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(57) Abrégé/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 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
associated with tumor inhibition including EGFR, MEK, HDAC, RAS, GFS, WNT, HSP90 or non-voltage dependent calcium
signaling, while inducing tumor suppressors signatures such as P53 or EGR1 in the anagen hair assay.
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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
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,
while inducing tumor suppressors signatures such as P53 or EGR1 in the anagen hair assay.
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METHODS AND MOLECULAR PHARMACODYNAMIC BIOMARKERS FOR
MULTIPLE SIGNALING PATHWAYS IN RESPONSE TO
CARBOXYAMIDOTRIAZOLE GROTATE

FIELD OF INVERTION

This invention ia related 1o ovalostion of molecular pharmacodyrennes markers
response (o catboxyamidotriaznie orotate {CTO) s o vive buman atagen baira obtained
from healthy subjects of patients with ditferen diseases. OTC i an orally active agent with
antincoplastic activity, that inhibits now-voltage operated Ca+ channels, blocking both Calt
il inte cells and Cad+ relesse from urscellular stores and vesulting i the dissuption of
enloinm-mediated signal transduction and fuhibition of vascular endothelial growitl oty
(VEGE) signaling, multiple tyrosine knase signaling, inchding ART, MER-ERK, or Bor
Abl Mewe particalasly, the present lnvention relates (o the evalostion of medecular
pharmacodynamics blomarkers of nverall stgnaling output by transcriplonnio assesunent of
response t0 UTO given o patients or when added @ ex vive culiured humvan anagen hars i

Vil

1. BACKGROUND TO THE INVENTION

The developmient of now cancer drugs 15 now based on the wWeptification of geves that
are responsible for deiving malignaney and the slusidation of the signal transdaction
pathways that they hijack. Tromendous advances have been made in the aves of srnadt
molecule kinase inhibitors o devels targeted therapies designed to imerfere with onitieal
maolecnies and signaling pathways driving tsmor growth, for example, Imatinib® (BCR-
ABL), Gefitnib® (BOFR)Y, Briotinib® (EGPRY and many other agents under precHuical and

clinical development, JUis imporiant 1o fovus on the pharmavokinete and metabolic

woperties as well 25 op targel potency and molecolar selectivity o ¢ simine the offens of
A ¥ S X

ok

tarpeted thempios. Collin, 1 and Workraan, Cancer Bignal Tranaduction Therapy, §1 340

(2006, In the clinical develpment of the kinase inhibiitors, it (s important to develop robust
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svid Bformative Siomarkers and develop as savs for predicting moderdar dependence and
& §

yoas,

hene for sdentifying pationts who will benefit from personsHued medicine from a particular

St

the problem of drug resistance developing.

agent, sm
Another chelfenge facing the development of moleoniar therapeatics fe the fikely need

to fndubit several cncogenic targets in rder 1o overzome cancers that are driven by several

abnormalities, as well as 1o pravent or neutalize the development of drug resistance. I some

CRSCS resistanes o @ drug way be Hoked to moreased production of molecudes ¢ {e.g,

eytokines, caleivm channel signaling, or molceular signabingd in the tumer miorg.

environment that interferes with the sensitivity and efficacy of the drugs. Therefore, even the

¢

maost mttonally coneetved drug molecule may (il becaase of mutationad changes downstream

from s miended target or metabolic features of tumors that nover allow the dr g to reach s

target or that trigger feedback mechanism against the drug molecule.

There are several methods currently in use o overcome dnig resistance. One 8 use of
cockiails of highly targetad agents that are designed accosding to the medecular make-up of
the speeiic cancer. Another approach 18 to use multt-targeted kinase nhibltors (for example

Sorafenmib®). A& fonher steategy 15 fo use an inhibitor of several

B

kinases that controd wany
onengenic players and pathways fn maligeancy, for example mhibitors of histone
deacetylases (HDACY and the HSPOO molecutar chaperome, Garon BB, ot al, Mol Cascer
Ther., 12: 890-000 (2013); and Wit O at al, Cancer Letters 277 871 {3509,

Screeving and structure-based design of targeted draga against once cgenic markers

sheiving spesific cancers are now delivering targeted drags for preclinical ang clinival stodiss

st a rapud rate. However, there is need to study signaling pathways in sormal cells to hetter
understand the factors that cause important temor suppressor proteins o il as gatekespers of

rormal celinlar function, There is need o betier understand how these tamor suppressor

[ 2]
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priteins may be modulated o prevent foss of their normal signaling in respouss to stress

signads.
Maore particadary, 15 fmportant to develop drugs that can wid sormal celis o
s to control growth

ttegrate maltiple signaling pathways or enbance their vole as gate kee

¥

and prosfiferation. For example, the P53 transeription factor is a Ao RHEIE suppressor
proweu et serves as a gatekeeper of cellular fate In moulitestiular organizms, P33 is activated
In Tesponse to a variaty of stress siguals and indtiates coll cvele arrest, senescence or apoptosia

via pathways involving transactivation of P33 target genes. Stambolic Vet al, Mol Osilr 317-

w tegrity is bowever hopaived in soany

F23 (20071 This wniversal protection of gene
fman cancers, The new paradigm js to develop agents that target the precise moleaudar
signaling that maintsing novmal coll evele, growth and proliferstion

Fhus, the rational selection and development of corsbination treatments is extremely
challenging and there is need 1o develop combinations of rergeted drugs and o
chematherapentic agents based on knowledpe of the molecular abnommalitics w particuday

cancers, togsther with the understanding of the feedback loops that apply upon blocksde of a

given pathhway, as well as enhancing the tumor suppressor signaling pathways of p§3
travscription factor and PTEN in normal and cancer eells. .

Carboxyaniidotriazole orotate (CTO), an seotate salt of carboxyamidotiazele §CAT s
an infubitor of receptor-operated calcium chasnelbmedimted caloiom inflox, and is shown to
have ant-profiferative snd anti-invasive fanctinns i veveral haman cancer celf lines,

tneluding buman ghioblastoma cells, Ge § st al, Clin Cancer Res & 12481254 (2000}, By

ihit calcham-sensitive

mtermnpting caloian mobilization s a second wessenger, CAL san i

sigaal travsduction pathways, Wnoluding the refease of arachidonio acid and its metabolites;

mitrie oxide seleass; the generation of nositol phosphates; and tyrosine phosphorylation Koha

ECetal Cancer Res S23308-3212 (1992}, Kohn E{ et al, Proe Nat Avad Sci 627 1307-

S
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B3 (1993, Felder OF et al, ¥ Phaymacol Bxp Therap 257 987-071 {1400 Hupe [0 et al, ¥

Bsod Chern 266: 10136- 10142 (1991} Mignen O et al, J Cell 8¢ 118 5615.5623 {2005y and

Evifiser £ etal, Cell Calctom 38; 458487 {2004}, CAT mbubiie phosphorviation of celhdar
3

d tndnces apoptosis i imatindh mesylate rexistant chronio

proteins STATY and Orkll 2
myeloid leukemia vells by dows-regudating BCR-ABL (Alessandrs et sl PLOS 72 1413
{2612,

o

in chirical stodies (NCTHUIOTI22) OTO given alone was salfl and tolerable without

un toferated doss, w cancey patients with different tomor types and

deternuning maxin

having different gensmic mulations, and UTO treatment resulted in cancen responding and

demonstrating stable disease or partisl response showing tumaor shrinkage. Thus enormous
efforts are directed to the development of molecular phannacodynamics biomarkers o

o PR

signaling vetputs of CTO W deafgn combinmtorial regimens against molecalar targels in
different types of cancers. Current methods for assessing pathway activation in fumors
mvolve the measwroment of the drug targets, knpwn oncoganes or known tumer SUPPFEAZOTS,
Heswever, one pathway can be sctivated at nudtiple podnts so i s no Teastble © assess
patiway setivation by evaluating st known cancer assu fated gones.

I i therefore boportant & develow the complete molecniar stgnatures of CTO in view
g

feot on signaling of muoliiple kuases, tyrosine Kinases and calotwg signal tamaduction

pathways. The investion is refated to evalaation of the response of molecular
pharmacodynamics markers o response © CTO ireatoent in humem cell or tiseus saraples
such ax anagon halrs obtained from healthy subjects or from patients, either o viva or in
VHTD.

In the  vive wodel, snagen hairs are obtained before dosing 3 the patient with T,

andd at ditferent Hme points after the dafly dosing of a therapewtio amount of CTO iz given,

the patient’s clinteal states and blood levels of CAT are monilored during this period.

S
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I the 1o vitro model the snagen bates are obtatned from an untreated subject and the
falrs are reated 1 ex vive cultores with different doses of CTO which represent the rangs of
stnaes requured for therapewtic efficacy.

1 bosth models, BNA s extracted from the bulbs st the end of anagen hairs, cDNA is
then prepared from the RNA snd global transeriptional or gene sxpreasion levels are
determined by microarray analysis or by quantitative POR (yPCRy. Blomformatic anabyeds &
thes conducied to identify UTO induced gene expression changes in anagen haira, Such s
protocel can also be applied & lsues cther than anagen haiy obtained from healthy sebjecis
3% patisnts,

Accordingly, the present invention describes In greater detail, wses of the phucked hatr
bicmarker assay 1o study effects of CTO on mRNA and protein expression levels i vitro,
Plucked scalp hair is an ideal surrogate for measuring divect response o freatment with OTO.

Highly vascularized, haw follacle can respond within howrs of exposure. Given tis

tism, their epithelial natore and rapid sate of proliferation, the cells in e hair byl

evant surrogate markes

at the baer of the plucked bair and the ower vodt sheath see b
tsene for solid tumors, Highly vascularized, the hair follicle can respond to dryg treatment

within howrs of exposurs. Bivinformatic analysis was conducied to identify dnyg-indacad

7

changes in haly

SOSUMMARY OF THE INVERTION

The present wvention relates 1o the evaluation of molecalar pharmacodysamis
bomarkers of multiple signal oy pathways in response tn OTO QIvenr I ¥ive Or in Vitro, m ox
vive cultered hurean magen hairs. Lisiog o commerciadly svailable plocked bair molecular

platforny assay (Epistom Lid, Manchester, UK divect responss to treatment with different

doses o CTO epavalent 1o fevels of carboxyamidotriazale {UAT) that ave therapeutically

ey
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achieved in patients, was avaluated to test targeting ravellolar signaling pathways in

gy and other therspeutio areas.

Accordingly, the present invention wed plucked sealp hais from subjsots, sxtracted
the RNA from the bulbs at the end of the anagen hairs, proparad the cDNA from the RNA,
dotermined the gene expression levels by microarray analvsis or guantitanive PCR {gPUR)

]

and condusted blontrrmatics analyais 1o Wdentdfy drug indeced gene expression changes fosr

CT0 and othey drags, for example, Tarceva® (EGFR inhikiton) or BE ${a PI3K
inhabitnr).
The mvention relates o development of modecular pharmacodyaanics Momarkers of

signaling output by transoriptomic assessment of response 0 UTO in ox vive cultured human

anagen hars from human subjects with or withowt cancer or other diseases. The mnleaudar

pharmacodynmnics bomarkers of CTC expose include BAS, GFS (PRE PIIKMTOR),

MER, HOAC, KOTCH, WNT-§ catenin, HSPG, BGFR, P33, CATIPA, A ex vivo Caloigm
Signaling Mow-voliage depeadent, Calcium signaling all geves, Cadeium s signaling ex vive,
Canomical Calotum Sigosting, Canonieal Caletur ex vive, Caleions all genss son-voliage
depemdent, EGRI, PTEN, TGFE, CEACAMIL or Dystonin,

in 3 further aspect the Invention provided 8 method of indubiting RAS pathway
SIQNEieres I8 LeAPONse o reatment with 0T

tn a foether aspect the invention provided 2 method of inhibiting GFS pathwsy
signatres i weponss 1o reatment with CT0.

It further aspect the invention provided a method of mhibiting MEK pathway
SIgORINESS 1N response 1o rsatment with OTO.

In a further aspect the invention provided & method of fhibiting HDAC pathway

SEERAtUres t response fe reatment with CTO,
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I @ further aspect the mvention provided s method of nhibiting NOTOH pathway
signatures i Fesponse w ircatment with OTO.
I a further axpect the invention provided a method of lubdbiting WNT-{ catenin
pathway signatures in responss to tromteent with U110,
In & further sepect the invention provided a method of inhibiting HAPSO signatures in
regponss 1o westment with T
It further aspect the invention provided a method of nhibiting BGFR patheway
stgnatures i responee 1o freatment with CTO,
T a further aspeet the invention provided a method of inducing P33 pathway
signatores i rasponse i treatment with £T0.

o

In a turther aspect the Invention provided o methed of Inhibiting genes assoviated
with non-voltage dependent caleium signaling i response to treatment with OT0
Specifically, the myvention provides Signature Scores for the CAT Ingowmsity Pathway
Analysty, the CAT ex vivo pathway, the calcion signaling pathway and the canonical caleinm
signaling pathways as pharmacodyaamics markers of responss to {TQ,

in a further aspect the invention provided a method of up regulating BGRI pathway
SEDATUISS 10 response fo freatment with CTO.

In a further aspeot the invention provided a method of up regulating PTEN pathway
sgnatures i response o wrestment with OTO,

I a further aspect the invention provided & methed of inducing TUFRR pathway
stgnatures in reaponse o treatmicnt with CTO.

Int s farther aspect the fnvention provided & method of down rc,gz,mw TEACAM]
patfevay o response 1o treatment with CTO.

in a further aspeet the invention provided a method of down regulating dystondn

pathyway o rosponse 1 vatment with CTO.
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The ntion also relates to pharmscsutical compositions inchsding CTO aml anvther
agent combined fo imprave sensitivity and effivacy aed reduce toxioity wiile reguiating one

ar miore gene signatwres including BGFR, MEK, VEGE, HIDAC, HEPY0, BRY, BOR-ABL,
P33, ERGE, CEACAMI, dystonin ov genes associates with son-virllage dependerd calcung
signaling, by monitoring the moleaidar pharmacodynandicos blomarkers of stgnating vutpat
response i U103 w1 ex vive cultured anagen hairs from a treated mammal,

I an even funther aspect the invention provides 8 methnd of e ating oF provesting a
zondition ina mammal i which the regsation of one or mo wE gene signatures nchuding
BGFR, MEER. VEGF, HDAC, HSPOO, ERK, BCR-ABL, pS3, ERGL CEADAMI . YBIonin,
OF genes assootates with sent-volinge dependent caleiem sigmaling |, prevents, indidhits o
amuciiorates a pathology or 3 symptomolngy of the condition, the method moluding

admimstration of ¢ therapeutically effective amount of OTO as manotherapy or as

-

g

corebimaional therapy, and monftoring the moleculas pharmacedynamics biomarkers of
sigasimg output in response f CTO in ex vivo cultured anagen hafes from a treated mammal,
In another aspect the present fmvention provides a method of preventiug of {reating a

produferative coudition in a subject, the method including adminisiration of a thevapentically

effective amount of CTO alone or in combination with another a agent, snd monitoring the

maolecular pharmacodynamies bomarkers of signaiing output in response o CTE i ex vivo

ultired anagen hadrs from a teated mammal. Gene exprossion patterns can be established in
otler tissues as well to distinguish betwesn tigeues fn different dincase states of 1o predict
prognosis of a diesase such as canesr I responss 1 one of more therapies, Another paradigm
5 o develop a platform of phammyacodynamics markers to dosign speeific and sustomized
formulation base o the pene sxpression patten,

The Invention provides a paradign for rational selection and development of

s-»l

combination reatments hased on know fedge of the moleculsr sbuormalities in pariicalar

fess]
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diseases ot cancer, ogether with the snderstanding that CTO may be combined with other
targeted agents that ave constructed 10 the moleowlar makeap of the disease or vanver,
together with the understanding that of the fesdback loops that apply upon blockads o s
miven pathovay Mocked by the targeted drug and how these feedback loops may be prevented,
o manyai sustined mtubition of the mulecular tirgets that diive the diseass as welt as in
some mslances 1o induce suppressor genes ¢ optiniize the reatment outcome,

w method of developing sombinatorial drug

Thee wvention provides 3
regimens nhibiting several oncogenie targets with OTO in order & overcome cancers that are
driven by several abuormalities, as well as 1o prevent or neutralize the development of drug
resistance by momitoring the phamuacodynamics bioroarkers of signafing output in responae
1o 0 and careflly ploked corobination drugs, by transoriptonne assessmsent in ex vive

weral targeted drags

cultured anagen hairs. The cwrrent poly-phannacology approach asing
cockiails has not been successful and has posed new problems doe tn cumulative woxicities of
the drugs in the cocktail

An unporiant embodiment of the invention is the development of the panei of 1520
gene MRNA exprussion signatures from hair samyples and deploy this on the cDINA samples
genevated from patients by Affymetnx array data to identify genes differentially expressad in
scalp hawy samples frons antrested and treated patients.

These and other foatures of the present tenchings are set forth herein,

£ BRIEF DESCRIPTION OF FIGURES

FIG. ta diostraies the different stages of the plucked hair nomarker platform
{Epistem, Lid, Manchester, UKD, inclading: anagen hair collection frons the acalp; ox vive
caltare of the hatrs for S and 24 fws to different doses of CTO and o refirence dose of

BELIZS (FI3K sohibiwor) snd Tarcsva® (EGFR inhibitor} for 24 hrs only; RNA isolation and

(¥
7,
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quality comrol; Epistern GentRx olINA amplitication; selection of eDNAs passing all quality

wl mucrearray bvbetdization: snd Moinformagic

sontrols for SHN Vs, sample

analysis using seference databases,

FIG. 1 desoribes ANOVA analysis of resnlis of transcription response for all

CoRirasts i response o differont doses of UTO st & by and 24 fw and fiw 1 dose of BE

{PI3K mhibitor} and Tarceva® (EGFR inhibitor) for 24 bronly,

PG Za Hustrates the resulis of different doses of CTO on multivariate signatures at
Shr and 24hy pertods for 11 different simatures starting with the strongest to lowest
inhibition- with BGFRI, MEK:, HSPYH, non-veltage Jependent AT refated caloium
signating. HDACL GF and RAS, WNT/B-catenin was inhibitory at 24hsand no AacHVILy was
noted for PI3RI, PR/ TOR, NOTCH/GSIL Inaporantdy, P53 was induced and P53
stahilization was goted eapscially at 24he.

FHG 25 Hiata 13 different signatures stadied,

FEG 3a tlustrates the Signatirs Srore for the RAS pathway in response 1o differant
doses of CT0 at Bl and 24br compared with BEZ238 and Tarceva® for 24hr.

FICG 3b illusteates the Signane Score for the Growth Factor Signatore {GFS) pathway

35 and Tarceva®

int reaponse fo different doses of UTO at Blv and 24hr vompared with BE
for 24he.

FICH 3¢ stustrates the Signature Score for the PI3K pathoay in response b different
doses of CTO at Shr and 240y compared with BEZ235 and Tarceva® for 2dhr,

FIG 3d sHuatraies the Signature Seore for the PI3K/mTOR pathwsy in responsy w0

different doses of CTO at 8he and 24hy compared with BEZ235 and Tarceva® for 24hr,

FHG 3¢ illustrates the Bignature Score for the MEBK pathway in response to difforent

doses of CTCr at 3hr and 24by compared with BEZ235 and Tarceva® for 24hr.

FIG da dhustrates the Sigoature Seore for the HDAC patfowvay in response o differont
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dozes of CT st Bl and Jdhr compared with BEZ238 arsd Tarceva® for 24hy
FIG 4b dlastrates the Signature Soore for the MOTCH pathway i response @
difforent doses of UTO at Sl and Z4br compared with BEZ218 and Tarceva® for Jdhr.
FIG e tusirates the Siguature Score for the WNT Pecatenin pathway i sesponse 1o
different dosee of CT0 at 8hy and 24hy comparsd with BEZ235 and Tareeva® for 24hy,

FYG 4d iflustrates the Signature Seore for the HSPYU pathway n response o ditferent

oy 24hr

sdoses of CTO at Shr ansd 24y compared with BEZ235 and Tareeva®
FIG e iustrates the Signature Score for the BGFR pathoway in vesponse to different
doses of OTC at 8w snd 24he compared with REZ23$ and Tarceva® for 2y,

PR 41 Hlastrates the Signature Score for the P33 patiovay in response to diffsrent

& for 24hy

doses of CTO at Shr and 24hy compared with BEZ235 and Tarcev
FIG S tllustrates the Signature Score for the CAL IPA patineay in rosponse to

ar 2dhy

different doses of CVO at $hy and 24hr corapared with BEZ235 and Tarcevad

genes influenced by CAL some suppwession of CAl signatare in reaponae 10 UTO treatment
was observed, except at 10 udL When the 29 genes wore Sitered from IPA for FDA <0.05
and LAFC in OTO data set, 1o selent informative genes and determiine the direction of change,
g §4 pone set resulted,

FIG 3b Hustrates the Signature Score for the CAL Ex vive pathway fo reaponss fo
different doses of CTO at She and 24hr compared with BEZ235 and Tarceva® for 24hr. With
the tiasue specifte drection of change nformation & strong dose dependent suppression of the
IPA CAL Ust was observed,

FYG Se sHustrates the Signatore Seore for the Caloiurm signaling pathway in response
to different doses of CTO at 8hy and 2dbe compared with BEZ235 and Tarceva® for 24k

Nen-volinge dependent calofony signaling genes were ideatified From datasets in Hierature to
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mform on regulation

FIG 54 diustrates the Signature Score for the Calohum signaling for all gene pathways

s

5 and Tarce

for 24br. The estimated rogulation direction for all g
FIG Se ilustrates the Signature Soors fir the Calulion Signaling pathway in responss
to different doses of CTO a1 8hr and 24l compared with BEZ238 and Tarceva® for Jdhr.
ANV A was used o filler informative genes (FDR <005 and 1.5 POL
Strong supprassion of pon-voliage dependent calohum gones was noted aoross O
reatent it both hitsrature deternuined regulation and ANOVA determined set.

FIG 6a dinstrates the Signatire Score for the Canonical Caloium signaling using the

KEGG Caletom Signeling and IPA to predict regalation of caloium signaling in responss to

different doses of CTO at 8hr and 24br compared with BEZI3S and Tarceva® for 2dhr.

Fis 6b iHustrates the Signatuse Score for the Canenical Caleium sigosfing ex vive
using the KEGG Calonim Signaling and IPA 1o predict regalation of bu reaponse to differem
doses of CTO at 8hr and 24by compared with BEZ238 and Tarceva® for 24hr. Suppression
nested for &/78 canonisal pathway genes ondy.

FIG. 7a fllustrates the Sigeature Seore for afl Signaling genes after merging of the
ANOVA filtered gene sels for both the CAT signatwre (FIG. 58 and the non-voltage
dependent (INVE gene sely (FIG, 5.

FIG 7b sHusteates results in a panel of 31 CAFCalciom related genes capable of
separmtang the different U0 doses, both by sigratue view and by PCA

PGS iHustrates the BGRY Signeling Pathway.

S BETATLED DESCRIPTION OF THE INVENTION

This invention is related 1w carbosyamidotriazole ovotate (UTOY, an orally sctive

twith antineoplastic sctivity, that inlubits non-voltage operated Ca+ chamnels, blocking
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both Cad+ mflox mio cells and Cal+ release from intracetiuiar storex and resulting vy the
dissuption of calehm-mediated sigual tansduction aad Inhibition of vascular endothelial
gowth factor {VEGF) signaling, nuadtple tyrosine kinase signaling, mehuding AKT, MEK.-
ERK, or BOR-ABL. Mors particularly, the present fnvention relates to the evahiation of
melecular pharmacodynansios blomarkers of signaling ouiput by ARSI assesament

Y

af response ©0 OTO o vive snd in vitro cultares inex vivo oultured laman anagen hairs.

Anagen hairy gve oblained st different tine nodniz from subiccts given varving doses of OTQ
; o~ o

treatment. This is the approach used i clinical trialy of CTO in patients. Alternately, anagen

a2

hairs arve obtaned froam untreated sebjects and the hairs are treatesd with varying dosss of

CTO w vitro-this approach is wot subject to physivlogical conditions of absorption and
dedivery and was chasen.

The onderstanding of cancer hiology and the human geooms has led to the
development of new classes of targeted thempies designed 1o interfore with eritical molesudes
and signaling pathways doving tumor growth and hold promise 1o improve sutcomes, This is

A E

prtelarly tmportant for cacology thevapy due o the lavgs number of approved therapies,
fow response rates and resistancs o wany cwrrent treatments, and clinicad § imporiance of
optimal and tatored therapy. To improve on the limitations of eytotoxic chemo therapeutic

~

sgents, current approaches o drig design i oncology are aimed at modulating specific cell
signaling pathways fnportant for tomor growth and sarvival, I cancer cells, these pathways
beeome deregutated rosulting n aberrant signaling, inhibition of apoptosis. inereased
suetastasis and weressed ooll profiferation.

Thongh normal cells integrate multiple signaling pathways fire controfled growth and
proliferation, tumors aeem & be heavily reliant on activation of one or two one OEONE:

pathwaye, Unfortunately the focus on developing new anticancer therapies 1§ not o {nducing

T 3

the multiple sigoaling pathways that keep controlfed growth or proliferation in normal cefls

)
[#%
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under cowtrol. Instead, the components of the aberrant signaling pathways represent

¥

attractive seloctive mrgsts for uew antivancer therapies. 1t scoms logival that pationts with

hamors that are driven by speeific oncogenic pathways will respond to therapentivs targeting

those pathways, However, one pathway can be activated at multiple points and it i not
atways feasible to aseees pathway activation by evaluating known cancer sssociated geuss,
For example, signaling through the phosphatidviinositol 3-kinase (PUIK) pathway is activaied
by mudtiple growth facions teough receptor tyrosing kinases and bas effects oo multiple
processes, mcluding coll groowth and survival, metastatic potential, and drug resistance
through gene amplification andfor by pass or new nustations. Many pharmaceutiont
compaies are developing specitis fubnbitors of one o more signaling pathways and

combinations of several specific inhibitors to tnhibit multple oncogens pathways.

However,, a mggor limitation o the overall benefit from targeted therapy is the develnpment

of drug resistaner. Resistance can ocony because of nutations that render the drug target

insensitive fo the mhibitor or when cancer cells change thetr dependency on the pathway that

is targeted. In the st example, resistance can be overcome by developing sew drugs that

effectively ntubit resistance-rssociated metants, a8 in Gie example of dasatindb and nilotin
vinch ave effentive on BUR-ABL mutants that confer resistance o fmatinib. A second

approach i 1o farget rovliiple signaling patfovays simulancously, and thus prevent the cancer
from changing 1ty dependency to another significant pathway, for example combining
whibsitors of mitoger-actvated protein (MAPexraceliular signat regutated kinase (ERK)
kimase with inkdbitors of PI3 kinase. The third approach is 1o enbance efficacy of the targeted
therapy to simultanecusly target downstream proteing that protect tunor cells from apoptosis,
However, a new approach to develop molecules, sach of which could modulate

mudtiphe nsogenic pathways would be a better approach (o prevent both drug resistance and

serious foxicites. This would be 2 rouch barder approach 1o design the molecule, but this




CA 02919690 2016-01-27

WO 2015/017545 PCT/US2014/048905

approsich of developing & molecude capable of modeling muitiple oncogenie pathways i

deemed inaificient and vnaccepiable srategy. Yet, probably the best way to inddbit sevesat

oncogenis targels tn srder 1o oversome cancers that are driven by several molecular

4

abnormalities, as well a3 1 provent drag resistance snd wgicity 8 1o develop molecnies thas

P

medulite multiple oncogenic patlnvays and for inducs Rnown umor suppressors,

sirgs a moterule that modudates the oxpression of multiple genes, and by

B
integrating the exprossion data from these multiple gones, a quaniitative asscasment of the
gene expression signatures may be possible. These gene expression signatares for pathway

activation andor ingctivation may be used as i pharmacodynamios biomarkers to monitor the
drug mdoced pathway inhibidon o tumors or surrogate markers such as anagen hair, 8) as
prediction biomarkers o wdentify tumors with high lovel of a particular pathiwvay: and early
efffescy bromarkers o get an sarly readowt of efficacy or preventim.

Carboxyanudotriazele orotate {CTO), aa oratate salt of varbaxvamidoiriasole

{CAT} s an inbibitor of recepior-operated calcium channel-mediated calsium influy, and is
shorwn 0 have anti-profiferative and anti-fnvasive functions in several human canoer el
hines, inchading human ghioblastoma cells {Fiovio Pla et al, 2008; Ge ot s, 20001 By
internupting calcient mobilization as # second wessenger, (AT can inhibit caleiume-sensitive
signal transduction pathways, including the release of arachidonic acid and s metabolites:

aitrie exide release; the geseration of nwsitol phosphates; and tyrosine phosphorylation {Ge
et al, 2000; Kohm et al, 1982}, CAl infubis phosphorvlation of cellidar proteine STATS and
Crkl, and wduces apopiosis in tuatinih mesylate-resistant chronis myveloid leukermia cells by
down-regoisitig ber-abl {Alessandro ot gl 20081

Thus eoormous effovs are directed 1o the devedopment of mulecular

phammacndynanues Momarkers of signaling outputs of CTO o design combinatonial

regimens agatst molecular targets in different types of cancers. Current methods for

1]
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asseseing pathway sctbvation in funors fnvelve the measarement of the drog targets, Kiwawes

OTNCORCNeS 7 kaows Moy suppressors. Howaver, one pathway can bo activaied atmoeltiple

poinds 50 it s not feasible o assesy pathway avtivation by evaluating fust known canoer
associated genes, The plucked hatr Momadker assay s used o study effects of CTG on
mRMNA and prrtes oxpression levels in vitrn, Plucked scalp hair is an ides! surogate for
peasuring divert response 10 reatment with CTC. Highty vasoularized, hair foflicle can
respond within hours of expasuere. Given this vasculanzation, thetr spithebal natare snd rapid
rate of proliforation, the colls in the hatr bulb at the Base of the placked bairand the owlder oot
sheath are bighly relevant surrogate marker tissue for solid fumors. Bisinformatio analysis s
conducted 1o identify drug-induced changes i hairy,

The invention relates o development of molecular phanmasodynamics bomarkers of

signaiing output by transceriptomic assessment of response 1 CTO i ex vive sultured buman

-+ > L

Y

anagen hairs from human sulyects with or without cancer of other diseases.
This wvention provides methods, pharmacodynamics biomarksr signatures for

multiple signslng pathways in a vell sample such as anagen haty, i response in

carboxyamidotriazols orotate ({UTO) from s subject. UTO has demonstrated response in

CRY

several cancers baving different genomin mutatns in olinival studies. This invention

provides g diagnostic and progrostic assay fw menitoring response to UTO ranging from -
13 fold to +128 fold differential exprassion in several transeriptional signaturss associated

witly dumor inhibition inchuding BGEFR, MEK, HDAC, RAS, GFS, WNT, HSPH or non-~

£

visliage dependent calciom signaling, winle inducing tumor suppressors signatures such as

B33 oy BORY i the dnagen hatrassay.

A method for guantifying the response to carboxyvantdoinazele oretate (T3 on

pharmacodynmmics bicsnarkery of multiple signatere pathways -satd method comprising:

a} Obtatning 2 cell smnple obiained froot a subyect and exposing the cell sample
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varving doses of UT0 along, 10 CTO i combinmtion with suo ent o i
other agents for different time periods;

by Iselating the mBENA from the trealed cell smaple and preparing repressntative
cIINA there from and measuring the transoriptionad abionstion bt expression i the
cell sarople resudting from OT0 exposore;

e} Calcnlatng 8 signature score for each of the phamacodynaniics biomarkers of

o

mulitple signature pathnvays and quentitating the response 1 the varving doses of

CT0 exposure, selecting a list of overlupping genes over expressing at two Ume
periods as Heted in Table §; and

dy identifving sach of the phanmacodynandes Momarkers of ruultipls signature
pathways by at least 3 or move genes in a compiled hist and confivming each of the

phamacodynamics biomarkers ol multple signature pathways using reference

datasets.

BAS, GROWTH FACTOR, P K Sisnabass

RAS gone products are mvolbved @ Kinase signaling pathiways that control the
sramsenption of genes, which then regulate cell growth and differentiation. The conversion of
RAS froan a proto~-oncogens usually occurs through a point mutstion in the gene, and the
attered function van affect the cell in different ways bocause RAS is wyvolved in many
sipnating pathways that control cell division and cell death, Mutant ras has heen identified in
cancers of many origing, ieluding pancreas, colon, fung, tlvroid, Badder vvarian, breast,

Q\

and some Jeukermiay, Boug, S stal, FLOS ONE 7: 111 2012}

$HFS is reeponsive 1o phosphatidylinositol 3-kinase {(PI3K ) pathway perhrbation and
related 1o phosphatase and tensin homolog {(PTEN) degradstionn. Loboda A xt el Clin

Plarm& Therap 17 92-96{3008),
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Migations in the 100 subunit of PI3EL called PUIKCA are often responaible for

i

activation of PRK/AKT and have been reported in severs! lirman cancers, Janku Fetal, §

"1

Chin Qaeod 30777782 (20123

EGEFR mathway sisnahures:

b further aspect the pvvention provided a method of nbubuing EGFR patlesay
sighatures in response 1o freatment with CTO. Dinsgs targeting the EGF receptor (BEGFR)-
antibodies binding the extrrcellolar domain and smali-modende tyrosine kinsse inhibitors
have expanded tneatment options for several solid tumors, The EFGR gene is frequently up
regudated in carcimomas of the breast, kidney, ovary, cervix, and in squamous cell

carcinomas. The up regulation is typieatly due 1o gene arplification or oversxpression.

BGER up regulation in gliomas is most ofien associated with the rearrangement of the EGFR
geng resubling i alterations of ifs fransoript so that such ghiomas expross both wild type

25360 of

EGFR gene is amphifis

&

sodogenous EGFR as well a3 episomal swtast fonm. The
ghoblastomas,

The EGFR-targeted monoclonal antihodiss Cetuximab® and Panttumuneb® have
been extensively studisd in metasiatic colorgetal cancers, However, the climeal efficacy of
EGER -targeted antibodies {s haited by the development of soquired secondary resistance
which typieally oveurs within 3 o 12 months of starting therapy. Maltiple mechanisms of
secondary vesistance to ant-EGFR antdbedics have been reported such as expression of
EGFR ligands, HERZ amplification, and deregulation of the EGFR recyeling procgss. KRAS
mutations arise and are responsible {or acquired resistance in half the patients who ininally
reapond to cotuximal or panituroumab, Wang J et al, Mol Cancer Ther 12: 525-936 ¢ {2013}

Daring the past several vears four BGFR inhibitors Iave been approved including
sotusimeb, patnnomaed, gefioygb and erdotingd {Tarceva) and have berome standard of care

foruse in vawver pationts, Heswever, the activity reporied i voselected patients has been quite




CA 02919690 2016-01-27

WO 2015/017545 PCT/US2014/048905

fumited and typically develop resistance. The extent of intrinsic and aoquived resistancs to
EOGFR idubiioss thus leaves ampls roowm for further anticancer drug development, Gon H-F
¢t al, PLOS ONE & 1-6 {2043}

MER pathway signatures:

In @ further aspect the nvention provided o method of inhibiting MEX pathway
graliwes fn response 1o eginent with CTU The MAPK pathway is comumonly activated in
humen cancers and they actvides RAF-MER-ERK kinase cascade which leads to activation
downstream of sabstrates involved tn coll prodiferation, survival, wansformation, ranslational
contral and cytoskeletal reamangements. Tan N et al, Mol Cancer Ther 127 R53-884 {2013}
Sraail molecule inhabitors targeted this pathway, such as alfosteric inhibitors of MEBK exh
anticancer efficacy in vitro and in vive,

HIAC natlovay sisnanues

fx a furiber aspect the fvention provided & method of inhibiting HDAC pathway
signatures in vesponss fo eatment with UTO. Histone acetviation i veversible
modificanon, with deavetvlation being catalyzed by histone deacetvlases (HDACs) HDACs
are represented by HE goenes m luanans and sve divided nto four distinet elasses. sl

asses of HDAL inhibntors are being evaluated in clinteal investigations and indicate that

certain HDAC family members are abermantly expregsed i several tumors, Lhnelective
HIAC inhibitars show promising results in leukemias and solid tumors, for example
Vorinostat® approved for cutansous T cell Lymphoma. Witt O et al, Camosr Letter 277 821

{2008}, However, some pan-HDAC inlubitors may cause munerous side effects thus

g selective targeting of HDACY with oncogemic function in cancer colls.

U pathway signatunes:

bt a turther aspest the ivvention provided a method of ntabiting WNT pathway

signatures it reaponse 1o treatment with CTOL The WNT family of signaling melendes

19
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oxses io antmal development, and WRNT malunction is fmplicated in

regitinles SURIONS DI
various foros of disease including cancer and degensrative diseases. The canonieal WNT
signaling patloway s regulated af many lovels and there is increasing evidence from other
systems for crosstaik between WNT sigualing and other pathways important in
tnorigenesis, converging on Becatenin, R-catenin is 8 nudtifunctiona! protein with distiac
wolecnkar roles in oell adhesion at the plasa membrane and In transcaiption within the

sucleus, An wmoreasing nunber of studies soggest that clevated WNT signaling in

ghoblastoma (GEMY is indtiated by severs! aliemative mechanisms that ars jovelved in
different steps of the disease. De Robertis A et s, Mol Cancer Ther 12; 1180-1189 {2083
and Nusse B, Cefl Res 15 28-32 (2005}, Therefore, whibition of WNT signaling may
represent o thempeutioally relevant approach for GBM treatment.

HESPH pathway sigoatures:

In a frther aspret the invention provided 2 method of inhibiting HSPYO pathaay
SIERATLIES 10 response & treatiment with CTO, Heat shook protens serve as molecular
chapsrones required for stability, post translation modification, and foncticey of pnltiple
client proteins. Bxprossion of HSP is noreased at tines of physiologie stress, and thess
effects are believed 1o support cell sarvival, HSPSG is over sypressed in maoy teawsr types
wndivating that 1t oy play 2 role i the survival of cancer cells and thus making it an
attactive target for an aticancer agent. Inoseased HEPOO has been linked o worse progaosis
n pasients with nom-amal! celt long cancer. Garon E B et al, Mol Cancer Ther 137 890-900

{013} NSCLT arives as a result of several driver smatations, for example EGF receptor

MOHALIORS are seen i about 1095 of NSCLL, HSPs play an impontast role in
newrndegensrntive disorders sach as Parkinson's discase, Alehehmer's disease or Huntingtn:

discase and therefore down regalation of HSPSO has potentiad baneficial effects in cancer and

A8ES.

degenerative d

3
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Moy

Mon-voliaee dependen calciam sivualin

o a further aspect the nveation provided & tethod of mbubiting genes associatad
with non-voltage dependent caloium signaling i vesponse to reatment with CTQO. Kohn B¢
b Cancer Res 3202083212 (1992); Kohn E € ot al, Proc Matl Acad St 821 1307-1311
{1985} Felder OF ot al., J Phasmmacel Exp Therap 257: 067-971 {1090Hups 1Y w1 ol § Biol
Chent 200 10136- 10142 (1991 1 Mugnen Qetal, J Cell 5o 118 $6156-5623 {2008 and
Enfissi £ etal, Cell Calotum 36 459-467 (2004 Calonsm signaling non-voliage dependent
gones were identifisd and sirong suppression was noted across CTO troatment.
Cancrtical caleiom signading was analyzed using the KEGG Caloium Signaling

P

Fativway and IPA W predict segulation of canonival calciom signaling. Nn significant

&

supprossion of pathway was goted. Usiag ANOVA to filier for informative genes {FDR

<08 & 1.3 )51 was noted that suppression of canowical calohum genes occurred zoross CTO

X

reatiment, however this only represented 768 canomies] pathway genes.
i i ¥R

GE-B pathway signatures:

to a Turther aspect the mvention provided # method of inhibiiing genss associated
with TGE-f signaling in response o reatment wigh CTO, TGF-B is part of @ Jarge family of
strocturally related oviokines that jnchude bone norphogenic protains, growth aud

differsatiation factors, activing and inhibins. Newrdy every cell type bas the ability to secrete

TGEF-§ as well as the ability to respond 1o TGE-B via the presence of TGF-B recaptos on the

-

celt surface. Therefore, gain or foss of function of the TGE-I pathway and its components are

e lead o 8 vanety of discases incloding cancer, In epithelial cells TGE-P functions as s
tumor suppressor, where it inhibiis prolfferation, induces apoptosis and mediates

differsntiation. Comversely, it other contexta, TGF-B promotes tumor progression through

neressing tumor cell invasion and metastasis. Smith A Lot al, Clin Cancer Res 18 4514

{20124

3




CA 02919690 2016-01-27

WO 2015/017545 PCT/US2014/048905

CEACAMI nushway sienatares:

in » further aspect the fnvention provided & method of down reguinting CEACAMI
patheay i response (o weaterent with OT0. CEACAMI is & member of the
carcincentbryiome antigen ({CEA) gene family of fg-dike cefi-celf adbesion motenules,
CEATAML ts down repulated in epithelial cancess, for example prostaty, bladder and eolon,
Lawson EL et s, PLOS ONE 70 1-14 (20821

Drystomin'Boagl protem signatures:

In a further aspect the mvestion provided & method of down regulating dystonin
pathway in responss 1o tresimient with CTOL DystonhyBpag! proteins are cyvtoakeletal
Linvers whese loss of fimction in mive reselts in & heraditary sensory newropathy with a
progressive loss of Hrob coordination, Yoang K et al, Bxp Cell Res 3127882761 (2008),

P53 pathway stenatures:

’1

in a further aspeet the jevertion provided 3 method of inducing P33 pathway

SIGRALUTES IN response to Featment with CTO. Wormmal cells bvegrate nualtiphs sigraling

to comtrel growth and profiferation, For example, the p&3 tmnsceiption factor s a

o

MY LENOT Suppressor protein that serves a8 a gatekeeper of cellular fate in mukticeliolar
orgamsms. PA3 s sotivated in responsy 1o & variely of stess signals and inttiates sell oyele
QTS SenUsCenCe OF apepiosts via pathways involving tramsactivanion of p33 target genes.
Stanbolic Vet al., Molsoular Cell R317-325 (20013, This universal protection of genetiz
mtegrity is however impaired in many human cance

T a further wspect the invention provided a ssethod of up yegolating P33 pathway
signatures i regponse (o reatment with CTO. Mutations of PTEN are freqeently found ina
viarfety of cancers Tolading brain, bresst, endometrial, prostate and kiduey tumors, PTEN is a

fumor suppressor and 18 @ negative regudator of PRK/PREB/AK T dependent celhidar survival.

FOR I pathway stsnatures:
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ina farther aspect the fnvention provided & method of up regulating BGRI pathway
vignatares in responss fo treatiment with OTCL The early growth response 1 {EGRT) gene
product is a transeription faetor with roles in differentiation and growth. The transe TR
factor BORY is g adivect regulator of multiple tumor suppressor inchuding TGFBE FTEN and
fibronectin, Baron V et al, Cancer gene Therapy 137 115-174 (2008, Tn certain human
tumer cells and tissues BGRT exhibite promment tumor suppresenr function and many hemar
tamor cell Hines express little or no BORT in contrast to their sormal counterparts, BGRI s
deoreased of andetectable iy nown small cell ung cancers, breast tumors snd human ghomas,

ibits transformation. The mechandsm of

Reexpression of ERGY in human tuor cell fin
suppression involves the direct induction of TGF-B leading 1o increased fibronectin, and
plasminogen activator inbibitor. Liw, € et al Proc Matl Acad Soi 93 1183111838 (1996},

EGRI e implicated m the regulation of PS3Y in melanoma sells leading to apoptosis

aulated by BORL

and the proapaplotic suppressor gone PTEN is alsr directly n

The mvention siso relates o pharmscentical compositions including CT0 and mnother
agent combined to improve sensitivity and efficacy and reduce toxicity while regulating sme
ar more gene signatures invloding BGFR, MEK, VEGF, HDAC, HSPS0, ERK, BCR-ABL.
PR ERGE CEACAMI, dystontn, or genes associates with non-voltage dependent calcium

signaling, by momtoring the molecalar pharmacodynamic bomarkers of signaling cutput in

respmse to CTO in ex vivo cultured ssangen hairs from a treated mammal,

In am even firther aspect the invention provides a method of treating or proventing a
condition in & mammal fn which the regulation of one or more gene signateres nclading

BOGER, MEK, VEGE, HDAC, HEPOS, BRE, BCR-ABL, p53, ERGT, CEACAM! | dystonin,

o~

renes associates with nonevoltage dependent caloium signaling . provents, inhibits or

ar

<

amehioratss 1 pathology or 8 symptomology of the condition, fhe method wncloding

administration of a therapeutivally effective mnount of UTO as monotherapy or as

b
o3
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combinatorial therapy, and monitoring the molecular pharmacodynamics biomarkers of

signaling oastpat i vesporse fo CT fn ey vive cultured anangen hairs fromw a1

maznal.
i another aspent the present invention provides a method of preventing or teating a

M

vative condition in a subject; the method ncloding administration of 2 th erapeutinally

effective amount of CTG alone or in conbination with another agent, and monitoring the
oulecular pharmacodynamics blomarkers of signaling owtpot tn response 16 UTO inex vive
cultured anagen haus from a treated menveal. Gene expression patierns can be established in
3 S o ; Aok b Py, M oo 7 3 T et 4 x s 3 g = s
otirer tissues as well to distinguish between tssues in Jiffereny disease states or 1o predist

prognosis of a disease such as cancer in responss 0 one or mare thevapies. Another paradigm

1s fo develop a platform of pharmacodynamics markers to design specific and customized

by

formulation base on the gone expression pattent,

The invention provides a paradigm for rational sefection and development of
combination reamments based oa kaowledgs of the moleeular abnornsalities in particaiar

dissases or sanser, together with the understanding thet CTO may be combined with other

targeted agents that are constnuted o the molecular makenp of the disease or cancer,

together with the nding that of the feadback foops that apply upon Mockade of a

given pathway blocked by the targeted drag and bow these feedback lonops may be prevented,
W mastntain sustained wnhibition of the melecular torgets that drive the disease as well as in
sorne mstances 0 mduce suppressor gonss o optimize the restoiest outcome,

The mvention provides 3 shifl in the method of developing combinatorial drug
regimens intnbiting several oncogenio targels with CTO in order (o overcoms cancers that are
driven by several abnormaltties, as well as to prevent or neutmbize the development of drog

tesistance v monitoring the pharmacodynamics biomarkers of signaling cutput in response

10 UTQ and carefully pieked combination drogs, by transeriptomic assessmant fn ox vivo

24
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ent poly-pharmacology approach using several targeted drags

b

drared anngen hawrs. The g

cocktails has not been successiul and hes posed new problows doe w cumalative toxicities of

f‘“/

she drags in the cocktail,. The invention provides 2 rescue solation for tarpeted and now-
targeted drug combinations that fail due to drug resistance mechanisms by combining them
with CTO from the start or even after drag resistance is nofed, 16 maintain sinsitivity and
stfectivaness.

Animmporiant embodiment of the invention is the development of the panst of up io

oo
(_h

~20 gene mBNA exprossion signatures fronm hair samples and deploy this on the cDNA
samples generated from patients by Alfvmetrin arvay data i identfy genes differentianlly
expressed v scalp hair samplex from univeated and treated pationts.

H is an objective of the present invention o evaluate moleculsr pharmacndynamic

markers i responss 1o carboxyamidotriazole orotate {CTO)Y v ex vive naman snagen hairs

oblained from subgects. CT0 13 e omlly active agent with antineoplastic activity, that

inhibits nonsvoltage operated Cal+ channels, hlocking both Cad+ influx fnto cells and Cal

release from intmeelhudar stores snd resulting {n the disvuption of caled

tyrosine kipase sigoaling, meluding AKT, MEK-ERK, or BOCR-ABL. Mare particularly, the
prasent imvention relates o the evaluation of moleoular pharmacodyianyos Momarkers of
signalbig output by tranmeniplomic sasessment of response to UTO o ex vive cultured human

anagen hals,

& EXAMPLES

The plucked hair biomarker platform developed by Epistemy Lid (Manchester, United
Kingdom} was used o assess framscniptomic response to OTO in ex vive cultwred human

anagen bairs. Figure La describes the overall provess steps.
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Flucked scalp hair i an ideal swrrogate for measuring slirect reapomss to CTO treatment,

it ia a non-invasive and can alse be vsed waing samples from patienty who have been treated

with CTO, i which cagse the hairs do not need 1o be treated ex vive Hairs growing on the

i1

spitabie.

o]

sealp i growth stage (snagent and which bave highly vascularized follicles sre

Donor haws were plucked fome § male donor volunteers, immedistely tansferred o

(!’»
Y"

maintenance nwdium ¢ s and exposed fo varving doses of CTO equivalent 10 2 pM, §

aM, and 10 oM carboxyvamidotriazole {CALL The cultures were sither maintained for Shys or

s, Controls were used, for example, Tarcova® (EGER imhibitory at 1 oM and BEZ233
(PIZK inhibitory at | uM for 24 bes ondy. Ouee in oultuse hairs were collested st the

e of profein analysis o ensure quality control, Small

specified periods for mRNA isol

amounts of RNA {gbosl up o SOng) are oxtracied Fom the bulhe at the end of the EHEYOIH
hairs, Represertative ¢DINA was prepared from the RNA and gene expression levels
determined by nucroareay saalveis, Biotin sheling, frugmentation and hyvbridization to 048
Affvmetris THIY plus 2.0 array was done. Bloinformatie analyste was done to identify CTO
nduced gene expression changes. The whole procedars is given in FIG. 1

Results obtained show stong transcriptional response for all contrasts. High fevel of
differential expression of transeripts was observed. Tarcova® showsd less differential probes
than CTG or BEZ23S at this threshold. For OTO differential probes increased in a dose

redated manner. CTO showed the gpreatest effect transeriptionally in anagen hair at all doses

Results are presented in desadl in Figure b

ocrapared with BEZ
Biologically relevant alteration of the hair bulb transeriptome ranging from ~100t1d o 425
o prf fos &

fnld differenial expression was observed at clinteally relevant fevels of CTO.

g
3]

The sigratire soores were assessed as deseribed in detaid by Loboda A, et al (Chnical

Pharmacology & Therapeutios 86:92-96 (2009} for identification of growth factor geng




signatures, and by Loboda A et al, BMC Medical Genomics 3: 1-11( 2010) for identification
of signatures of RAS pathway and PI3K. They describe the Ingenuity Pathway Analysis
(Ingenuity Systems, Redwood City, CA); hup://www.ingenuity.com software tool to identify
signaling pathways that arc statistically enriched among growth factor signature genes. The
RAS pathway was analyzed using publicly available and literature datasets, e.g.,
https://array.nci.nih.gov/carray/project/woost-00041.

The results obtained for probes observed at the two time 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).
The net result was 558 probes (442 unique annotated genes, ranging -75 to +33 fold at high
dose CTO /24hr. Significant results of Signature Scores arc presented graphically. The Probe

List is presented in Table 1.

Table 1.
Probeset ID Entrez Gene Gene Symbol Gene Title
prostate transmembrane
222450 at 56937 PMEPA1
protein, androgen induced 1
FKBP1A-SDCBP2
) FKBP1A-SDCBP2 /// readthrough (non-protein
233565 s at 100528031 /// 27111
SDCBP2 coding) /// syndecan binding
protein (syntenin)
period homolog 1
242832 at 5187 PERI }
(Drosophila)
240463 _at — — —
Rho/Rac guanine nucleotide
213039 _at 23370 ARHGEF18
exchange factor (GEF) 18
235072 s at 63971 KIF13A kinesin family member 13A
sialidase 1 (lysosomal
208926 at 4758 NEU1 o
sialidase)
237444 at
239451 _at — -— —
222288 at — — -
fer (fps/fes related) tyrosine
227579 at 2241 FER
kinase
pleckstrin homology domain
212717 at 9842 PLEKHMI1 containing, family M (with
RUN domain) member 1
226853 at 55589 BMP2K BMP? inducible kinase
chromosome X open reading
214112 s at 541578 /// 91966 CXorf40A /// CXorfA0B | frame 40A /// chromosome X
open reading frame 40B
27

Date Regue/Date Received 2020-07-23
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Lising the

s

probe Hst in Table 1, & nuftivariaw anelyss of different signatuves was

conchicied using avaiable references © builid the Sllowing stenatures, o analvee the resulls

at different doses of UT0 {equivalentto 2 uM, 5 pM, and 10 oM CAL) at 8tws and 24hss:

-RAS signatve | Growth freior signatare; B3R/ TOR inbihitdon; PIIK inkubitton; MEK

inhibition; HAPH) whibition; HDAC inhildtion; BGFR midbition; P53 Stabilizavon WNTR-

Catepin mhibition; Calehnn Signaling: CATL inhibition ; canonical caloiom inhibition; and

Mon~valtage signaling.

Rezsults obiained for the above analyses are sutmarized in Figuve 2b in detail, RGFR,

K and HDAC patbways ware strongly suppreased in response o OTQG,

{n contrast, the pathway asseciated with PSY was stabilized I response 1 €T,

In addition, gones associated with moatvoltage dependest calolum signaling, were

e

strongly supprossed, These results are discussed in detadl below,

FIG Ja deseribes resulis of moltivarstte signatires for RAS and Goowth Factor

Signatures. Briefly, modest down regulation in RAR and Growth Factor  signatures {(3FR}
o a

were observed, the inhsbittion being most obvious at Shrs, Table 2 gives List of RAS and

GEFS signatures,

feg

Tabie 2.

OFS Angd BAS: Svanbol

ARCCS CYHRL HISTINZA | POUZFR CORGIC RO PEKP
ATPHVISL | DEFTOR HORBI3 RAMPL DLEUR P AD] PRETL

- ATEN3 DNALS RS SEMAIG | DFNS KLES PSR
BCAST EiF4A2 TVYGPL SEPRY £iF3 KPNAY RESHEAS
BOL2LLE ERHR POMTID [ SIDT2 ENQZ {RPE 510042
CALCOCO | EREE3 CMTDR | AREG MM KALL SERPINGS
CAPNIS HISTIR2AC | PDIAG BTG53 HSFOOAAT | MTHFRIL | SERPINBS

43
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{REN HISTLHIRE | PLEKRGS | CEEPG HEPASL PADIY SLOYAL
SRXN1
PN

FIG. 3o deseribes resnlts on PIIK in response to OTO. Strong suppression of PI3K
signatire was observed with controd BEZI3S reatment but not with CTC

FIG. 3d desoribes vesults on POR/MTOR  signatwe. Stong  suppression of

PR TOR zignature was observed with control BEZ233 ueatment bt net with OTO.
&

FIG, Je describes strong wdnbition of MEKS signature 1o sl CTO wreatments at Shrs

aRIre I8 TESPONSE 10

FIG. da gives results showing weall supprassion of HDAC sign
O weatment. The Signature Scove for the HDAC pathway In response to different doses of
70 gt Bl and 28y is oompared with BEZ23S and Tarceva® for 2w

FiG 4b deseribes no suppression of Motel sigrssure i response to UTO weatment.
The Signature Scrre for the NOTCH patloway i response {6 different doses of CTO at 8hy
and 24tr s compared with BEZ235 and Tarceva® for 2dhe.

FIGE e desoribes resalis showing WNT B-catenin signature shows mndes suppression

w 24hre expoare 1o UTO. The Signature Scere for the WNT f-catenin pathway i response

mapared with BEZ233 and Tarcev

to different doses of CTO at Shr and 24br is
FIG 4d desenibey strong suppression of HEPYY signature with CTO treatment which
is dose dependent. The Signature Score for the HEPOO patlvway in regponse to dilferent doses

of CT0 at Bhr and 28br 18 compared with BEX23S and Tarcova® for 24he,

FIHE. e desorthes very strong suppression of BGER signature with CTO treatment sud

paportantiy this is stronger thae that in Tarce at all doses of CTO and time points. The
Signanwre Seore for the EGFR pathway in response to different doses of CTO at Shr and 24hy

iz compared with BEZ23S and Tarreva® for 3dhe



CA 02919690 2016-01-27

WO 2015/017545 PCT/US2014/048905

PG, 41 desertbes induction of P33 slgnature with U770 westment at all doses which is
bigher at the 24hr time point, The Signature Score for the P33 pathway fn responsg to

different doses of CT at Rhy and 24byr §s compared with BEZ235 and Tarcevad® fir 24hr.

FIG Saiustoates the Signature Score for the TALIPA pathway i responss o

P

different doses of OTC st Shy and 34be compared with BEZ2E and Tarceva® for 24k
Using the lngeouity Pathways Analysis (IPA} (Ingemnty Systems, Redwood City, CA for
genes influenced by CAL some suppression of CAT signatore in response &0 CTO treatimen

wis observed, exvept at 10 pML When the 29 genes were filiored from WA for FDIA <008
and T3P i 708 data sel, 10 seleat infommative genes and determine the direction of change,

& 14 gene sot resalted.

Table 3 lists the CATIPA: Symbol

! RAMIER ESRE QS pPOLG? RMAPKE | MAPIS | AKTT | nADS3 HSFORY
SN COCNDY | PPARYL | MAPHL | MAPEY | CASR3 AKTZ | HSPOOAAL | HsplRde?
CEREA MAPKI | PCIGL | MAPK4 MAPKIZ | HSPAR | ARTI HSPODABL | H3p@4-3

BAGR

Fix 5h illustrates the Signature Seore for the TALEx vivo pathway i response 10
different doews of UTO at 8h and 24by contpared with BEZ235 and Tarceva® for 24hr. With

the tissug specific diwestion of change information a strong dose dependest suppression of the

IPA CAL Hst was observed, Table 4 lists the 14 gene get,

Table 4.

Syrabad
ART2 €" CASPER FOS HSPODARY | 3UN 7 CERPA MAPKE
BAGH 5 CCN{}; HAPRGALAY | HIPBURL AKT1 MAPRKL RAPKT

FIG So dlustrates the Signaturs Score for the Calofom signating pethway in response

35 and Varceva® for 24he.

to different doses of OTO at Bhe and 2dbr compared with BE

45
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Non-voltage dependerd calonum signaling gones were identified from detasets in Uterature w0
infoms on regudation. The Hst s presented in Table §
Tabile 5.

Symbol:

ARG2 | COMAL | CONDIZ | CONEZ | TNE | A9
BONF | CONAZ | CONEL | CTFL | BRAF | CALR

FIG 5d sllustrates the Signature Scere for the Calchum signaling for all gene pathway
i vesponse (o different doses of CTO at Bl and by compared with BEZ23S and Tarcewa®d

24hr. The estimated regulation divection for all genes wag identiflied. The Hst iy provided

in Table 6.

Tabic 6.
Symbol:
ARG2Z | COND2 | TNF PEPIRI | CALM3 | CAME2A | CAMKS  ORAIZ | TRFCI | TRPCT

BONF CONEL | PPP3CA | PPPIRZ | CAMEL | CAMIKEB | 8OS2 STIMIL | TRPCA | BRAF
CCHNAT | CONEZ | PPRACE | CALMI | CAMKID | CAMEZD | ORAID | STIMZ | TRPCS | (A
CCRAZ L OTFL PRPICC | CALMZ | CANIKIG | CAMEBZG | DRAR | TRPOL | TRPLS | CAIR

FiG Se iHustrates the Signature Scors for the Caletum Sinabing pathway i response
tos different doses of CTO at Shr and dby compared with REZ233 and Tarceve® for 24he.
ANOVA ways uaed to Hler nfomative genes (FUR <085 and LS FCL

Strong supprossion of non-voltage dependent calotom genes was noted across U0

freatment py both literature detorpined regulation and ANOVA determimed set. Table

BIWE CONED FFPICC | QRAR THF CAMKE ORAIL | BRAF
CONAL PREICR | CAMKZD | CONDE 1 CALME CAMKIG | STIM2Z | CALR

FHG a iHustraies the Sgnature Score for the Canomicsl Caloem signaling using the
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BEGG Calohan Sigoaling and IFA to prodict rogulation of calclum signaling in

reaponse 1o differgntdoses of UTO ot Bl and 24w covepared with BEZ235 and

Taroova® for 24hr, Table &

Talde &,

Syrabd
FPPICA CACHAZDS | CHRNES HDATIO
PPPBR CACNR]L CHRNERS HOACTL
BRRICC CACNSR CHEND HOAC2
PPRIRL CACHBS CHRNE HDALR
PEPIRZ CACNBS | CHENG HIALA
ATP2CH CACHGL | GRIAY HDACS
CACNALA | CHREAMTA | GRIA2 HDACE
CACNAIE | CHRNAL | GRIAZ HDACT
CACNALC | CHREAIO | GRiAd HDALR
CACNALD | CHRNAZ GRIK1 HDACS
CACNALF | CHBNAY | GRINI HTHIA
CACNALG | CHRNAG GRINZA RYR1
CACNALH | CHRNAS | GRIN2B SLC8AY
CACNAY | CHENAS | GRINZC TRNET
CACNALS | CHANAT srize L
CACNAZDY | CHRNAS | GEMIA
CACNAZDY | CHENBI GRINAR
CACHAZDE | CHRNB? | HDACL

FIE3 6h iHustoates the Signature Scove for the Canondeal Calotany signaling ex vive
asay the KEGG Calobnp Bignaling and IPA 0 prediv regulation of in response to different
doses of T at Shrand 2dhy compared with BEZ235 and Tarcova® for 34k, Suppression

for 6/78 canonical pathway genes only, Table %

mia

THHOG
Table 9

ng Svmbol:

HOALZ | BHDACS | PRPICC | GRIAZ CACHBI | HDACE | PPPILC
HDACA | PPP3ILE | ATPICY i;rist‘d GRIAZ BEPICT | PRPICT

Exarapls 7.
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FIG 7hilhastrates resalts droa pauel of 31 CALCalotum related gones capable of
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Resubtx of bisinformatic analysis of data obiained in sesponse @ varying doses of

CT( at 8hr and 24hes indivate that the carly growih response T gene product (EGR ) was up

rogutated & fold by UTO pestment. In contrast EGRT was suppressed by BEZZ3S and

Tarceva® The up regulation of BGRT generally roguolates multiple tumor sappressor

pathways tnducing apoptotic dewnstream eventa, Lig, € et al Proe MNatt Acad Seodd [IE3 -

FIR36 (1096,

Figure B tHustrates the EGRT Signaling Pathway

1

The carcinoembryonic sntigen-related cell adhesion molecele {CEACAMI ) {alsn
fnown as UD66aY was down regulated i response 1o both OTO0 and Tarceva® treatment,

Dvstonin was down regulated by 60 fold i response to UTO treatment.

TGRP signativg was inhibited in response (o reatment with CTOL

The present ivvention is not 3 be Hulted m scope by the embodiment disclosed m the

example which is intended as an iHusiration of one sepect of the lnvention and any methods
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sndifications of the nvention in addition 1o thoss shown and described herein will becoms
apparent o those skilled in the ant from the foregoing description. Such mocifications are
irtended to el within the scope of the appended claus,

Those skilled in the art will recngadze, or e able b ascertain using 8o more thas
soutine exporineniation, any equivalents to the speeific embodiments of the mvention

described horein. Sach equivalonts ave prensded 1o be evconpassed by the elalms.
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‘What is Claimed is:

1. A method for quantifying the response to carboxyamidotriazole orotate (CTO) on
pharmacodynamic biomarkers of multiple signature pathways and identifying and confirming each of the

pharmacodynamic biomarkers, 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

cXposure,

¢) calculating a signature score for each of the pharmacodynamic 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 as listed in Table 1; and

d) identifying each of the pharmacodynamic biomarkers of multiple signature pathways by at
least 3 or more genes listed in Table 1 and confirming each of the pharmacodynamic biomarkers

of multiple signature pathways using reference datasets compiled by IPA for each identified gene.

2. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways

includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in Table 2.

3. The method of claim 2, wherein the signature pathways comprise signature pathways for RAS.

4. The method of claim 3, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for RAS is inhibited in response to exposure to CTO.

5. The method of claim 2, wherein the signature pathways comprise sighature pathways for GFS.
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6. The method of claim 5, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for GFS is inhibited in response to exposure to CTO.

7. The method of claim 1, wherein the signature pathways comprise signature pathways for MEKi.

8. The method of claim 7, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for MEKi is inhibited in response to exposure to CTO.

9. The method of claim 1, wherein the signature pathways comprise signature pathways for HDAC.

10. The method of claim 9, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for HDAC is inhibited in response to exposure to CTO.

11. The method of claim 1, wherein the signature pathways comprise signature pathways for
NOTCH.
12. The method of claim 11, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for NOTCH is inhibited in response to exposure to CTO.

13. The method of claim 1, wherein the signature pathways comprise signature pathways for WNTB-

catenin.

14. The method of claim 13, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for WNTB-catenin is inhibited in response to exposure to CTO.

15. The method of claim 1, wherein the signature pathways comprise signature pathways for HSP90.

16. The method of claim 15, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for HSP90 is inhibited in response to exposure to CTO.

17. The method of claim 1, wherein the sighature pathways comprise signature pathways for EGFR.

18. The method of claim 17, wherein the signature score of the pharmacodynamic biomarkers of the
signature pathways for EGFR is inhibited in response to exposure to CTO.
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19. The method of claim 1, wherein the signature pathways comprise signature pathways for P53.

20. The method of claim 19, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for P53 is induced in response to exposure to CTO.

21. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways

includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in Table 3.

22. The method of claim 21, wherein the signature pathways are Carboxyamidotriazole (CAI)

induced signatures identified from IPA.

23. The method of claim 22, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways induced by CAl is inhibited in response to exposure to CTO.

24. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways

includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in Table 4.

25. The method of claim 24, wherein the signature pathways are induced by CAl ex vivo.

26. The method of claim 25, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways induced by CAl is inhibited in response to exposure to CTO,

27. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways

includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in Table 5.

28. The method of claim 27, wherein the signature pathways are calcium signaling pathways.

29. The method of claim 28, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways of calcium signaling pathways is inhibited in response to exposure to CTO.

30. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways

includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in Table 6.

31. The method of claim 30, wherein the signature pathways are all gene calcium signaling pathways.
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32. The method of claim 31, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways of all gene calcium signaling pathways is inhibited in response to exposure to CTO.

33. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways

includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in Table 7.

34. The method of claim 33, wherein the signature pathways are non-voltage dependent calcium
signaling pathways.
35. The method of claim 34, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways of non-voltage dependent calcium signaling pathways is inhibited in response to

exposure to CTO.

36. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways

includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in Table 8.

37. The method of claim 36, wherein the signature pathways are canonical calcium signaling
pathways.
38. The method of claim 37, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways of canonical calcium signaling pathways is inhibited in response to exposure to CTO.

39. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways

includes at least 1 or more genes for which pharmacodynamic biomarkers are listed in Table 8.

40. The method of claim 39, wherein the pharmacodynamic biomarkers of the signature pathways are

canonical calcium signaling pathways.

41. The method of Claim 40, wherein the signhature score of the pharmacodynamic biomarkers of the

signature pathways of canonical calcium signaling pathways is inhibited in response to exposure to CTO.
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42. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways
includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in a reference dataset,
wherein the pharmacodynamic biomarkers of the signature pathways comprise signature pathways for

EGRI.

43. The method of claim 42, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for EGR1 is stimulated in response to exposure to CTO.

44, The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways
includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in a reference dataset,
wherein the pharmacodynamic biomarkers of the signature pathways comprise signature pathways for

CEACAML

45. The method of claim 44, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for CEACAMI is stimulated in response to exposure to CTO.

46. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways
includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in a reference dataset,
wherein the pharmacodynamic biomarkers of the signature pathways comprise signature pathways for

TGFB.

47. The method of claim 46, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for TGF is stimulated in response to exposure to CTO.

48. The method of claim 1, wherein the pharmacodynamic biomarkers of the signature pathways
includes at least 3 or more genes for which pharmacodynamic biomarkers are listed in a reference dataset,
wherein the pharmacodynamic biomarkers of the signature pathways comprise signature pathways for

Dystonin.
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49. The method of claim 48, wherein the signature score of the pharmacodynamic biomarkers of the

signature pathways for Dystonin is stimulated in response to exposure to CTO.

50. A method for quantifying the response to carboxyamidotriazole orotate (CTO) on
pharmacodynamic 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

cxXposure;

¢) calculating a signature score for each of the pharmacodynamic 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 iz vivo to the varying doses of CTO,
selecting a list of overlapping genes overexpressing after 8 hours and 24 hours of exposure to

CTO; and

d) identifying each of the pharmacodynamic biomarkers of non-voltage dependent Calcium
signaling pathways by at least 3 or more genes listed in Table 10 and quantitating the response in
cach of the pharmacodynamic biomarkers of non-voltage dependent Calcium signaling pathways

to different doses of CTO exposure iz vivo to the varying doses of CTO.

51. A method for quantifying the response to carboxyamidotriazole orotate (CTO) on
pharmacodynamic biomarkers of transcription signatures selected from the group consisting of EGFR,
MEK, HDAC, HSP90, WNTp-catenin, P53, EGR1, PTEN, TGFp, 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

cxXposure;

¢) calculating a signature score for each of the pharmacodynamic biomarkers of transcription
signatures using the Ingenuity Pathway Analysis (IPA) 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 of exposure to CTO; and

d) identifying each of the pharmacodynamic biomarkers of transcription signatures by at least 3
or more genes listed in Table 1 or reference datasets and quantitating the response in each of the
pharmacodynamic biomarkers of transcription signatures to different doses of CTO exposure in

vivo to the varying doses of CTO.
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