin-like modifier 

215808_at 5655 KLK1O kallikrein-related peptidase 10 

212281_s_at 27346 TMEM97 transmembrane protein 97 

212282_at 27346 TMEM97 transmembrane protein 97 

226287_at 91057 CCDC34 coiled-coil domain containing 34 

213618_at 116984 ARAP2 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 2 

231089_at 100505664 LOC100505664 uncharacterized LOC100505664 

227140_at 3624 INHBA inhibin, beta A 

231467_at --- --- --

202967_at 2941 GSTA4 glutathione S-transferase alpha 4 

230323_s_at 120224 TMEM45B transmembrane protein 45B 

224471_s at 8945 BTRC beta-transducin repeat containing 
E3 ubiquitin protein ligase 

202708sat 8349 HIST2H2BE histone cluster 2, H2be 

242871_at 54852 PAQR5 progestin and adipoQ receptor 
family member V 

205627_at 978 CDA cytidine deaminase 

235542_at 200424 TET3 tet methyleytosine dioxygenase 3 

240410_at --- --- --

236656_s_at 100288911 LOC100288911 uncharacterized LOC100288911 

206164_at 9635 CLCA2 chloride channel accessory 2 

203159_at 2744 GLS glutaminase 

224991_at 80790 CMIP c-Maf inducing protein 

204258_at 1105 CHD1 chromodomain helicase DNA 
binding protein 1 

228249_at 119710 C I l orf74 chromosome 11 open reading 
frame 74 

229013_at 145783 LOC145783 uncharacterized LOC145783 

platelet-activating factor 
211547sat 5048 PAFAHIBI acetylhydrolase ib, regulatory 

subunit 1 (45kDa) 

226863_at 642273 FAMI OC family with sequence similarity 
110, member C 

208161_s at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

214805_at 1973 EIF4Al eukaryotic translation initiation 
factor 4Al 

229429_xat 728855 /// 728875 LOC728855 /I uncharacterized LOC728855 // 
LOC728875 uncharacterized LOC728875 

202720_at 26136 TES testis derived transcript (3 LIM 
domains) 

224995_at 56907 SPIRE1 spire homolog 1 (Drosophila) 

214771 x at 23164 MPRIP myosin phosphatase Rho 
1 -interacting protein 

201939_at 10769 PLK2 polo-like kinase 2 

238587_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

232113_at --- --- --

208690sat 9124 PDLIM1 PDZ and LIM domain 1 

201464_x_at 3725 JUN jun proto-oncogene 

236657_at 100288911 LOC100288911 uncharacterized LOC100288911 

215541_s at 1729 DIAPH1 diaphanous homolog 1 
(Drosophila) 

238028_at 647024 C6orfl 32 chromosome 6 open reading frame 
132 

226893_at 27 ABL2 v-abl Abelson marine leukemia 

135



viral oncogene homolog 2 

237576xat 100506480 LOC100506480 uncharacterized LOC100506480 

1552256_a at 949 SCARB Iscavenger receptor class B, 
member 1 

215255_at 22997 IGSF9B immunoglobulin superfamily, 
member 9B 

1557258_a_at 8915 BCL1O B-cell CLL/lymphoma 10 

240623_at --- --- --

solute carrier family 6 
228754at 6533 SLC6A6 (neurotransmitter transporter, 

taurine), member 6 

217257_at 6452 SH3BP2 SH3-domain binding protein 2 

241036_at --- --- --

242553_at 8714 ABCC3 ATP-binding cassette, sub-family 
C (CFTR/MRP), member 3 

239358_at --- --- --

210868sat 79071 ELOVL6 ELOVL fatty acid elongase 6 

platelet-activating factor 
200815_sat 5048 PAFAHIBI acetylhydrolase ib, regulatory 

subunit 1 (45kDa) 

208436_s_at 3665 IRF7 interferon regulatory factor 7 

208138_at 2520 GAST gastrin 

241780_at --- --- --

200730_s at 7803 PTP4Al protein tyrosine phosphatase type 
IVA, member 1 

219697_at 9956 HS3ST2 heparan sulfate (glucosamine) 3-0
sulfotransferase 2 

201693_s_at 1958 EGRI early growth response 1 

218847_at 10644 IGF2BP2 insulin-like growth factor 2 mRNA 
binding protein 2 

230469_at 219790 RTKN2 rhotekin 2 

209917_s_at 11257 TP53TG1 TP53 target 1 (non-protein coding) 

224329_s_at 84518 CNFN cornifelin 

212253_x_at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

238058_at 150381 LOC150381 uncharacterized LOC150381 

239334 at 57488 ESYT2 Extended synaptotagmin-like 
protein 2 

222271_at --- --- --

216718_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

219076_s_at 5827 PXMP2 peroxisomal membrane protein 2, 
22kDa 

204475_at 4312 MIMP1 matrix metallopeptidase 1 
(interstitial collagenase) 

221185_s_at 84223 IQCG IQ motif containing G 

203586_s_at 379 ARL4D ADP-ribosylation factor-like 4D 

217802_s at 64710 NUCKS1 nuclear casein kinase and cyclin
Kdependentkinase substrate 1 

205767_at 2069 EREG epiregulin 

228360_at 130576 LYPD6B LY6/PLAUR domain containing 
6B 

228917_at --- --- --

228748_at 966 CD59 CD59 molecule, complement 
regulatory protein 

sedoheptulokinase /I transient 
219632sat 23729 /// 7442 SHPK /// TRPV1 receptor potential cation channel, 

subfamily V, member 

238715_at 646014 LOC646014 Uncharacterized LOC646014 
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218810_at 80149 ZC3H12A zinc finger CCCH-type containing 
12A 

225177_at 80223 RAB I I1FIP I RAB 1 family interacting protein 
S1(class I) 

224454_at 55500 ETNK1 ethanolamine kinase 1 

carcinoembryonic antigen-related 
209498at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

1557257_at 8915 BCL1O B-cell CLL/lymphoma 10 

225133_at 51274 KLF3 Kruppel-like factor 3 (basic) 

202340_x_at 3164 NR4Al nuclear receptor subfamily 4, 
group A, member 1 

1556545_at --- --- --

212474_at 23080 AVL9 AVL9 homolog (S. cerevisiase) 

210241_s_at 11257 TP53TGI TP53 target 1 (non-protein coding) 

243543_at --- --- --

239132_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

222757 s at 51776 ZAK sterile alpha motif and leucine 
-7 -zipper containing kinase AZK 

201194_at 6415 SEPW1 selenoprotein W, 1 

229874_x_at 100506687 LOC100506687 uncharacterized LOC100506687 

202557_at 6782 HSPA13 heat shock protein 70kDa family, 
member 13 

239669_at --- --- --

231907 at 27 ABL2 v-abl Abelson marine leukemia 
viral oncogene homolog 2 

229074_at 30844 EHD4 EH-domain containing 4 

205428_s_at 794 CALB2 calbindin 2 

205822_s at 3157 HMGCS1 3-hydroxy-3-methylglutaryl-CoA 
synthase 1 (soluble) 

210869_s_at 4162 MCAM melanoma cell adhesion molecule 

225665 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

212781_at 5930 RBBP6 retinoblastoma binding protein 6 

232355_at 767579 SNORD 114-3 small nucleolar RNA, C/D box 
114-3 

membrane bound 0
213288at 129642 MBOAT2 acyltransferase domain containing 

2 

221666_s at 29108 PYCARD PYD and CARD domain 
containing 

203072_at 4643 MYOlE myosin IE 

215465_at 26154 ABCA12 ATP-binding cassette, sub-family 
A (ABC1), member 12 

224453_s at 55500 ETNK1 ethanolamine kinase 1 

216935_at 388699 LINC00302 long intergenic non-protein coding 
RNA 302 

209086_x_at 4162 MCAM melanoma cell adhesion molecule 

218833 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

209377_s at 9324 HMGN3 high mobility group nucleosomal 
binding domain 3 

223519 at 51776 ZAK sterile alpha motif and leucine 
zipper containing kinase AZK 

210138_at 8601 RGS20 regulator of G-protein signaling 20 

1558845_at 100506089 LOC100506089 uncharacterized LOC100506089 

201819_at 949 SCARB I scavenger receptor class B, 
member 1 

natriuretic peptide receptor 
204310_s-at 4882 NPR2 B/guanylate cyclase B 

(atrionatriuretic peptide receptor B 
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239377_at 84285 EIF1AD eukaryotic translation initiation 
factor lA domain containing 

224611_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

219155_at 26207 PITPNC1 phosphatidylinositol transfer 
protein, cytoplasmic 1 

227163at 119391 GSTO2 glutathione S-transferase omega 2 

209633_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

219681_s at 80223 RAB11 I FIP I RAB11 family interacting protein 
S1(class I) 

221860 at 3191 HNRNPL heterogeneous nuclear 
ribonucleoprotein L 

243296_at 10135 NAMPT Nicotinamide 
phosphoribosyltransferase 

237133_at --- --- --

1556000_s at 55727 BTBD7 BTB (POZ) domain containing 7 

204681_s at 9771 RAPGEF5 Rap guanine nucleotide exchange 
factor (GEF) 5 

215726_s at 1528 CYB35A cytochrome b5 type A 
(microsomal) 

210886_x_at 11257 TP53TG1 TP53 target 1 (non-protein coding) 

226597_at 92840 REEP6 receptor accessory protein 6 

204995 at 8851l CDK5R1 cyclin-dependent kinase 5, 
regulatory subunit (p35) 

236119_s_at 6706 SPRR2G small proline-rich protein 2G 

219228_at 55422 ZNF331 zinc finger protein 331 

234971_x_at 113026 PLCD3 phospholipase C, delta 3 

201127_s_at 47 ACLY ATP citrate lyase 

226880_at 64710 NUCKS1 Nuclear casein kinase and cyclin
dependent kinase substrate 1 

209383_at 1649 DDIT3 DNA-damage-inducible transcript 
3 

204168_at 4258 MGST2 microsomal glutathione S
transferase 2 

239670_at 65268 WNK2 WNK lysine deficient protein 
kinase 2 

myeloid/lymphoid or mixed
208512_s-at 4301 MLLT4 lineage leukemia (trithorax 

homolog, Drosophila); translocate 

213281_at 3725 JUN Jun proto-oncogene 

potassium channel tetramerisation 
218310_at 154881 /1/ 27342 KCTD7 /I RABGEF1 domain containing 7 /// RAB 

guanine nucleotide exchan 

205151 s at 9865 TRIL TLR4 interactor with leucine-rich 
repeats 

218217_at 59342 SCPEP1 serine carboxypeptidase 1 

integrin, alpha E (antigen CD103, 
205055at 3682 ITGAE human mucosal lymphocyte 

antigen 1; alpha polypeptide 

215009 s at 100499177 THAP9-AS1 THAP9 antisense RNA 1 (non
-a -protein coding) 

227484_at 57522 SRGAP1 SLIT-ROBO Rho GTPase 
activating protein 1 

239769_at 1009 CDH11 Cadherin 11, type 2, OB-cadherin 
(osteoblast) 

230360at 342035 GLDN gliomedin 

227112_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

201482_at 5768 QSOX quiescin Q6 sulfhydryl oxidase 1 

210337_s_at 47 ACLY ATP citrate lyase 

203911_at 5909 RAPIGAP RAPi GTPase activating protein 

206683_at 7718 ZNF165 zinc finger protein 165 
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202935_s at 6662 SOX9 SRY (sex determining region Y)
box 9 

phosphatidylinositol-specific 
218951sat 55344 PLCXD1 phospholipase C, X domain 

containing 1 

233488_at 84659 RNASE7 ribonuclease, RNase A family, 7 

202562_s at 11161 C1I 4orfl chromosome 14 open reading 
frame 1 

ATP synthase, H+ transporting, 
208745_at 10632 ATP5L mitochondrial Fo complex, subunit 

G 

236078_at 57707 KIAA1609 KIAA1609 

226226_at 120224 TMEM45B transmembrane protein 45B 

213854_at 9145 SYNGRI synaptogyrin 1 

243955_at --- --- --

222111_at 54629 FAM63B family with sequence similarity 63, 
member B 

1560296_at --- --- --

240038_at --- --- --

211372_s_at 7850 IL1R2 interleukin 1 receptor, type II 

202672_s_at 467 ATF3 activating transcription factor 3 

218717_s_at 55214 LEPRELl leprecan-like 1 

228366_at --- --- --

2305 16_at 115416 MALSU I Mitochondrial assembly of 
ribosomal large subunit 1 

201920_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

209632_at 5523 PPP2R3A protein phosphatase 2, regulatory 
subunit B", alpha 

207367 at 479 ATP12A ATPase, H+/K+ transporting, 
nongastric, alpha polypeptide 

1557256_a_at --- --- --

cold inducible RNA binding 
200811I-at 1153 CJRBP protein 

205201_at 2737 GLI3 GLI family zinc finger 3 

227724_at 728190 LOC728190 uncharacterized LOC728190 

205403_at 7850 IL1R2 interleukin 1 receptor, type II 

242827_x_at --- --- --

228084_at 81579 PLA2G12A phospholipase A2, group XIIA 

209365_s_at 1893 ECM1 extracellular matrix protein 1 

243279_at --- --- --

224946_s_at 84317 CCDC115 coiled-coil domain containing 115 

218708_at 29107 NXT1 NTF2-like export factor 1 

1560531_at 353132 LCE1B late cornified envelope lB 

207761_s_at 25840 METTL7A methyltransferase like 7A 

206011 at 834 CASP1 caspase 1, apoptosis-related 
cysteine peptidase 

213703_at 150759 LINC00342 long intergenic non-protein coding 
RNA 342 

224595_at 23446 SLC44AI solute carrier family 44, member 1 

224613_s at 80331 DNAJC5 DnaJ (Hsp40) homolog, subfamily 
C, member 5 

212504_at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

213682_at 10762 NUP50 nucleoporin 50kDa 

205247_at 4855 NOTCH4 notch 4 
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228235_at 84848 MGC16121 uncharacterized protein 
8MGC16121 

242873_at --- --- --

205960 at 5166 PDK4 pyruvate dehydrogenase kinase, 
isozyme 4 

230494_at 6574 SLC20AI solute carrier family 20 (phosphate 
transporter), member 1 

221260_s at 81566 CSRNP2 cysteine-serine-rich nuclear protein 

224480_s at 84803 AGPAT9 1-acylglycerol-3-phosphate 0
acyltransferase 9 

210180_s at 6434 TRA2B3 transformer 2 beta homolog 
(Drosophila) 

204621_s_at 4929 NR4A2 nuclear receptor subfamily 4, 
group A, member 2 

217863_at 8554 PIAS1 protein inhibitor of activated 
STAT, 1 

236423_at --- --- --

223421_at 50626 CYHR1 cysteine/histidine-rich 1 

220272_at 54796 BNC2 basonuclin 2 

201791_s_at 1717 DHCR7 7-dehydrocholesterol reductase 

215574_at --- --- --

224328_s_at 84648 LCE3D late cornified envelope 3D 

211828_s at 23043 TNIK TRAF2 and NCK interacting 
kinase 

58367_s-at 79744 ZNF419 zinc finger protein 419 

218950_at 64411 ARAP3 ArfGAP with RhoGAP domain, 
ankyrin repeat and PH domain 3 

caspase recruitment domain 
1552703sat 114769 /// 834 CARD16 / CASP I family, member 16 // caspase 1, 

apoptosis-related cysteine 

219687_at 55733 HHAT hedgehog acyltransferase 

232127_at 1184 CLCN5 chloride channel, voltage-sensitive 
5 

218377_s_at 10069 RWDD2B RWD domain containing 2B 

Ras association (RaGDS/AF-6) 
210335at 9182 RASSF9 domain family (N-terminal) 

member 9 

227927_at --- --- --

227224_at 55103 RALGPS2 Ral GEFwith PH domain and SH3 
binding motif 2 

224778_s_at 57551 TAOK TAO kinase 1 

229566_at 645638 LOC645638 WDNM1-like pseudogene 

thyroid hormone receptor 
202734_at 9322 TRIP10 interactor 10 

201851_at 6455 SH3GL1 SH3-domain GRB2-like 1 

237337_at --- --- --

37152 at 5467 PPARD peroxisome proliferator-activated 
receptor delta 

209687_at 6387 CXCL12 chemokine (C-X-C motif) ligand 
12 

203152_at 64976 MRPL40 mitochondrial ribosomal protein 
L40 

201627sat 3638 INSIGI insulin induced gene 1 

232593_at 93082 NEURL3 neuralized homolog 3 (Drosophila) 
pseudogene 

224769at 57551 TAOK TAO kinase 1 

209702_at 79068 FTO fat mass and obesity associated 

204546_at 9764 KIAA0513 KIAA0513 

232224 at 5648 MASP I mannan-binding lectin serine 

2peptidase1(C4/C2 activating 
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component of Ra-reactive fac 

UDP-N-acetyl-alpha-D

239930_at 2590 GALNT2 galactosamine:polypeptide N
acetylgalactosaminyltransferase 2 

(Gal 
glycine amidinotransferase (L

203178_at 2628 GATM arginine:glycine 
amidinotransferase) 

235782_at --- --- --

218181_s at 9448 MAP4K4 mitogen-activated protein kinase 
kinase kinase kinase 4 

233520_s_at 202333 CMYA5 cardiomyopathy associated 5 

213456_at 25928 SOSTDC1 sclerostin domain containing 1 

219528_s at 64919 BCL11B B-cell CLL/lymphoma l IB (zinc 
finger protein) 

224945_at 55727 BTBD7 BTB (POZ) domain containing 7 

214866_at 5329 PLAUR plasminogen activator, urokinase 
receptor 

209941 at 8737 RIPKl receptor (TNFRSF)-interacting 
serine-threonine kinase 1 

226029_at 57216 VANGL2 vang-like 2 (van gogh, Drosophila) 

212596_s_at 10042 HMGXB4 HMG box domain containing 4 

229873_at 283219 KCTD21 potassium channel tetramerisation 
domain containing 21 

226392_at 5922 RASA2 RAS p21 protein activator 2 

226005_at 7326 UBE2G1 ubiquitin-conjugating enzyme E2G 

214445_at 22936 ELL2 elongation factor, RNA 
polymerase II, 2 

227680_at 284695 ZNF326 zinc finger protein 326 

227786_at 90390 MED30 mediator complex subunit 30 

222067_x_at 3017 HIST1H2BD histone cluster 1, H2bd 

1569106_s at 55209 SETD5 SET domain containing 5 

231785_at 4909 NTF4 neurotrophin 4 

223937_at 27086 FOXPI forkhead box P1 

1558685_a_at 158960 LOC158960 uncharacterized protein BC009467 

211965_at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

39549_at 4862 NPAS2 neuronal PAS domain protein 2 

203800_s_at 63931 MRPS14 mitochondrial ribosomal protein 
S14 

1556321_a_at --- --- --

212321_at 8879 SGPL1 sphingosine-1-phosphate lyase 1 

222154 s at 26010 SPATS2L spermatogenesis associated, serine
rich 2-like 

218774_at 28960 DCPS decapping enzyme, scavenger 

212268_at 1992 SERPINB I serpin peptidase inhibitor, clade B 
(ovalbumin), member 1 

213134_x_at 10950 BTG3 BTG family, member 3 

230669at 5922 RASA2 RAS p21 protein activator 2 

1559901_s at 388815 LINC00478 long intergenic non-protein coding 
RNA 478 

225298_at 25953 PNKD paroxysmal nonkinesigenic 
dyskinesia 

242558_at --- --- --

226043_at 26086 GPSM1 G-protein signaling modulator 1 

protein tyrosine phosphatase, 
210236_at 8500 PPFIA receptor type, fpolypeptide 

(PTPRF), interactingprotein 
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natriuretic peptide receptor 
214066xat 4882 NPR2 B/guanylate cyclase B 

(atrionatriuretic peptide receptor B 

240024_at 23541 SEC14L2 SEC14-like 2 (S. cerevisiae) 

235462_at 132864 CPEB2 Cytoplasmic polyadenylation 
element binding protein 2 

1554015_a at 1106 CHD2 chromodomain helicase DNA 
binding protein 2 

leucine-rich repeats and calponin 
235347at 84859 LRCH3 homology (CH) domain containing 

3 

230847_at 56897 WRNIP1 Werner helicase interacting protein 

201427sat 6414 SEPP I selenoprotein P, plasma, 1 

1557905_s at 960 CD44 CD44 molecule (Indian blood 
group) 

219084_at 64324 NSD1 nuclear receptor binding SET 
domain protein 1 

206176_at 654 BMP6 bone morphogenetic protein 6 

219826_at 79744 ZNF419 zinc finger protein 419 

212356_at 23351 KIINYN KH and NYN domain containing 

218909_at 26750 RPS6KC1 ribosomal protein S6 kinase, 
52kDa, polypeptide 1 

230555_s_at 90390 MED30 Mediator complex subunit 30 

212687_at 3987 LIMS I LIM and senescent cell antigen
like domains 1 

203098_at 9425 CDYL chromodomain protein, Y-like 

229054_at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

236039_at 284348 LYPD5 LY6/PLAUR domain containing 5 

209661_at 3801 KIFC3 kinesin family member C3 

209560sat 8788 DLK1 delta-like 1 homolog (Drosophila) 

225812_at 619208 C6orf225 chromosome 6 open reading frame 
225 

227829_at 120071 GYLTL1B glycosyltransferase-like lB 

238623_at --- --- --

229415_at 54205 CYCS cytochrome c, somatic 

209222_s_at 9885 OSBPL2 oxysterol binding protein-like 2 

1555809_at 83716 CRISPLD2 cysteine-rich secretory protein 
LCCL domain containing 2 

204567_s at 9619 ABCG1 ATP-binding cassette, sub-family 
G (WHITE), member 1 

solute carrier family 28 (sodium
232277_at 64078 SLC28A3 coupled nucleoside transporter), 

member 3 

237197_at --- --- --

225209_s at 118424 UBE2J2 ubiquitin-conjugating enzyme E2, 
J2 

231916_at 4842 NOS1 nitric oxide synthase 1 (neuronal) 

212279_at 27346 TMEM97 transmembrane protein 97 

204862_s at 4832 NME3 NME/NM23 nucleoside 
diphosphate kinase 3 

230483_at --- --- --

212856_at 23151 GRAMD4 GRAM domain containing 4 

224650_at 114569 MAL2 mal, T-cell differentiation protein 2 
(gene/pseudogene) 

202963_at 5993 RFX5 regulatory factor X, 5 (influences 
HLA class II expression) 

225320_at 90550 MCU mitochondrial calcium uniporter 

236274_at 8662 EIF3B eukaryotic translation initiation 
factor 3, subunit B 
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putative homeodomain 
209780at 57157 PHTF2 transcription factor 2 

218823_s at 54793 KCTD9 potassium channel tetramerisation 
domain containing 9 

227787_s_at 90390 MED30 mediator complex subunit 30 

230296_at 730094 C16orf52 chromosome 16 open reading 
frame 52 

222892_s at 55287 TMEM40 transmembrane protein 40 

carcinoembryonic antigen-related 
210610_at 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 

230031_at 3309 HSPA5 heat shock 70kDa protein 5 
(glucose-regulated protein, 78kDa) 

238477_at 10749 KIFIC kinesin family member IC 

209409_at 2887 GRB10 growth factor receptor-bound 
protein 10 

217995_at 58472 SQRDL sulfide quinone reductase-like 
(yeast) 

226873_at 54629 FAM63B family with sequence similarity 63, 
member B 

1553722_s at 220441 RNF152 ring finger protein 152 

204710_s at 26100 WIPI2 WD repeat domain, 
phosphoinositide interacting 2 

212653_s_at 23301 EHBP1 EH domain binding protein 1 

203979_at 1593 CYP27A1 cytochrome P450, family 27, 
subfamily A, polypeptide 1 

244350_at 4651 MYOlO myosin X 

223233_s_at 57530 CGN cingulin 

1555967_at --- --- --

100128553 //100142659 CTAGE 15P// CTAGE family, member 15, 

214355_x_at /1/ 340307 //441294 // CTAGE4 /I CTAGE6P pseudogene /I CTAGE family, 

643854 //C TAGE8 // member 4 /// CTAGE family, 
CTAGE9 member 

214469_at 3012 /// 8335 HIST1 H2AB /I histone cluster 1, H2ab /I histone 
HISTlH2AE cluster 1, H2ae 

microtubule associated 
212472at 9645 MICAL2 monoxygenase, calponin and LIM 

domain containing 2 

228115_at 64762 FAM59A family with sequence similarity 59, 
member A 

228964_at 639 PRDM1 PR domain containing 1, with ZNF 
domain 

230027_s_at 84545 MRPL43 mitochondrial ribosomal protein 
L43 

207318_s_at 8621 CDK13 cyclin-dependent kinase 13 

221689_s at 51227 PIGP phosphatidylinositol glycan anchor 
biosynthesis, class P 

219270_at 79094 CHACI ChaC, cation transport regulator 
homolog 1 (E. coli) 

225299_at 4645 MYO5B myosin VB 

239770 at 83850 ESYT3 extended synaptotagmin-like 
protein 3 

226399_at 79982 DNAJB 14 DnaJ (Hsp40) homolog, subfamily 
B, member 14 

226656_at 10491 CRTAP cartilage associated protein 

228852_at 2029 ENSA endosulfine alpha 

206239_s_at 6690 SPINKI serine peptidase inhibitor, Kazal 
type 1 

210993_s_at 4086 SMADI SMAD family member 1 

238462_at 84959 UBASH3B3 ubiquitin associated and SH3 
domain containing B 

211962_s at 677 ZFP36LI zinc finger protein 36, C3H type
like 1 

224666 at 197370 NSMCE1 non-SMC element 1 homolog (S.  
cerevisiae) 
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239028_at 130574 LYPD6 LY6/PLAUR domain containing 6 

213577_at 6713 SQLE squalene epoxidase 

202011 _at 7082 TJP I tightjunction protein 1 (zona 
occludens 1) 

212254s at 100652766 /1/ 667 DST // LOC100652766 dystonin /I dystonin-like 

221701_s at 64220 STRA6 stimulated by retinoic acid gene 6 
homolog (mouse) 

239576_at 57509 MTUS1 microtubule associated tumor 
suppressor 1 

234418_x_at 960 CD44 CD44 molecule (Indian blood 
group) 

227985_at 100506098 LOC100506098 uncharacterized LOC100506098 

213462at 4862 NPAS2 neuronal PAS domain protein 2 

224975_at 4774 NFIA nuclear factor LA 

225990_at 91653 BOC Boc homolog (mouse) 

240616_at --- --- --

219911_s_at 28231 SLCO4AI solute carrier organic anion 
transporter family, member 4A1 

224970_at 4774 NFIA nuclear factor LA 

214623 at 26226 FBXW4P I F-box and WD repeat domain 
containing 4 pseudogene 1 

239478_x at 55668 C1I 4orfl 18 chromosome 14 open reading 
frame 118 

226909_at 85460 ZNF518B zinc finger protein 518B 

208670_s at 23741 EID1 EP300 interacting inhibitor of 
differentiation 1 

206192_at 1041 CDSN corneodesmosin 

222173_s_at 55357 TBC1D2 TBC1 domain family, member 2 

228450 at 144100 PLEKHA7 pleckstrin homology domain 
containing, family A member 7 

1558097_at 253143 PRR14L proline rich 14-like 

219373_at 54344 DPM3 dolichyl-phosphate 
mannosyltransferase polypeptide 3 

230388 s at 644246 KANSL1-AS1 KANSLI antisense RNA 1 (non
-a -protein coding) 

207098_s_at 55669 MFN1 mitofusin 1 

223484_at 84419 C15orf48 chromosome 15 open reading 
frame 48 

244804_at 8878 SQSTM1 sequestosome 1 

229679_at 400073 C 12orf76 chromosome 12 open reading 
frame 76 

225826_at 326625 MMNIAB methylmalonic aciduria (cobalamin 
deficiency) cblB type 

213352_at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

carcinoembryonic antigen-related 
211883_xat 634 CEACAM cell adhesion molecule 1 (biliary 

glycoprotein) 
HIST1H2BC// 

8339 /// 8343 /// 8344 /// HIST1H2BE// histone cluster 1, H2bc /// histone 
210387_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HIST1H2BGI// H2bf///his 
HIST1H2BI 

210916sat 960 CD44 CD44 molecule (Indian blood 
group) 

solute carrier family 25 
221432sat 81894 SLC25A28 (mitochondrial iron transporter), 

member 28 

218487_at 210 ALAD aminolevulinate dehydratase 

223264_at 59274 MESDC1 mesoderm development candidate 

206356_s at 2774 GNAL guanine nucleotide binding protein 
(G protein), alpha activating 
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activity polypeptide, 

218097_s_at 79004 CUEDC2 CUE domain containing 2 

228001_at 757 TMEM50B transmembrane protein 50B 

212441_at 9778 KIAA0232 KIAA0232 

201854_s_at 23300 ATMIN ATM interactor 

121_at 7849 PAX8 paired box 8 

222143_s_at 64419 MTMR14 myotubularin related protein 14 

1558002 at 11171 STRAP Serine/threonine kinase receptor 
associated protein 

226040_at --- --- --

226141_at 91050 CCDC149 coiled-coil domain containing 149 

1556567_at 4676 NAP1L4 nucleosome assembly protein 1
like 4 

226263_at 154007 SNRNP48 small nuclear ribonucleoprotein 
2226a 1548kDa(Ull/U12) 

212074_at 23353 SUN1 Sadl and UNC84 domain 
containing 1 

227387_at 54780 NSMCE4A Non-SMC element 4 homolog A 
(S. cerevisiae) 

232795_at --- --- --

matrix metallopeptidase 9 
203936sat 4318 MMP9 (gelatinase B, 92kDa gelatinase, 

92kDa type IV collagenase) 

225033 at 6482 ST3GAL1 ST3 beta-galactoside alpha-2,3
sialyltransferase 1 

209109_s_at 7105 TSPAN6 tetraspanin 6 

213351_s at 23023 TMCC1 transmembrane and coiled-coil 
domain family 1 

203047_at 6793 STK1O serine/threonine kinase 10 

220721_at 80110 ZNF614 zinc finger protein 614 

1556127_at 23181 DIP2A DIP2 disco-interacting protein 2 
homolog A (Drosophila) 

215016_x_at 100652766 /1/ 667 DST /1/ LOC100652766 dystonin // dystonin-like 

carcinoembryonic antigen-related 
206576sat 634 CEACAMI cell adhesion molecule 1 (biliary 

glycoprotein) 

240674_at 3720 JARID2 jumonji, AT rich interactive 
domain 2 

225646_at 1075 CTSC cathepsin C 

1554010_at 3340 NDSTl N-deacetylase/N-sulfotransferase 
T(heparanglucosaminyl) 1 

204100_at 7067 THRA thyroid hormone receptor, alpha 

221840 at 5791 PTPRE protein tyrosine phosphatase, 
receptor type, E 

209078sat 25828 TXN2 thioredoxin 2 

218530 at 29109 FHOD1 formin homology 2 domain 
containing 1 

235434_at --- --- --

230063at 9422 ZNF264 zinc finger protein 264 

40420_at 6793 STK1O serine/threonine kinase 10 

221027_s_at 81579 PLA2G12A phospholipase A2, group XIIA 

244202_at --- --- --

212108_at 23197 FAF2 Fas associated factor family 
member 2 

204294_at 275 AMT aminomethyltransferase 

225503_at 207063 DHRSX dehydrogenase/reductase (SDR 
family) X-linked 

212810_s at 6509 SLC1A4 solute carrier family 1 
(glutamate/neutral amino acid 
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transporter), member 4 

214814_at 91746 YTHDC1 YTH domain containing 1 

228468 at 84930 MASTL microtubule associated 
serine/threonine kinase-like 

209108_at 7105 TSPAN6 tetraspanin 6 

220444_at 79230 ZNF557 zinc finger protein 557 

206172_at 3598 IL13RA2 interleukin 13 receptor, alpha 2 

225002_s_at 25870 SUMF2 sulfatase modifying factor 2 

212205_at 94239 H2AFV H2A histone family, member V 

228851sat 2029 ENSA endosulfine alpha 

209048 s at 23613 ZMYND8 zinc finger, MYND-type 
-s -containing 8 

211846_s at 5818 PVRL1 poliovirus receptor-related 1 
(herpesvirusentry mediator C) 

238909_at 6281 SiOOA10 S100 calcium binding protein Al0 

205503 at 5784 PTPN14 protein tyrosine phosphatase, non
receptor type 14 

243829 at 673 BRAF v-raf marine sarcoma viral 
oncogene homolog B1 

244379_at --- --- --

223251_s_at 55608 ANKRD1O ankyrin repeat domain 10 

202633 at 11073 TOPBP1 topoisomerase (DNA) II binding 

protein 1 

214502_at 8970 HISTlH2BJ histone cluster 1, H2bj 

221773 at 2004 ELK3 ELK3, ETS-domain protein (SRF 
accessory protein 2) 

41858_at 27315 PGAP2 post-GPI attachment to proteins 2 

212850_s at 4038 LRP4 low density lipoprotein receptor
related protein 4 

223408_s_at --- --- --

HIST1 H2AD /I 
HISTlH3AI/ 
HIST1H3B/// 

3013/18350/18351/! HJST1IH3CI/ 
8352//8353//8354/!! HIST1H3D// histonecluster1,H2ad///histone 

214472_at 8355 8356 8357 // HIST H3EI /I cluster 1, H3a /// histone cluster 1, 

83583/ HIST1 H3F /I H3b // histo 
HISTlH3G/// 
HIST1H3H// 
HIST1H3I// 

HISTlH3J 

225647sat 1075 CTSC cathepsin C 

1559977_a at 284723 SLC25A34 solute carrier family 25, member 
34 

211347_at 8555 CDC14B CDC14 cell division cycle 14 
homolog B (S. cerevisiae) 

1558208_at --- --- --

227570_at 144110 TMEM86A transmembrane protein 86A 

227492_at 100506658 /1/ 647859 LOC647859 /// OCLN occludin pseudogene /// occludin 

1558778_s at 57496 MKL2 MKL/myocardin-like 2 

nuclear receptor subfamily 1, 
31637_s-at 7067 // 9572 NR1D1 I/ ITHRA group D, member 1/// thyroid 

hormone receptor, alpha 

229190_at 100507376 LOC100507376 uncharacterized LOC100507376 

236188_s at 4676 NAP 1L4 Nucleosome assembly protein 1
like 4 

212503_s at 22982 DIP2C DIP2 disco-interacting protein 2 
homolog C (Drosophila) 

nuclear receptor subfamily 1, 
204760s at 7067 // 9572 NR1D1 I/ ITHRA group D, member 1// thyroid 

hormone receptor, alpha 
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212099_at 388 RHOB ras homolog family member B 

214873 at 91355 LRP5L low density lipoprotein receptor
related protein 5-like 

228181 at 7779 SLC30AI solute carrier family 30 (zinc 
transporter), member 1 

calmodulin regulated spectrin
212763at 23271 CAMSAP2 associated protein family, member 

2 

226285_at 4076 CAPRIN1 cell cycle associated protein 1 

213567_at 3840 KPNA4 karyopherin alpha 4 (importin 
alpha 3) 

nuclear factor of kappa light 
203927at 4794 NFKBIE polypeptide gene enhancer in B

cells inhibitor, epsilon 

HIST1H2BCI// 

8339 //8343 /// 8344 / HISTlH2BE// histone cluster 1, H2bc /// histone 
208523_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HISTlH2BGI// H2bf///his 
HIST1H2BI 

219389_at 55061 SUSD4 sushi domain containing 4 

202329_at 1445 CSK c-src tyrosine kinase 

238523_at 79786 KLHL36 kelch-like 36 (Drosophila) 

1565016_at 3276 PRMTl protein arginine methyltransferase 

226409_at 128637 TBC1D20 TBC1 domain family, member 20 

229926_at 100500850 MIR3682 microRNA 3682 

HIST1H2BCI// 

8339 /// 8343 /// 8344 /// HISTlH2BE// histone cluster 1, H2bc /// histone 
208527_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HISTlH2BGI// H2bf///his 
HIST1H2BI 

223598_at 5887 RAD23B RAD23 homolog B (S. cerevisiae) 

243797_at 9262 STK17B serine/threonine kinase 17b 

203317 at 23550 PSD4 pleckstrin and Sec7 domain 
containing 4 

230965_at 9099 USP2 ubiquitin specific peptidase 2 

HIST1H2BCI// 

8339 /// 8343 /// 8344 HISTlH2BE// histone cluster 1, H2bc /I histone 
208490_x_at 8346 // 8347 HIST1H2BF// cluster 1, H2be /// histone cluster 1, 

HISTlH2BGI// H2bf///his 
HISTlH2BI 

235514_at 151516 ASPRV1 aspartic peptidase, retroviral-like 1 

209098_s_at 182 JAG1 jagged 1 

1554229_at 153222 CREBRF CREB3 regulatory factor 

209398_at 3006 HISTlH1C histone cluster 1, HIc 

202629_at 10513 APPBP2 amyloid beta precursor protein 
2(cytoplasmictail) binding protein 2 

203428_s at 25842 ASF lA ASF I anti-silencing function 1 
homolog A (S. cerevisiae) 

238005_s at 25942 SIN3A SIN3 transcription regulator 
homolog A (yeast) 

HIST1H2BCI// 

8339 //8343 /// 8344 // HISTlH2BE// histone cluster 1, H2bc /// histone 
214455_at 8346 // 8347 HISTlH2BF// cluster 1, H2be /// histone cluster 1, 

HISTlH2BGI// H2bf///his 
HISTlH2BI 

214073_at 2017 CTTN cortactin 

203140_at 604 BCL6 B-cell CLL/lymphoma 6 

232150_at --- --- --

208546_x_at 8345 HISTlH2BH histone cluster 1, H2bh 

243446_at 84962 AJUBA ajuba LIM protein 
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236207_at 6744 SSFA2 sperm specific antigen 2 

212016 s at 5725 PTBP1 polypyrimidine tract binding 
-a -protein 1 

232311_at 567 B2M Beta-2-microglobulin 

219711_at 54807 ZNF586 zinc finger protein 586 

H2B histone family, member S 
208579xat 54145 // 85236 H2BFS // HIST1 H2BK (pseudogene) /// histone cluster 1, 

H2bk 

239493_at 6129 RPL7 ribosomal protein L7 

214074_s_at 2017 CTTN cortactin 

228091_at 55014 STX17 syntaxin 17 

234331_s at 151354 FAM84A family with sequence similarity 84, 
member A 

212372_at 4628 MYH10 myosin, heavy chain 10, non
muscle 

or reference datasets and quantitating the response in each of the pharmacodynamics 

biomarkers of multiple signature pathways to different doses of CTO exposure in vivo to the 

varying doses of CTO.  
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