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(57) Abréegée/Abstract:
The Invention provides a method of inhibiting casein kinase 10 (CK10), comprising contacting the CK10 with a compound of

formula (I), as defined herein; such as compound S
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R-3029. We demonstrate that CSNK1D Is amplified and/or overexpressed In
ly targeted In human breast cancer subtypes overexpressing this kinase. The

Invention further provides a method of treating cancer, such as a breast cancer, melanoma, glioblastoma, medulloblastoma, renal,
bladder or colon cancer, or a cancer that metastasizes to the brain, lung, or bone provided that both elevated CK10 and (3-catenin
dependence are involved In those metastatic diseases. The cancer can be a breast cancer of the triple negative subclass of breast
cancers (INBC), or can be an HER+ breast cancer.
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1 ierapeutic Targeting of Caseln Kinagse 18 in Breast Cancer

CRUNRMS-REFERENCE TO RELATED APPLICATION
This application claims the priority of ULS. provisional application serial number
6.2/240,689, tiled October 13, 2015, the disclosure of which is incorporated herein by reference

1y its enfirety,

STATEMENT OF GOVERMNMENT SUPPORT
This iInvention was made with government support under CA175094 from the National

instifutes of Health. The government has certain rights in the invention.

BACKGROUND

Breast cancer accounts {or nearly one quarter of all cancer diagnoses and is the principle
preast cancer is based on pathological information and histological grade, and on the expression
status of the estrogen (ER), progesterone (PR) and epidermal growth factor 2 (HER 2 /neu)
receptors, where targeted reatments blocking recepior function have made improvement in
overal] survival {{, 3} Indeed expression of ER and/or PR is 2 good prognostic factor and
predictive indicator for benelit from endocrine therapics and although HERY overexpression
connotes aaverse progunoesis, patients greatly benefit from anti-HERZ targeted treattnents (4 5),

in condrast, the triple negative subelass of breast cancers (TNBC), defined by the shsenee

of the EX and PR receptors and the lack of HERZ amplification, have no targeied treatment
opliens, are highly aggressive and exhibit poor prognosis {8, 7). Although breast cancer research
has pioneered and highlights the clinical benefits of targeted treatments, further identification of
drivers and associated signaling pathways, particularly for TNBC and HER?Z breast cancers, are
needed 0 mstruct the developmeont of argeted therapies, (o extend disease-fres survival and
improve the lives of cancer patients.

Casein kinase-1 delta {CK18) and epsilon {TK 1) are two highly related serine/threonine

kinases known o regulate diverse celludar processes, including circadian rhythm, membrane

trathicking and the cyloskeleton, and both bave been implicated in cancer (8-1/). Feor example,
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mynstolated CKlg 13 sutficient to transform mammary epithelial cells in vitro whereas
expression of a dominant-negative mutant of CK 10 impairs SY40-induced mammary
carginogenesis in vive (1 2) As knases CK1a and CK g are eminently tractable for small
molecule drug discovery, Nevertheless, the contribution of these kinases {0 human cancer 18

poorly understood and the non-selective nature of previously reported CKI18/CK g mhibitors has

impeded vahdation of these Kinases as anti-cancer targeis (€ /3-735). Indeed, pharmacological
ettects oniginally asceribed (o inubition of CKI16/CK g are now known o be due to off-iarget
action of the non-selective imhibitors emploved (/3 {8
SUMMARY
This invention is direcied, in various embodiments, {0 a method of inhibiting CK 18,
comprising contaciing the CK 10 with an effective amount or concentration of a compound of

formula (1)

4

et
q

N
0
e,
R,NT "N N
Art

(D,
wherein

each R 1s independently selected hvdrogen or (C-Cilalkyl, or two R groups bonded to a
nitrogen atom together with the nitrogen glom can form g 3-7 membered heterocyelyl optionally
further comprising | or 2 heteroatoms selecied from the group consisting of O3, 5, and NR,
wherein R 18 hydrogen or {U-Cglalivl;

Ar' is an aryl or 8 S-membered or 6-membered heteroaryl, which is unsubstituted or is
substituted with 1-3 independently selected halo, {(C-Cilalkyl, (C-Cgiluoroalkyl, {C;-
Cglalkoxvl, ¢vano, nitro, C=OINR,, OCEOINRK,, N(RYCEOOR, N(RYCEDR, or CEOHOK;

Het' is a monocvelic or bicyclic heteroaryl, which is unsubstituted or is substituted with
I-3 independently selected halo, {C-Cylalkyl, (C~-Cgitluoroalkyl, {C-Cglalkoxyl, cyano, miro,
CEOINR,, BUEGINR,, NRYCEOOR, N(RYCFEQGIR, or C{=0H0EK;

ot 8 pharmaceutically accepiable salt thereot.
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in various embodiments, the invention is divected {0 a method of ircating cancer,
including but not Hmited to breast cancer, melanomas, glioblastoma, medulloblastoma, renal,
bladder and oolon cancers. In addition, cancers like breast cancer thet metastasize to the brain,
ung, bone are also amenable to reatment with cur CK 198 inhbitors, as long as both elevated
CRK16 and B-catenin dependence are involved in those metasiatic diseases, The method of
treatment comprises administering to g pationt afflicted therewith an effective dose of a
compound of formula {1} as described above,

More specificaily, the compound of formula {1} can be

‘luul
I:M
)

s
2
as
=

" (SR-3029).
or a pharmaceutically acceptable salt thereof

The wvention further discloses that cancers particularly susceptible to treatment with
LK 18 inhabitors are those cancers with upregulated expression levels of both CK 18 and B-
catenin, Accordingly, i various embodiments the ivention provides a method of identifving an
anticapcer drug effective for ireatment of a cancer in & patient, comprising determining a level of
CRID and 3 level of Brcatenin in the patient and selecting a CK 18 inkibitor for a freatment
regimen if both the levels are elevated, Further, the invention provides a method of treating in g
patient a breast cancer, 8 melanoma, & gliohlastorma, 8 medulloblastoma, or a renal, bladder or

colon capcer, or a cancer that metastasizes to the brain, lung, or bone, comprising determining if

slevated CK1C and B-catonin levels are present in the patient, and if both levels ave slevated,
selecting a CK 18 inhibtior for a treatment regimen,
In various embodiments, the invention provides a method of treatiment of a triple negative

subclass of breast cancers (INBC) In other embodiments the invention provides a method of

b
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freatmernt of an HER+ breast cancer. The methods comprise administering an offective dose of a

compound of formula (I} to 3 patient afflicted with the breast cancer,

BRIEF BESURIPTION OF THE FIGURES
Fag. 1| C&79 is a chinically relevant and effective target for select breast cancer subtvpes.
(A} UK {0 mBRNA expression in invasive ductal breast carcinomas (I3} vs. adjacent normal
tissue {7, p678e~ 130 (B) bxpression of UK Iaf, CK71D and UK e across PAMGSEG breasi
cancer sublypes based on RNA-Seq data (=072 tumor samples, 113 solid tissue normal). Log?
normalized read count (RSEM) 15 shown, (U OSNK{ D DNA copy number analvses in invasive
breast carcinomas clustered according to CK/J expression (n=303). Gene-level copy number
estimates (GISTICZ threshold): ~2,~1,0,1,2, representing homozygous deletion, single copy
deletion, diploid normal copy, low-level copy number amplification, or high-level copy number
ampiification are shown. {(I¥) Scatter plot of CSNKID Log, mRNA expression vs. Logs copy
number values (977 breast cancer patients), (£} UK 10 and CK 1s profein expression in indicated
breast cancer cell Iines and MUFI10A mammary epithelial cells. (F) Chemucal structure of SR-

308 {{z) Anti-profiferative potency of SR-382% in the tndicated breast cancer cell lines, Dala

are plotied as % proliferation vs, vehicle (n=6). {H) Clonogenic growth and survival of mndicated
cells 1o the presence of SR-3029 or vehicle {n=3; p=0.0008). (1} Percent apoptosis by Pl
fAnnexin ¥V FACS followmg 72 hr treatment with mdicated doses of SR-3029 (n=3, ¥¥%_ jefi fo
Figay p=0.0007 and 0.0001 ). (§) Left, Clonogenic growth of MIDA-MB-231 cells overexpressing
CK16 or GFP +/- SRL3026 (=3 %% =0, 001, *%, p=0.0035}. Rigks, westem blot confirming
CK 10 overexpression +=- 30 nM SR-302% at 48 hr. {K} Relative growth ({gft; n=3, s161; p=0.01,
sid; p=0,003) and percent cell death by {rypan blue exclusion was mesasured {(righi; n=3, sidl;

p=0.01, s16d p=0.027} 5 days after transiection of MDA-MB-231 with non-targeting (NT}) or

CRIS siRNAs, (L) oPCR data and mmunobliot confirming knockdown of CK 16 but not TKle
(n=3; ¥ a< 0001,

Fig, 2 | Inhibition of CKIH UK e impairs orthotopic breast tumoer growih & wive

{A) Effects of CKI16/CK e inhibitors on growth and estghblishment of MDA-MB-231-lue tumors
monitored by lununescence intensity over time. Mice were {reated once per day with SR-3029 or
vehiele {10 18:80, DMSO Tween-80; Water) at 20 mg/ke by i p. injection. Arrow indicates start

of treatment (=& for gach cohort, %, p=0.01). (B} Tumor size by luminescence and ()
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COMpPArison of gross umor size at day 25, Represeniative tumors are shown, (I8 Orowth curves
of ndicated TNBC tumor models i nmuice treated with vehicle (black lined or SR-302% (Olue line)
as above, Arrows mdicate timing of first dose (w=8-10 for each cohort; ¥¥, p=0.01; ***,

= G008 ), (B} TUNEL staining on serial sections of vehicie and SK-3029 freated MDA-MB-

231 tumors {representative images are shown} {while line scaie=200 um). (F) Kaplan-Meier
survival curves corresponding to studies shown in (D) {p-value calculated using log-rank test).
{{} Body weight of mice treated daily with SR-3029 (blue line) or vehicle {black line) was
followed for 8 weeks (p=8-10).

Fig. 3 | Stencing or inhibition of CK16 provokes breast fumer regrescion and efficiently
blocks growth of PFDX breast models. (&) Leff, qPCK data confirming efficient knockdown of
L Kla, but not of CKJg transenipts, following 72 hr of reatment of MDA-MB-231-sh(CKlo
expressing cells with Dox (0.3 ugmld) (n=3; ¥¥%, p=0.0003)}. Kigay, correspondmg CK 1o profen
expression, {(B) Cells expressmg Dox inducible CK 10 or nontargeting (NT) shENA were treated

with 1 pe/mi Dox for 72 hr and {ransfected with vectors expressing UK 16 or GEF cDNA
resistant to shRNA. Followmg a further 72 hours, percent cell death was measured by trypan
biue exclusion iy MDA-MB-231-sh{UK 16 {Black) and cells expressing non-targeting shRNAs
(NT- white} (n=d) ¥%%, p=0.0001). () Growth of orthotopic MBA-MB-231-shUCK 10 tumors
mice +/- Dox (admimistered ad Iib in chow, 200 mg/kg), as momtored by caliper measurements
(=8 for each cohort; %, p=0.006). Arrow indicales addition of Dox. (B3} CK12 knockdown n
tumnor tissue isolated from three independent mice, 7 days afier Dox administration began. (&)
Imrmumnocblot comparmg CK19 expression in exiracts of human normal breast or three

independent BMC-4013 PDX tumors, {(F) Growth carves of BOM-4013 PDX tumors in mige

ireated with vehicle (black line) or SR~3029 (blue line), Arrow indicates timung of first dose
{n=12 for cach cohort; **¥, p=0.0002). () Kaplan-Meier survival curve corresponding {o
studies shown in {(F) (p-value calculated using log-rank test). (H) TUNEL staining on senal
sections of vehicle and SR-3029 treated BMOC-4013 tumors (representative images are shown)
{white line scale=200 pm),

Fig. 4 | Modulation of the Wal/f-calenin pathway 18 2 biomarker for K16 activily and

inbibition. (A) Wnt pathway gones significantly enriched 1 UK 16 overcxpressing human brogsi

tamors (fold change>2, p-value<.03) (red 15 CK 18 gene), (B BEffect of SR-3029 {+) or vehicle

(~) treatment (18 hr, 30 nM) on nuclear vs. cvioplasmic B-cafenin in the indicated breast cancer
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ceil tines. () Expression of active B-catenin {ABO) in MDA-MRBR-231 celis after 18 hr tregtment
with SR-3029 or vehicle or following transfection with CK 16 siBNAs (harvested at 4¥ hr). (B9
inhibifion of TCF-dependent lucifersse activity in MDA-MB-231 cells treated with incregsing
doeses of SKE-3029 for 6 hr or foliowing 3 davs freatment with 1 ug/mi Dox o activale expression
of indicated shENAs (o=3; %, p=0.013; *¥¥, p=0.0002). {(E) BEfiect of CK16 mnhibition {{eft, 24

hir treatmnent with 100 oM SR-3029 or knockdown {#ipfu, 48 hr after iransfection) on expression

of indicated proteins and (F) mENAs by immunoblot or qPCR, respectively (n=3}. ()
Expression of indicated mRNAs 24 hr after treatment with 100 nM SR-3029 (n=3; ¥, p<O.05; **
p<{(.01; ¥¥¥ pn<(.001; SFRPT p=0.0003; WNT3 p=0.001; WNTOA p=0.0007; MYC p=00271;
CONTH p=0.0054,; CD44 p=0.007 1}, (H) TCF-dependent huciferase activity in HEKZ93T celis
+/« CK 18 shRNA expression (/- Tug/mi Dox for 72 hr} followed by 3 by treatiment with 1 pg/mi
Wat-3a (F*¥, o7 23E-05 and 5.57E-06 lefi to right). (1) HEKZ293T cells stably expressing the
TCE-dependent luciferase reporter were transfected with a control vector or a constitutively
aotive (nucleary mutant of B-catenun (833Y) and incubated overnight +/- SR-3029 prior to
addition of recombinant Wnit-3a (3 hr) (representative of 3 independent experiments 13 shown;
% o= 0.0004 (gff) and 00002 (right)), (D) Immunostaming for ABC expression {white line
scale=200um). {K) Relative growth 4 days afler infection of indicated cell ings with lentiviruses
expressing either non-tgrgeting (N'T) or [-catenin shRNAs (n=3; Left fo right, ¥, p=(L.05, **¥,
p=(.0008, ¥¥¥ n=0.001, ¥**, p=0.001) and corresponding western biots {(rigar panel}.

Fig. 5 1 CK18 s 3 necessgry and sufficient driver of Wal/B-calenin signaiing in buman
bresst cancer. {A) Cell growth (fef) and apopiosis (Might) measured after 72 hr +/- SR-302%
MDAMB-231 cells transfecied with an empty vector or B-caterun-333Y (n=4; ¥, p=0.02). (B}
MIDA-NB-231-shCK 18 cells treated with Dox {4 davs, 1 ug/mi) were iranstected with an empty

veetor or Becalenin-S33Y and cell number measured afier 72 hr {p=3: %% p=0.001}. ()

Expression of nuclear and evioplasmic B-catenin in MUF7 cells engineersd to overexpress CK 18

*, p=(1.02). {I}) Immunoestaining for ABC i MUKY cells overexpressing CK 1o or (GFP (winte
Hne scale=Z200 um), (£ PR analysis of B-oatemn targets in MUF7-CK 16 vo MUFT-GFP calls
(n=3; ¥*% =001, **%*, p=0.001} (F) Invmumoblot confirming CRI1S overexpression and
increased cyvelin-21. (G Effect of SE-302% on clonogenic growth of MOY7 cells overexpressing

CK18 vs. GFP (n=6; Leff fo right; ®%, p=(0.01, **, p=0.002). (H) Growth of MCF7-CK 10 and
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MOCET-GFP cells 4 days aller infection with B-catenin shRNA lentiviruses {o=3, Leff fo right;
*EE p=R.L006; Y p=0.004, ¥¥, p=0.001). Right panel, immunoblot showing CK18
pverexpression and knockdown of f-catenin,

Fig, & { UR 10 s a driver of Wal/B-catenin signaling in vive. (A) Expression of muclear snd
cytoplasmic B-catenin, and (B) the indicated mRMNAg, in MDA-MB-231 tumors from mice
freated with 20 mg/kg SR-3029 ve vehucle datly for 7 days {(n=4; *, p=0.05; *¥ p=0.01; #%%,
=001 ) () Bitects of SR-3029 on tumeor Cyelin-D1 protein expression at day 7. Bight pancl is
guantification {ne=3; **, p=0.01}. () Frequency of CSNKID copy number amplifications
(TUGA) m renal papiliary cell carcinoma (renal papillary) and bladder cancer tumors (TCGA).

(£} Correlation of CSNKID DNA copy nunber and CKUJ expression in renal papillary cell

carcinoms (n=172% and bladder cancer {n=220}. (¥} -logp prvalues showing significant overlap
between Wat/B-catenun pathway genes and CK 18 signature lists (p<Q.05, {old change >1.5} for

dicated cancer types (red hine 13 thresheld of sigmbicance, p=0.05}

DETAILED DESURIPTION
Identification of specific drivers of human cancer 15 required to instruct the development

of targeted therapeutics. Here we demonstrate that CSNKTD 1 amplified andfor overexpressed in
human breast tumors and that CK 16 15 an unexplotied vulnerabiiity of human breast cancer
subtypes overexpressing ths kinase. Specifically, selective knockdown of CK18, or treatment
with an in-house, highly selective and potent CK10 indubitor, triggers apoptosis of CK 18-
sxpressing breast tumor cells ex vive, potent tumor regression in orthotopic models of triple
negative breast cancer, including patient derived xenograils, and tumor growth infubifion
HERZH breast cancer models. Notably, we show thal Want/i-catemin signaling 18 a8 hallmark of
human tumors overexpressing CK 19, that disabling CK 18 blocks nuclear accumulation of §-
catenun and 1-cell facior transcriptional activily, and that constitutively active B-catenin
overrides the effects of inhibition or silencing of CK18. Thus, CK.14 inhibition represents @
promising strategy for targeled treatment in human breast cancer having Wat/-catenin
involvement.

We sought to assess the functional role and potential clinical relevance of CK .16 and/or
(K le as exploiabiec valnerabiifies i breast cancer, Herein we esiablish that CKid s a

promsing target for breast cancer therapeutics, and demonsirate the efficacy of an in-house,
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selective and potent small molecule inhibitor that is effective against breast cancer subtypes
overexpressing UK 18, Further, we demonstrate that the gene encoding CK18, CSNETD, is
frequently amplified and/or overexpressed in & subset of human breast cancers, across each of
the major breast cancer subtypes, and that knockdown or inhibition of CK 18 provokes breast
tmor regreasion in patient derived xenograil and breast cancer cell line orthotopic xenografl
medels of TNBC and HEKZ+ breast cancer, Notably, our mechanistic studies have edablished
that CK10 achivity 18 a eritical driver of Wnt/B-catenin pathway activation in breast cancers, 8

molecuiar phenotype known 10 associate with poor prognosis in bregst cancer patients.

Our resuits are discussed in greater detai] below, Our invention provides a method of
inhibiting casein kinase 16 (CK 18}, and consequently, 3 method of tresting breast cancer,
comprising contacting the CK18, ¢.g., in the fissue of a living patient, with an effective amount
af a compound of formulda {1}, or more specifically a compound of formula SR-3029, the

structiures of whaich are shown above,

CEENRTES P Y . A B 3 N ~ q D SR . ¥ 3
CONAK SN Avynmibhied angdor Ohverayoragsaad i 8 Nabhast of Huoman Braast oansaes
N3 VAL L LS A0 SRR UIOR G L AP VTG AR GO 288 8 QRIAMREY 80 DRI 1T balir sy

10 assess the mvelvement of CK 1o and UK le in human breast cancer we examined the
expression of each isoform in man breast tumor specimens compared {0 normal mammary
tissue. Analysis of the cancer genome atlas (1CGA) datasets revealed highly elevated expression
of UKo (OSNK LY in invasive breast carcimomas (Fig. 1A), and in an independent dataget..
Assessment of UK isoform expression across the four major breast cancer subtypes {(Pama
inirimsie classifications) (/&) revealed that UK /9 1s widely overexpressed within a subset of
tumors across each masor class (Fig, 1B} In contrast, (K¢ expression 18 more resiricted {6 the
basal-like subclass (Fig. 1B) and 12 not associated with invasive breast carcinoma, Sirkingly,
gene copy numiber analvsis (TCGA) revealed amplification (high and low i&‘?&i) of 17q25.3
imvolving the CSNVK D locus mn over g thivd (36%) of human breast tumors, with higher
frequencies of amplification in the luminal B and basal-like classes. In contrast, the CSNKITE
tocus was not amplified in breast cancer {data not shown ). Notably, increased CSNVKID copy
number sigmicantly correlates with the expression of CKJJ transeripls (p-value<(.0001) with
increased correlation observed within the HERZ2+, Basal-Like and Lunmunal B subtypes compared

to the Lununal A tenors (Fig. 1€ and I3}, Consistent with these findings, immunohistochemical

analyses coniirm overexpression of UK 12 1o human breast tumor specimens versus normal
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bregst tissue and CK16 was overexpressed across 8 pansd of human breast cancer cell lines (Fig
1), By condrast, high CKle expression was detecied in onldy 3 of the breast cancer cell lines
anaivzed (Fig. 1B} and expression of both UK isoforms was low in imortal buman MCF10A

breast epithebial cells as well as in the MOF7 and T470 ER+ breast cancer cells.
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We recently reported ymitial siructure activity relationships of a series of small molecuie
dual mubtiors of CKid and UKie {/6). For example, SR-3029 {(Fig. 1F}, 15 an ATF competitive
inhibitor with exceptionsl potency and selectivity, and therefore constitutes an ideal small
molecule probe of CK18/CKlie biclogy. Cell prohiferation assays revealed that breast cancer cell

types overexpressing CK 10 are extremely sensitive o CRIS/CK e inhabition with Elsg s 1 the

low nanomolar range {3-70 M), In contrast, MCUF7 and T47D breast cancer celis and the
MOFI0A cell ling, which all expressed low levels of CK 18, were 2-3 orders of magnitude less

sensifive to SR-302%9 (Fig. 1G). This selectivity for breast cancer cells overexpressing CK10 was

confirmed in clonogenic growth assays where SKR-3(29 completely blocked clonogenic growih
and survival of MDA-MB-231 cells, but had no effect on the colony forming capacity of MUOE7
breast cancer cells (Fig. 1H). Finally, FACUS analysis gstablished that SK-3029 treatment

selectively triggered rapid apoptosis of CK 1o overexpressing breast cancer celis (Fig. 1)
We confirmed that the anti-cancer effects of SR-3029 were due {o on-larget mlubilion of
CK 138 and/or CKls. First, forced overexpression of CK 18 augmented the clonogenic growth of

MIDA-MB-231 TNBC cells versus GFP-expressing controls, and was sufficient to rescue the

growth inhibitory effects of SR-3029 (Fig, 11, Second, simultaneous knockdown of CK14 and
CKlg, or silencing of CK 18 alone, triggered apoptosis and impaired the growth of MIA-MB-
231 cells (Fig. 1K, L). This effect was specific, as expression of siRNA resistant CKio cDBNA
effectivelv rescued the growth inhibitory effects of CK 16 silencing. Notably, knockdown of
CKle alone had no effect on MDBA-MEB-231 cell growth and survival. Finally, we investigated it
there were any potential off target effects. SR-3029 miubits ondy 1% of the kinome and has a
weaker afﬁnity for only three kinases i addition to CK 1o and CKlig (CDKéE, MYLEK4 and

gnaiogues SK-2B90 and SRJZZ?’?S which all show simular &nti«»pmﬂif&mi‘ive activities againsi

human cancer gells {7, including MDA-MB-231 TNBC cells. In contrast, these celis are
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msensitive to AC220, a low nanomolar inhibitor of FLT3 and FLT3 mutands. Collectively, these
findings establish CK.15 as a biologically relevant target of SR-3029 that is required for the

growth and survival of certain breast cancer cells.
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SR-3029 exhubits pharmacokinetic propertics amenable for in vive studies ({6).
Accordingly, we tested the efficacy of SR-3029 in preclinical tumor models. MDAMB-231
TNBC cells engineered 1o express firefly luciferase were engrafted into the mammary fat pads of
immunodeficient sude mnce and seven days later treatment began. As a single agent SR-3029 (28
mg/kg daily Lp ) markedly impaired tumor growth {Fig. 24, B). Indeed, only 2 recipients
sugjected to SR-3029 therapy developed tumors, and these were strikingly small in size
compared {o those that arese in vehicle treated muce (Fig. 2B, C) Next, orthotopic MDA-MB-
231, MDA-MB-468 (TNBC}, SKBR3 and BT474 (HERZ+) tumor xenografts were allowed to

o '3 A * N ~ . N N A
reach an average size of 1{00-mm” prior to treatment. Dadly £ p, admunastration of SR-3029 (20

mg/kg) provoked marked tumor growth inhibition in all xenograft models (Fig. 2D}, Netably,

regression of aggressive MDA-MB-Z231 tumors was associated with fulminant apoptosis (Fig.
283 and a sigmbicantly prolonged lifespan {(Fig. 2F). Moreover, analysis of body weight, blood
chemusiry and fissue inlegrity by histochenstry revealed thal long-term daly dosing with SR-
3UZY (4% davs) 1s well tolerated, with no overt foxicity (Fig. 2G).

To confinm the effect of CK 10 inhibition on impaired tumor growth in vive, MDA-MB-
231 cells were engineered {o stably express a doxyeyeline (Dox)-inducible shRNA-directed
agamst CR 16 (MDA-MB-231-shCK 13}, Treatment of these cells with Dox ex vive led to
etficient and selective knockdown of CK 18 and rapid apoptosis/cell growth inhibition, and this

stiect was rescued by exogenous expression of shRNA resistant CK 18 (Fig. JA, B). Following

astablishment of orthotopic xenografis of MDA-MB-231-shCK 18 tumors (>100-mm’},
administration of Dox and mducible knockdown of CK 1§ led {0 a marked suppression of tumor

growth, consistent with results obtained with SR-3028 (Fig. 3C, D). We also assessed the effects

of SR~3029 on growth of a primary-patient derived xenograft (PDX) model, BCM-4013; an

aggressive basal-like invasive ductal carcinoma with Hmited response to treatment with dasatinib

and docetaxel. Notably, histological and molecular profiling of this stably passaged PDX
recapitulaies many features of the primary tumor including response to treatment (I 9).

Following expansion of the BOCM-40313 PIXX model in vive, orthotopic tumors were

10
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established, tested for expressipn of CK16 (Fig, 3E) and efficacy studiss performed. In gecord

with cell hne models, administration of SR-3029 (20 me/ke daily i p.) significantly inhibited the

growth of these PINX furmors and triggered tumor cell apoptosis (Fig. 3F-H) {p=0.0002). These
studies establish that CK 10 expression prodicts sensitivily to SK=3029 and mndicate thay CK 1818

an efficacious breast cancer targel with p@'i‘emial relevance to human disease.
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To define pathways regulated by CK 16 in human breast cancer and o identify potential
momarkers for CK 10 inhibition, TOGA patient tumor datasets were analyzed for gene signatures
associated with UK 18 overexpression. 612 genes were identified whose expression significantly
correlated with CK 18 expregsion (fold change>2, p-valne<{(.03), and Ingemuily Pathway
Analysis (IPA) identified significant overlap with genes of the canonical Wit pathway, mehuding
Wat/S-catenin targets (CCND D, Wit pathway components (F209) and endogenous modulalors
of the pathway (WNT3, WNT9A4 and SFRP Y (Secreted frizzied-reiated protein 1} (Fig. 4A).

importantly, while activated Wnt/B-catenin signaling 1s associated with poor clirgeal
oulcome, pathway-activating mutations typical of other cancer types are rave i breast cancer
(2{ 21, These {indings suggested the hypothesis that CK19 13 an important activator of the Wnt
pathway in homan breast turmmorigenesis and that genes regulated by this pathway could

potentially serve as biomarkers reqguired for further prechnical and clinical development of CKio

inhibitors.

Thercleof CKld and CKlicin dm-*eiepmm& and disease has been atintbuted o both Wnt
activation of the canomcal Wnt/ ﬁ-s:atenin pDRIEDWAY 18 cmﬁmversiah with both cell type and
context specificities {13, 220}, We therefore assessed the effects of UK 1o inhitbition on §-catenin
activity in CK 1&-expressing breast cancer cells, Activation of Wnt signabing resulls in the
stabifization and nuclear translocation of B-catenin, which fogether with TCEF/LEF transcripiion
factors induces the expression of downsiream tarpet genes associated with breast cances
tumorigenesis {Z4-28). Treatment of (K16 overexpressing) MIDA-MB-Z231, MIDIA-MB~436,
MEXA-MB-468 and BT474 breast cancer cells with SE-3029 markediy reduced expression of the

aciive, nuclear pool of B-catenin (Fig. 4B). Purther, UK 1S knockdown or SR-3029 treatment led
to a reduction in the unphosphorviated, active form of B~oatenin (ABC, Fig. 40) and markedly

reduced endogenous Brcatenin/TCOF ranseriptional activity, as measured in MIDASMB-231 cells

il
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siably expressing a T CP-dependent luciferase reporter (Fig. 4133, Accordingly, selective
knockdown of CK19 or inhibition by SR-302% repressed the expression of endogenous B-
caterany TCF target genes, including CONDY, MYC, CDR44, a5 well as WAT3 and WNTE4, which
were all associated with CK19 expression in human tumors (Fig, 4E, F). Moreover, SR-3029
freatment also resulled m a marked increase in the expression of the endogenous Wnt antagonist
SHFRPI, yet had no effect on Noleh pathway mENAs (J4GI, NUMEB, DTX (Fig. 4G), an
additional pathway strongly implicated in breast cancer pathogenesis (27},

1o tost i inhibition of CK1O/CK I8 is suflicient to switch off canomical Wat signaling in
response o Wit ligands, we genersted HEKZ53T cells stably expressing g TCF-dependent
iuctierase reporter, As predicted, Wat-3a-directed mduction of the TCF reporter was abolished
by treatment with SE-3029 or CK 10 knockdown (Fig 4H and I). Further, forced expression of a
constitufively active {nuclear) mutant of B-catemin (833Y) {8 wcreased TCF reporter activity
and this was refraciory 1o the inhibitory effects of SR-3029 (Fig. 41). Thus, inhibition of CK 16 i3
sutficient {o block activated B-catenin signaling in human breast cancer cells and Wni-inducible
aclivation of the pathway through canonical sagnaling.

T assess the consequence of inpaired Wnt/B-catenin signaling on the fumoerigenic
growth of human breast cancer cell subtypes that are sensitive {o CK 18 inhibition, we expressed

B-catenin shRMNAsg in MDA-MB-231 and MDA-MB-468 cells. Each of these cell types expressed

high levels of nuclear PB~eatenin {(Fig. 4J) and were dependent on B-catenin for susiained cell
growth and survival {(Fig. 4K). Conversely, MCFEF7 cells, which express little-to-no nuclear §-
catenin, were insensitive to B-catenin knockdown, consistent with their low expression of CK1D
and relative msensitivily o SK-3029 (Fig. 4K). To more divectly assess the role of impaired B-
catenin signaling in the anti-tumor activity of targeting CK13, we utilized two constiiuiively
active P-catenin mutanis. Forced expression of f-catenin-533Y, or the NHy-termunal
consiitutively active mutant {B-catenin N90) was sufficient fo rescue the growth mbhibilory and
apopiotic eifects of either SK-302% or CK 16 knockdown in MDA-MEB-231 ceils (Fig. 3A, Bl
Thus, CK.16 controls -catenin activity, which 18 necessary for breast cancer cell growth and

SUEVIval,

MOFT BERA+ breast cancer celis express low levels of CKI16 (Fig. 1), have reduced

cxpression of active {nuclear; B-catenin versus MBA-MB-231 cells, are refraciory (o SK-3029

--------------
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Notably, MUF7 cells engineered to overexpress CK 148 displayed increased expression of nuclear
B-catenin (Fig. 5C, 1) and downstream Wat target genes, including COND, CDd4, WNTT and
WNTG4 (Fig. SE, F). Further, forced overexpression of CK 18 potentiates the clonogenic growth
of MUF7T cells and sensitizes them o SR-3029 in both shori-term and long-term growth assays

{Fig. 5G). Notably, knockdown of f-catenin was sufficient to Impair exogenous CK 1d-driven

MCF7 cell growth (Fig. SH), confirming a critical mechanistic role for the Wni/B-catenin
pathway in the growth promoting activity of CK18.
10 assess it CK 1o mnhibifion imapatrs Wat/-catenin signaling in vive and if modulation of

this pathway represent a predictive biomarker, MDA-MEB-231 tumors isolated from mice treated

for 7 days with 20 mg/'kg SR-3029, or vehicle {(once daily, i p. administration) were analvzed for
rmarkers of activated P-catenin signaling. Expression of nuclear B-catenin was markedly reduced
10 tumors dertved from SRK-3029 treated muce compared {o vehicle freated controls (Fig, 6A), and
this was associated with decreases in COND, WNT3, WNT94 and R4R4 mRNA franscripts, as
well as with a marked merease in expression of SFRFP T transeripts (Fig. 68B), Moreover, down-
regulation of CCND was observed atf the prolein level in tumors denved from SE-3029 treated
mice g5 well as 1n those that had undergone Dox-inducible silencing of CK 10 {(Fig. 6}, Finally,
as Wnt/B-catenin signaiing i3 known {0 piay a key role m the homeostasis of regenerating {18sues,

the effects of long-term SK-3029 tfreatment on the integrity of the small intestine was assessed.

Motably, H&E staining revealed no gross morphoiogical defects and TUNEL staining fatled (o

detect evidence of apoptosis, i contrast to that observed m corresponding tumors (Fig. 2E ).

Collectively these findings established a link between asctivation of g CK18-to-F-catenin

pathway and sensitivity to SR-3029, and suggested that feagtures of this pathway would define

tumors that wiil respond to this targeted therapy. Notably, anglyses of additional TUGA cancer
datasets revealed CANKI D copy number ampiifications (ugh and low) mn over 70% of patienis

with papiliary renal cell carcinoma and in nearly 30% of patients with bladder cancer, and gene

amplification n these tumors also correlated with increased CR18 expression {Fig. 6D, E).
Notably, there was a significant overlap between the CK 16 gene signature list and Wat pathway
genes m both cancer types {CK 18 high ve. CK13 low, p<@.05, fold change 1.5}, {(Fig. 6F). Thus,
the CE1o-to-f-catenin signalimg circuil may be an unexploited volnerability across a speetrum of

human malignancies.

13
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identification of specific drivers of human breast cancer has mstructed the development
of targeted therapies such 85 trastuzumab for the tregtment for HERZ amplified breast cancers

and honmonal therapies for the treatment of ER+ breast cancers, and these targeted agents have

improved the survival and clinical management of these diseases (3.0}, In contrast, patients with

reiapsed disease and thoge with TNBU lack targeted therapics, and represent an urgent unmet
chnicgl need. The dala presented herein implicates TK 13 as a highly atiractive therapeutic target
with potential benefit for HERZ+ and TNBOC breast cancer patients aberrantly expressing CK 14,

Herelotore, the rolefs) of CK 14 in human cancer have been poorly understoond and prior
smiall molecule modulators of CK18 have lacked either the potency and/or sclectivity reguired to
validate CK 16 as an anticancer target (¥ [3-15 33, For example, the probe molecule IC261
used i several studies has subseguently been shown 1o act not by inhibition of CKIS/CK s, but
rather by blocking tubulin function {73}, Moreover, studies with the CK18/CK iz dual inhibitor
PEOT7(402 have shown that if lacks anti-cancer activity (J3, 14, and that this 1s likely due to
important oiff~iarget activity against multiple kinases, including several having pro-apoptotic
activity {8} In conirast, our small molecunie indubitor (8R-3029) is hughdy selective, potent (I6)
and efficacious m muliiple prechinical models of human breast cancer. Further, our findings
demonstrate that overexpression of TR 10 predicts sensitivity to SR-3029 in cell-based models of
the breasi cancer, suggesting that dependence on CK16 i3 cell type and context spegific,

Overexpression of UK 1o, which 1s widespread across each of the four major breast
cancer sublypes, may thus wdentily tomors that will respond to thus targeted treatment strategy.
Further study across g broader specirum of petient-derived tumor samples 1s needed 1o fully
ivestigale this hypothesis.

{ain- and loss-of-tunction mutations in positive {(S-catenin} and negative (4P, AXINI,
ote. } reguiatory components of the Wot pathway are prevalent at a high frequency m human
cancers {reviewed by (34)). In contrast, while aberrant activation of the Wnt pathway is frequent

in breast cancer, {27, 33, 38 mulations in Wnt pathway components in these malignancies are

rave {20, 21, 373 Here we have shown that CK18-to-B-catenin signaling is activated in a subset

of human breast cancers, where silencing or pharmacological inhibition of CK 186 is sufficient o

disable J-catenin activily and provoke breast cancer ¢ell apopiosis, Our findings thus implicate
(K10 as a key target kinase that can te exploited (for instance by SR-3029) to disable aberram

Want/P-catenin signaling that 13 wmanifest in several breast cancer subiypes. Previous reports have

14
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described several pathways where CK 16 plays an important role (23, 33} Thus, while the anti-

breast cancer getivily of SR-3029 clearly targets Wint/B-catenin signaling, additionad effectors

could coniribute to #s substantial anli-Rowor sclivity in vive.

Collechively, the findings presenied herein identify CK 18 as an efficacious therapeuiic
target with great potential for clinical relevance in a select subset of cancers, including but not
gxclustvely breast cancer, where CK1& is: (1) activated via amplification and/or overexpression;

(11} a necessary driver of Prcatenin activity in these tumor subtypes; and {111} necessary for the

growth and survival of cell and prechinical models of human breast cancer.

Accordingly, fu various embodiments, the invention can provide a method of inhibiting
casein Kinase 1¢ (CK 16}, comprising contacting the CK 18 with sn effective amount or
concentration of a compound of formula {I)

Het'
.\“NH

N “'fv)\\\\&_,f N\}?

» N‘!
At

22

.""::'"“*nu

RN M7

wherein

each R 1s independently selected hydrogen or {C-Celalkyl, or two R groups bonded to a
nitrogen atom together with the nifrogen atom can {orm g 527 membered heterocyelyvl oplionally
hurther comprising 1 or 2 heteroatoms selecled from the group consisting of O, S, and NR,
whergin R’ is hydrogen or {C-Cglalkyl:

Ar' is an aryl or a 3-membered or 6-membered heteroarvl, which is unsubstituted or is
substituted with 1-3 independently selected halo, {C-Celalkyl, (C1-Celuoraalkyl, (T4~
Cslalkoxyl, cvano, nitrg, C{=0NRK,, OCEMNNE;, N(RYCEOOR, NIRYCEOR, or CEOIOR,

Het' is a monocyelic or bicyelic heteroaryl, which is unsubstituted or is substituted with
1-3 mdependently selected halo, (C-Calalkyl, {C-Csiflucroalkvl, (C-Celalkoxyl, cvano, nitro,
CE=INNR,, OUEOINR,, NEYCEMOR, N(RYCEOR, or CEOYOR;

or & pharmaceutically acceptable salt thereof,

The invention further provides, in various embodiments, a method of treating cancer,
comprising admmistering to a patient aftlicted therewith an effective dose of a compound of

tormaia {1

ih
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wherein

gach R 1s independently selected hydrogen or {(C-Cqlalkyl, or two R groups bonded to a
niirogen atom together with the nitrogen atom can form a 5-7 membered heterecycelyl optionally
turther comprising 1 or 2 heteroatoms selected from the group consisting of G, §, and NR”,
wherein R’ 18 hydrogen or {C-Cgalkyl;

Ay’ iz an aryl or a S-membered or §-membered heteroarvl, which is unsubstituted or is
subsiituted with 1-3 independently selected halo, (C-Cslalkyl, {Ci-Cyifluoroalkyl, (C;-
Cejalkoxyl, cyvano, nitrg, C(=OINR,, OCEOINR,, NR)CE=OYOR, N(RYC(E=0OR, or C=00R,;

Het' is a monocyelic or bievelic heteroaryl, which is unsubstituted or is substituted with
i~3 independently selected halo, {(C;-Cglalkvl, (Ci-Cofluorcalkyl, (Cy-Cglalkaxyl, cyano, niiro,
CE=OINR,, OUFQINR,, RRCEOIOR, BRYCEOIR, or CEOYR;, or a pharmaceutically
acceptable salt thereof,

For exampie, the compound of formula (3) can be

or & pharmaccutically acceptable salt thereof.
The cancer that can be treated with an effoctive amount of a compound of formula (1) can
be a cancer with upregulated expression levels of both CK 18 and B-catenin. For example, the

16
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canicer can be breast cancer, melanoma, glioblastoma, medulloblastoma, rengl, bladder or colon
cancer, or can be a cancer that metasiasizes to the brain, lung, or bone provided that both
clevated CK 10 and B-catenin dependence are involved in those metastatic diseases. For

example, the breast cancer can be of the triple negative subclass of breast cancers { TNBC)Y or i3

an HER+ treast cancer.

Accordingly, the invention can provide a compound of formula (I) of claim 1 for
ireatment of cancer, such as wherein the compound is SR-3028, or a pharmaceutically accepiable
sait thereot.

1he cancer that can be treated with an effective dose of 4 compound of formula (I) can be
8 preast cancer, melanoma, glioblastoms, medulinblastoma, renal, bladder or colon cancer, oy
can be a cancer that metasiasizes ¢ the brain, lung, or bone provided that both elevated CK 18

and Broatenin dependence are involved in those metastatic diseases. For example, the cancer can

e a breast cancer of the triple negative subclass of breast cancers (TNBOC) or can be an HER+
breast cancer,

The mvention further discloses that cancers particularly susceptible to treatment with
R0 imhibilors are those cancers with upregulated expression levels of both CK 13 and B-
caterun. Accordingly, the mvention provides, i various embodiments, a method of identitving
an anticancer drug effective for tregtment of a cancer i 4 palient, comprising determimng a level
ol CA10 and a level of -catenmy i the patient and selecting g8 U 10 ininbitor as the anticancer
drug if both the levels are elevated. Further, the invention can provide a method of trealing ina
patient g breast cancer, a melanoma, a ghioblastoma, a medulioblastoma, or a renal, bladder or
COION cancer, o a cancer that metastasizes to the brain, lung, or bone, comprising determining if
cievated CK 16 and P-catenin levels are present in the patient, and if both levels are elevated,
selecting a CK 1¢ inhibitor for 8 reatment regimen. The level of CK16 and the level of B-calenin
car be determined using ordinary skill and knowiedge in the art in conjunction with the disclosed
subject matier herein. A level of CR10 or B-catenin iy a patient 18 considered 1o be “clevated™ if
s concentration m body Hssue is statistically significantly higher than average levels in
cormparabie patients.

“ireating or "treaument” within the meaning heremn refers 10 an alleviation of sympions
associated with a disorder or disease, or inhibition of further progression or worsening of those

sympioms, or prevention or prophiviaxss of the discase or disorder, or curing the disease or

17
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disorder.  Similarly, as used herein, an “effective amount” or a “therapeutically effective
amout” of a compound of the invention refers {0 an amount of the compound that alieviates, in
whole or in part, symptoms associated with the disorder or condition, or halts or slows further
Progression or worsening of those symptoms, or prevents, or provides prophyviaxis for, the
disorder or condition. In particular, a "therapeutically effeciive amount” refers 1o an amount that
15 effective, at dosages and for periods of time necessary, to achieve the desired therapeutic
result, A therapeubically effective amount is also one in which any toxic or defrimental effects of
compotunds of the invention are oulweighed by the therapeutically beneficial effects.

The expression “etfective amount”, when used 1o desenibe therapy {0 an individual
suttering from a disorder, refers (o the guaniity or concentration of a compound of the invention

that 18 effective to inhibit or otherwise act on O 1s m the individual's fissues wherein CK 1 18

involved in the disorder, such as breast cancer, wherein such indubition or other action occurs o

an extent sufficient to produce a beneficial therapeutic effect.

Phirases such as “under conditions suitable to provide” or “under conditions suflicient to
vield” or the like, in the context of methods of synthesis, as used herewn refers to reaction
conditions, such as e, femperature, solvent, reactant concentrations, and the ke, that are
within ordinary skill {or an expenimenter 1o vary, that provide a useful guantity or yigid of a
reaction product. It is not necessary that the desired reaction product be the only reaction
product or that the starting materials be entively consumed, provided the desired reaction product
can be isciated or otherwise further used. Compounds usehal i practice of the invention can be
prepared according o hterature procedures in conjunction with ordinary knowledge and skill m
organic synthesis.

All single enanticmer, diastereomeric, and racenic forms of a structure arg ntended,
urdess a particular stereochemustry or isomeric form is speciheally mndicated. In seversd

instances though an individual stereoisomer is described among specificaily claimed componnds

A

the stereochemical designation does not imply that allernate isomernic forms are less preferred,
undesired, or not claimed. Compounds used in the presend invention ¢an include enriched or
rescived opiical isomers gt any or all asymmeiric atoms as are apparent from the depictions, at
any degree of enrichment. Both racemic and digstereomernic muxiures, as well as the mdividual
optical 1somers can be isolated or synthesized 50 as (o be substantially free of heir enanliomernc

or digstereomeric partners, and these are all within the scope of the inveniion,

A
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As used herein, the terms “stable compound” and “stable structure” are meant o indicate
a corapound that 1s sufficzently robust {0 survive isolation 0 a useful degree of purity from a
reachion mixture, and fotmudation inlo an efficacious therapeutic agant. Only stable compounds
are contemplated heroin,

When 4 numnber of carbon atoms in a group, e.g., an alkyl, alkenvl, alkynvl, cvcloalkyl,
aryl, etc., 1s specified as a range, each individual infegral number representing the number of
carbon atoms is miended, For example, recitation of a (C1-Cylaliovi group indicates that the alkyl
eroup can be any of methyl, ethyl, propyi, isopropyl, butyl, sec-butyl, isobutvl, or tert-butvl., I is
undersiood that a specification of a number of carbon atoms must be an integer.

In peneral, “substituted” refers 10 an organic group as defined herein in which one or
maore bonds to a hydrogen atom contained therein are replaced by one or more bonds {o a non-
hydrogen atom such as, but not lunited to, a halogen {e.g., F, Cl, By, or I}; an oxyvgen atom in
proupns such as hvdroxyl groups, alkoxy groups, arvioxy groups, aralkyloxy groups,
oxo{carbonvl} groups, carboxyl groups meluding carboxvlic acids, carboxvlates, and carboxyvlate
¢sters; a sulfur atom in groups such as thiol groups, alicy! and aryl sulfide groups, sutfoxide
groups, sulfone groups, sulfonyl groups, and sulfonamide groups; a mitrogen atoun in groups such
as amines, hyvdroxylamunes, nitriles, nitro groups, nitroso groups, N-oxides, hydrazides, azdes,
and enamines; and other heterogtoms in various other groups. Non-limiting examples of
substituents that can be bonded 1o a substituted carbon {or other} atom include F, Cl, By, §, OR,
CN, NO, NOGa, ONOs, azido, CF;, OUF4, R, O {oxo}, S (thione), methyienedioxy, ethyvienedioxy,
N{R Y, SR, SOR, SO:R, SOuN{R},, SO:R, C{OR, CIOYCIOR, CIOWHUIOIR, TSR,
CENOR, DCENR, CIOIN(R), OCOINR):, COINR R, (CH2 ) NEJCIOIR, (CHz.
SJNRIN(R o, N{RIN{RJCIOR, NEON(RXC{OYOR, NEIN(RYCON{R )3, N{RYSO;R,
N{RISONRY, N(RYCHENDOR, N{RCIOR, NRYC(EIR, NEGC{OIN{R ), N{RYCEIN{R ),
N{CORYCOR, N{ORE, CENHINR Y, CIOWNOR)R, or C(=NOR)R wherein R can be
hydrogen or g carbon-based moiety, and wherein the carbon-based moiety can itsell be turther
cubstitiged; for example, R ¢an be hydrogen, alkyl, acyil, cycloalkyl, aryl, aralkyl, heterocyelyl,
heteroaryl, or heteroarvialkyl, wheremn any alkyvl, acyl, cvcloalkyl, arvi, aralkyi, heterocyelvl,
heteroaryi, or heteroaryialkyl can be further independently mono- or multt-substituted with

some or all of the sbove-lisied functional groups, or with other functionad groups; or whergin two

K] groups bonded 10 g mirogen atom or {0 adjacent nifrogen atoms can fogether with the nifrogen
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atom oF atoms form a heterocyelyl, which can be further monoe- or independently multi-
subsiituied with some or all of the above-listed functionad groups, or with other fimetional
Sroups.

in varnous embodiments, a substituent can be halo, nitro, cvano, OR, NR;, or R, or is
C{OJOR, C{OINR,, OC(OYOR, OC({O)INE,;, N(RIC(OYOR, N(RYC{OINR,; or thio/thiono analogs
thereof. By “thic/thiono analogs thereof”, with respect to a group containing an O, is meant that
any or all O atoms in the group can be replaced by an § atom; e.g., for group C{OYOR, 8
“thio/thiono analog thereo!” includes C(HYOR, C{ONSR, and C(8I5R,; e.8., for group OC(OINR;,
a “thio/thiono analog thereof” mncludes SC{OINR,, OC{SINR,, and SC{S8INR;; and so forth.

In various embodiments, a substituent can be any of halo, (C1-Célalkyl, (C1-Célalkoxy,
(C-Ubrhaloalkyl, hydroxy{C1-Colalkyl, alkoxy{C1-Cialkyl, (C1-Céialkanovl, (L1~
(-0jalkanoyloxy, cyano, mtro, azido, KN, RaNC{O), RaNC(O)YO, RpNCIOINR, (C1-Céalkenyl,
(C1-Cohalkynyl, (C6-Clharyl, (C6-Clharvioxy, (Co-Clharovl, (C8-Cl1Marvi{ C1-CHialkyl,
{C6-C1Marvi{C1-Célalkoxy, (Co-UClarvioxy(C1-Uéalkyl, (Co-Clarvioxy(C1-Colatkoxy,
{3~ to S-memberediheterocvelyl, (3- 0 S-membered iheterocyelyl{C1-CoHlalkyl, (3- 1o S-
memberedhetercoyvelyl(C1-Chialkoxy, (5- to 1G-membereddheteroaryl, (5- to 1{-
memberedheteroaryi{C1-Coalkyl, (5- 1o 10-memberediheteroarvli{C1-Chlalkoxy, or (5~ to 10-
membperad yieteroaroyl.

Alkeyl groups include straight chain and branched carbon-based groups having from 1 to

about 20 carbon atoms, and typically from 1 to 12 carbons or, 18 some cmbodiments, from 1 to &
carbon atoms, or from 1 to 4 carbon atoms. Examples of siraight chain alkvl groups include

those with frony 1 to 8 carbon atoms such as methyl, ethyl, n-propyl, n-buiyl, n-peniyvl, n-hexyl,

n-neptyl, and n-octyl groups. Examples of branched alkyl groups include, but are not limited o,

isopropyl, iso-butvl, sec-butyl, t-bulyl, neopentyvl, isopentyi, and 2,2-dimethvipropyl groups. As

used herein, the term “alkyl” encompasses n-alkyl, 1soalkyl, and anteisoalkyl groups as well as
other branched chain forms of alkvl

The terms “haio” or “halogen” or "hande” by themselves or 85 part of another substituent
mean, uniess otherwise stgted, a figorine, chionne, bromine, of iodine gtom, preferably, Huonine,
chiorine, or bromine.

The term “Huorcalkyl” includes mono- and poly-fluoro alkyl groups; examples include

{Fy, UaFe, and the fike.
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The term “alkoxy” or “alkoxyl” refers {0 an oxvgen atom connected to an alkyl group,
meiuding 2 cyeloalkyl group, as are defined sbove. Examples of linear alkoxy mroups include
but are not limited to methoxy, ethoxy, n-propoxy, n-butoxy, n-pentvioxy, n-hexvioxy, and the
ke, Examples of branched alkoxy include but are not Umited {0 isopropoxy, sec-butoxy, tert-
butoxy, isopentyloxy, isohexvioxy, and the like. Exemplary alkoxy groups include, but are not
lmuted to, alkoxy groups of 1-6 or 2-6 carbon atoms, referred to herein as Cisalkoxy, and Cs.
salkoxy, respectively. Exemplary alkoxy groups include, but are not Hmited to methoxy, sthoxy,
ISOPropoxNy, elc.

Aryi groups are cyvelic aromatic hydrocarbons that do not contain heteroatoms in the ring.
An aromatic compound, as is well-known 1n the art, is 2 multiply-unsaturated cyvelic system thai
contains 4ntd x electrons where n is an integer, Thus aryl groups include monocyelic and
poiveyelic ring svsiems. In some embodiments, aryl groups contain abowt 6 to about 14 carbons
i the ring poriions of the groups, Aryl groups can be unsubstinned or substituted, as defined
above. Representative supstituted aryl groups can be mono-substituted or substituted more than
once, such as, but not inled o, 2-, 3+, 4-, 5, or 6-substituted phenvl or 2-8 substituted naphihyl
groups, which can be substituted with carbon or non-carbon groups such as those listed above,

Heterocovelyi groups or the ferm "heterocyelyl” includes aromatic and non-aromatic ring
compounds coptaning 3 or more ring members, of which one or more ring atom 19 8 heleroatom
such as, but not limited {o, N, O, and 8. Thus a heterocyelyl can be a cvelohstercalkyl, or g
hetercaryl, or if polyeyclic, any combination thereof. In some embodiments, heterocyelyl groups
inciude 3 to about 20 ring members, whereas other such groups have 3 to about 15 ring
members.

Heterearvl groups are heterocyolic sromatic ring compounds containing § or more ring
members, of which, one or more 18 a heteroatom such as, but not imited to, N, O, and §; for
mstance, neferoaryl rings can have S 1o about §-12 ring members. A heteroaryl group is a variety
of a heterocyelyl group that possesses an aromatic electronic structure, which is a multiply-
unsaturated oyclic system that contains 4ivt? x electrons wherein n 18 an infeger,

The term “pharmaceuticaliv-acceptable salt” refers to salis which possess toxicity profiles
within a range that affords utility in pharmaceutical applications. Pharmaceutically unacceptable
salis may nonetheless possess properties such as high orystallinsty, whichk have utility in the

practice of the present mvention, such as for example utility in process of synthesis, purification
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or formudation of compounds of the invention, “Pharmaceutically or pharmacologically
acceptable” mehude molecular entitics and compeositions that do not produce an adverse, allergic
or oiher untoward reaction when administered 1o an snimal, or a human, as appropriate. For
human sdninisiration, preparations should meet sterility, pyrogenicity, and peneral safety and
purtly standards as requived by FDA Office of Biologics standards,

it 15 within ordinary skill to evaluate any compound disclosed and claimed herein for
cHectiveness 1 mhibittion of K18 and in the vanous cellular assavs using the procedures
described above or found n the scientific Hterature. Accordingly, the person of ordinary skill
can prepare and evaluate any of the claimed compounds withoot undue experimentation.

Any compound found {o be an effective mbibilor of CK 16 can likewise be tested in
animal models and w huwman chinical studies using the skill and experience of the mvestigalor to
guide the selection of dosages and ireatment regimens, ¢.g., for {reatment of breast cancer.

Compounds used in the practice of methods of the mvention can be prepared using
ordinary knowledge and skail of g synthetic organic chenist, based on lierature procedurcs,
inciuding those of published PCT gpplication "WEET Degradation Inhibiors”, by certain of the
iventors herein, senial number POT/US2013/027784, WO2013/130461, the disclosure of which
is incorporated by reference herein in i entirety.
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This study was designed to assess the mvoivement of CK 10 and CKle in human breast

cancer and {0 mvestigate the efficacy of an in-house, hghly specific dual CKI1/CK e inhibitor

it pre~-chinical modeis of human breast cancer. Frve human ortholopic breast xenografl models,
pharmacoiogical and genetic studies were used to validate targeting CK16 in subsets of breast
cancer that overexpress tis kKinase. Power analyses suggesied that based on the difference in

turmnor volume between groups and the standard deviation of tumor volumes within each group

for confidence of 9%, an n of at least 7 or greater is reguired, Our expenments therefore
inciuded 7-13 tumor bearning mice per experimental or condrol {vehicle} cohort with nuce
randoimized prior (o reatment to determine random sampling such that the median tumor sive

between cohorts was the same. All tumors sizes were measured throughout the duration of the

experiment and graphed i hgures without excluding any samples, For survival analyses, mice
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were euthamzed when monbund, and/or when fumors becgme uleeraied or reached greater than

1.2 e, Al cell-based assays were performed in triplicate and repeated at least 3 times.

Al animal studies are approved by the Scripps Florida JACUC, Stable pools of MDA-
MB-231-Lue, MDA-MB-Z31, MDA-MB-46¥, SKBR3 or BT474 cells were established by
injection of 2+10% cancer cells into the mammary fat pads of 6-week old female athymic nude
mice {Charles River Laboratories). Hstablishment of BOM-4013 patient denved xenografis were
as described ({9}, Briefly, fresh xenograft tumor fragments {~1 nun’) were transplanted into the
cleagred manunary fat pad of recipient SCIED/ Be mdce {Charles River Laboratories), Mice were
treated with SR-3029 or vehicle (1 1G:R0, IMSO: Tween-80:Water) at 20 mp/ke datlv by ip
injection. Tumey volumes were measured as the indicated intervals using calipers or by
luminescence imaging using the IVIN 100 unager {exposure time, 160 seg; binning 8; figld of

view 13-cm; fstop 1; open filier) {ollowing subcutaneous injection of luciferin {15 mgfmi,

Goldbio Technology). Average radiance (p/s/omy’/sr) was determined from tumor region-of-
mterest {ROD using Living-Imsage {Xenogen ) analysis software,

Cell Proliferation and Clonosenicity Assavs.

Cell proliferation was measured 72 hr after SR-3029 or vehicle treatment psing Cell-Titer

(Glo {Promega) according to the manufacturers’ instructions. ECsg values were determuned using

non-linear regression and a {our-parameter algorithm (GraphPad PrismS). For clonogenic assays,
cells were plated m 6-well dishes in triplicate at 8 density of 30G-1000 cells per well, Alter
pvernight incubation, SR-3029 or vehicle (DMSO) was added 1o media for 72 hr and cells were
allowed o grow out for 7-10 days, during which media was changed gvery 2-3 days i the
absence of compound. Colonies were ixed m 4% paratormaldehyde/PBS and stained with 0.5%
methylene biue in 50% ethanod for 1 br at room temperature and de-stained with water, Colonies

with greater than 50 cells were counted using a low magnification hight microscope.

L L L v, N S L L, S, L L L L, L L L L L L L L L, L L, L L L L L L L L L L L L L L L L L Y

{Inless otherwise staled all chemicals were purchased from Sigma Aldrich. MDA-MB-
231, MIDA-MEB-436, MDA-MB-468, HES78T, BT474, SKBR3, MDA-MB-453, MCF7 and
1471 breast cancer cells, and nmortal MOPF-10A breast epithelial cells, were from the
American Type Cutture Celiection (AT For CK 10 and CK e knockdown, siRMNA duplexes

were prepared according to the manuiacturer’s mstructions ({agen} and specihic knockdown
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condifions were optimized wsmg the HiPerfeot transfoction reagent {Qlagen). A final
concentration of 20 nbM total siRNA was used to achieve knockdown. FuGenes {Roche) was

used for ONA transfections as per manufacturer’y instructions.

LT B = 3
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Lentiviral vectors expressing CK I8 (Y3989-Lv105-0200, GeneConpoeia), GFP (EGFP-
Lv1G3-0200, GeneCopoeia}, luciferase or the TCF reporter 7THFP (Addeene, Roel Nusse) were

AAAY
| |
+

) el
,J'

co-transfected with pPACKH! packaging plasmids into HEK293T cells to produce lentiviral
particies per the manufacturers’ recommendations {Sysiem Biosciences). To stably express
specific shRNAs shRNA oligonucleotides were cloned into the Tet-pLKO-Puro vector using the
recommended protocol {3&) and lentiviruses were generated using the Mission Packaging
system {digma). MDA-MB-231 cells were transduced with optimized titers of lentiviruses and
infected cells were selected in puromyein {1 ug/mi) or blasticidin (5 ng/ml for luciferase
ientivirusy coniaiming medium o expand stably infected poals.

SLIS-PAGE gel electrophoresis was performed using NuPAGE 4-12% Bis-Tris gels

{Inviirogen) and transierred to PVDF membranes by semi-dry {ransfer using trans-blot transfer
medium {Biorad). Membranes were blocked in Odyssey blocking buffer (LIMCOR Biosciences)
and moubated overmight at 4°C with primary antibodies. Afler repeated washes with TBST (20
mM Irig, phH 7.6, 140 mM Nal’l and .15 Tween-2{() blots were incubated with the appropriate
IR Dve-comugated secondary antibody (LI-COK Biosciences) and imaged using the LI-COR

{}dyssey. Bands were quantified using the Odyssey soffware (LI-COR Biosciences). The
following antibodies were used n thus study: CK 18 and Histone H4 (Abcam), CKlg, e-Myg
(SE10), Cyelin-D1 and P-actin {(Santa Cruz), Breatenin (Cell Signaling), GAPDH (Millipore) and
44 {R&D Systems).
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Total RNA was obtained using the RiNeasy Plus Min Kit {Qiagen) and 1-2 ug of RNA
was reverse transeribed with Superseript Hi First Strand Synthesis Systemn (Life Technologies),
Technologies) and the ABITSGOHT Fast Real-Time PCR System. Intron-spanning gene-specific
primer pairs were designed using the Primer? glgorithm and relative expression values for each

gene of interest obtained by normalizing to G4PDH mRNA expression using the “°Cymethod.
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For apoptotic detection in oryvosections tumors and small intestines were fixed in 10%
buftered formalin for 2 hr, incubated in 20% sucrose overnight and embedded in OCT. Frozen
sections (5 uM} were mounted and staned using the ApopTag Red In Situ Kit aocording io the
ranutacturer nstructions {CHEMICON). For H&E staining, tissues were fixed in 10% buffered
formain for 48 hr, ransierred to 70% ethanol/PRS and embedded in paraffin, Staining was

performed on 5 uM sections following deparafiinization (AML Laboratories),
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2 % 107 cells seeded in triplcate in 6-well dishes were cultured with SR-3029 or vehicle

wrpred)
A
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for 72 hr, Cells were then harvested and stained with Annexin V-FITC and PI using the Annexin
V-FITC Apoptosis Detection Kit (BioVision) per the manufaciurer’s instructions and analyzed

using the LSRI I flow cytometer (Becton Dickinson). Stavrosporine (Cell Signaling) treated
cells {1 uM) were used as positive/compensation controds.,
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were fransiected with B-catenin-S33Y or empty vector {pcDNA). After 18 hr cells were seeded
onto a Y6-well piate at a density of 6000 cells/well, After 24 hr cells were treated with SR-3029
or vehicie and incubated for 6 hr prior to addition of 1 ug/mi recombinant homan Wnt3a (R&D
systems) or PBS. After 3 hy, reporter assays were performed using BriteLite Plus (Perkin
Eimer}, which was added i equal volume directly to the media and luminescence read using

Speciramax plate reader {(Molecular Devices),
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ihe Cancer Genome Atlas (TCGA) Data Retrnieval;, Breast cancer {(BRTCA), kidney rengl
papiliary cell carcinoma (KIRC)Y and bladder cancer (BLCA) TN @xpmssion and copy number
profiling, level 3 expression data of 20,475 genes from the RNASEQV 2 piatfmm Was

downioaded,

For gene expression profiing analvsis, RNA-Sequencing (RNA-Seq) by Expectation-
Maximization (RSEM) normalized count was used {0 analyze gene-gxpression estimates for the

RMAakeq¥ dats from TCGA Breast cancer dataset. Logy normelized counts were tmported indo
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{repedpring (X V1Z2.1 (Agilent Technolopgies). Baseling transformeation was set a3 the median
tor all sampies for each dataset (919 breast, 228 kidney and 260 bladder cancer samples).

1o entity the UKo gene signature hist, the upper 100 and lower 100 tumor breast tumor
samples (LK d-high and CR7d-1ow groups) or upper and lower quartiles for smaller datasets
{kidney and bladder cancer) were defined based on CKJ§ (CSNKID) expression. Out of 20,501
genes, only genes expressing higher than median in af least one sample were filtered for
downstreant analysis. GeneSpring Volcano Plot function was used o identify differentially
expressed genes between the CKid-high and CKJJ-low groups. Statistical test parameters wers
set as follows: selected fest, unpaired ~~test; p-value computation, Asvmptotic, multiple testing
correction, Benjamini-Hochberg, Corrected p-value cut-off was set to (.05 and fold change cut-
oif was as mdicated in the fext,

1o generste heatmaps, the Genebpring hierarchical clustering algorithm was used. The
similarity measure was set to Pearson centered, and the linkage rule was set to average. Ingenuity
Pathway Analysis software {Qiagen) was used to identify canonical pathways having overlap
with the K10 gene signature in the breast cancer datasel. Fisher's exact test was used for
significance (p-value < 0.05). For analysis of additional cancer datasets, the list of IPA Wnt/8-
catenin signaling genes {172 genes) was imporied into GeneSpring and the pevalue of overlap
with the Ck18 signature hists caleulated using GeneBSoring software (probability of overlap
formulal,

{opy number analysis, TCGA RNA-seq and GISTICZ thresholded copy number data
were ordered based on CANK D RNA-Seq expression. To confirm the correlation, a scatter plot
was generated 1 UraphPad Prism 6 based on logy mRNA expression and logs copy number

values (#{/). Pearson r and p-value were calculated using GraphPad Prism 6.

Al values in figures are presented as means = 5F unless otherwise stated. Survival
curves were calculated by using Kaplan-Meier method and differences between the curves were
determined by log rank iest. Correlation coefficients were calculated using the Pearson test.
Detatled idormation regarding bisinformatics analyses are noted above. All other experiments

were analyzed using Student’s two-tatled £ test in excel or prism where p values < 0.03 were

considered sigmiiicant.
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All patents and publications referred to herein are incorporated by reference herein to the
same extent as if each individual publication was specifically and individually indicated to be
incorporated by reference in Hs entirsty,

Fhe terms and expressions which have been emploved are used as terms of deseription

and not of imitation, and there is no intention that in the use of such terms and expressions of

o

exciuding any equivalents of the features shown and described or portions thereof, but it
recognized that various modifications are possible within the scope of the invention claimed.
Thus, #t siould be understood that although the present invention has been specifically disclosed
by preferred embodiments and optional features, modification and variation of the concepts
heremn disclosed may be resorted to by those skilled in the art, and that such modifications and
variations are considered to be within the scope of this invention as defined by the appended

claims.
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CLAIMS

What 13 eclaimed ix

i, A method of inhibiting casein kinase 10 (CK18), comprising contacting the CK16 with an
effective amount or conceniration of a compound of formula (1)

Het’

. H

WHErein

cach K 15 independently selected hydrogen or {U-Cylalkyl, or two R groups bonded o a
nitrogen alom together with the mirogen atom can form a 5-7 membered heterocvelyi optionally
further compriging 1 or 2 hetercatoms selected from the group consisting of O, 8, and NR°,
wherein R’ 18 hydrogen or {C-Celalkyl;

Ar' is an aryl or a S-membered or 6-membered heteroaryl, which is unsubstituted or is
substituied with 1.3 independently selected halo, {C-Cglalkyl, (C~Ugitluoroalkyl, {{-
Cgralkoxyl, cyano, nifro, C(=NR,, OUEGINE,, N(RYC(=OH0R, KEE=O)R, or C=GH0OR;

Het' is a moncecyelic or bicyelic heteroaryl, which 1s unsubstituted or 15 substiinted with
i-3 independently selecied halo, (C-Coalkyl, (C-Ceitluoroalkyl, {C-Chlalkoxyl, eyano, nilro,
C=ONNK,, QUEOINR, NRYCEMOR, NRICEOR, or C(=0)0R;

e

or a pharmaceutically acceptable salt thereot

2. The method of claim 1, wherein the compound of formula (1) 18 SR-3(2%
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(SR-3079),

or g pharmaceutically acceptable salt thereof,

3. A method of trealing cancer, comprising admirusiening (o a patient afflicted therewith an

gtfective dose of a compound of formuda {I)

TN
N N
A Ay
RAMNT TNTON

Art (D,
Whergin

each R 15 independently selecied hydrogen or {C-Uglalkyl, or two R groups bonded {0 a
nifrogen atom together with the mitrogen atom can form a 57 membered heterocyclyl optionally
turther comprising 1 or 2 heteroatoms selected from the group consisting of O, 8, and NE’,
wherein K is hyvdrogen or {U=-Ugalkyl;

Ar' is an aryl or a S-membered or 6-membered heteroaryl, which is unsubstituted or is
subsiituted with 1-3 independently selected halo, {C~Calalkyl, (U-Cgitluoroaliovl, (-
Uelalikoxyi, ovano, nifro, CEOINK,, OCEOINR,, N{RICEODOR, NRYC{ER, or UCEMOK;

Het! is g monoecyclic or bicvelic heterearyl, which is unsubstifuted or is substifuled with
1-3 independently selected halo, (Ci-Celalkyl, {Ci-Ceitluoroalkvl, (U~ lalkoxyl, cvano, miyo,
C=NNK, OUEMNE, N(EGC(=OMOR, NEGHUER, or CEODHOR;

of a pharmacentically acceptable sall thereod.
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4. The method of clazm 3, wherein the cancer is a cancer with upregulated expression levels

of both CK 186 and B-catenin,

5. The method of claim 3, whereln the cancer is breast cancer, melanoma, ghioblastomas,
medulloblastoma, renal, bladder or colon cancer, or is a cancer that metastasizes (o the brain,
iung, or bone provided that both elevated CK18 and B-catenin dependence are involved m those

metastatic diseases.

0, The method of claim 4, wherein the breast cancer s of the triple negative subclass of

breast cancers {INBC) or 1s an HERY+ breast cancer.

7. The method of claum 3, wherein the compound of formuda (I) 18 SR-3029

(SR-3029),

or a pharmaceutically acceptable sali thereof.

8. A compound of fommula {{) of claim 1 for ireatment of cancer,

g, The compound of claim 8 wherain the compound 15 sRA3029
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S Pa
O
I {SR-302%)

or a pharmaceutically accepiable sall thereof.

10. The compound of ciaim 8, wherein the cancer 18 breast cancer, melanoma, ghoblastoma,
meduiiobigstomas, renad, biadder or colon cancer, 07 13 & cancey thal meigstasizes 1o the brain,
hung, or bone provided that both glevated CK 18 and B-catenin dependence are involved in those

metastatic disegses,

i1.  The compound of claim 10, wherein the breast cancer 1s of the tniple negative subclass of

preast cancers { INBO) or 15 an HER+ breast cancer.

12, A methed of identifving an anticancer drug cifective for treatment of @ cancer in a
patient, comprising determining a level of CK 18 and a level of -catenin in the patient and

selecting a UK10 inhibiior as the anticancer drug if both the levels are elevaled.

13, A method of trealing m a patient 3 breast cancer, 3 melanoma, a ghoblastoma, a
megdulioblastoma, or 8 rengl, bladder or colon cancer, or a cancer that metastasizes {0 the brain,
hung, or bone, corpprising determuning if elevated CK 10 and D-catenun levels are present in the

paticnt, and if both levels are elevated, selecting 8 CK 16 inhibitor for o treatiment regimier.
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