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(57) Abstract: The methods of the invention relate to the sUIpflsing detenninatlon that the level of phospohoryiation of Thr-412 of
human PKC-iota or a corresponding phosphorylatable amino acid of a homolog thereof: serves as a biomarker for PKC-iota en-
zymatic activity (e.g., kinase activity) useful for preclinical and clinical applications. The present invention, at least in part, is based

o on the discovery that the level of phosphorylation ofthe threonine residue at position 412 of human PKC-iota is a reliable biomarker

W

for PKC-iota activity suitabk for use in measuring PKC-iota enzymatic activity for preclinical and clinical applications.



WO 2012/173841 PCT/US2012/041026

(]

16

t5

NS
o

BIOMARKER FOR PKC-IOTA ACTIVITY AND METHODS OF USING SAME

Cross-Reference (o Related Applications

This application claims the benefit of priority to U.S. Provisional Application No.
61/494.162 filed on Jone 7, 2011; the entire contents of which are expressly tncorporated

herein by reference.

Backeround of the Invention

The protein kinase C (PKC) famly of proteins comprises mumerous isozymes found
in all cukaryotes (Parker and Murray-Rust (20043 J. Cell Sci. 117:131). PKC isozymes can
be classified into three subgroups based on structural and functional distinctions. The so-
called “conventional PRC” isoforms of group [ inchude the diacylglyyerol {BAG)- and
Ca2 -responsive isozymes, cPKC-alpha, cPKC-betal, cPK.C-betall, and cPKC-gamma
(Parker and Murray-Rust {2004} /. Cell Sci. 117:131). The so-called “novel PKC” isoforms
of group 11 include nPRC-epsilon, nPKC-delta, nPKC-eta and nPRC-theta, which are
DAG-sensitive but are Ca” -insensitive {Parker and Murray-Rust (2004) J, Cell Sci.
117:131). The so-called “atypical PKC” isoforms of Group HI include aPK.C-iota {Selbie ef
al. (1993) J. Riol. Chem. 268:24296), aPKC-zata, aPKC-zetall (Hirat ef «f. (2003}
Neurosci. Letr. 348:151), aPKC-mu (protein kinase D isoform) and aPKC-nu (protein
kinase Db isoform) {Hayashi ef /. (1999} Biockim. ef Riophyvs. Acta. 145(:99), These
atypical PK.C soforms are insensifive o both diacylglycerol and calcium and veither bind
to nor are activated by phorbol esters. PR.Cs regulate cellular functions, metabolism and
proliferation by phosphorylating proteins in response to transmembrane signals from
hormones, growth factors, neuro-transmitiers and pharmacological ageuts.

PK.C-iota is of particular inforest becanse 1 is an oncogene causally hinked to
growth, invasion, and survival of cancer cells (Fields and Regala (2007) Pharm. Res.
55:487: Patel ef al. (2008) Cell Prolif. 31:122). PKC-iota does not contain a Ca’ -binding
region and the C-terminal regulatory phosphorylation site within the hydrophobic motifis s
non-phosphorylatable phosphomimetic amino acid, glotamic acid (Messerschmidt er ol
{2005} JMR 352:818; Newton ef ¢l (2003} Biockem. J. 370:351; Diaz-Meco ef ¢l (1996}
Molec and Cell Bio. 16:105). Despite the availability of the crystal structure of human
PR C-iota’s catalytic domain and of its numerous phosphorylation sites, a mechanistic

wnderstanding of how PKC-ipta’s kinase activity is regulated is not well understood
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(Messerschmidt et af. (2005) JME 352:918; Macek ef al. (2008) J. Prot. Res. 7:2928). This
lack of understanding has prevented the identification of biomarkers that reliably report

PR C-iota cnzymatic activity. Accordingly, there is a great need in the art to identity
biomarkers of PKC-iota enzymatic activity in order 10 measure the inhibition of such
activity by effective PKC-iota inhibitors {e.g., small molecule drogs) that may be useful as

oncological therapeutics.

Summary of the Invention

The present invention, at least in part, 15 based on the discovery that the level of
phosphorylation of the threonine residue at position 412 of human PKC-iota is a reliable
biomarker for PKC-iota activity suttable for use in measuring PKC-iota enzymatic activity
for prechinical and clinical applications.

Accordingly, the present invention provides, at least in part, a method of identifying
a compound which inhibits kinase activity of buman protein kinase C iota (PKCy PKC-
iota} or a homolog thereot, comprising contacting a sample comprising human PKC-ota or
a homolog thereof with the compound and determining the ability of the compound to
inhibit Thr-4 12 phosphorylation of haman PKC-iota or a corresponding phosphorylatable
aming acid in g homolog of human PKC-iots, wherein decreased phosphorylation idendifies
a compound which inhibits kinase activity of human PKC-iota or a homolog thereof. In
onc cmbodiment, the inhibition of said Thr-412 phosphorylation of human PKC-iotaora
corresponding phosphorylatable amino acid in a homolog of humar PRC-iota is deternyined
by comparing the amount of Thr-412 phosphorylated human PKC-iota or a corresponding
phosphorylatable amino acid in the homolog of lnmman PKC-iota in the sample relative to a
control. in another embodiment, the control is the amount of Thr-412 phosphorylated
human PK.C-iota or a corresponding phosphorvlatable amine acid in the homolog of humang
PKC-iota n the sample relative to said amount in the absence of the compound or at an
earlier timepoint after contact of the sample with the compound. In still another
embodiment, the inhibition of said Thr-412 phosphorylation of human PKC-iota or a
corresponding phosphorylatable amino acid in a homolog of human PKC-iota 15 deternyined
by comparing the ratio of the amount of Thr-412 phosphorylated Inonan PKC-iota or a
corresponding phosphorylatable amino acid in the homolog of buman PKC-iota in the
sanple relative to the total amount of buman PK.C-iota or honwolog thereof 1o a control. o

yet another embodiment, the contrel is the ratio of the amount of Thr-412 phosphorylated
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human PKC-iota or a corresponding phosphorylatable amino acid in the homolog of human
PKC-iota in the samplc relative to said ratio in the absence of the compound or at an carlier
fimepoint after contact of the sanple with the compound.

The methods described herein can further comprise determining the amount of Thy-

(]

564 phosphorylated homan PRC-iota or a corresponding phosphorylatable amino acid in a
homolog of human PKC-iota in the sample relative to said amount in the absence of the
compound or at an earlier timepoint after contact of the sarople with the compound and
determining whether the amount changes over time or in respounse to the compound. Also,
the methods can further comprise a step of determining whether the compound directly

10 binds said human PKC-iota or said homeolog thereof. In one embodiment, the sample is
selected from the group counsisting of in vitro, ex vive, and in vive samples. o another

o., cancer celis such as those selected from the

&

embodiment, the sample comprises cells (e
group consisting of any cancer in which PKC-iota is amplified or overexpressed, any cance
having sn activating mutation of PKC-iota, and auy cancer in which PK.C-iota 15 activated
1S by other kinases). In still another embodiment, the cells are obtained from a subject. Inyet
angther embodiment, the sample is selected from the group consisting of tissue, whole
blood, serum, plasma, buccal serape, saliva, cercbrospinal fhuid, urine, stool, and bone
MAarrow,
The amount of Thr-412 phosphorylated man PKC-iota or a correspending
'} phosphorylatable amino acid in the homelog of human PKC-iota is determined by an
immuneassay using a reagent which specifically binds with Thr-412 phosphorylated human
PKC-iota or corresponding phosphorylated homelog of human PKC-iota. In one
embodiment, the inmumnoassay s a radicimmunoassay, a Western blot assay, an
mmmunofluoresence assay, an enzyme inynunoeassay, an imunoprecipitation assay, a
25  chemilminescence assay, an immunochistochemical assay, a dot blot assay, or a slot blot
assay. 1n another embodiment, the the enzyme immunoassay 1s 4 sandwich enzyme
mmuncassay using a capture antibody or fragment thereot which specifically binds with
human PKC-iots or corresponding bomolog of human PKC-iota regardless of
phosphorylation state and a detection antibody or fragment thereof which specifically binds
30 with Thr-412 phosphorylated human PKC-iota or a corresponding phosphoryvlated homolog
of human PK.C-iota. In still another embodiment, human PKC-iota comprises an amino
acid sequenee set forth in SEQ 1D NOs: 1-2. In yvet another embodiment, the compound is

a small molecale. In another embodiment, the compound decreases the amount of Thr-412
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phosphorylated lunman PKC-iota or a corresponding phosphorylatable amino acid m the
homolog of buman PKC-iota by at least 50%.
In another aspect, the present invention provides a method for assessing the efficacy

of a compound for inhibiting kinase activity of human protein kinase Ciota (PKC-iota) ot a

(]

homolog thereof in a subject, comprising a) detecting i a subject sample at a first point in

time, the amount of Thr-412 phosphoryiated human PKC-iota or the amount of a buman

PKC-iota homolog phosphorylated at a corresponding amsino acid of human PKC-iota; b)

repeating step a) during at one or more subsequent points in time after adonnistration of the

compovnd; and ¢) comparing the amount of phosphorylated hyman PRKC-iota or homolog

10 thereof detected in step a) with said amount detected in step b), wherein a higher amount of
Thr-412 phosphorylated buman PKC-i01a or the amount of the human PKC-iota homolog
phosphorylated at a corresponding amino acid of human PKC-iota in the first point in time
relative to at least one subsequent poind in time, mdicates that the compound inhibiis kinase
activity of PKC-iota or the homolog thereof. In one embodiment, the amount of Thr-412

15 phosphorylated luman PKC-iota or a corresponding phosphorylatable amino acid in the
homolog of human PKC-iota is determined by an imumuncassay using a reagent which
specifically binds with Thr-412 phosphorylated huoman PKC-iota or corresponding
phosphorylated homolog of himpan PKC-iota. In another embodiment, the jovounoassay is
a radioimmuncassay, a Western blot assay, an tmmunoflooresence assay, an enzyme

' lmmunocsssay, an inmenoprecipitation assay, a chemiluminescence assay, an
mmmunchistochemical assay, a dot blot assay, or a slot blot assay. In still another
embodiment, the enzyme imnumoassay is a sandwich enzyme inmmmunoassay using a capture
antibody or fragment thereof which specifically binds with human PKC-igta or a
corresponding homolog of human PKC-iota regardless of phosphorylation state and a

25 detection antibody or fragment thercof which specifically binds with Thr-412

phosphorylated human PRC-iota or a corresponding phosphorylated homolog of human

PR C-ota.

In one embodiment, the sample can be selected fron the group consisting of ex vive

and in vivo samples. In another embodiment, the sample comprises cancer cells. In still

30 another embodiment, the cancer cells are cells selected from the group consisting of any

cancer in which PKC-iota is amplified or overexpressed, any cancer having an activating

matation of PK.C-iota, and any cancer in which PKC-iota is activated by other kinases. In

vet another embodiment, the sample is selected from the group consisting of tissue, whole
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blood, serum, plasma, buccal scrape, saliva, cerebrospinal fluid, urine, stool, and bone
marrow. In ancther embodiment, the sample in stop a) and/or step b) is a portion of a single
sample obtained from the subject or & portion of pooled sanples obtained from the subject.

{n still another embodiment, between the first point in time and the subsequent point in

(]

time, the subject has undergone treatment for cancer, has completed treatment for cancer,
and/or is in remission from cancer. In yet another embodiment, human PKC-iota comprises
an amino acid sequence sef forth in SEQ 1D NOs:1-2. In another embodiment, the
compovnd 1s a small molecule. In still another embodiment, the compound decreases the
amount of Thr-412 phosphorylated human PKC-iota or a corresponding phosphorylatable
10 amino acid in the bomolog of buman PKC-iota by at least 50%.

In still another aspect, a method 15 provided for treating a subject afflicted with
cancer comprising administering to the subject a compound that inhibits Thr-412
phosphorylation of human PKC-iota or a corresponding phosphorylatable amino acid in a
horaolog of human PKC-iota, thoreby treating the subject afflicted with the cancer. To one
15 embodiment, the compound 1s adnunistered in a pharmaceutically acceptable formulation.

In ancther embodiment, the compound is a small molecule. In still another embodiment,
the compound directly binds said human PKC-iota or the homolog thercof. In yet another
cmbodiment, the cancer is selected from the group consisting of any cancer in which PKC-
iota is amplified or overexpressed, any cancer having an activating mutation of PKC-iota,
'3 and any cancer in which PKC-iota is activated by other kinases. in another embodiment,
huraan PKC-iota comprises an amino acid sequence set forth in SEQ 1D NOs:i-2. In still
another embodiment, the compound is a small molecule. In yet another embodiment, the
compovnd decreases the amount of Thr-412 phosphorylated human PKC-icta ora
corresponding phosphorylatable amine acid in the homelog of human PKC-iota by at least
25 50%. Iv another embodiment, the method further comprises administering one or more
additional anti-cancer agents.

It will also be understood that certain embodiments of the present invention can be

used with more than one method described herein, according to knowledge available to the

skilled artisan.
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Brief Descrintion of Fisures

Figures 1A-1E show that phosphorylation statos of The-412 is a biomarker of
human PKC-iota cnzymatic activity. Figure FA shows a schematic representation of
canonical PKC phosphorylation. Figure 1B shows results of Western immumoblotting for
phosphorylated and total PKC-iota and phosphorylated and total LLGLZ levels in U208
cells treated with a PKC-iota small molecule inhibitor for 3 hours. Blots were probed for
pThr-412-PKC-iota, pThr-564-PKC-iota, total PRC-iota, pSer-653-LLGL2, and total
LLGL2 proteins. Figure 1C shows results of Western immunoblotting for phosphorylated
and total PRC-iota and LLGL2 levels in AS4Y cells treated with a PKC-iota small molecule
inhibitor for up to 6 hours. Blots were probed for pThr-412-PKC-iota, pThr-564-PKC-iota,
total PRC-ota, pSer-633-LELGL2, and total LLGL2 proteins. Figure 1D provides
guantitation of the results shown n Figure 1C. Figure 1E shows target engagement in

ascites tumor cells after orthotopic xenograft of OVCARS cells into mice.

Detailed Description of the Invention

The methods of the invention relate to the surprising determination that the level of
phospohorylation of Thr-412 of human PKC-iota or a corresponding phosphoryiatable
aming acid of a homolog thereof, serves as a biomarker for PKC-iota enzymatic activity
(e.g., kinase activity). Specifically, decreased phosphorylation of Thr-412 of haman PEC-
iota (e.g., by directly or indirectly inhibiting phosphoinositide-dependent kinase-1 (PDK1}-
mediated phosphorylation of Thr-412} corresponds with a reduction in PK.C-iota substrate
phosphorylation (e.g., LLGL2). Such a biomarker 15 particularly advantageous for
prechinical and clinical applications becaose the biomarker 18 associated with the PKC-iota
oncogene itself rather than being dependent upon downsircam indicators of PKC-iota

enzymatic activity that may not be cupressed in a given cell ot tissue of interest.

A, PRC-iota Molecules

As used berein, “PRC-iota” refers to the specific iota isoform of the PKC family of
protein kinases and is alternatively known as “PKCI”, “PRKCI”, and “aPKCI”. in addition,
“Thr-4127 and “The-5647 of PKC-iota refers to the amine acid numbering of the human
PK.C-iota polypeptide from the N-terminus. Accordingly, a skilled artisan will readily
vnderstand that The-412 and Thr-564 of the human PKC-iota polypeptide is conserved
across numerous species and that although those specific residues may be referenced

herein, the methods of the present invention apply cgually well to the corresponding
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residues (e.z., phosphorylatable amino acids) of isoforms, homologs, and orthelog

PCT/US2012/041026

s in other

specics corresponding to said The-412 and/or The-564. In addition, The-412 of human

PKC-iota {e.g.,

SEQ 1D NO:1) has also been described in the art as Thy-

403 and Thr-364 as

Thr-553, based on an older nomenclature in which the human PKC-ota polypeptide

£ o
e.g.,

contained nine fewer amino acids (see,

Newton ef al.

(2003) Biochem. J. 370, 351).

The PKC-iota inhibitors described herein similarly bind to the buman PKC-zeig isoform

and modulate #ts corresponding phosphorylatable residue, Thr-410. Representative PKC-

iota homologs, as opposed to other members of the PRC protemn kinase family, are provided

herein as follows:

Human PRC-icta Protein Seguence {SEQ ID
LI mptardsstm shtvaggogsg dhshgvrvka
cnevrdmesf
61 dneqglftmkw
erpgmpcpyge
121
cincrllvhk

.

gsqgleleeaf

fK51yrrgar

htfgakrfnx

mpmdgssmhs

gfsvdwwalg
svlksflnkd pkerligchpg
nfdsgftnep vgltpddddi

Human PKC-iota cDNA Sequence (8

1 atgeocgacce agagggacaq cageaccaty
c9gCageyyy
/' a

%1 gaccattccc accaggtecg ggtgazagee

ccatctectt tgagggectt

¢ agctcettecas catgasatgg

teatcectoagt tggagttagae agaagocttt

tgtgttcce ttgtgtacca

361 gataaatcca tctaccocotag agghtgeacge
tgccaatgygn

421 cacacttitco aagecaagey tttcaacagg
cacagaccga

481 atatggggac ttggacgcca aggatataag
gygttcataag

541 aagtgccata aactcegtcac aattgaatgt

ggaaccagtg

EQ ID NO:

NO:1; Gane
yvyrgdimith

dhagtvipyn
vrikktdriy

vieyvnggdl

y hikltdvgme

vrkidgsefe

Acc . NM _(02731.4)
fepsisfeqgl

e llihvipcvp
iwglgrggyk
psshesldgy

amivvikkaly

npdgntedyl
firnvdwdmm

gfeyinpllm s

asecy

2; Gene Acc. NM (02740)

tceccacacqy

n)

ictaccygeg
gcaatgag

atagatgagg
agactttatg
gaacgtcecctg
cgctggagas
cgtygotecact
tgcatcaact

gggcggeatt

tcgcagqgcagy

gggatatcat

ttcgagacat
aaggagaccc
agctaaacaa
ggatgcetty

gtgeeatctyg

ctectt

gcaaa

ctittgcecaca
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catgcatict

ggatcaas

tct
61 tgotttcaga cagaaageag attgttocttt ¢
accta
1021 atgtttcata tgcagcgaca aagaasactt
ttactctgea
1081 gamatcagtc tagcattaaa ttatcticat

(3.\‘}(. ttt

o
©

o
w
I
ot

tatt

tactgga

U

9]

il

]

(@]

NI

-

oD G

e
ot

—

ct
0]
]
¢t
(a8
23]

tgace

Q
G
[s}}

I3

2
o
(9]
r
)
Ry
o]

=4
o o
T

Ju—
[ e
Y
o

gtccagotca ¢t

cgatgacatt

ttgat

o]

3]

Mouse PKC-icta Protein Segquence (SEQ ID
LI mptardsstm shtvacgogg dhshgvrvka

dneqgpftmkw

L ll"o]‘/lIC}iT’f

htfgakrfnx

L kchklivtiec grhslppepm mpmdgtmhpd

7 rgsyakvily

fgtesriffv

viksflnkdp

gaccatgcac
gatgaagaaa

cttcaggatt

cacattaaac
agcactttcet

gatttcagta

gtgaggaaga

tctgecagaaq

9]

NO:3; Gene
yvyrgdimith

htgtvipynp
rlkktdriva
ieyvnggdlm

ikl \,d‘i'q::

PCT/US2012/041026

ttgatttget

tcactgacta

Acc NP _(32883.2)

fepsisfagl

liihvipcvp




WO 2012/173841

W

10

Nl
W

36

40

wr
wh

60

aeecv
Mouse PRC-icta cDNA Sequence
MM 008857 .3)

1 atgccgacce agagggacaq

accaggtcey

9]

catctectt

agcegttcac

tggagttaga

atgtatttce

tttacoggag

tgcaaatggo
421

cacagacadga
481

ggttcataaqg

541 aagtgccaca agctggtcea
ggaacccatg

601 atgccaatgg accagaccat
atataatcct

66l tcaagtcatyg agagttitgga

9
gcattettgo

9¢1 ttocagacag aaagcagghb ¢
ggacctcatg

021 tttcatatgc agcecgacagag

9]
ot
Q
ct
[te]
PR

(__
[eopte}

=0T
<
[N

tttgaas

114
catgtgtaag

1201 gaaggattge ggcctggaga
ttacattgcot

1261 ccagagatct
tctiggagtyg

1321 cttatgtttg agatgatggce
ctctgacaat

138

gagaatttgg

fdsgftnepv gltpddddiv rkidgs

{880 ID NO:

coaagttgot

tctaggtet

i}

actgttggtt

ctegtcaat

gagaaggte

ctattc

catgatggaqg

tttggataat

(T)

PCT/US2012/041026

4;: Gene Acc.

LACCYgea

]

e

“gCagtgag

U

atagatgagg
aggctgtacy
gagcgtectg
cggtggagas
cgcgceccact

tgcatcaact

gaagaaaaqy

caggattt

cg

coggtt

aaaga

atagaatatyg

gaagaqgcatyg

\C !

cgagggataa

attaaactca

ggatttgetyg

gtgccatctyg
gcaa iC

tttgecac

r“

ccaggtttta

tttatagaga
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Rat PRC-iota Protein Sequence (SEQ ID

I mptgrdsstm

dnagpftmkw

Rat PKC-iota cDNA
NM 03203%.1)
1 atgccgacono

ggaaccceaty

aggaagattyg
geagaagagt

shtvacgggg dhshgvrvka yyrgdimith

deegdpctv ssglel

htf

gfsvdwwalg vimfemmagr

rl}
<
—

sfinkd pkerigchpg

nfdsgftnep vgltpddddi

Sequance (SEQ ID NO:6;

L2

agcaccate

agagggacag c

u

accaggtccyg ggtgaasagcce
ccatetectt tgaaggactt
agccattcac catgaaatgg
tggagbtgga agsggctttc ¢

acgtgttcee

rlyalnkdse

PCT/US2012/041026

Jr}r
Guc

NO:5; Gene Acc. NP 11

ibpSiofvgi

Llibhvipovp

tgfadigghp

vrkidgsefe

r r.

Gene Acc.

tgcagtgagy
atagatgagg
agactgtatg

yagegtecty

0

togegtgogy
gagoatattat

ttcgagatat

aaggagaccc
agttgaacaa

agctigtcac

PYare]

accagteatc

atgagagtit ggaccaagtt
aggegteats aagettaggt
gttacgccaa agtactgcetg
ttgtgaagaa agagcetegte

10

teettgttag

atgtgaatgyg

448.1)
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1021 atgtttcata tgcagcggca aagaaaactt cctgaagaac atgcocaggtt
ttactcagca

1381 gaaatcagtao ttatcttcat gagogaggga taatttatag
agatitbgaag

5 1141 ttggacaatg tactgctgga ctetgaagga cacatcaaac tcactgacta
cggecatgtygt

1201 aaggaaggat tacggcccgyg agatacaacc agcacctitct gtgggactcc

ttgactggaty

10

¢
QO
(9]
e
e]
o]
&3]
W
QO
]
(-:-
(".
QJ
5
or
o
9]
o

tatcgtbtgy

LC'

)

Y

o0 D

G
{1
0]
1]
+
-l
“
3
A
i)
0]
n
9]
&
o
Is)
o
0]
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Cow PEC~iota Protein Sequence (SEQ ID NO:7; Gens Acc. XP_806301.4)
1 mptvrd stm shpiagggig dhshgvrvka C fepsi

30 Llihvipcvp

rwrklycang htfgakrfnx
cinckllvhk
181 kchkivtiec grhslppepm mpmdgssmhs dhagbtvipyn psshesldgy

~
7

nhpflvgihs cfgtesrlff vieyvnggdl mfhmgrgrkl

40

gifsvdwwalyg

svliksflnkd pkerigchpg tgfadigghp firnvdwdmm

jo8

nfdsgftnep vgltpddddi vrkidgsefe gfeyinpllm sasecv
Cow PRC-iocta cDNA Sequence (SEQ ID NC:8; Gene Acc,
XM 606501.35)

50 1 atgccgaccoc agagagacag cageaccatg totcaccoga Ltegoagygoge

%3 2 =

ccactcte gagtgaaagcec gggatatcat

wr
wh

aacttticac catgaaatygg atagatgagg aaggagascc
tggagtitaga agaaqgcecttt aggetttatg agectaaacaa

60
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Chimpanzes PKRC-iota Protein Sequence {(SEQ ID NO:§;

XP_52637

7.2}
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Chimpanzes PKRC-iota cDNA Sequence (SEQ ID NO:10:; Gene Acc.

XM 526377.2)
1 atgccgacono
cggeageygy

agagggacaqg

tggagttaga

atgtgttcee

tocaggagaa

3¢l gataaatcca
tgeccaatygye

421 cacactticce

ttggacgeca

aactcgtcac

ggaaccagty

atgeccatygy atcagteate
atgagagitt

aagcttceatao
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O 1T O
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<
1 tgctitbcaga cagaaagceag
aggagaccta
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atagatgagg
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tgcatcaact
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tegea

gggatatca
ttcgagacat

gcaaactctt

agacagtaat

aagaggcaat
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ttgatttgcet

gtgqgtactoece

ttgactggtyg
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ataccacgitt ctctgbtcectgt assagcectgcs agtgttctga agagtittcet

toatectcaa acaggatt

5 ttoticcgaa atgttgatig ggatatgatag gagcaaaaac aggotggtacce
ccaaatattt ctggggaatt tggtitggac aactttgatt ctcecag

gtccagctca ctoccagatga cgatgacatt gtgaggaaga ttgatcagtc

10

41 ggttttgagt atatcaatce totittgatg tctygcagasg
ctg a

Bog PEC-iota Protein Sequence (S8EQ ID NO:1l; Gene Acc. XM 53858553.2)
15 1 mvrpgveapg darmvapalp rnvrlwsgrg grarrggvly paggaarfrl

erpgmpcpge dksiyrrgar

cincklivhk keohklvtiec

Nl
W

cfgtesrlff vieyvnggdl mfhmgrgrkl peeharfysa eislalnylh

ldnvildseg hikltdygme keglrpgdtt sticgtpnyi apeilrgedy
npdgntedyl fgvilekqgir iprslsvkaa

ffrnvdwdmm egkgvvppik pnisgefgld

61 vgltpddddi vrkidgsefe gfeyii

Dog PRC-icota cDNA Sequence (SEQ ID RO:12; Gene Acc.

44 XM 535855.2)
L »tggttcgqc cecggegtega ggctectgga
cgecct

o]

ggaatgtgc gectttggag cgogegagglt gggagggcee ggagygggasy

COYQYCAGYES

Q

GCg
_81 accgeygtagy

agagggacaqg cagtgccatg tetcacgcecga Logocgaacgy

accaggtceccyg ggtgaaagoce tactaccgeyg gogatatcat

55 caatctcoctt tgagggocott tgcaatgaag ttcgagatat

agotitttcas catgaaatgg atagatgags aaggagaccec

tggagttaga agsagccttt aggetttatg agctgaataa

60
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tccaggagaa

661 gacaaatcca
tgcaaatggo

721 cacacttitto
taccgaccga

781 atatggggac
gygttcataag

841 aagtgccaca
ggaaccaatg

901 atgcctatgyg
tccatataat

961

C

gaataccagr

182
tcgaggtaa

108
tegtatttat

gcaatgaaag

aaggaac

ttoctitcgaa

PK.C-iota nucleic acid and protein molecules are included that differ due to

atgtcttcce
Tctacogeag
aagccaagcy
ttggacgtca
aactcgtcac
accagtcacc
atgagagttt
aagcttecatce

gttatgccas

tagcattaaa

tattgttgga
tacggccagyg
ttttaagagy

titgagatgat

aaaacacaga

ctocagatga

P
acatcaaTce

ttgtgtacca
aggegeacyge
tttcaacagy
gggatataaa
aatcgaatgt
catgcctica

Jgaccaagtt

Joaggeatoo

attgttcettt

ctcagaagga

agatacaacc

agaagattat

ggcaggyaga

ggattatcte

gaacgtcecctg
cgatggagas
cgtgoccact
tgcatcaact
gggceggeatt
gatcatgtac

Jaaa

ggtgaay

gtcatagagt
cctgaagaac
Jaacgaggyga
cacattaage
agcactttct
ggtttcagtg

ttccaagtta

agtgttctga

@
&
&
[
4]
8]
9]
0
f\

gtgaggaaga

tctgcagaag
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gtgecatotyg

gecaaactccet

ctatgccacce

taatttatag

tcactgacta

ttittggaa

ttgatcagtc

aatgtgttty

degeneracy of the genetic code or due to encoding or having “non-essential”,

P

Loy

“conscrvative”, “stercoisomers”, or “enconventional” amine acids that do not appreciably

alter the enzymatic {e.g., kinasc) and/or Thr-412-regulatory ability of PKC-iota. A

(]

“conservative amino acid substitation” is one in which the amino acid residue is replaced

with an amino acid residue having a similar side chain, Stercoisomers {(e.g., D-amino acids)
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of the twenty conventional anmyino acids, unmatural amino acids such as alpha,alpha-

disubstituted amino acids, N-alkyl amino acids, lactic acid, and other unconventional aming

acids may aiso be suitable components for polypeptides described herein. Thercisa

known and definite correspondence between the amino acid sequence of a particular protein

and the nucleotide sequences that can code for the protein, as defined by the genetic code

(shown below}. Likewise, there 1s a known and definite correspondence between the

nucleotide sequence of a particular nucleic acid and the amino acid sequence encoded by

that nucleic acid, as defined by the genetic code.

GENETIC

CODR

T\ o ot e S P I 4R e
Aspartic acid {(Asp,
g JER I 4 e ~ N
Cysteine (Cys, (C}
—~ - J Il .
aCLG ('\:rlU_,

Glutamine (3in, )

Glycine (Gly, G)
Histidine (His, H}
Tzoleucine
Leucine
Lysine {Lys, X)

Methionine (Met, M)
Phenvialanine ({FPhe,

Froline (Pro, F)

Tryptophan (Trp, W)

i

ermination signal

D)

t=

Fj

{end}

o~
AGA,
e
AR,
[y Ve
(=7
TEo

[CA

GAA,

ATA,
CTA,
DAL,
ATG

TTC,

i rr..']w
Lt
RN

e
OOy,

AGT,

Nale
ALy

GTC,

o
BN

GGG,

i
ATT

CTG

ity

alalal

~ e <N
ChLl, Uik, CGT

OTT, TTR, TTIG

sfalal Tara [l
TCC, ATy TCT

Animportant and well known feature of the genetic code is its redondancy,

whereby, for most of the amine acids used to make proteins, more than one coding

nucleotide triplet may be employed (for example, illustrated above). Therefore, a mumber
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of different nucleotide sequences may code for a given amino acid sequence. Such
nucleotide sequences are considered functionally equivalent since they result in the
production of the same amino acid sequence in all organisms (although certain organisms

may translate some sequences more efficiently than they do others). Moreover,

(]

gecasionally, a methylated variant of a purine or pyrimidine may be found ina given
nucleotide sequence. Such methylations do not affect the coding relationship between the
wrimucleotide codon and the corresponding amine acid. o addition, a skilled artisan will
understand how to mutate nucleotides of a specific codon so as to specifically alter an
encoded amino acid based on the relevant codon chart. Additional desired nucleic acid
10 and/or aming acid meodifications can be engincered using site-directed mutagenesis and
PCR-mediated mutagenesis techriques.

The “nucleic acid” can take any of a number of forms {e.g., DNA, mRNA, ¢cDNA}
that encode a biomarker described herein. For example, such biomarker nucleic acid
molecules include DNA (e.g., genomic DNA and ¢cDNA) comprising the entire or a partial
15 sequence of a PKC-1ota gene or the complement or hybridizing fragment of such a

sequence. The biomarker nucleic acid molecules also include RNA comprising the entive
or a partial sequence of a PKC-iota genc or the complement of such a sequence, wherein all
thymidine residues arc replaced with uridine residucs. A “franscribed polymucleotide” is 2
polynucleotide (e.g., an RNA, a ¢cDNA, or an analog of one of an RNA or ¢DNA) which is
0 complementary to or homologous with all or a portion of a mature RNA madc by
transcription of a biomarker of the prosont invention, at least in part, and normal post-
transcriptional processing (e.g., sphicing), if any, of the transcript, and reverse transcription
of the transcript.
The terms “homology” or “identity,” as used interchangeably herein, refer to
25 sequence similarity between two polynucleotide sequences or between two polypeptide
sequences, with identity being a more strict comparison. The phrases “percent identity or
homology” and “% identity or homology” refer to the percentage of sequence similarity
found in a comparison of two or more polynucleotide sequences or two or more polypeptide
sequences. Two or more sequences can be anywhere from 0-100% similar, or any integer
30 wvaloe there between. Identity or similarity can be determined by comparing a position in
cach sequence that may be aligned for purposes of comparison. When a position in the
compared sequence is occupied by the same nucleotide base or amino acid, then the

molecules are identical at that position. A degree of sinularity or identity between

17
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polynucleotide sequences 1s a function of the number of identical ov matching nucleotides
at positions shared by the polynucicotide sequences. A degree of identity of polypeptide
sequences is a function of the number of identical amino acids at positions shared by the

polypeptide sequences. A degree of homology or similarity of polypeptide scquences 15 8

(]

function of the number of amino acids at positions shared by the polypeptide sequences.
The term “substantial homology” refers to homology of at least 50%, at least 60%, at least
65%, at feast 70%, at least 75%, at least 80%, at least 85%, at least 8%, at feast 93% or
more {e.z., about 96%, 96.5%, 97%, 97.5%, 98%, 98.5%, 99%, 99.5%, 99.6%, 99.7%,
99 8%, 99.9% or more). In one embodiment, biomarker nocleic acid molecules encode a
10 protein or portion thercof which includes an amino acid sequence which is sufficiently
homologous to an amino acid sequence described herein such that the protein or portion
thereof maintains PKC-iota enzymatic activity {e.g., kinase activity) and regulation of
enzymatic activity by Thr-412 of lniman PKC-iota or a corresponding phosphoryiatable
amino acid in & homolog thereof.
5 The comparison of sequences and determination of percent homology between two
sequences can be accomplished using a mathomatical algorithm. The alignment can be
erformed using the Clustal Method., Multiple alignment parameters include GAP Penalty
=10, Gap Length Penalty = 10. For DNA alignments, the pairwise alignment parameters
can be Htuple=2, Gap penalty=35, Window=4, and Diagonal saved=4. For protein
(0 alignments, the pairwise alignment parameters can be Ktuple=1, Gap penalty=3,
Window=3, and Diagonals Saved=5. Similarly, the percent identity between two amino
acid sequences is determined using the Needleman and Wunsch (/. Mol Biol (48):444-453
{1970}) algorithm which has been incorporated into the GAP program in the GCG software
package {available online), using cither a Blossom 62 mairix or a PAM250 matrix, and a
25 gapweightot 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1,2, 3,4, 5, or 6. Inyet
another embodiment, the percent identity between two nucleotide sequences s determined
using the GAP program in the GCG software package (available online), using a
NWSgapdna. CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length weight of
1,2,3,4, 5, or 6. In another embodiment, the percent identity between two amine acid or
30 nocleotide sequences is determined using the algorithm of E. Moyers and W, Miller
{CABIOS, 4:11-17 (1989)) which has been incorporated into the ALIGN program {version
2.0y (available onling), using a PAM 120 weight residue table, a gap length penalty of 12

and a gap penalty of 4.
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Methods for the production of nucleic acids (e.g., PKC-iota) are known in the art
and include standard hybridization, PCR, and/or syuthetic nucleic acid techniques. The
nucleic acid so amplified can be cloved wte an appropriate vector and characterized by

DNA sequence analysis,

(]

A “blomarker protein” s a protein encoded by or corresponding to a biomarker of
the present invention, e.g., PRC-iota. The terms “protein” and “polypeptide” are uvsed
mterchangeably herein. Tn one embodiment, the pmtc—:in ig at least 50%, 60%, 70%, 80%,
50%, and 95% or more {e.g., 95.5%, 6%, 96.5%, 97%, 97.5%, 98%, 9R8.5%, 99%, 99.1%,
99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9% or more) homologous to the
10 emtire amino acid sequence of 3 PKC-iota protein described herein. In addition,
biclogically active portions of PKC-iota protenis described hercin are included which have
at least 50%, 60%, 709, 80%, 90%, and 95% or more (e.g., 95.5%, 96%, 96.5%, 97%,
97.5%, 98%, 98.5%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%,
89.9% or more) homology to a fragment of a PKC-lota protein described herein, eg., a

15 domain or motif, and that is capable of PKC-iota enzymatic activity {e.g., kinase activity)
and regulation by Thr-412. Typically, biologically active portions (peptides, e.g., peptides
which are, for example, 5, 10, 1§, 28, 30, 35, 36, 37, 3%, 39, 40, 50, 100, 150, 200, 250,
300, 350, 400, 450, or more amine acids in length) comprise a domain or motif, e.g., a
PKC-ota kinase domain encompassing Thr-412. Moreover, other biologically active

'3 portions, in which other regions of the protein are deleted, can be prepared by recombinant
techniques and evaluated for one or more of the activitics desceribed herein

Methods for the production of proteins (e.g., PRC-iota) are known in the art and

imchude e g, the expression of the protein in appropriate cells starting from a ¢DNA or the
production by subsequent addition of amine acids to a starting amino acid (see Current

25 Protocols, John Wiley & Sons, Inc., New York). Furthermore, methods for the production

of protein fragments are known in the art and include the cleavage of the protein with

appropriate proteases or the generation of nucleic acid fragments encoding the protein

fragments and subsequent expression of the fragments in appropriate cells. Methods for the

production of mutated proteins, e.g., by exchanging and/or deleting one or more amino

30 acids, are known in the art.
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B. Diagnostic Methods
Methods are provided for identifying compounds or agents which inhibit kinase
activity of human protein kinase C iota (PKC-iota) or a homolog thereof, comprising: a)

contacting a sample comprising human PKC-iota or a homolog thereof with the compound;

(]

and b} determining the ability of the compound to tnhibit Thr-412 phosphorylation of
human PKC-iota or a corresponding phosphorylatable amino acid in a homelog of human
PK C-iota, wherein decreased phosphorylation identifies a corapound which inhibits kinase
activity of human PKC-iota or 1 homolog thereof. These methods are also referred to
herein as drug screening assays and typically include the step of screening a candidate/test
10 compound or agent for the ability to interact with {e.g., bind to) 3 PKC-iota protein, to
modulate the intra-molecular moditication 2 PKC-iota protein (e.g., phosphorylation),
and/or to modulate the interaction of PKC-iota with a target PKC-iota interacting protein.
Test compounds or agents which have one or more of these abilitics can be used as drugs to
treat disorders characterized by aberrant, abnormal, and/or unwanted PKC-iota nucleic acid
15 expression and/or PKC-iota protein activity, such as cancer. Candidate/test compounds
mchide, for example, small organic and inorganic molecules {e.g., molecules obtamed from

combinatorial and natural product librarics).

2% 4¢ 39 <6,

The term “sample,” “tissue sampie,” “subicet sample,” “subject cell or tissue
sample” or “specimen” cach refer to a collection of similar cells obtained from a tissue of a
(0 subject or subject cither as in vitro (e.g., cultured), ex vivo, ot in vive {e.g., isolated primary
cells) samples. The source of the tissue sample may be solid tissue as from a fresh, frozen
and/or preserved organ, tissue sample, biopsy, or aspirate; biood or any blood constituents;
bodily fhiids such as whole blood, serum, plasma, buccal scrape, saliva, cersbrospinal fhad,
urine, stool, and bone marrow, amnictic fluid, peritoneal fluid or interstitial fluid; or cells
25  from any time in gestation or development of the subject. The tissue sample may contain
compounds that are not naturally intermixed with the tissuc in nature such as preservatives,
anticoagulants, buffers, fixatives, nutrients, antibiotics or the like. The sample may firther
comprise cancer cells, such as ovartan, lung, breast, and multilple myeloma cancer cells or
any cancer in which PRC-iota is amplified or overexpressed, has an activating mutation, or
30 is activated by other kinases.
The terms “subject” and “paticnt” are used interchangeably. As used herein, the
terms “subject” and “subjects” refer to an animal, e.g., a mavwnal including a non-primate

(e.g., a cow, pig, horse, donkey, goat, camel, cat, dog, guinea pig, rat, mouse, sheep) and a
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primate (e.g., a monkey, such as a cynomolgous monkey, gorilla, chimpanzee and a
human}.
The torm “inhibit” refors to a statistically significant decrease in a metric of interest,

such as the reduction of Thr-412-phosphorylated PKC-iota, PKC-iota enzymatic activity

(]

(e.g., kinase activity), cancer progression, and the like, Such statistically significant
decrease can be at feast 10%, 209, 30%, 40%, 50%, 60%. 70%, 80%, 90%, or more
relative to a condrol, For exanple, a test compound administered and analyzed according 1o
the methods described herein can comprise a bona fide inhibitor of PRC-iota enzymatic
activity {e.g., kinase activity) by decreasing Thr-412-phosphorylated PRC-iota amounts by
10 at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or mare relative to that of no
PR C-iota ligand administration or over a given amount of time. In one embodiment, the
term “PKC-iota inhibitor” is a substance, such as a small molecule, which interferes with
the phosphorylation of human PKC-iota at Thr-412 or at a corresponding phosphorylation
site in a homolog thereof. Exemplary PKC-iota inbibitors are well known in the art and are
15 disclosed, for example, n PCT Publication W0O2000/036414 and Pillai et af. (2011) Int. J
Rivchem Cell Biol. 43:784-794, such as 1H-imidazole-4-carboxamide, S-amino-1-{2,3-
dihydroxy-4-{{phosphonooxy) methyl] cyclopentyl]-[1R-(1a, 2B, 3 B, 4w}, (JCA-1); cach
of which s incorporated in its entirety herein by this reference.

The term “altered amount” of a biomarker or “altered level” of a biomarker refers to

() increased or decreased expression, modification, and/or activity of a biomarker of the
presont inverdion, at feast 1o part in a sample as conpared fo that in a condrol sample.

The amount of a biomarker in a sabject is “significantly” higher or lower than the
normal ameunt of a biomarker, if the amount of the biomarker is greater or less,
respectively, than the normal level by an amount greater than the standard error of the assay

25 cmployed to assess amount, or at least two, three, four, five, ton or more times that amount.
Alternatively, the amount of the biomarker in the subject can be considered “significantly”
higher or lower than the normal amount if the amount 13 at least about two, at least about
three, at least about four, or at least about five times, higher or lower, respectively, than the
normal amount of the blomarker {e.g., in a control sample or the average expression level of
30 the biomarkers of the present invention in several control samples).

“Likely 10,” as used herein, refors to an increased probability, that an item, object,
thing or person will occur such as at least 59, 10%, 158%, 205, 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, T0%, 75%, 8%, 85%, 9%, 95%, 100%, $10%, 120%, 130%,
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140%, 150%, 160%, 170%, 180%, 190%, 200%, or more (or any range nclusive). Thus, in
one example, a compound that is likely to inhibit PKC-iota enzymatic activity {e.g., kinase
activity) has an increased probability of inhibiting Thr-412 phosphorylation of human PKC-
1ota ot a corresponding phosphorylatable aminoe acid in a homolog of human PKC-iota.

The test compounds of the present invention, at least in part, can be obtained using
any of the numerous approaches in combinatorial ibrary methods known in the art,
wmeluding: biclogical libraries; spatially addressabic paraticl solid phase or solution phase
libraries; synthetic hibrary methods requiring deconvolution; the 'one-bead one-compound’
Library method; and synthetic library methods asing affinity chromatography selection. The
biclogical library approach is limited to peptide libraries, whiie the other four approaches
arc applicable to peptide, non-peptide oligomer or small molecnie Hbraries of compounds
(Lam, K.S. (1997 Anficancer Dvug Des. 12:148)

Examples of methods for the synthesis of molecular fibrarics can be found in the art,
for examiple i DeWitt ef al. {(1993) Proc. Nail. Acad. Sci. U.5.A4. 90:690%; Hrb ef ol
(1994} Proc. Natl. Acad. Sci. US4 91:11422; Zoackermann et ¢l (1994) 0. Med Chem.
37.2678; Cho ef af. (1993) Science 261:1303; Carrell ef ¢f. (1994) Angew. Chem. Ini. Ed.
Engd. 33:2059; Carell ef ¢l (1994) Angew. Chem. Int. £d. Engl. 33:2061; and in Gallop er
al. (1994y J. Med. Chem. 37:3233,

Libraries of compounds may be presented in sohution (e.g., Houghten (1992)
Biotechnigues 13:412-421), or on beads {(Lam (1991) Nature 354:82-84}, chips (Fodor
(1993} Nature 364:555-556), bacteria {Laduer USP 5,223,409), spores (Ladoer USP 409,
plasmids (Cull er af. (1992) Proc Natl Acad Sci US4 89:1865-1869) or on phage (Scott and
Smith {1990} Science 249:386-390); (Deviin (1990) Science 249:404-406); (Cwirla ef gl
{1990} Proc. Natl Acad Sci. 87:6378-6382); (Felici (1991} /. Mol Biol 222:301-310);
{Laduer supra.).

In one embodiment, the inhibition of Thr-412 phosphorylation of human PR C-iota
or a corresponding phosphorylatable amino acid in a homolog of haman PRC-iota is
determined by comparing the amount of Thr-412 phosphorylated human PKC-iota or a
corresponding phosphorylatable amino acid in the homelog of human PKC-1ota in the
sample relative to a control. The control can be the amount of Thr-412 phosphorylated
buman PKC-iota or a corresponding phosphorylatable amine acid in the homolog of human
PK.C-iota in the sample relative to said amount in the absence of the compound or at ag

carbier timepoint after contact of the sample with the compound. The phosphorylation level
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of PR.C-iota is generally determined by measuring the amount of phosphorylated PKC-ota
protein and, optionally, of enphosphorylated PR C-iota protein, and normalizing the amount
of phosphoryiated protein to the total protein in the sample being analyzed. The calculated
response phosphorylation level in the presence of the test compound and the basal or

background phosphorylation levels {e.g., in the absence of the test compound or at a earlier

(]

timepoint afier test compound administration) are thus not affected by differences in the
absolute quantity of the indicator protein at a given time.

The discrininatory time point, or predetermined time after administering the test
compovnd to cells, can be selected to achieve a calibrated statistically sigmficant difference
16 ctween Thr-412 phosphorylation levels in the sample relative to controls. The difference

may be maximal at the predetermained time but that is not required and depends on other
parameters of the test. In addition, whereas the calculation of ratios as described herein is
beneficial in providing uscful comparative numbers, calculation of absolute differences
hetween phosphorylated PKC-iota levels upon adodnistration of test compounds relative to

15 countrols, and between test subjects and control subjects, could also be emploved and would
be effective.

In some cmbodiments, the methods described above can further comprise
determining the amount of Thr-564 phosphorylated human PKC-iota or a corresponding
phosphorylatable amino acid in a homolog of human PKC-iota in the sample relative to said

(0 amount in the absence of the compound or at an carlier imepoint after contact of the
saraple with the compound and deteroduing whether the amount changes over time or in
response to the compound. It has been determined herein that Thr-564 phosphorylation
does not appreciably change in response to administration of hong fide inhibitors of PKC-
iota cnzymatic activity {e.g., kinase activity).

25 Phosphorylation is a biochemical reaction in which a phosphate group is added to

Ser, Thr or Tyr residues of a protein and is catalyzed by protein kinase enzymes.

Phosphorylation normally modifies the functions of target proteins, often causing

activation. As part of the cell's homeostatic mechanisms, phosphoryiation is only 3

transicnt process which is reversed by other enzyme called phosphatases. Therefore,

30 protein phosphorylation levels change over time and can be evaluated in a pumber of well

known manners, including, for example, by inununological approaches. For example, the
amount of Thr-4 12 phosphorylated human PRC-iota or a corresponding phosphorylatable

amino acid in the homolog of human PE.C-io1a 13 deternyined by an immunoassay using a
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reagent which specifically binds with Thr-412 phosphorylated human PKC-iota or
corresponding phosphorylated homolog of human PKC-iota. Such ap immunoassay
comprise a number of well known forms, including, without limitation, a

radipimmunocassay, a Western blot assay, an immunofluoresence assay, an enzyne

(]

mmuneassay, an immmoenoprecipitation assay, a chemiluminescence assay, an
immunchistochemical assay, a dot blot assay, or a slot blot assay. General techniques to be
used i performing the various immunoassays noted above and other variations of the
techmiques, such as in ity proxamity hgation assay (PLA), thiorescence polarization
immunoassay {FPIA), fluorescence immunocassay (FIA), enzyme immmmoassay (E1A),
10 nephelometric inhibition immunoassay (NIA}, enzyme linked immunosorbent assay
(ELISA), and radioinuounocassay (RI1A), ELISA, eic. alone or in combination or
afternatively with NMR, MALDE-TOF, LC-MS/MS, are known to those of ordinary skill in
the art.
In one embodiment, the cozyme immunoassay 1§ a sandwich enzyme immmunoassay
15 using a capture antibody or fragment thereof which specifically binds with human PKC-iota
or corresponding homolog of human PE.C-iota regardless of phosphorylation status and a
detection antibody or fragment thercof which specifically binds with Thr-412
phosphorylated human PKC-iota or a corresponding phosphorylated homolog of human
PR C-ota. Such an enzyme immunocassay is particulary advantageous because identifying
0 differences in protein lovels between several PKC isoforms has traditionally been hampered
by the high homology between PRC isoforms and their phosphoryiated forms.
Inmunological reagents for identifying PKC iota protein, as well as phosphorylated
forms of PKC-iota, such as the phosphorylated Thr-412 and The-564 forms, are well known
in the art (e.g., the anti-PKC-ilota mouse monoclonal antibody #610175 from BD
25  Bioscience sund the anti-phospho-Thr-564 PKC-iota rabbit polyclonal antibody (available
from Invitrogen, Ine.; product #44-968G). Such anti-PKC-iota and/or anti-phospho-PKC-
iota antibody reagents {e.g., monoclonal antibody) can be used to isolate and/or determine
the amount of the respective proteins such as in a cellular lysate. Such reagents can also be
ased to monitor protein levels in a cell or tissue, e.g., white blood cells or lymiphocytes, as
30 part of a clinical testing procedure, e.g., in order to monitor an optimal dosage of an
inhibitory agent. Detection can be facilitated by coupling (e.g., physically linking) the
antibody 1o a detectable substance. Exarples of detectable substances inchude various

enzymes, prosthetic groups, fluorescent materials, laminescent materials, biolaminescent
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materials, and radioactive materials. Examples of suitable enzymes include horseradish
peroxidase, alkaline phosphatase, B-galactosidase, or acetyicholinesterase; examples of
suitable prosthetic group coraplexes include streptavidindbiotin and avidin/bieting examples
of suitable fluorescent materials inchide umbelliferone, flucrescein, fluorescein
1sothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or
phycoerythrin; an example of a lominescent material includes huminol; examples of
bioluminescont materials include luciferase, luciferin, and acquorin, and cxamples of
suitable radicactive material include 125 1, 13 11, 35 Sor .

The screening assays described above can further be adapted (o identify
candidate/test conpounds which modulate {(e.g., stivwmlate or inhibit) the interaction (and
most likely PRC-iota activity as well) between a PKC-iota protein and a target molecule
with which the PKC-iota proicin normally interacts to verify that PKC-iota enzymatic
activity has been reduced in accordance with the reduced amounts of phosphorylated The-
412 PRC-1ota levels. Examples of such target molecules or substrates melade
phosphorylated target proteins in the signaling pathway of PRC-iota (e.g., pSer-653-
LLGLZ).

In another embodiment, the fovention provides assays for sereening candidate/test
compounds which interact with (e.g., bind 10} PKC-iota protein. “Binding compound” shall
refer to a binding composition, such as a small molecule, an antibody, a peptide, a peptide
or non-peptide Hgand, a protein, an oligonucieotide, an oligonucleotide analog, suchas a
peptide mucleic acid, a lectin, or any other moelecular entity that is capable of specifically
binding to a target protein or molecule or stable complex formation with an analyvte of
nterest, such as a complex of proteins. “Binding moiety” means any molecule to which
molecular tags can be divectly or indirectly attached that is capable of specifically binding
to an analyte. Binding moieties include, but are not himited to, antibodies, antibody binding
compositions, peptides, proteins, nucleic acids and organic molecules having 2 molecular
weight of up to about 1000 dalions and coniaining atoms selected from the group consisting
of hydrogen, fluoride, carbon, oxygen, nitrogen, sulfur and phosphorus. Typically, the
assays are cell-based assays. The cell, for example, can be of mammalian origin expressing
PKC-iota, e.g., a cancer cell

In other embodiments, the assays are cell-free assays which include the steps of
combining a PKC-iota protein or a biologically active portion thereof, and a candidate/test

g., binding of) the

&

compovnd, 2.z, under conditions which allow for interaction of (e
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candidate/test compound to the PKC-iota protein or portion thereof to form a complex, and
detecting the formation of a complex, in which the ability of the candidate compound to
interact with (e.g., bind to) the PK.C-1iota polypeptide or fragment thereof is indicated by the

presence of the candidate compound m the complex. Formation of complexes between the

(]

PR C-ota protein and the candidate compound can be quantitated, for example, using
standard immuncassays. Such analyses would identify test compounds as PKC-iota
higands.
To perform the above drug screening assays, it can be desirable to immobilize either
PKC-iota or s target molecule to facilitate separation of complexes from uncomplexed
10 forms of one or both of the proteins, as well as to accommodate automation of the assay.
Interaction {e.g., binding of)} of PKC-iota 1o a target molecule, in the presence and absence
ot a candidate compound, can be accomplished in any vessel suitable for containing the
reactants, Examples of such vessels include microtitre plates, test tubes, and micro-
centrifuge tubes. In one embodiment, a fusion polypeptide can be provided which adds a

15 domain that allows the polypeptide to be bound to a matrix. For example, glutathione-5-
transferase/ PKC-iota fusion polypeptides can be adsorbed onto ghitathione sepharose
beads {Sigma Chemical, St. Louis, Mo.) or glutathione derivatized microtitre plates, which
are then combined with the cell fysates {e.g, » S-labeled) and the candidate compound, and
the mixture incubated under conditions conducive to complex formation {e.g., at

'3 physiclogical conditions for salt and pH). Following incubation, the beads are washed to
remove any unbound label, and the matrix immobilized and radiclabel determined directly,
or in the supernatant after the complexes are dissociated. Alternatively, the complexes can
be dissociated from the matrix, separated by SDS-PAGE, and the level of PKC-iota-binding
polypeptide found in the bead fraction quantitated from the gel using standard

25 clectrophoretic techniques.

Other techmigues for immobilizing polypeptides on matrices can also be used in the
gxemplary drug screening assays of the invention. For example, either PKC-iota or its
target moelecule can be iamobilized otilizing conjugation of biotin and streptavidin.
Biotinylated PKC-iota molecudes can be prepared from biotin-NHS (N-hydroxy-

30 swecimmide) using techniques well known in the art (e.g., biotinylation kit, Pierce
Chemicals, Rockford, HL), and immobilized in the wells of streptavidin-coated 96 well
plates (Pierce Chemical). Alternatively, antibodies reactive with PKC-ota, but which do

not interfere with binding of the pelypeptide to its target molecule can be derivatized to the
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wells of the plate, and PKC-iota trapped m the wells by antibody conjugation. As described
above, preparations of a PKC-iota-binding polypeptide and a candidate compound are
ncubated in the PKC-iota-presenting wells of the plate, and the amount of complex trapped

m the well can be quantitated. Methoeds for detecting such complexes, in addition to those

(]

described above for the GST-immobilized complexes, include immumodetection of
complexes using antibodics reactive with the PKC-iota target molecule, or which arce
reactive with PKC-1ota polypeptide and compete with the target molecule; as well as
enzyme-hinked assays which rely on detecting an enzymatic activity associated with the
target molecule.
10 In another aspect, a method for assessing the efficacy of a compound for inhibiting
kinase activity of buman PK.C-101a or a homolog thereof in a subject, comprising 2}
detecting in a subject sample at a first point in time, the amount of Thr-412 phosphorylated
human PKC-iota or the amount of a human PKC-iota bomolog phosphorylated at a
corresponding arnino acid of huroan PKC-iota; b} repeating step a) during at one ot more
15 subsequent points in time after administration of the compound; and ¢) comparing the
amount of phosphorylated human PKC-iota or homolog thereof detected in step a) with said
amount detected in siep b}, wherein a higher amount of Thr-412 phosphorylated human
PR C-iota ot the amount of the human PKC-iota homolog phosphorylated at a
corresponding amino acid of human PKC-iota in the first point in time relative to at least
'} one subsequent point in time, indicates that the compound inhibis kinase activity of PKC-
iota or the homolog thereof.

As used herein, “time course”™ shall refer to the amount of time between an initial
event and a subsequent event. For example, with respect to a subject's cancer progression,
fime course may relate to a subject’s discasc and may be measured by gauging significant

25  cvents in the course of the discase, wherein the first event may be diagnosis and the
subsequent event may be proliferation, metastasis, ete.

Once binding is confirmed, additional assays, such as kinase assays to determine
inhibition of phosphoryiation cffects, can be performed according to well known methods
m the art. For exanple, assays for determining PKC-iota kinase activity are well known in
30 the art (see, for example, the publications described herein and incorporated by reference in
their entirety). Briefly, PKC-iota kinasc can be incubated with a suitable substrate in a
bufter aliowing phosphorylation of PKC-iota. Phosphorylation of the substrate can be

detected using a labelled phosphate group, such as the use of the radicactive label P
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present as the ATP source in the buffer. Alternatively, antibodies specific for the
phosphorylated products of PKC-iota catalytic activity can be used to detect activity, As
will be apparent fo those of ordinary skill in the art, the assays are casily amenable to high

o

through-put technologies using robotics and antomated processes. Alternatively, the PKC-

(]

1ota kinase activity can be assayed using a synthetic substrate. PKC-iota activity can also
be assayed by detecting downsirean: targets of the kinasce such as those described herein.
Thr-412 phosphorylated PKC-iota can be analyzed according to any of the methods
and using any of the samples described hevein (e.g., single subject samples or poeled
subject samples). Candidate compounds which produce a statistically significant change in
10 PKC-iota-dependont responses {e.g., inhibition of PK.C-iota phosphorylation at Thr-412)
can be identified. Such statistically significant changes can be measured according to a
number of criteria and/or relative to a munber of controls. For example, significant
modulation of phosphoryiation of Thr-412 can be assessed if the oulput under analysis is
mbibited by 1.1-, 1.2-, 1.3~ 1.4, 1.5-, L6-, 1.7-, 18-, 1.9-,2.0-, 2.1-,2.2-,2.3-, 2.4, 2.5~
18 26-,2.7-,2.8-,2.9-, 3.0 3.1, 3.2+ 3.3-34-,35-,3.6-,3.7-,3.8-,3.9-,4.0-, 4.1, 4.2~
43-,44-,45- 4.6-,47-,48-,49- 5.0-, 5.5+, 6.4, 6.5-, 7.0, 7.5, 8.0-, 8.5-, 9.0- 9.5-, 1{-,
13-, 12-, 13-, 14-, 15+, 16+, 17, 14-, 19, 20-fold or more different {including any range
nclusive), relative to a control. In one embodiment, between the fivst point in time and the
subsequent point 1n time, the subject has undergone treatment for cancer, has completed
'3 treatment for cancer, and/or is in remission from cancer.
The term “cancer” refer to the presence of cells possessing characteristics typical of
cancer-causing cells, such as uncontrolied proliferation, immortality, metastatic potential,
and certain characteristic morphological features. Cancer cells are often in the form of a
tumor, but such cells may exist alone within an animal, or may be a non-tumorigenic cancer
25 cell, such as a leukenia cell. As used herein, the torm “cancet” includes premalignant as
well as malignant cancers. Cancers include, but are not limited to, B ccli cancer, e.g.,
multiple myeloma, Waldenstrim's macroglobalinemia, the heavy chain diseases, sach as,
for example, alpha chain discase, garama chain discase, and mu chain disease, benign
moneclonal gammopathy, and immunocytic amyloidosis, melanomas, breast cancer, lung
30 cancer, bronchus cancer, colorectal cancer, prostate cancer, pancreatic cancer, stomach
cancer, ovarian cancer, urinary bladder cancer, brain or central nervous system cancer,
peripheral nervous systom cancer, esophageal cancer, cervical cancer, uterine or

endometrial cancer, cancer of the oral cavity or pharynx, liver cancer, kidney cancer,
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testicular cancer, biliary tract cancer, small bowel or appendix cancer, salivary gland
cancer, thyroid gland cancer, adrenal gland cancer, osteosarcoma, chondrosarcoma, cance
of hematological tissues, and the like. Also included are any cancers in which the gene
encoding PK C-iota (PRKCI) is amplified or overexpressed, has an activating mutation, or
the PKC-iota enzyme is hyper-activated by other kinases. In some embodiments, ovartan
cancers, including serous cystadencearcinoma, head and neck cancers, including non-small
cell long cancer (NSCLC), squamous cell carcinoma, pancreatic cancer, colon cancer,
prostate cancer, and/or gliomas can be preferred.

“Treai,” “reatment,” and other forms of this word refer to the administration of a
PK.C-iota ligand to inhibit PK.C-iota cnzymatic activity (e.g., kinase activity), to cause a
cancer to be ameliorated, to extend the expected survival time of the subject and/or time to
progression of a cancer or the like.

“Responsiveness,” to “respond” to {reatmaent, and other forms of this verb, as used
herein, refer to the reaction of a subject to treatment with a PKC-iota ligand, As an
example, a subject responds to treatment with a PKC-iota ligand if PKC-1ota enzymatic
activity {e.g., kinase activity) in the subject or cell thereof 1s inhibited by at least 10%, 20%,
30%, 40%, S0%, 60%, 70%, 8%, 20% or more relative to that of no PKC-iota ligand

administration or over a given amount of time.

d

b Treatment Methods
PE.C-iota inhibitors described herein can be used to treat cancer. Inone

cmbodiment, a a method of ireating a subject afflicted with cancer is described comprising
administering to the subject a compound that inhibits Thr-412 phosphorylation of buman
PK.C-iota or a corresponding phosphorylatabie anyino acid in a homolog of human PRC-
iota, therchy treating the sobject afflicted with the cancer. In another embodiment, such
PK C-iota inhibitors can also be used to determine the efficacy, toxicity, or side effects of
treatment with such an agent. These methods of treatment generally include the steps of
administering atypical PKC-iota modulators in a pharmaceutical composition, as described
further below, to a subject in need of soch treatment, e. ., a subject with cancer or at risk
for developing cancer.

The term “administering” is intended to include routes of administration which
allow the agent to perform its intended function of inhibiting PKC-iota enzymatic activity
(e.g., kinase activity}). Examples of routes of administration which can be used include

mjection {(subcutancous, intravenous, parenterally, fntraperitoncally, intrathecal, etc.), oral,
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mhalation, and transdermal. The injection can be bolus mjections or can be continuous
infusion. Depending on the route of administration, the agent can be coated with or
disposed in a selected material to protect it from natural conditions which may

detrimentally affect its ability to perform #s intended function. The agent may be

(]

administered alone, or in conjunction with a pharmaceatically acceptable carrier. The agent
also may be administered as 8 prodrug, which is converted to its active form in vivo.
The term “effective amount” of an agent inhibiting PKC-iota cnzymuatic activity is
that amount necessary or sufficient to inhibit PKC-iota enzymatic activity in the subject or
population of subjects as measured, for example, by the levels of Thr-412-phosphorylated
10 PKC-iota according to the methods described above. The effective amount can vary
depending on such factors as the type of therapeutic agent(s) enmiployed, the size of the
subject, or the severity of the disorder.
It will be approciated that individual dosages may be varied depending upon the
requircments of the subject in the judgment of the attending clinician, the severity of the
15 condition being treated and the particular compound being employed. In determining the
therapeutically effoctive amount or dose, a number of additional factors may be considered
by the attending clinician, including, but not imited to: the pharmacodynamic
characteristics of the particular agent and s mode and route of admivistration; the desired
time course of freatment; the species of mammal; i#ts size, age, and general health; the

') specific disease involved; the degree of or involvement or the severity of the discase; the
respounse of the individual subject; the particular compound administered; the mode of
administration; the biocavailability characteristics of the prepavation administered; the dose
regimen selected; the kind of concurrent treatment; and other relevant circumstances.

Treatment can be initisted with smaller dosages which are less than the effective

25  dose of the compound. Thereafier, in one embodiment, the dosage should be increased by

small increments until the optinmm effect under the circumstances is reached. For

convenience, the total daily dosage may be divided and administered in portions during the

day if desired.

The effectiveness of any particular agent to freat cancers can be monitored by
30 comparing two or more samples obtained from a subject undergoing cancer treatment. In
general, a first sample is obtained from the subject prior to beginning therapy and one or
more samples during treatment. Insuch a use, a baseline of expression of cells from

subjects with cancer prior to therapy is determined and then changes n the baseline state of
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expression of cells from subjects with cancer is monitored during the course of therapy.
Alterpatively, two or more successive samples obtained during treatment can be used
without the need of a pre-treatment baseline sanple. In such a use, the first sample

obtained from the subject is used as a baseline for determining whether the expression of

(]

cells from subjects with metabolic disorders is increasing or decreasing.

PK{-iota inhibiiors can be administered in pharmaceutically acceptable
compositions which comprise a therapeutically-cfective amount of the inhibitor formulated
together with one or more pharmaceutically acceptable carriers (additives) and/or diluents.
For example, formuiations can be adapted for (1) oral administration, for example, drenches
10 {aqueous or non-aqueous sohitions or suspensions), tablets, boluses, powders, granules,
pastes; (2} parenteral administration, for example, by subcutancous, intranwscular oy
mtravenous injection as, for example, a sterile solution or suspension; (3) topical
application, for example, as a cream, ointment or spray applied to the skin, buccal, or
sublingual surfaces; (4) intravagivally or intrarcctally, for example, as a pessary, cream or
15 foam; or (5) nasal/acrosol, for exarmple, as an aqueous acrosol, Hposomal preparation or

solid particles containing the compound, based on well known methods in the
pharmaceutical arts.
The phrase “pharmaceutically acceptable” is emploved herein to refer 1o those
agents, materials, compositions, and/or dosage forms which are, within the scope of sound
(0 meodical judgment, suitable for use in contact with the tissues of human beings and aninwals
without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.
The phrase “pharmaceutically-acceptable carrier” as used herein means a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid
25 filler, diluent, excipient, solvent or encapsulating material, involved in carrying or
transporting the subject chemical from one organ, or portion of the body, to another organ,
or portion of the body. Each carrier must be “acceptable™ in the sense of being compatible
with the other ingredients of the fornulation and not injurious to the subject. Some
examples of materials which can serve as pharmaceuticaily-acceptable carriers include: (1)
30 sugars, such as Iactose, glucose and sucrose; (2) starches, such as corn starch and potato
starch; (3) cellolose, and its derivatives, such as sodiom carboxymethyl cellulose, othyl
cellulose and ccliulose acetate; (4) powdered tragacanth; (5) malt; (6) gelating (7) tale; (8)

excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut o0il,
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cottonseed oil, safflower o1l, sesame oil, olive 0il, com oil and soybean o1l; (106} glycols,
such as propylene glycol; (11) pelyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; (12) esters, such as cthyl oleate and cthyl laurate; (13) agar; (14)

buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid;

N

(16) pyrogen-free water; (17) isotonic saline; (18) Ringer's sobution; (19) ethyl alcohol; (20}

(]

phosphate buffer solutions; and (21) other non-toxic compatibie substances employed in
pharmaceutical formulations.

The term “pharmaceutically-acceptable salts” refers to the relatively non-toxic,
morganic and organic acid addition salts of the agents that reduce the phosphorylation
10 levels of PKC-iota and/or activity encompassed by the invention. These salts can be
prepared in stin during the final iselation and purification of the agents, or by separately
reacting a purified agents agent in its free base form with a suitable organic or inorganic
acid, and isolating the salt thus formed. Representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate, oleate, paluutate,

15 stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate,
tartrate, napthylate, mesvlate, glucoheptonate, lactobionate, and lawrylsulphonate salts and
the like (See, for example, Berge ef ¢l (1977) “Pharmaceutical Salts”, /. Pharm. Sci. 66:1-
193

In addition, the methods deseribed herein can forther comprise treating subjects with

'3 PK{C-ots inhibitors in addition to administering one or more additional anti-cancer agents
and/or usc samaples from subjects exposed to such andi-cancer agents. Amnti-cancer agents
are well known to the skilled artisan and include, without limitation, chemotherapy and
radiation, as well as immunotherapy, hormone therapy, and gene therapy using nucleic acid
molecoles and/or proteins that are Hinked to the initiation, progression, and/or pathology of

25  atwpor or cancer.

Chemotherapy includes the administration of a chemotherapeutic agent. Sucha
chemotherapeutic agent may be, but is not Hmited to, those selected from among the
following groups of compounds: platinum compounds, cytotoxic antibiotics,
antimetabolitics, anti-mitotic agents, alkylating agents, arsenic compounds, DNA
30 topoisomerase inhibitors, taxanes, nocleoside analogues, plant alkaloids, and toxing; and
synihetic derivatives thereof. Exemplary compounds ioclude, but are not Hmited to,
alkylating agends: cisplatin, treosulfan, and trofosfarnide; plant alkaloids: vinblastine,

pachitaxel, docetaxol; DNA topoisomerase inhibitors: teniposide, crisnatol, and mitomycin;
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anti-folates: methotrexate, mycophenolic acid, and hydroxyurea; pysimidine analogs: 5-
fluorouracil, doxifluridine, and cytosine arabinoside; purine analogs: mercaptopurine and
thioguanine; DNA antimetabolites: 2'-deoxy-5-fluorouridine, aphidicolin glycinate, and
pyrazoloinidazele; and antimitotic agents: halichondrin, colchicine, and rhizoxin.
Compuositions comprising one or more chemotherapeutic agents {e.g., FLAG, CHOP) may
also be used. FLAG comprises fludarabine, cytosing arabinoside (Ara-C) and G-CSF,
CHOP comprises cyclophosphamide, vineristine, doxorubicin, and prednisone. In another
embodiment, PARP (e.z., PARP-1 and/or PARP-2} inhibitors are used and such inhibitors
are well known in the art (e.g., Claparib, ABT-88%, BSI-201, BGP-15 (N-Gene Research
Laboratories, Inc.); ING-1001 {Inotek Pharmaceuticals Inc.); PI34 (Soriano ef af., 2001;
Pacher ef al.,, 2002b}; 3-aminchenzamide (Trevigen); 4-amino-1,8-naphthalimide;
(Trevigen); 6{SH-phenanthridinone (Trevigen); benzamide (U.S. Pat. Re. 36,397); and
NUILOZ5 (Bowman ef @l). In still another embodiment, the chemotherapeutic agents are
platinum compounds, such as cisplatin, carboplatin, oxaliplatin, vedaplatin, and iproplatin.
Other antineoplastic platimum coordination compounds are well known in the art, can be
modified according to well known methods in the art, and mchide the compounds disclosed
in U.8. Pat. Nos. 4,996,337, 4,946,954, 5,091,521, 5,434,256, 5,527,905, and 5,633,243, all
of which arec incorporated herein by reference. The foregoing examples of
chemotherapeutic agents are illustrative, and are not intended to be hmiting.

Radiation therapy can also comprise an additional anti-cancer agent. The radiation
used o radiation therapy can be ondzing radiation. Radiation therapy can alse be gamma
rays, X-rays, or proton beams. Examples of radiation therapy include, but are not Hmited
to, external-beam radiation therapy, interstitial implantation of radioisotopes (I-125, Pd-
103, ir-192), intravenous administration of radicisotopes such as strontinn-89, thoracic
radiation therapy, intraperitoneal P-32 radiation therapy, and/or total abdominal and pelvic
radiation therapy. For a general overview of radiation therapy, see Hellman, Chapter 16:
Principles of Cancer Management: Radiation Therapy, 6th edition, 2001, BeVita er ol
eds., I. B. Lippencott Compauny, Philadelphia. The radiation therapy can be administered as
external beam radiation or teletherapy wherein the radiation is directed from a remote
source. The radiation treatment can also be admimistered as internal therapy or
brachytherapy wherein a radioactive source is placed inside the body close to cancer colls
or a fumor mass. Alse encompassed is the use of photodynamic therapy comprising the

administration of photosensitizers, such as hematoporphyrin and 1ts derivatives, Vertoporfin
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(BPD-MA), phthalocyanine, photosensitizer Ped, demethoxy-hypocrellin A; and 2BA-2-
DMHA.
Additional anti-cancer agents include joumunotherapy, hormone therapy, and gene

therapy. Such therapics include, but are not limited to, the use of antisense polynucleotides,

(]

ribozymes, RNA interference molecules, triple helix polynuclootides and the like, where the
nucleotide sequence of such compounds are related to the nucleotide sequences of DNA
and/or RNA of gones that are linked to the initiation, progression, and/or pathology of a
wmor or cancer. For example, oncogenes, growth factor genes, growth factor receptor
genes, cell cycle genes, DNA repair gencs, and others, may be targeted in such therapies.
10 Immuonotherapy may comprise, for example, use of cancer vaccines and/or
sensttized antigen presenting cells. The immunotherapy can involve passive immunity for
short-term protection of a host, achieved by the administration of an antibody directed
against a cancer antigen or discase antigen {(e.g., administration of a monoclonal antibody,
optionally linked to a chemotherapeutic agent or toxin, to & fumor antigen).
15 Immunotherapy can also focus on using the cytotoxic lymphocyte-recognized epitopes of
cancer cell lines.

Hormonal therapoutic treatments can comprise, for example, hormonal agonists,
hormonal autagonists (e.g., flotamide, bicalutaride, tamoxifen, raloxifene, leuprohide
acetate (LUPRON), LH-RH antagonists), inhibitors of hormone biosynthesis and

') processing, and steroids (e.g., dexamethasone, retinoids, deltoids, betamethasone, cortisol,
cortisone, prednisone, dehydrotestosterone, ghucocorticoids, mineralocorticoids, estrogen,
testosterone, progesting), vitanun A dervivatives {e.g., all-trans retinoic acid (ATRAY);
vitamin D3 analogs; antigestagens {e.g., mifepristone, onapristone}, or antiandrogens (e.g.,
cyproterone acetate).

25 In one embodiment, anti-cancer therapy used for cancers whose phenotype 18

determined by the methods of the Invention can comprise one or more types of therapies
described herein inclading, but not Hmited to, chemotherapeutic agents,
mmunotherapeutics, anti-angiogenic agents, cytokines, hormones, antibodies,
polynucleotides, radiation and photodynamic therapeutic agents. For example, combination

30 therapies can comprise one or more chemotherapestic agents and radiation, one or more

chemotherapeutic agents and tmmunotherapy, or one or more chemotherapeutic agents,

radiation and chemotherapy.
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Exemplification

This invention is further illustrated by the following examples, which should not be

construed as Hmiting.

Example §I:  Phospherylation Status of Thr-412 is a Biemarker of Human PEC-iota
Enzymatic Activity

Inhibition of PKC-iota using small molecules has the potential to be an effective
oncology therapeutic. In order to measure the inhibition of PKC-iota enzymatic activity by
certain agents (e.g., a small molecule inhibitor), a target engagement biomarker is needed
that will reliably report PKC-iota enzymatic activity in tumor samples.

The phosphorylation status of autophosphorylation sites gencrally reflect the level
of a protein kinase's activity, PEC’s are typically phosphorylated by an upstream kinase
{e.g., PDKI for PK.C-iota) in the activation loop (e.g., Thr-412 for human PKC-iota).
Phosphorylation of the activation loop typically leads to an avtophosphorylation event in
the turn motif {e.g., Thr-564 in PKC-iota). A schematic diagram of canonical PKC
phosphorylation events 1s shown 1o Figure 1A {sce Newton ef al. (2003) Riochem. 1. 370,
351 for additional details).

Since PKC isoforms are highly homologous and therefore difficelt to distinguish, 2
customized sandwich ELISA technique was developed to accurately measure
phosphorylated PKC-iota proteins.  Specifically, 96-well assay plates coated with 100 ul of
anti-PKCiota mouse monoclonal antibody (available from BD Bioscience; product
#610175) diluted 1:500 in PBS were incobated overnight at room lemperature in the dark.
The assay plates were subsequently washed three times using 200 ul. of wash butfer
(available from R&D Systems; product #WA126). The assay plates were then blocked with
200 wl of 1% BSA in PBS, covered, incubated for one hour at room temperature in the
dark, and then washed three times using 200 ul. of wash buffer (avatlable from R&D
Systems; product #WA 126}, One hundred microliters of each sample, diluted 10 0.01 to |
mg/ml tn dilotion buffer (containing 5 mls 5X sample diluent concentrate (available from
R&D Systems; product #DYC001) plas 3.1 mis 8 M Urea plus 250 pl of 1 M NaF plus
16.65 ml. water), were added to each well, covered, incubated for 2 hours at room
temperature in the dark, and then washed three times using 200 ul. of wash buffer
(available from R&D Systems; product #WA126). During sample incubation, a8 stock
solution of phospho-specific detection solution was made by diluting 24 pl of anti-PKC

zeta/lambda (pT410/412) Phospho (PRKCZ) antibody {available from Epitomics, Ing;

35



WO 2012/173841 PCT/US2012/041026

(]

NS
o

product #2106-1) into 12 mals of a Ix PBS solution containing 1% BSA. After mcubation,
100 oL of detection antibody sohition was added to cach well containing sample, covered,
ncubated for another 2 hours at room temperature in the dark, and then washed three thmes
using 200 ul. of wash buffer (available from R&D Systems; product #WA126). One
himdred microliters of a 1:1000 sclution of HRP-conjugated anti-rabbit I1gG antibody
(available from Cell Signaling; product #7074; 22 ul. into 22 mLs of 1x PBS containing 1%
BSA)Y was added to cach well containing sample, incubated for 30 minutes at room
temperature in the dark, and then washed three times using 200 al. of wash buffer
{available from R&D Systems; product #WA126). Finally, luminescence levels are read
after 10 minuotes of applying 100 ul. of HRP chemiluminescent sobstrate (available from
R&D systeros; product #Y 993},

U208 cells engincered to overexpress activated PRC-iota protein were treated with
small molecules that inhibit PKC-iota enzymatic activity, but that do not inkibit PDPKI
activity. Figire 1B shows that such small molecule PKC-iota inhibitors led to a rapid,
robut decrease of phosphorvlation at Thr-412 in human PKC-iota, whereas the canonical
phosphorylation site at Thr-S64 was not affected. In addition, Figure 1B demonstrates that
levels of LEGLZ phosphorylated at Ser-653 (ie., phospho-S653-LLGL2), a validated target
subsirate of PKC-iota enzymatic activity, was reduced with kinetics similar to that for
phospho-Thr-4 1 2-PKC-iota, confirming that phosphorylation of Thr-412 is a bona fide
biomarker of human PKC-iota enzymatic activity, These resulis were confirmed using
another cell line, human A54% non-small cell lung carcinoma cells (Figures 1C-1D),
Studies in nmice bearing orthotopic human OVCAR-S xenograft tumors treated with a small
molecole inhibitor of PKC-iota, demonstrated a reduction in phospho-Thr-412-PEC-iota
and a corresponding decrease in the levels of the phosphorylated PKCi-iota substraig,
LLGL2-pSer-653, in the ascites tumor cells (Figare 1E; ~80% decrease afier 6 hours post-
150 mg/kg intraperitoneal dosing with an inhibitor of PKC-iota diluted in 2-hydroxypropyl-
beta-cyclodextrin (HP-beta-CD)).

Thus, the level of phosphorylation of the threonine at position 412 of human PKC-
iota is a tavget engagement biomarker for PKC-iota enzymatic activity usefiad for preclinical

and clinical applications.
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Incorpovation by Reference

The contents of all refercnces, patent applications, patents, and published patont
applications, as well as the Figures and the Sequence Listing, cited throughout this

application are hereby incorporated by reference.

(]

Egnivalents

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein, Soch equivalents are intended to be encompassed by the following

10 claims.
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What is claimed:
1. A method of identifying a compound which inhibits kinase activity of human
protein kinase C iota (PK.C-10ta) or a homolog thereof, comprising:

a) confacting a sample comprising human PKC-iota or a homolog thereof with the
compeound; and

b} determining the ability of the compound to tnhibit The-412 phosphorylation of
huraan PKC-iota o1 a correspending phosphorylatable amino acid 1o a homolog of luman
PKC-iota, wherein decreased phosphorylation identifies a compound which inhibits kinase

activity of lnunan PKC-iota or a homolog thereof.

2. The method of claim §, wherein the indibition of said Thr-412 phosphorylation of
huraan PKC-iota o1 a correspending phosphorylatable amino acid 1o a homolog of luman
PKC-iota is determined by comparing the amount of Thr-412 phosphorylated human PKC-
iota or a corresponding phosphorylatable aming acid in the homolog of homan PKC-iota in

the sampie relative to a control.

3. The method of claim 2, wherein the control is the amount of Thr-412
phosphorylated lnnman PKC-iota or a corresponding phosphorylatable amino acid m the
homolog of human PKC-iota in the sample relative to said amount in the absence of the

compound or at an carlier timepoint after contact of the sample with the compound.

4. The method of claim 1, wherein the inlubition of said Thr-412 phosphorylation of
human PKC-1ota or a corresponding phosphorylatable amino acid in a homolog of human
PKC-iota i3 determined by comparing the ratic of the amount of Thr-412 phosphorylated
buman PKC-iota or a corresponding phosphorylatable aming acid in the homolog of human
PR C-iota in the sample relative to the total amount of human PKC-iota or homolog thercof

10 a control.

5. The method of claim 4, wherein the control is the ratio of the amount of Thr-412
phosphorylated human PKC-iota or a corresponding phosphorylatable amine acid in the
homolog of buman PKC-iota n the sample relative 1o said ratic in the absence of the

compound or at an carlier fimepoint after contact of the sample with the compound.

6. The method of any one of claims 1-5, further comprising determining the amount of

Thr-564 phosphorvlated human PKC-iota or a corresponding phosphorylatable amine acid
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m 4 homolog of human PKC-iota in the sample relative to said amount in the absence of the
compound or at an carlier timepoint after contact of the sample with the compound and

determining whether the amount changes over fime or in response to the compound.
B

7. The method of claim 1, further comprising a step of determining whether the

compound directly binds said human PKC-iota or said homolog thereof.

3. The method of claim 1, wherein the sample 15 selected from the group consisting of

in vitro, ex vivo, and in vivo samples.

9, The method of claim 1, wherein the sample comprises cells.
10, The method of claim 9, wherein the cells are cancer cells.
11 The method of claim 10, wherein the cancer is selected from the group consisting of

any cancer in which PKC-iota is amplified or overexpressed, any cancer having an

activating murtation of PKC-iota, and any cancer in which PKC-iota is activated by other

kinases.
12, The method of claim 9, whergin the cells are obtained from a subject.
13, The method of claim 1, whercin the sample is sclected from the group consisting of

tissue, whole blood, serum, plasma, buccal scrape, saliva, cerebrospinal fluid, urine, stool,

and bone marrow.

14. The method of any one of claims 1-5, wherein the amount of Thr-412
phosphorylated human PEC-iota or a corresponding phosphorylatable amino acid in the
homolog of human PKC-iota is determined by an immunoassay using a reagent which
specifically binds with Thr-412 phosphorylated human PKC-iota or corresponding

phosphorylated homolog of luiman PKC-ota.

15. The method of claim 14, wherein the immunoassay is a radioinnnonoassay, @
Western blot assay, a proximity ligation assay, an imamunofluoresence assay, an enzyme
IMIMUN0assay, an Unnunoprecipitation assay, a chemiluminescence assay, an

immunohistochemical assay, a dot blot assay, or a slot biot assay.
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16. The method of claim 15, wherein the enzyme immunoassay 18 a sandwich enzyme
immunoassay using a capture antibody or fragment thereof which specifically binds with
human PKC-iota or correspounding phosphorylated honolog of buman PKC-iota and a

detection antibody or fragment thereof which specifically binds with Thr-412

5 phosphorylated human PEC-iota or a corresponding phosphorylated homolog of human

PKC-ota.
17. The method of any one of claims 1-5, whercin said human PKC-iota comprises an
aminoe acid sequence set forth in SEQ 1D NGs: 1-2

16
18, The method of any one of claims 1-5, wherein the compound 18 a small molecule.
19. The method of any one of claims 1-5, wherein the compound decreases the amount
of Thr-4 12 phosphorylated human PKC-iota or a corresponding phosphorylatable amino

15 acid in the homolog of human PRC-iota by at least 50%.

20. A method for assessing the efficacy of a compound for inhibiting kinase activity of
humen protein kinase C iota (PEC-iota} or a homolog thereof in a subject, comprising:
a) detecting in a subject samplc at a first point in time, the amount of The-412
20 phosphorylated human PKC-iota or the amount of a lmman PKC-ota homolog
phosphorylated at g corresponding amino acid of human PRC-iota;
b} repeating step a) during at one or more subsequent points in time after
adminisiration of the compound; and
¢} comparing the amount of phosphorylated buman PRC-iota or homolog thereof
25 detected in step a) with said amount detected in step b),
wherein a higher amount of Thr-412 phosphorylated homan PKC-iota or the amount
of the human PK.C-iota homolog phosphorylated at a corresponding amino acid of human
PKC-iota in the first point in ime relative o at least one subseqguent point in time, indicates

that the compound inhibits kinase activity of PKC-iota or the homolog thereof

30
21 The method of claim 20, wherein the amount of Thr-412 phosphorylated human
PKC-iota or a corresponding phosphorylatable amino acid in the homolog of human PKC-
iota is determined by an tmmunoassay using  reagent which specifically binds with Thr-
412 phosphorylated noman PKC-iota or corresponding phosphorylated homolog of lniman
35 PKC-iota.
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22. The method of claim 21, wherein the immunoassay is a radioimmuonoassay, 4
Western blot assay, a proximity ligation assay, an innnonoflaoresence assay, an enzyme
HNMN0assay, an nnenoprecipitation assay, a chemiluminescence assay, an

mmmunchistochemical assay, & dot blot assay, or a slot blot assay.

23, The method of claim 22, whercin the enzyme immunoassay is a sandwich enzyme
mmuncassay using a capture antibody or fragment thereot which specifically binds with
human PKC-iota or corresponding homolog of human PKC-iota and a detection antibody o
fragment thereof which specifically binds with Thr-412 phosphorylated human PR C-iota or

a corresponding phosphorylated homolog of human PKC-ota.

24, The method of claim 20, wherein the sample 15 selected from the group consisting

of ex vive and in vivo samples,

25. The method of claim 20, wherein the sample comprises cancer celis.

26, The mothod of claim 25, wherein the cancer cells are colls selected from the group
consisting of any cancer in which PR.C-ota 1s amplified or overexpressed, any cancer
having an activating mutation of PKC-iota, and any cancer in which PEC-iota 1s activated

by other kinases.

27, The method of clatm 20, wherein the sample is selected from the group consisting
of tissue, whole blood, serum, plasma, buccal scrape, saliva, cevebrospmal fluid, wrine,

stool, and bone marrow.

28. The method of claim 20, wherein the sample in step a} and/or step b) 1s a portion of

a single sample obtained from the subject.

29, The method of claim 20, wherein the sample n step a) and/or step b) is a portion of

pooled samples obtained from the subject.

30. The method of claim 20, wherein between the first point in time and the subsequent
point in fime, the subject has undergone treatment for cancer, has completed treatment for

cancer, and/or 15 in remission from cancer.
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31. The method of ¢laim 20, wherein human PKC-iota comprises an amino acid

sequence set forth in SEQ 1D NOs:1-2,

32.  The method of claim 20, wherein the compound is 3 small molecule.

33 The method of claim 20, wherein the compound decreases the amount of Thr-4172
phosphorylated human PRC-iota or a corresponding phosphorylatable amino acid in the

homolog of human PKC-iota by at least 50%.

34. A method of treating a subject afflicted with cancer comprising administering to the
subject 3 compound that inhibits The-412 phosphorylation of uman PKC-ilotaor a
corresponding phosphorylatable amino acid in s homolog of human PKC-iota, thereby

treating the subject afflicted with the cancer.

35. The method of claim 34, wherein the compound is administered in a

pharmaceutically acceptable formulation.

36.  The method of claim 34, wherein the compound is 2 small molecule.

37.  The method of claim 34, whercin the compound directly binds said human PKC-iota

or the homolog thercof.

38. The method of claim 34, wherein the cancer is selected from the group consisting of
any cancer in which PKC-iota is amplified or overexpressed, any cancer having an
activating murtation of PKC-iota, and any cancer in which PKC-iota is activated by other

kinases.

39. The method of claim 34, wherein human PKC-iota comprises an amino acid

sequence set forth in SEQ 1D NOs:1-2,

44, The method of claim 34, wherein the compound is 3 small molecule.

41, The method of claim 34, wherein the compound decreases the amount of Thr-4172
phosphorylated human PRC-iota or a corresponding phosphorylatable amino acid in the

homolog of human PKC-iota by at least 50%.
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42. The method of claim 34, further comprising administering one or more additional

anti-cancer agents.
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Figure 1 (cont)
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