METHOD FOR MEASURI NG RESI STANCE OR SENSI TI VITY TO DOCETAXEL FI ELD OF THE

| NVENTI ON 5 The present invention relates to novel, useful and heretofore
unknown net hods that may predict or nonitor a patient's response to a

nol ecul e of the taxoid famly by neasuring the increase or decrease of
specific genetic markers as conpared to controls. The present invention

al so provides kits that predict or nonitor patients' response to a nol ecul e
of the 10 taxoid famly by neasuring nucleic acid or protein |evels of
particul ar genetic markers and conparing their levels to controls or
reference markers. BACKGROUND OF THE | NVENTON 15 Docetaxel is an

ant i -m t ot MEdESh HoleMEASAUNGRENSTANSH ORNERITIVERS tro bR FideL
ovarian cancer, an €SSer exten K,
gastric and prostate carC|nonas (Hong, Cncology 16: 9, 2002). Docet axel

inhibits @ﬁﬁiﬁkﬁbﬁhﬁlﬂWEﬁﬁﬁéﬁ'by binding to beta-tubulin and bl ocking
di sassenbl'y of alpha- and Deta-tubulin heterodiners thus abrogating tunor

growt b5 (Ri ngel and Horwitz, JNatl Cancer Inst 83:288, 1991). The anti 20

tunmor activiti cet xel d are ane taxel r|se from
targeting mcro ug%?ﬂguwe cpﬁgaesn%?wﬁ %ﬂﬁ?@ﬁ?ﬁmﬁﬁg@@@

al i gnnment maaycrediciroe gminit@rs, palﬁhlﬁtsi«req%hde t@yﬁio&cum(ﬂ' @ie&&z&:lld)fhnﬂﬂd)y&ﬁédsﬁiﬁige
apopt osi s .pat hways % %8 ﬁ%? Cancer 88:2619, 2000). The r oapoptotic
activitie o’fmﬁﬁ%’lof v gcifie grpefip 15,48 CAMPHE ]&?rﬁ?%‘i’ll&r SREFH and

i nacti vat imrnfidBalbo Fotiassaug ihdt gledict bidicHito Pat@MEBN Fed dpéﬂ@@fo d BYRLNE of the

p53/p2|maf|/gi§HE raf /ras, and 25 nltogen activated protein kinases (MAPKs)
(Wang'® kb grsagising nudlgig@rid onProkd el abrastiantsieenddic naskaraandot ent

ant i -cancebma&ﬁfgtth&h@oelp@%h&@%%}reférélﬁeeé}ﬂwys involved in its
cytotoxicity are less well defined (Katsumata, Br J Cancer 89: S9, 2003).

Docet axel -i nduced apopt05|s has been observed in select cell |ines through
a nechanigmdmxﬁ&ﬁj@gOpqﬁﬂggg@@gfgﬂoryIation and caspase-3 activation

(Kol fschoten et at, Biochém Phar macol 63: 733, 30 2002). Ot her proteins that
nodul at e taxane-induced cell killing in different cultured |ines include

AL A CEERSER A AR b PS5 ) bl P00 T 1

p2l waf | / Copirianreangder,abil tost lessar oadrt sisgdifor tre@tinghead|and nddBi gdstrichaprostate

277:11352 c%ggg)na?a-gon‘é!\@w%% 1i6:r§, 96’@25' Bt i%f;jb%se xlnlicsrotﬁé'uﬁee d}?l}amﬁlcl:s By J
binding to beta-tubulin and blocking disassembly of alpha- and beta-tubulin heterodimers thus
abrogating tumor growth (Ringel and Horwitz, J Natl Cancer Inst 83:288, 1991). The anti-

20 tumor activities of docetaxel and a related taxane, paclitaxel arise from targeting microtubules
of the mitotic spindle to impede chromosome alignment and'segregation, block cell cycle
progression and activate apoptosis pathways (Wang ef al., Cancer 88:2619, 2000). The
proapoptotic activities of paclitaxel have been linked with the phosphorylation and
inactivation of Bel-2 through cell signaling events that involve p53/p21waﬂ/Cip1, raf/ras and

25 mitogen-activated protein kinases (MAPKs) (Wang et al., Cancer 88:2619, 2000). Although
docetaxel is a more potent anti-cancer agent than paclitaxel, the pathways involved in its
cytotoxicity are less well defined (Katsumata, Br J Carcer 89:39, 2003). Docetaxel-induced
apoptosis has been observed in select cell lines through a mechanism involving Bel-2
phosphorylation and caspase-3 activation (Kolfschoten et al., Biochem Pharmacol 63 1733,

30 2002). Other proteins that modulate taxane-induced cell killing in different cultured lines
include Aurora-A in HeLa cells (Anand ef al., Cancer Cell 3:51, 2003), HER-2 in breast
cancer cells (Tanabe et al., Int J Oncol 22:875, 2003), p21waf1/Cip] in glioblastoma cells (Li



Bi ol Chem 273: 28253, 1998). There remains a need in the field to identify
drugabl e proteins that nedi ate docetaxel 5 resistance, which could lead to
their utilization in drug discovery to identify reagents (small nol ecul es,
si RNA, etc.) that abrogate their in vivo function and potentially sensitize
cells to anti-tunor drug chenot herapy. There also remains a need in the
field for an assay which could confidagtly predi ct in advance of

chenot herapy treatnent which patients would and would not respond to
anti-tunor docetaxel drug based chenotherapy. Applicants describe 10 herein

a novel %ﬁa?yjhbﬂhh%ﬂvﬁﬁ%@z%gdzf%@ﬁ\ﬁmﬁqém ShrigfRald bMidYed & foget axel

and provi SCreeni ng assays the devel opnent of new therapies to

abr ogat e BiclGhered7328I31998).cancer. SUN MARY OF THE | NVENTION 15 In
accordance with the present invention, there is provided novel and useful
met hods to nonitor and/or predict a patient's response to a nol ecul e of

t he taxoid fanrhxeﬁmmnﬂmnmmimgheﬁﬁéuﬁdmﬂﬁydn@ﬂdepmvamnmﬂn&ﬂﬂh@&x@%@ﬂession

emhodnertEsPRE: ML BRI g P B AL PRoR AC0 R SRBRRUS 1R shedP el

noni t or i NgoRcEies) GRINA K. )&H&t a&rdg@l&@l‘iﬁilﬁﬁ vivo fandiioh aadipendiblly baisitiaxcdld t6 am | vy,

conpr|5|ng the steps of; a) obtai a. test om a can ous area
of said p%tﬁ"é‘ﬁ’fmdmlgfh%?tg?rﬁ?%gn&% ?ﬂr TS AAHT nrﬁ%ﬁéf OFrBLE8TRY H’ﬁl {"he | evel

of one or JH EorBRPRLyIFediBik 8incAdTéhéhoth QB Ad AAdertt bﬁlcﬁ'@@ﬁéﬂ%ﬁdoﬁlﬂ\éﬁd s of
said one or nore genetic markers in the test sanp and the control

sanpl e; mﬂ@wémﬁt@ﬂﬂ@éﬁé@gémFﬁW@%@mF@v%W%@?ﬂkﬁﬁﬂmgﬁﬁmbrAﬁB#%mﬁéﬁ ¢ markers
measufed jheihBGoviiGihy 3 3 %@&&9@%@% & heihens H@Jeta%@l%ﬁ%rém cates an

i ncreased resistance ecule 30 of the taxoid famly rticular
genet i ¢ nesrdening gevapyfor gy dericlopment afprsctherspies eabpegatseinte Tepiviened iai21oie| ude:
-3- BubRl, Honp sapiens sinmlar to protein kinase (BUBRL) nRNA, conplete
cds (GEnBank accessi on nunber: AF046079); Mad2, Hono sapi ens nmRNA for MAD2
protei n (GenBank accessi on nunber:

SUMMARY OF THE INVENTION
15
In accordance with the present invention, there is provided novel and useful methods
to monitor and/or predict a patient’s response to a molecule of the taxoid family by comparing

the levels of activation and/or expression of specific genetic markers in patients and controls.

20 In one embodiment, the present invention provides a method for predicting or
monitoring a cancer patient’s response to a molecule of the taxoid family, comprising the
steps of:

a) obtaining a test sample from a cancerous area of said patient;
b) obtaining a conirol sample;
25 ¢) measuring the level of one or more genetic markers; and
d) comparing the measured levels of said one or more genetic markefs in the test
sample and the control sample;
wherein a decrease in the level of said one or more genetic markers measured in the
test sample as compared to the control sample indicates an increased resistance to a molecule

30 of the taxoid family.

Particular genetic markers provided in this aspect of the present invention include:



AJ000186); 5 Mpsl, Hono sapiens TTK protein kinase (TTK), nRNA ( GenBank
accessi on nunber: NM 003318); GEFT for Racl/ CDC42, Honop sapi ens RAC/ CDC42
exchange factor (GEFT), transcript variant 2, nRNA (GenBank accession ‘
nunber: NM 133483); Bub 1, Honp sapiens BUB1 buddi ng uni nhibited by

benzi m dazol es 1 homol og (yeast) 10 (BUB 1), nRNA (GenBank accession
nunber: NM 004336); hSepharase, Hono sap‘|3“ens extra spindle poles like 1 (S.
cerevisiae) (ESPLI), nRNA (GenBank accession nunmber: NM 012291); CanKlld,

ol ta (oavaD) - PuAT ABRERaL IR G, Bh R Sl IR R (TP R hBer Y |
NM 001221) ;(GeliBarfEIBbt@sswmmx:azmméomcl i n-dependent kinase 6 (CDK6), nmRNA
factor recopt or MHOMHIPE Seirh PRy RIESIALY pER P pEel S aHe hth s,
(GenBank acxjessissy number: NMD02086). 20 In another enbodi ment, the present
pat  ent? 8 1 ospor (9T FBIeGE HG Reftel st Llaie. TR (enEemipierespan meHRer:
steps of: ajMof3aig)i ng a test sanple froma cancerous area of said patient;

b) obtaining a control_sanple; 25 c) measuring the |evel of one or nore
genetic mar ker s OEERdordfacd % Hgme seripps S/ EdPGR washemes fagiar CBING: or nore

genet| ¢ MRRichipl Arikfe, hENA (SARhEaRRdich}nBOANMPI 35 ; wherein a

decrease in the level of said one or nore genetic Tarkefs neasured in the
test sanple as Esbip&oay sepierhBUBbheddiie winhpbited bydenzimislezades § Imonados@dast)

senst tho/l L YpUBI Al £ EH:Ban® Qocllsi b 8% X0 dAT3Y- 11 this particular

aspect of the invention one or nore genetic na s may be selected from
t he group consi dbdpharassf Horo sBsidis\aafr dpindhopalesbis le@sceogvididen (BRAIENIBRINAKI nase

I nhi bi tor %@‘erﬁs%%ﬂ‘ accgspoln)number: NM_012291);
CamKIId, Homo sapiens calcium/calmodulin-dependent protein kinase (CaM kinase)
II delta (CAMK?2D), transcript variant 3, nRNA (GenBank accession numaber: NM._001221);
13 CDK#6, Homo sapiens cyclin-dependent kinase 6 (CDK6), mRNA (GenBank
accession nurmber: NM_001259); and

GRB2, Homo sapiens growth factor receptor-bound protein 2 (GRB2), transcript
variant 1, mRNA {GenBank accession number: NM_ 002086).

20 ' In another embodiment, the present invention relates to a method for predicting or
monitoring a cancer patient’s response to a molecule of the taxoid family, comprising the
steps of:

* a) obtaining a test sample from a cancerous area of said patient;
b) obtaining a control sample;
25 ¢) measuring the level of one or more genetic markers; and
d) comparing the measured levels of said one or more genetic markers in the test
sample and the control sample; -
wherein a decrease in the level of said one or more genetic markers measured in the
test sample as compared to the control sample indicates an increased sensitivity to a molecule

30 ofthe taxoid family.

In this particular aspect of the invention one or more genetic markers may be selected

from the group consisting of:



(CDKNI A), transcript variant 1, nRNA (GenBank accessi on nunber: NM 000389);
Pim 1, Hono sapiens pim1l oncogene (PI M), nRNA (GenBank accessi on nunber:
NM 002648); 5 GBP-1, Honp sapi ens guanyl ate binding protein 1,

i nterferon-inducible, 67kDa (GBPl), nmRNA (CGenBank accessi on numnber:
NM_002053); RXRA, Hono sapiens retinoid X receptor, alpha (RXRA), nmRNA
(GenBank accession nunber: NMD02957); 9PF45, Honp sapi ens RNA bindi ng
notif protein 17 (RBML7), nRNA (GenBank 10 accession number: NMD32905);

Hecl, Hono sapi.ens. ki ochore associated 2 (KNTC2), nRNA ( GenBank
accessi on numfgrla’vﬁt\l/gg’%)ms)a?lBP&?YF{ln“ﬁﬁﬁ?ﬁgF“ﬁﬁ%ﬁ_ef“g%%lFoéflAo(ﬁ?eg(ﬁéﬁ@ ( GenBank
accessi on @yners), Keaddptvariardu! ARNAAGehBIX 2aRkien Sk ONRE 1ed3Rbed ki nase 1
(ARK1) nRNA, corrpf ete cds . 15 (GenBank accession number: /KF008551); TACC3,

Hormo sapi ens t afds Bemorfgpieasdaiar lonsegane RIMEN mRY A (GicnPaig gseessien prgbet TACC3) |
MRNA ( GenBark ggzggssi on nunber: NM 006342); Rel B, Hono sapiens v-rel
reticul oendothel i dSis viral oncogene honmol og B, nuclear factor of kappa

| i ght pol ypept i@P-bdheme sdpians evanyiatetbinding proBin( laitenfron-REugple, 6iRNA 20

( GenBank LN : QQ@} ) o sapi ens protein kinase
C, delta m), t‘?iﬁ?@%ﬁ%@%@%n bff'wo nBank accessi on nunber:
NM 006254) ; BRAREGGA, Hionwsapins eatigoili DOtweapbdy dlphay REFAIpmBOB (Gdi324k8) , mRNA

( GenBank ac%c%ssho ni rob%ngGSSQ); 25 HSPAl L, Hono sapi ens heat shock
70kDa protEHPA A (GenBank accessi on number: NVD05345):

STK11, HonD saPess Hmid #elchiRNAbimEndan oS Rotdih 1¢ PRBMI7Y,6RISA S GEnBMK ONE)
(STK11), nRNA (GenBa i on nunber: NM 000455); and MKK3, Hono
sapi er}é ch?éﬁlﬂ’gglgnn%rm%g%@ (K3) mRNA, conplete cds (GenBank 30
accessi on nunbefect, kol Sbient Rinvbdhose dssicidier 2 P NBRINA {(REBRIERERLon
invention relates to a nmethod for predicting or
number: NM_006101);
Rafl, Human mRNA for raf oncogene (GenBank accession number: X03484);
Aurora A, Homo sapiens aurora-related kinase 1 (ARK.1) mRNA, complete cds
15  (GenBank accession number: AF008551);
' TACC3, Homo sapiens transforming, acidic coiled-coil containing protein 3 (TACC3),
mRNA (GenBank accession number: NM_006342);
RelB, Homo sapiens v-rel reticuloendotheliosis viral oncogene homolog B, nuclear
factor of kappa light polypeptide gene enhancer in B-cells 3 (avian) (RELB), mRNA
20  (GenBank accession number: NM_006509);
PRKCD, Homo sapiens protein kinase C, delta (PRKCD), transcript variant 1, mRNA.
{GenBank accession number: NM._006254);
BRAF335, Homo sapiens high-mobility group 20B (HMG20B), mRNA (GenBank
accession number: NM_ 006339);
25 HSPAIL, Homo sapiens heat shock 70kDa protein 1A (HSPA1A), mRNA. (GenBank
accession number: NM_ 005345);
STK11, Homo sapiens serine/threonine kinase 11 (Peutz-Jeghers syndrome} (STK11),
mRNA (GenBauk accession number: NM_000455); and
MKK3, Homo sapiens MAP kinase kinase 3 (MKK3) mRNA, complete cds (GenBank

30 accession number: L36719).



nonitoring a cancer patient's response to a nolecule of the taxoid famly,
conprising the steps of: a) obtaining a test sanple froma cancerous area
of said patient; 5 b) nmeasuring the | evel of one or nore genetic markers
selected fromthe group consisting of: BubR, Honbo sapiens simlar to
protein kinase (BUBRI) nRNA, conplete cds (GenBank accessi on nunber:
AF046079); Mad2, Honp sapiens nRNA for MAD2 protein (GenBank accession
nunber: 10 AJ000186); Mosl, Hono sapiens TTK protein kinase (TTK), nRNA

(CGenBank accessjon. n er; M 003318) ; FT for cl/ 2, .Homp. sapi ens
RAG) CDCA? excchaligtFABHGH epgdipsi. ¢ Plesert P RIOG AP PO Setiph k! QEBI B
accessi on nuwiaefing INdodSPABEN s rdsporiBie B & mioatle 5AghE ensidulBlly saiikifs the

uni nhi bited by benzi m dazoles 1 honol og (yeast) (BUBl), nmRNA ( GenBank
accessi on ritFRbef NM 004336); hSepharase, Honp sapi ens extra spindle poles

like 1 (S. cereyy hAfihg b BaPlediple FEMIA calSRABARK oPGiERSieAr) Nuber: NVMD12291)

CanKl 1 d, Honp sapi ens cal ci unf cal nodul i n-dependent protein kinase (CaM

ki nase)> 20 || Heneaguimpihriapl ofiops aemeiegensismaziears splectadnirom the grRaRAK
accession n he oM 001221);  CDK6, Honop sapiens cyclin-dependent kinase 6
(CDK6), nRNA %Bank accessi on nunber: NMD01259); and GRB2, Honob sapiens
growt h factor rBult,dfonboupignpyiniled to pRoi¢iGRBRYe, (BUERIS orfiNhh. copmicieasts 1, nRNA

( GenBank agg&&g&ggaggﬁgﬁ£ﬁggygﬁ%aﬁgﬁ?25 c) neasuring the |level of one or

nore reference genetic narkers select’ed fromthe group consisting of:
GAPDH, Honop sapMead3, Hpmyespins slRptie f8 MWD phoatire((@abypok agessamanmn@aPD) , mRNA
(GenBan(}g atzzaggaﬁ' n nunber: NMD02046); and RPS9, Honb sapi ens eDNA cl one

| MAGE: 6647 ) % Ptial cds (GenBank accession 30 nunber: BC071941); d)

conparing the ne@slUHnd Sprhs TOK pe@tid kinae: @TK)unRN@AzhBankmtdsdos manisbrsai d
one or NM_003318); |
GEFT for Racl/CDC42, Homo sapiens RAC/CDC42 exchange factor (GEFT),
transcript variant 2, mRNA (GenBank accession number: NM_133483);
15 Bubl, Homo sapiens BUB1 budding uninhibited by benzimidazoles 1 homolog (yeast)
(BUB1), mRNA (GenBank accession number: NM_004336);
hSepharase, Homo sapiens extra spindle poles like 1 (S. cerevisiae) (ESPL1), mRNA
(GenBank accession number: NM_012291);
. CamKIId, Homo sapiens calcivm/calmodulin-dependent protein kinase (CaM kinase)
20 Il delta (CAMK2D), transcript variant 3, mRNA (GenBank accession number: NM_001221);
CDK6, Homo sapiens cyclin-dependent kinase 6 (CDK6), mRINA (GenBank
accession number: NM_001259); and
GRB2, Homo sapiens growth factor receptor-bound protein 2 (GRB2), transcript
variant I, mRNA (GenBank accession number: NM_002086)

25 c) measuring the level of one or more reference genetic markers selected from the

group consisting of: :
GAPDH, Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPD), mRINA
{GenBank accession number: NM_002046); and
RPS9, Homo sapiens cDNA clone IMAGE:6647283, partial cds (GenBank accession
30 number: BC0O71941);
d) comparing the measured levels of said one or more genetic markers and said one or

more reference genetic markers in the test sample;



nore reference genetic markers in the test sanple; -6- wherein a decrease
in the |level of said one or nore genetic markers as conpared to the |evel
of said one or nore reference genetic nmarkers indicates an increased
resistance to a nolecule of the taxoid famly. 5 Still yet a further
enbodi ment of the present invention relates to a nethod for predicting or
nonitoring a cancer patient's response 0 a nolecule of the taxoid famly,
conprising the steps of: a) obtaining a test sanple froma cancerous area
of said patient; b) neasuring the |level of one or nore genetic markers

sel ected from tvherefgrendepreaskQn derisied bf sagi @k oPRiote gevidiid arkkie aDcaEAHren® the

cyclin- deP t. ki nase inhibitor 1, I%&pa%% &g?(NlcQ) transcrl pt |
variant 1'%V 2id 0R BEHRICATIRAEDES %ﬁ’i‘e‘ﬁ ps1 Gadyeasedseistince D ay sapi ens
pi m 1 oncag&hele(dPid txoidkN). (GenBank accession nunber: NM 002648); 15

GBP- 1, Honp sapi ens guanyl ate binding protein 1, interferon-inducible,
67kDa (GBPlI), nRNA (GenBank accession nunber: NM 002053); RXRA, Honp

sapi ens reti Noggy FetG6RRE ShbodmBhe riRN At iRFNAA (BRBAY meRAgsS| oh number:
NMD02957) ; SPF45, "Honp sapi ens RNA binding notif protein 17 g_RBI\/[L7) mRNA

( GenBank predicting exwmpritoring gisacer ma@mar)onseﬂe@lmolmhpfgbaﬁa@ié gailet ochor e

associ ate ﬁéﬁﬁ{' repd JENA (GenBank accession nunber: NWMD0O6101); Rafl,
Human nR rﬁ% t?;g ogene (GenBank accessi on nunber: X03484); Aurora A,

Hono sapi ens aayahbtaning b tesexdumplerfage a tarfcAiald drea of Y] patientpl et e cds 25
(Coneank acoe el RTINS o 990250 AT AP AR R AR T 10,
nunbera Nbb:BB6GR42):; RelB, Honp sapiens v-rel r eti cul oendot hel i osi's viral
oncogene oMLl 08 e B ey sy R AP XRSEL £ 97
(CDKN1A), transcript variant 1, mRNA (GenBank accession number: NM_000389);
Pim-1, Homo sapiens pim-1 oncogene (PIM1), mRNA (GenBank accession number:
NM_002648);
15 GBP-1, Homo sapiens guanylate binding protein 1, interferon-inducible, 67kDa
(GBP1), mRNA (GenBank accession number: NM_(02053);
RXRA, Homo sapiens retinoid X receptor, alpha (RXRA), mRNA (GenBank
accession number: NM_002957);
SPF45, Homo sapiens RNA binding motif protein 17 (RBM17), mRNA (GenBank
20  accession number: NM 032905);
Hec1, Homo sapiens kinetochore associated 2 (KNTC2), mRNA (GenBank accession
number: NM_006101);
Rafl, Human mRNA for raf oncogene (GenBank accession number: X03484);
Aurora A, Homo sapiens aurora-related kinase 1 (ARK1) mRNA, complete cds
25  (GenBank accession number: AF008551);
TACC3, Homo sapiens transforming, acidic coiled-coil containing protein 3 (TACC3),
mRNA (GenBank accession number: NM_006342);
RelB, Homo sapiens v-rel reticuloendotheliosis viral oncogene homolog B, nuclear
* factor of kappa light polypeptide gene enhancer in B-cells 3 (avian) (RELB), mRNA
30  (GenBank accession number: NM_006509); _
PRKCD, Homo sapiens protein kinase C, delta (PRKCD), transcript variant 1, mRNA
(GenBank accession number: NM_006254);



30 (GenBank accession number: NM 006509); PRKCD, Honp sapiens protein

ki nase C, delta (PRKCD), transcript variant 1, nRNA (GenBank accession
nunber: NM 006254); -7- BRAF35, Honp sapiens high-nobility group 20B
(HM320B), nmRNA (GenBank accession nunber: NW06339); HSPAIL, Honb sapi ens
heat shock 70kDa protein | A (HSPAI A), nmRNA (GenBank accession nunber: NM
005345); 5 STK1 1, Hono sapi ens serine/-f-hreoni ne kinase 11 (Peutz-Jeghers
syndronme) (STKI 1), nRNA (GenBank accessi on nunber: NMD00455); and MKK3,

Hono sapi ens MAP ki nase kinase 3 (MKK3) nRNA ¢ C . ank
accessi on numhBRAR3365a09 sapieps Righurphiliy etoe 2p§¢w®%%gﬁ%&§é&%£§a%f erence
genetic &gsrl&rﬁg.h&gtm dgeem9y he 10 group consisting of: GAPDH, Honp
sapi ens glyceral dehyde- 3?ph(_)spF|ate dehxdrogenase @@PD nMRNA  ( GenBank
accessi on nunbESPANKM Bopospjens hepd simmbgOkIPpprotein bp 8HSP 2 m@%"h@éeﬁank

| MAGE: 66472%%1019%}'56@ &Jség:‘ﬁnBank accession nunber: BC071941); 15 d)

conpari nga(f € neasure evel's '0f said one or nore genetic markers and said
one ors nore r&TKd&Hengepiens srimaithcemine kinashél (Reviz-Joahe! wndipms) STKE),

decrease i | eyel of said qne.ar €0 tic markers as conpared to
t he |evernr@?ﬂ§9ﬁ%‘ké‘°‘be?s%‘%“én e re%ggaé%[e}fi c markers indicates an

i ncreased susc®RKD)HdriysapieneM AP sese kinaef3 (MEKS poo@iINA, tamplety cd9@3enBenk
present invention relate o nethods for predicting or nonitoring a cancer
patient’ sa?cé%%%‘@m?eﬁ'aﬁa%?rb%)ecul e of the taxoid famly. This, a further

enbodi ment of t@ea @0 levbIHFoRt bomsreirsfeletctegentiemtdue sdlediahfrdry theol ecul es
pacl i taxel, docetaxel XRP9881 and XRP6258 25 The genetic narkers descri bed
in thé pr EWRCOPHTEBG ons may be eval uated by

GAPDH, Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPD), mRNA
(GenBank accession number: NM_002046); and
RPS9, Homo sapiens cDNA clone IMAGE:6647283, partial cds (GenBank accession
number: BCG71941);
15 d) comparing the measured levels of said one or more genetic markers and said one or
more reference genetic markers in the test sample;
wherein a decrease in the level of said one or more genetic markers as compared fo the
level of said one or more reference genetic markers indicates an increased susceptibility to a
molecule of the taxoid family.
20
The present invention relates to methods for predicting or monitoring a cancer
patient’s response to a molecule of the taxoid family. This, a further embodiment of the
present inventions includes the taxoid family molecules paclitaxel, docetaxel XRP9881 and
XRP6258
25
The genetic markers described in the present inventions may be evaluated by
measuring the levels of RNA, DNA or protein using a variety of techniques that are described
in further detail below. Other embodiments of the present invention relate to kits for
predicting or monitoring a patient’s response to a molecule of the taxoid family.
30
The above aspects and other aspects, features, and advantages of the present invention
will be better understood from the following detailed description taken in conjunction with the

" accompanying figures.



measuring the levels of RNA, DNA or protein using a variety of techniques
that are described in further detail below Oher enbodinents of the
present invention relate to kits for predicting or nonitoring a patient's
response to a nolecule of the taxoid famly. 30 The above aspects and ot her
aspects, features, and advantages of the present invention wll be better
understood fromthe follow ng detail ed-glescription taken in conjunction
with the acconpanying figures. -8- BRI EF DESCRI PTI ON OF THE DRAW NGS 5
Figure 1 shows the characterization of genes whose downregul ati on confer
docet axel resistance. Docetaxel generated dose response curves shown for
HCTI 16 cells transfected wth RBI, BubR, Mad2 and Mosl siRNAs (solid
squar es) corrpared to control si RNA (open squares). RBlI was an exanple of a
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cells transfected with Mad2, BubR, Msl and 25 control siRNAs follow ng
docet axel treatnment. Twenty-four hours after transfection cells were -
treat ed wighreZ0towslers cespaxelcufves oflBubRi dind Misd shRNAR (solid epesspehmputetiot i ¢
cells wer phoryl at ed hi stone H3 anti body, shown here as
red punctﬁ)a%%g&(gltcsg‘lﬁﬁfk(gg élfag}gﬁ nucl eus of cells (Mtotic Index Kit,

Cel lomi cs). Nuclei were stai ned blue with Hoechst dye. 30 Figure 6 shows
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containing BubR1 and Mpsl shRNA, respectively.

Figure 4 shows cell viability and morphology shown for HCT116 cells transfected with Mad2,
BubR1 and Mps1 siRNAs with or without docetaxel treatment. Twenty-four hours after

20 tramsfection, cells were left untreated (-Docetaxel) or treated with 200 nM docetaxel
{(+Docetaxel) and stained with Calcein-AM to visualize live cells 16 and 72 hours after
treatment.

Figure 5 shows mitotic indices for HCT116 cells transfected with Mad2, BubR1, Mpsl and

25 confrol siRNAs following docetaxel treatment. Twenty-four hours after transfection cells were
treated with 200 nM docetaxel for 16 and 72 hours and processed. Mitotic cells were detected
by a phosphorylated histone H3 antibody, shown here as red punctuate staining over the
nucleus of cells (Mitotic Index Kit, Cellomics). Nuclei were stained blue with Hoechst dye.

30 Figure 6 shows TagMan real-time PCR analysis of Mps1, BubR1 and Mad2 mRNA levels in
HCT116 cells transfected with Mps1, BubR1 and Mad2 siRNA, respectively.



HCT116 cells transfected with Mysl, BubR and Mad2 si RNA, respectively. -9-
Figure 7 shows cell cycle analysis of HCT116 cells transfected with three
mtotic checkpoint gene siRNAs. After transfection with Mps 1, BubRl and
Mad2 si RNAs, cells were untreated (- Docetaxel) or treated with 200 nM
docet axel (+Docetaxel) for 24 hours. Seventy-two hours after the addition
of docetaxel, cells were harvested and afral yzed for cell cycle. Nunbers 5
above peaks indicate DNA content such as 2N, 4N, 8N, 16N or 32N. Figure 8
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15 squares) compared to control siRNA (open squares). The minimum ration {MR) is the ratio of
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(IR) ratio is the ratio of IC50 of a gene over that of the control.

Figure 10 shows a dose response curves of Aurora A shRNA (solid squares) compared to

20 vector control (open squares).

Figure 11 shows TagMan real-time PCR analysis of Aurora A mRNA levels in cells
containing Aurora A shRNA.

25  Figure 12 shows differences in proliferation of HCT116 cells transfected with Pim-1 and
TACC3 siRNAs (solid squares) compared to control siRINA (open squares). Number of cells
remaining in 6-well plates at different time points after transfection with Pim-1, TACC3 and
control siRNAs.

30  Figure 13 shows TagMan analysis of Pim-1 and TACC3 mRNA levels after siRNA

transfection.



3 beadmates kit (Upstate). Three docetaxel concentrations, 0, 5 and 40 nM
and three tine points, 24, 48 and 72 hours after docetaxel addition were
exam ned. 5 Figure 15 shows AKT phosphoryl ation levels in HCT116 cells
transfected with Pim1 and BubR siRNAs. The ratio of phosphoryl ated and
total AKT |evels was determ ned using a bead-based assay (Bi osource).
Twenty-four hours after transfection cghls were left untreated or treated
with 5 and 40 nM docet axel . Forty-eight hours after docetaxel treatnent
cells lysates 10 were anal yzed. The phosphoryl ation | evel was cal cul ated as
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DETAILED DESCRIPTION OF THE INVENTION

20 The present invention is broadly based upon applicants’ identification of gene markers
that can predict whether a test subject is resistant or sensitive to drugs in the taxoid family.
Using a cell-based RNA interference (RINA1) screen, applicants observed that drug resistance

or sensitivity to docetaxel was associated with particular gene markers.

25 It is noted that numerous terms and phases are used throughout the instant

specification and claims. Definitions of these terms and phrases are provided below:

As used herein, the term "prognosis" refers to the prediction or the likelihood of
cancer-attributable death or progression, including drug resistance as well as recurrence,

30  metastatic spread, and neoplastic disease.

As used herein, the term "prediction” refers to the likelihood that a patient will
respond cither favorably or unfavorably to a drug or set of drugs, and also the extent of those



to a treatnent regi nen, such as chenotherapy with a given drug or drug

conbi nation, and/or radiation therapy, or whether |ong-term survival of

the patient followi ng term nation of chenotherapy or other treatnent
nodalities is likely. 10 As used herein, the term"tunor,"” refers to al
neopl astic cell growh and proliferation, whether malignant or benign, and
aII pr e-cancer ous and cancerous cells anfd-tissues. As used herein, the term
"cancer" and "cancerous" refers to a physiological condition 15 in mamals

typically characterjzed unregul ated cell growth f cancer
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"patient” refers preferably to a human but may al so include a non-human
primate, cow, horse, pig, sheep, goat , dog, cat or rodent. Preferably the

subject is a himesedsPreivethedamsy @@F@daéﬁ"Wﬁﬁﬂﬁ@"@éﬁ@é?aN@ﬁKﬁ%Wih§ﬂ€E§W

di agnoged 15t eI CbSHOEYark ks SRURLORLIE

cancer, f ow%%@qﬁﬁgf%%%gﬂ?%% 'Sl/&r%'ci;ust ory o%? cancer. # Sn a pre erfr: ed
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cancer; bladder cancer; cancer of the urinary tract; carcinoma; melanoma; brain cancer

including glioblastomas and medulloblastomas; biliary tract cancer; choriocarcinoma;

20 esophageal cancer; gastric cancer; hematological neoplasms including acute lymphocytic and
myelogenous leukemia; multiple myeloma; AIDS-associated leukemia and adult T-cell
leukemia lymphoma; intraepithelial neoplasms including Bowen's disease and Paget's disease;
lymphomas including Hodgkin's disease and lymnphocytic lymphomas; neurcblastomas; oral
cancer including squamous cell carcinoma, sarcomas including leiomyosarcoma,

25 thabdomyosarcoma, liposarcoma, fibrosarcoma, and osteosarcoma; skin cancer including
melanoma, Kaposi's sarcoma, basocellular cancer, and squamous cell cancer; testicular cancer
including germinal tumors such as seminoma, non-seminoma (teratomas, choriocarcinomas),
stromal tumors, and germ cell tumors; thyroid cancer including thyroid adenocarcinoma and
modullar carcinoma; and renal cancer including adenocarcinoma and Wilms tumot..

30

As used herein, the term “patient” refers preferably to a human but may also include a
non-human primate, cow, horse, pig, sheep, goat, dog, cat or rodent. Preferably the subjectis a

human either suspected of having cancer, or having been diagnosed with cancer or in a high-



medi cal history, subject's nedical history, or a nunber of imaging

t echnol ogi es such as 5 nmammogr aphy, magnetic resonance i nagi ng, nagnetic
resonance spectroscopy, or positron em ssion tonography. Diagnostic

met hods for cancer and the clinical characterizations of cancer diagnoses

are well-known to those of skill in the nmedical arts. As used herein, the
term"sanple" is tissue obtained using-ipet hods well-known to 10 those of
ordinary skill in the related nedical arts. Methods such as biopsy include

gross apportioning of a mass, mcrodissection, |aser-based
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bi opsy My diagHéLl G- nBvnas BRSS SRR ifni@XRResSSi on wi t hout
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mol ecul es.  Such_ dS ow use of |imted biopsy materials, are
wel | Rnovihosew! phlessy efill inthe refated meikictllarts.Methedsgneh asddensy exhdpEess i ncl ude

but are n J.m i I:ect. |11 Gat.] : "ng)%] i on of
RNA to e Eﬁ%k?llugﬁ%k ?f? %:n%f% (%{11&%#15403%&’ %g% 4%%1 q%&}ogfekﬁeecﬁlgi{’?% ?\jﬁlg% radi o- (%glbel ed
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refers to a s l.e taken.froma..cancerous area of the body or. from an area
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bel i eved §gnpdsivien aiVonditBe asMe GlopsPRd the imdafifirepai@ikediepd foettis gene
expression, particularly in respect of the d|,3$ase for which the ia\r e to be
-13- determination and subsequent isolation of the nucleic acid for use in the invention are wel .

known to one of ordinary skill in the art. For example, a sample from a biopsy may be

sufficient for assessment of RNA expression without amplification. Conversely, the lack of a

20 suitable number of cells in a small biopsy region may require use of RNA conversion and/or

amplification methods or other methods to enhance resolution of the nucleic acid molecules.

Such methods, which allow use of limited biopsy materials, are well known to those of

ordinary skill in the art. Some examples include but are not limited to direct RNA

amplification, reverse transcription of RNA to cDNA, amplification of ¢cDNA, or the

25  generation of radio-labeled nucleic acids.

As used herein, the term “test * with respect to a sample refers to a sample taken from a
cancerous area of the body or from an area of the body exhibiting a stage of or characteristics of
carncer.

30 |

As used herein, the term “control” with respect to a sample refers to samples which are
used for comparative purposes. Preferably, these samples are "control" in the sense that the
samples do not exhibit any indication of, or are believed to have, any disease or condition that

would affect gene expression, particularly in respect of the disease for which they are to be



used as the standard. Alternatively, it nmay be appreciated that different
stages of a disease or condition can be conpared and in such cases, the
"control" sanple corresponds to the earlier stage of the disease or
condition. For exanmple, a control sanple can be a sanple taken from a

non- cancer ous but conparable area of the body. Additionally, a control
sanple may be a 5 conparable area of thd3body fromthe same subject or a
non-cancerous area of the body froma second subject substantially sinilar

to the first subject |n1Iar eci es, e... . n\ei S etc.
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structure of part | CU ar e-stran sequences nmay
descri bed {adanesipe, a@wmuﬁ@ne@%@n%mpmlzwl@drwww@quwwem ng only the

sequence | @edxpRlervsint, qe&yg.ghdseletde&arﬂ@hm& &Jaeox@%dtnea-mrw&mee@ s of  DNA
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peptide Or1He, lipPeRt fnglﬁdes Nﬁli)iérsaalﬂrldléd DRA melQ rntrtlerod?za ﬁﬁm@ap ot cﬁwlﬁm BMQ(!H%S c acid
mol ecul e is greater than one nucleotide, and the peptide or polyp eptide

encoded by¢€h ?S%Wﬁ@&im%hm?rﬂ’és ﬁ%ﬂ?ﬂ%"% Hcsilsaﬁﬁsae fhe srugtyescof Pa’gcléraéscr i bed
in the defoubletimns mEA maeam[ee&e@mdcepmhymﬁichﬂﬂ hlaﬁhﬂi&bortﬁﬁé téhesd] her ei n,

the term"” refers to two or re s coval ept ed by
bopt i B b FREHEEE VR PET 1 et e Tt e oot LeL b agt 0
pr ef er abl yDMA (i eg d@®tstratd havingradequence homologous to the mRNA). A "recombinant DNA molecule"

is a DNA molecule that has undergone a molecular biological manipulation.

As used herein, the termn “portion™ of an isolated nucleic acid molecule that encodes for a
25 particular protein, refers to a part or fragment of the isolated nucleic acid molecule that comprises a
sufficient number of contiguous nucleotides that encode for a peptide or polypeptide. Naturally, a
“portion” of an isolated nucleic acid molecule is greater than one nucleotide, and the peptide or
polypeptide encoded by the portion contains numerons amino acid residues, as described in the
definitions of peptide and polypeptide below.
30
As used herein, the term “peptide” refers to two or more amino acids covalently joined by
peptide binds. In a particular embodiment, a peptide comprises at least 10, preferably at least 20, more

preferably at least 30, even more preferably at least 40, and most preferably 50 or more amino acids.



preferably at |east 30, even nore preferably at |east 40, and nost
preferably 50 or nore ami no acids. -14- As used herein, the term

"pol ypeptide" refers to a linear polynmer conposed of multiple contiguous
amno acids. In particular, a polypeptide may possess a nol ecul ar wei ght
greater than 100 kD. 5 As used herein, the term"genetic marker" refers to
a physi ol ogi cal conposition whose neasured RNA, DNA or protein |evel
within a sanple serves to predict whether a test subject is resistant or
sensitive to drugs in the taxoid famly. Moreover, a genetic marker may
encode the paleiedigpinghesem Tpolypeniie”a?fera ol aliaray polymsr campased efgmudtivls ur r ogat e
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mar ker in bodily sanple. This relationship nmay be direct, mhereln 10 a
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conpl ete %Elﬁternﬁgﬁmg J@Iaﬁ&%ﬁ'@ %139 Re ﬁ%}ge{vher&l: Y @QZ&%)m thuzfgv% otemﬁpnt? api ens

nMRNA for MAD2 protein (GenBank acceSS| on nunb

sapi ens T??{Teﬁﬁ’%‘ii%‘io A" eftrRse & thertyye) of thiiqpstic astien rﬁk““'lhlé,hé@%lgﬁlﬁh CHHPRE DS
NMD03318) mcmﬂuﬁoeﬁmaaﬁb ﬁcEIBEAth toHIO(e$a pdo@ém&oﬁ&ﬁi SR Ardte@X GRBDERAEAONAS
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certainly are not limited to: _
BubR1, Homo sapiens similar to protein kinase (BUBR1) mRNA, complete cds
(GenBank accession number: AF046079); | '
20 Mad2, Homo sapiens mRNA for MAD?2 protein (GenBank accession number:
AJ000186); | .
Mps1, Homo sapiens TTK protein kinase (TTK), mRNA (GenBank accession number:
NM_003318);
GEFT for Racl/CDC42, Homo sapiens RAC/CDC42 exchange factor (GEFT),
25 ~ transcript variant 2, mRNA (GenBank accession number: NM._133483);
Bubl, Homo sapiens BUB! budding uninhibited by benzimidazoles 1 homolog (yeasf)
(BUBI), mRNA (GenBank accession number: NM_004336);
hSepharase, Homo sapiens extra spindle poles like 1 (S. cerevisiae) (ESPL1), mRNA
(GenBank accession number: NM_012291): |
30 CamK1ld, Homo sapiens calcium/calmodulin-dependent protein kinase (CaM kinase)
II delta (CAMK2D), transcript variant 3, mRNA (GenBank accession number:
NM_001221);
CDK6, Homo sapiens cyclin-dependent kinase 6 (CDK6), mRNA (GenBank
accession number: NM_001259); and




30 CanKlld, Hono sapi ens cal ci um cal nodul i n-dependent protein kinase (CaM
kinase) Il delta (CAMK2D), transcript variant 3, nmRNA (GenBank accession
nunber: NMD01221); CDK6, Hono sapi ens cyclin-dependent ki nase 6 (CDK6),
MRNA ( GenBank accession nunber: NM 001259); and _15  GRB2, Honp sapiens
grow h factor receptor-bound protein 2 (GRB2), transcript variant 1, nRNA
(GenBank accessi on nunber: NWMD02086) P243-(Wafl), Honb sapi ens

cycl i n-dependent ki nase i nhibitor 1 A (p21, Cp 1) (CDKNIA), transcript
variant 1, nmRNA (GenBank accessi nunber :

389) . im1l, .Ho
sapi ens pim1 &loana Py gro th’@ﬁ@é?? 03888%05%%(%%%5;?”“%3648) ;

GBP-1, Honp Sapl@éﬁﬁntquam\mt@mmaﬂﬂhéwssmnq{uﬁber NMi apesdyer on-i nduci bl e,
67kDa (GBP1), iléGenBank .accessi on nunber: NM 002053

sapi ens reti nmfﬁlﬁw bémsapﬁﬂi)%}h{lmﬁemmﬁ? ’@@H‘B’alﬁkEPZidzlﬁébessrgn

nunber : N'VD02957 i aﬂé@ﬁ@ dhingl, é’@i’ohfnui%éltﬂw ) 0b@3389);
(RBML7) , G@n ank ”’ acces |v%§%r¥3nber I\/DD%ZQOS)C Hono sa |e%s

ki net oéhor e as%mhﬁbmozaplmmﬂ ome@ﬁﬁammmmaccmm@m er:
NM 006101) ; ﬁq&i %W?Pan nRNA for raf oncogene (CGenBank accession nunber:
X03484) ; Aur ora sapiens aurora-related kinase 1 (ARKLl) nRNA,

conpl ete cds (@EPBAlMna@spis |gomytmmﬂumhng pum55nt:=)f¢roﬁmwld—|6ﬁ@$ api ens

t ransf orm ng, cont ai nj r I (TACC3), nRNA

( GenBank acces&@ﬁh@gqﬁ eism%m & “%ﬁm"g"’ i ens v-rel

reticul oendot hatXRaj Konid Edpiens deingRiTe rdooprod, alphB(RKRA), eRNA (@afBankof kappa

l'i ght Bol ypepti de ene enganﬁﬁgﬁ&% -cells 3 (avian) (RELB), nRNA (GenBank
accessPon nunber2® R}ﬁ’éﬁ‘;‘i’@ 55 no sapiens protein kinase C, delta

(PRKCD), transqpmab, Nodid iptend RNARDAing o0 Badleia CT (RINVI0T), MRINPE(GenBMIO6254) ;
accession number: NM_032905);
Hecl, Homo sapiens kinetochore associated 2 (KNTC2), mRNA (GenBank accession
munber: NM_006101);
15 Rafl, Human mRNA for raf oncogene (GenBank accession number: X03484);
Aurora A, Homo sapiens aurora-related kinase 1 (ARK1) mRNA, complete cds
(GenBank accession number: AF008551); '
TACC3, Homo sapiens transforming, acidic coiled-coil containing protein 3 (TACC3),
mRNA (GenBank accession number: NM._006342);
20 RelB, Homo sapiens v-rel reticuloendotheliosis viral oncogene homolog B, nuclear
factor of kappa light polypeptide gene enhancer in B-cells 3 (avian) (RELB), mRNA
(GenBank accession number: NM_006509);
PRKCD, Homo sapiens protein kinase C, delta (PRKCD), transcript variant 1, mRNA
(GenBank accession number: NM_006254);
25 BRAF35, Homo sapiens high-mobility group 20B (HMG20B), mRNA (GenBank
accession number: NM_006339); '
HSPA1L, Homo sapiens heat shock 70kDa protein 1A (HSPA1A), mRNA (GenBank
accession number: NM._005345);
STK11, Homo sapiens serine/threonine kinase 11 (Peutz-Jeghers syndrome) (STK11),
30 mRNA (GenBank accession number: NM_000455); and
MKK3, Homo sapiens MAP kinase kinase 3 (MKX3) mRNA, complete cds (GenBank

accession number: 1.36719)




25 BRAF35, Honp sapiens high-nobility group 20B (HM3X0B), nRNA ( GenBank
accessi on nunber: NMD06339); HSPAIL, Hono sapi ens heat shock 70kDa protein
1A (HSPAI A), nRNA (GenBank accession nunber: NMD05345); STKI 1, Hono

sapi ens serine/threoni ne kinase 11 (Peutz-Jeghers syndrone) (STK1 1), 30
MRNA ( GenBank accessi on nunber: NWMD00455); and MKK3, Honob sapi ens MAP

ki nase ki nase 3 (MKK3) nRNA, conplete gds (GenBank accession nunber:
L36719) -16- As used herein, the term"reference genetic nmarker" refers to
a physiol ogi cal conposition whose neasured RNA, DNA or protein |evels
remai n unchangeshsbéherm, thduermmgelemncesgenetic Iem]kglé’mfmttcoa dinysipdogiicel t he t axoi d

famly. "Reference,genetic Sy al e %ge genes.
These are Oélgf?é 1oF WQ Seﬁ?%@%% Aor O{em {%kéelg%e %lﬁl\% 8[;ljﬁvar ia | evel s
5 of expresSicpekposurt Redraysinahe wkiid lﬂaImBj b]kd:fh:gnm@mmeﬁb,rkérm’f are xeerpddeo ag he i n

a partlcul ar di sease ch as can s are used.to

nor mal i zeNqUsekFeRiEs %?neé@g}eé%%% %?h?fﬁ F‘g§°t‘=o4(b &‘Eﬂhgﬁﬁi @F Lvelsel ude,
but cert ajfdxpreddiéh MThe dyist¥id Qﬂndh(is béaRREmirda T S aRipR) the in a partlcular disease

gl ycer al dehgde 3- phosphat e_dehydr ogenase (GAPD) , ﬁpgﬁ@g Kk ac SSI on

nunber : ze%tyer Hﬁ‘éﬁewpmnewe Sppoamalizargalt

parti al cgéhgﬁg&%a&rsﬁ&&@f&h%ﬁg%@fmuﬁ@@m%l) As used hereln the term
'a nolecule of the taxoid famly che apeuti c
conpounds to bef 63%510%’%&1%’@“%%%@%% N’h‘)@E ﬁé]ygl bthe is
taxoi d fami |y i ngiade Uik Socdon otk AN YO el (taxol) , docet axel
(taxotere) and anal o t her eof XRP9881 and XRP6258; see Qima and

Geneyl® Curr Opi RP$h\Hosrq gpiepp AAPIOPSM%@MZg peak g (GepRank of

nol ecul es are betazld FR‘ﬂdnﬁbeP'ﬂ'tﬁlﬁﬁ%l?”d stabilize the polynerized form of
the microtubule simlar to docetaxe is anticipated that the clinical

expresson of the bi omar ker herein descrl bed will reflect siml ar response
st at es to t U’F ?&ﬁ the ?egmAgm gle%ﬂh%'t&m& gf‘ml&refe@@s torg)él yee", "conpound
or "agent' 0 any Trén known or subsequently

di scover edxenﬁx!mmphmm c@frnp@umisdu hdsng)mg ’@gbemasam;famﬂgg Specific members of the
15  taxoid family include but are not limited to paclitaxel (taxol) , docetaxel ( taxotere) and
analogs thereof (i.e.,.XRP9881 and XRP6258; see Ojima and Geney, Curr Opin fnvestig
Drugs 4:737, 2004). Since this class of molecules are beta-tubulin binders and stabilize the
polymerized form of the microtubule similar to docetaxel, it is anticipated that the clinical
expresson of the biomarker herein described will reflect similar response states to these drugs.
20
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As used herein, the terms “molecule”, “compound” or “agent” refer to any composition
presently known or subsequently discovered. Examples of compounds or agents having
applications herein include organic compounds (e.g., man made, naturally occurring and
optically active), peptides (man made, naturally occurring, and optically active, i.e., either D

25  or L amino acids), carbohydrates, nucleic acid molecules, etc.

As used herein, "stringency of hybridization” or ‘hybridization under stringent conditions”
refers to conditions readily determinable by one of ordinary skill in the art, and generally is an
empirical calculation dependent upon probe length, washing temperature, and salt |

30  concenfration. In general, longer probes require higher temperatures for proper annealing,
while shorter probes need lower temperatures. Hybridization generally depends on the ability
of denatured DNA to reanneal when complementary strands are present in an environment

below their 1ne1ting temperature. The higher the degree of desired homology between the



applications herein include organi c conpounds (e.g., man nmade, naturally
occurring and optically active), peptides (man nmade, naturally occurring,
and optically active, i.e., either D25 or L am no acids), carbohydrates,
nucl eic acid nol ecules, etc. As used herein, "stringency of hybridization"
or " hybridization under stringent conditions" refers to conditions readily
det ernmi nabl e by one of ordinary skill ifi7the art, and generally is an
enpirical calculation dependent upon probe |ength, washing tenperature, and
salt 30 concentrat ener | onger pr.obes re uir
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DNA to reanneal when conp nentargﬁ@trands are present |n an _envi r onnment
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t enperat ure ch can be used result, it follows that higher

rel ative thb%’aWdﬁﬁehltmﬁmePéﬁtﬁh@& (%298 the reaction conditions nore
stringent, while |lower tenperatures |ess so. For additional details and
expl anation of stringency of hybridization reactions, see Ausubel et al.
Current Prot dcaksl herem,/b'rs&mgemrcoﬁdlﬁvml' ogyl,lgh/vn‘l%}mrymoadl@cnsé'nvéermbhqss hers,

condi 11 ongPaapgra et () miet VIERE MERMLER ol lhy ShiHh DR Bamotc

strength a@dmvgqbdmmwrmemr(ms of sodashtingte/of 196 s@ianpbdecyrullin aMFESEH) @m
chl oride/0.0015 M saodiumcitrate/ 0, 1% sodi ui_p dgﬁgc |, sulfate. a (2)
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10 enpPoy HEPIPHEmEdYbrdizaHonGienataineeAsqRb tHy T P&f‘pﬁ?ﬁ"zﬂ(&’éf for
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Ficoll /O 1 % pol yvi nyl pyrrolidone/50 mM_ sodi um ]ghos phat e buffer at pH 6.5
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sperm DNA (50 .. my. X and 00/de t wth a
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fol l owed byps, shd 109HekLardulfbteSt 42°rcgerimya Waahueonsh st 429G mt)zassx: (SEGm
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sol ution an ybridization conditions )
Sambrook et al., Molecular Cloning: A Laboratory Manual, New York: Cold Spring Harbor
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20  Press, 1989, and include the use of washing solution and hybridization conditions (e.g.,
temperature, ionic strength and % SDS) less stringent that those described above. An example
of moderately stringent conditions is overnight incubation at 37°C in a solution comprising:
20% formamide, 5% SSC (150 mM NaCl, 15 mM trisodium citrate), 50 mM sodium phosphate
(pH 7.6), 5x Denhardt's solution, 10% dextran sulfate, and 20 mg/ml denatured sheared

25  salmon sperm DNA, followed by washing the filters in 1x SSC at about 37-50°C. The skilled
artisan will recognize how to adjust the temperature, ionic strength, etc. as necessary to
accommodate factors such as probe length and the like. The appropriate siringency for
hybridizing nucleic acids depends on the length of the nucleic acids and the degree of
complementation, variables well known in the art. The greater the degree of similarity or

30  homology between two nucleotide sequences, the greater the value of Tm for hybrids of
nucleic acids having those sequences. The relative stability (corresponding to higher Tm) of
nucleic acid hybridizations decreases in the following order: RNA:RNA, DNA:RNA,
DNA:DNA. Preferably a minimum length for a hybridizable nucleic acid is at least about 12



tenperature, ionic strength and % SDS) | ess stringent that those described
above. An exanple of noderately stringent conditions is overnight
incubation at 37C in a solution conprising: 20% formam de, 5x SSC (150 niV
NaCl, 15 mMtrisodiumcitrate), 50 MM sodi um phosphate (pH 7.6), 5x
Denhardt's solution, 10% dextran sulfate, and 20 ng/m denatured sheared 25
sal nron sperm DNA, foll owed by washing ttfe filters in | x SSC at about

37-50C. The ski lled artisan will recognize how to adjust the tenperature,
ionic strenq etc. as necessary to accompdate factors such as probe
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preferably | east .36 nucl eotides. As .used herei

Pt cct bbbt 56 of 4 61 e HoHoRay FaEy e Thamer a&f&rﬁseaﬁgaavbsﬁeeconpos. tion
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other organic nolecule so as to generate a "l abel ed" anti body,

ol i gopeptide or other organic nolecule. The |abel may be detectable by
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an enzymatic |abel, may ‘catal yze chemcal altferation of a substrate
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88/ 08534) (EP- A O 0 28f1327 % No.. 4,703,017). O her
direct | ab¥i@ayE %nc S ral PORTE Ié‘8’tefy0°§a Wﬁcﬁ'ﬁéﬂ?}% subst ances, a

fl uorescent noi ety or a |lum nescent noiety.

As used herein, “indirect labels™ refers to enzymes can also be used according to the
20  present invention. Various types of enzyme linked immunoassays are well known in the art,
for example, alkaline phosphatase and horseradish peroxidase, lysozyme, glucose-6-phosphate
dehydrogenase, lactate dehydrogenase, urease, these and others have been discussed in detail
by Eva Engvall in Enzyme Inmluﬁoassay ELISA and EMIT in Methods in Enzymology,
70:419-439 (1980) and in U.S. Pat. No. 4,857,453.
25
As used herein, the term “kit” refers to an article of manufacture comprising one or
more containers and a label or package insert on or associated with the containers. In a
preferred embodiment, the containers may contain a detectable-labeled antibody, detectable-
labeled antibody fragments or deteciable-labeled oligonucleotides. In another embodiment, the
30  containers provide the means to obtain total RNA from a bodily sample, reverse transcribe the
total RNA to obtain cDNA and subject the cDNA to a polymerase chain reaction using a set of
primets wherein one or both primers are detectable-labeled. Additional containers of the kit

may be included that contain, e.g., diluents and buffers, control antibodies, oligopeptides or
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Manual , Second Edition & ri n? Labor at ory Press, Cold
¢

or
Spring Har(B$A); Netwa%?fk Mé?@?\ﬁ Fr@&ﬂﬁf 8OKIWO) lafrmmobitizggiells Aoz yehi ng: A
Practi cal c I

A i gonucl eot 1 e“@S h%%ﬁ yrﬁ%ﬂl@* jl%%a el @g!dy%%&y&?\ﬁln @%71%‘(?% 43 M Hybri di zati on
[ B. D. Hai resutgl et&l Jeds) Guireve Feetecolf Mébeqfulaflﬁlalﬁmﬂp@% W&@Yﬁa‘r@nﬁrﬂaﬁsl ation

[ B. D n?g; S.J. Hggins, eds. (1984)1; Animal Cell Culture [RI.
Freshﬁey, 3.'(1986)]; | mobi lized Cells And Enzynes [IRL Press, (1986)];
B. Perbal, A Practical Guide To Ml ecular Coning (1984); F.M Ausubel et
al. (eds.), Current Protocols in Mlecular Biology, John Wley & Sons, Inc.
15 (1994).
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In general, RNAi technology uses synthetic or vector-generated double stranded RNA
1o induce the degradation of mRNA containing homologous sequences (McManus and Sharp,
20  Nat Rev Genet 3:737, 2002). RNAi screening has been used to elucidate gene function in
many organisms such as Caenorhabditis elegans (Simmer ef al., PloS Biol 1:E12, 2003),
Drosophila (Lum et al., Science 299:2039, 2003) and mammalian cells (Aza-Blanc et al., Mol
Cell 12:627, 2003).

25 In the present invention, HCT116 colon cancer cells were used to screen siRINAs
directed against 101 cancer-related genes, mostly comprising the kinase family members, and
+ the docetaxel killing effects were quantified by high-resolution dose-response curves. Using
this approach, applicants have shown that under-expression of ¢ genes, including BubR1,
Bubl, Mad2, Mpsl and GEFT Rac/CDC, can inhibit killing by docetaxel, whereas under-
30 expressing 15 others, including Pim1, p21, TACC3 and Aurora-A, can potentiate docetaxel-
induced cell death. '



In general, RNAI technol ogy uses synthetic or vector-generated double
stranded RNA to induce the degradati on of nRNA contai ni ng honol ogous
sequences (MManus and Sharp, 20 Nat Rev Genet 3:737, 2002). RNA
screeni ng has been used to elucidate gene function in many organi sns such
as Caenorhabditis elegans (Sinmmer et all, PloS Biol 1:E12, 2003),
Drosophila (Lumet all, Science 299:20302, 2003) and manmalian cells
(Aza-Blane et all, Ml Cell 12:627, 2003). 25 In the present invention,
HCT116 col on cancer cells were used to screen si RNAs directed against 101
cancer-relatedhggmﬂ&ﬁhmmspkwmcmﬁaﬁwakn@mbhedhgmaﬁenh&mﬂ$ymmﬂnﬁewsmy&nd t he
docet axel Kj II|n . ef anti.fi sol on do of esponse
curves. WPty id ?1 Lﬁ%@ﬁﬂ@%ﬂWQ%gW¢Péﬂ? g%ﬂ %Wﬁ' ﬂ%%? expre55|on
of 9 geneﬁmble@gglgmﬁ@gseagmﬁémth&gbg Mad2, Mosl and GEFT Rac/ CDC, can
inhibit killing by docetaxel, whereas under 30 expressing 15 ot hers,
including Pim, p2l1, TACC3 and Aurora-A, can potentiate docet axel - |nduced
cel | death. Zprpréiﬁs h&%%@ééhbédhh% r@sﬁ&&&e%o dd&&ﬁﬁéll@ﬁer@aﬁ&ﬁgiﬁsﬁ@nwlegnostl c
use

met hods and kits to identify whether "an individual who is

ei ther t aﬁawgﬁaﬂrw&oﬂnml@e pf angexpaiided get @b eleelpeitt conlral jgenss inpchuding ByhR lg
senS|t|vqﬁhﬁ RQE%QA%ﬁanﬁG%@Rﬁiﬁﬂﬂﬁé have observed drug resistance to

docet axel’, where rug resistance is associated with the |oss of an :
expanded set of checkp0|nt control genes including BubRi, Bubl, Mad2, Mspl
and GEFT Rac/

o T Fa LA AR M AT ke GO POt i e 1 0>

SPF45¢ Raﬁd:ludii@EﬂP NIRE 11 FRKRB, HEHSPAPAYLS, RWAKBBB 20165} d ERKCDE’HHSP@JATACCS and

p2l wafl /G i nhj bi. tqr serve.as a val uabl e
adj unct %{E&%@a 9%2@? ‘At% ﬁp@*@ﬁ %P%l&ﬁegﬁe%ﬁdg?‘?%& s%sfe 5785 a
fal|SafeIﬂgﬁﬁ@ﬂhﬁ@hﬁﬁmﬂeh@ﬁmﬂﬁﬂ&ﬂ%&@dbMﬂﬁﬂe 15 inhibition of Cdc20-APC
(anaphase-pronoti ng conpl ex), until the kinetochores of sister chromatids

are properly attached to the mtotic spindle and aligned at the equator

(Zhou et at, Fhe@RtdticSaickpdint BRdlservd02 Failsift wecRdnlisoion3]ag @hdphadeyrig i abl y

exit n1t05|s and enter additional cell cycles with a precise conplenment of
DNA. I5n tinkibjsioa®d ke2bAPGi@RRagHBIORTtAR FERRIEH s I g lgﬂe*%ki)fﬁ A om i t osi s

can no | 0BG&HAtRI ARG bYer 5 SBERORIRRE Riotic SHBRBIAUNB SRR thelehRitGAlzhd e al.,
J Cell Sci 115:3547, 2002), thus allowing cells to reliably exit mitosis and enter additional cell

cycles with a precise complement of DNA. In the presence of microtubule inhibitors, cells
exiting from mitosis can no longer properly segregate their chromosomes and typically

20  undergo apoptosis immediately or after several cell cycles (Taylor and McKeon, Cell 89:727,
1997). The combination of microtubule inhibitors with loss of mitotic checkpoint genes such
as BubR1 allows cells to escape mitotic arrest without undergoing apoptosis and lead to
chromosome instability (CIN) and aneuploidy (Shin ef al., Cancer Cell 4:483,2003).
Recently, drug resistance data were generated when microtubule inhibitor paclitaxel was used

25  totreat BubR1 and Mad2 down regulated MCF-7 cells (Sudo et al., Cancer Res 64:2502,
2004).

The Pim-1 gene encodes a serine/threonine kinase that belongs to a small family of
related kinases. Pim-1 function has been linked to proliferation, differentiation, apoptosis,
30  tumorigenesis, hypoxia, angiogenesis and mitosis (Wang et al., Biochim Biophys Acta '
1593:45, 2002). The microscopic imaging data, in conjunction with AKT hypo-
phosphorylation data and elevated caspase-3 activity measurements, demonstrate that Pim-1

down regulation enhanced docetaxel-induced apoptosis by inactivating AKT signaling, which



20 undergo apoptosis inmedi ately or after several cell cycles (Taylor and
McKeon, Cell 89:727, 1997). The conbination of mcrotubule inhibitors with
| oss of mtotic checkpoint genes such as BubRl allows cells to escape
mtotic arrest w thout undergoi ng apoptosis and lead to chronosone
instability (CIN) and aneuploidy (Shin et at, Cancer Cell 4:483, 2003).
Recently, drug resistance data were gendlated when m crotubul e inhibitor
paclitaxel was used 25 to treat BubRl and Mad2 down regul ated MCF-7 cells
(Sudo et at, Cancer Res. 64:2502, 004). The Pim+ 1 gene.encodes

serine/th r@%ﬁ%?tﬁ%cai]i sedwel ¢ IH‘BTZI aé‘élpahég"et‘)ﬁryas@ I "Ihalfaﬁﬁﬁftifs JFsenyefing EETQ 1hases.
Piml funcichion reabaesnlibbheditepdtsehddias alak po1 isdiphbghentation bbatrate of
apoptosis, 30 tunorigenesis, hypoxia, an%ogenesj s and mtosis, (Wang et
at, Bi ochiRimsl OYAYEse! gét Bloaig Bigphys 4063993:5h U0 ch gkt epyve reerialrhigdecsda, in
conj uncti QR a;pg%&g i WD RserRB 08 BOREa% L But R8s ﬂ?feaef@&@ve‘% ehQehe 3P RAZE- 3

activity neasu nts, denonstrate that Pim1l down regul ation enhanced
docet afel -whrdeasaldwapegiation of tsynsfomaing apidic aegedarail BiotpimTARG3 dighiot ipducer.

medi at es celyl Vi ' ggg : : 310180, Chak gstgl i stics in
sensiti zi n(%hﬁ&%I Hfﬁl\é%cseef@sdﬁdéc oc%%&%ﬁ@@gﬁ}ﬁ%%ﬁgﬂvﬂat% reports show ng
that p21 imolifepitios Fteseeaits snggssilistt degpletionfof di¥farent pfofdingrar evekie diff@dchi m

Bi ophys Acta.,1593:45, 2002). RPim.l regul ati on i nduced sone apoptosis
in the abdBria™ Sﬁ%ég{%& cﬁﬁitovgﬁg&%\gge effective in the presence of drug,
5 whereas down regul ation of transform ng acidic coiled-coil protein TACC3
did not induced cel.l death in the absence of. docetaxel , indigcating the
R aone. had AsoRkReLta g asaie oF F BReREPRtatstoeroceoynelrr e Hest  hat
depl eti on Rkcrihefi f:eT4¢ I 1T fidiFoeRITe RN ehde EERE anly be BGRAM St 4 Or
sensitizing cells to docetaxel._ 10 Accor%ii n‘gl y, in onge aggect of the

i nvent i on, Derapquiis fregmentstiatgay and thariig cfieriveyasied thefslegiet BeMEH S¥AKEL | and
Il and protein |evels of these genes nmay be utilized to select a

t herapeutic treatnent strategy and to nonitor effectiveness of the sel ected

treat ment “st r atle gpartichlaperpRadihent spetbabis @ravided that mastiers e astitieniget of hat
moni toks the o%{?lré/géjofa@am{nﬁwgﬁm@i andLi? dE B8 cHRELHIABORShS AN abddssTak! € |

and |1 during the course o enot herapy to assess and predict
ef f ect i verreedciofifectineness Wéehemptiempytirethppaticat Biorsics fomasmens éhg + biRdits (e. g. ,
breast, - Q1o 0PI thnef fhd odstilnmnBi3PordRSHidrtn LMIRGHhurfl: bRIAGL bl M
culture of tunor biropsies Tro undi agnosed cancer patients or patients
current | y undihgnopeil egncer peéiente ot patisnip corety sdddrpoing tieatment is processed in order
to isolate DNA (Hafner et al., Arch Pathol Lab Med 127:1221, 2003; Rodriguez et al., Clin
20  Cancer Res 10:5785, 2004), messenger RNA (Chang et al., Lancet. 362:340, 2003) and/or

proteins (Espina et al., J Immunol Methods 290:121, 2004) to assess the levels of gene

activation or protein levels of the genes described in Table I and II or a subset thereof. Gene
transcription and protein expression profiling has utility in diagnosis, prediction of therapeutic
responses to potential treatment strategies and may be a useful tool to monitor a patient’s

25 response to therapy.

According to the present invention, RNA may be isolated from tumor samples using
any of the available methods commonly used in the art (Ullmann et al., J Biomol Screen 9:95,
2004; Badiee et al., BMC Biotechnol 3:23,2003). One or more cells from test subjects are
30 obtained and RNA is isolated from these cells. As examples, peripheral blood leukocytes
(PBLs) cells may be obtained from the subject or it is also possible to obtain a cell sample and
enrich the sample for a desired cell type. Cells may be isolated from a cell mixture using a

variety of techniques, such as cell isolation using auntibodies that bind to an particular epitope



to isolate DNA (Ratner et al., Arch Pathol Lab Med 127: 1221, 200S3;
Rodriguez et al., Cdin 20 Cancer Res 10:5785, 2004), nessenger RNA (Chang
et al., Lancet. 362:340, 2003) and/or proteins (Espina et al., JImunol
Met hods 290: 121, 2004) to assess the levels of gene activation or protein
| evel s of the genes described in Table | and Il or a subset thereof. Cene
transcription and protein expression profiling has utility in diagnosis,
predi ction of therapeutic responses to potential treatnent strategies and
may be a useful tool to nonitor a patient's 25 response to therapy.
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1997; Feng; £ : : 54 LaGkEHipph AM
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t hi ooy anaeme by sifisitplifals retRNby. KeCor hismurpdse gtcommetaiivrayailablefory) | |

Bi ochem stry .18 5294 79 1. i - Oht ']ﬂﬁﬁ’n as
descri be(’3"}{7“%%]?15’0541 ﬁ%’%@ga?%@ak%% lé%% n'g&g@{&éﬁ?g}lrr%dﬁg%ﬁ Cf rl\g?nxséi)lﬁlg egﬁlcel I's
(Dul ac, @ueomplehedDér eBinglle, b3 GriddkDspet FREPNA bygntlRiNig, sramptigle canmdpef Hnget her

enriched for,. a, parti.cul species. Jn o nbodi.nment , .

pol y( A R fegBemedan PR Brdiraed PRACE St i s arbReaf Walke -
- ol i gonuclgoPriddadayditR: USROG Y717 88 Ddasald gsuptdport to 10 serve as
affinity ligands for nRNA. Kits for this purpose are commercially

avai l!abl e, for exanple, the MessageMaker kit (Life Technol ogies, G and

Island, N.Y.).a @fe&%@liﬁé@%m%ﬂwﬂ@&@@ﬁ'teibﬁé’li@ﬂusefiﬁltheﬁﬁﬂhﬁﬂsﬁf tha\present
primer-specific cDNA synthesis, or nultiple rounds of&],iqr;g%g anplification
based on eTREoByRAlYng, Dr srampledSiBilisegichanreagtiom LGRE 1 79n¥daCst i on (Vang

et al., @R6idNatde0ARRY), setfbushiftd80qulicb fepldaBSh (JOR) aGuAdli ¢t 47, PeoPNa) . 15

Acad Sci USA 87:1874, 1990); nucleic acid based sequence amplification (NASBA) and

26 transcription amplification (Kwoh et al., Proc Nail Acad Sei USA 86:1173, 1989). Methods
for PCR technology are well known in the art (see, e.g., PCR Technology: Principles and
Applications for DNA Amplification (ed. H. A. Erlich, Freeman Press, N.Y., N.Y., 1992);
PCR Protocols: A Guide to Methods and Applications (eds. Innis, et al., Academic Press, San
Diego, Calif., 1990).

25 .

The RNA may be labeled for detection by using any of the methods known to those
persons skilled in the art. For example, using microarrays, such as those manufactured by
A:ffymetrix. RNA is labeled and detected by hybridization using any of the methods
commonly used, such as, direct RNA labeling with dyes such as Cyanine-3 or Cyanine-5

30 (Perkin Elmer MPS544001KT). Additional methods include direct cDNA. Jabeling that is done
by reverse transcription using micleotides labeled with Cyanine-3 or Cyanine-5 (Badiee A
2003), fluorescein or Alexa dyes (Molecular Probes), or other fluorophores. Furthermore,
indirect cDNA labeling such as FairPlay™/aminoallyl labeling (Stratagene Catalog number:



A variety of anplification nethods are suitable for use in the nethods of
the present invention, including, for exanple, PCR |igase chain reaction
(LCR) (Wi and Wal l ace, Genom cs 4:560, 1989); self-sustained sequence
replication (SSR) (Guatelli et al., Proc Natl Acad Sci USA 87:1874, 1990);
nucl eic acid based sequence anplification (NASBA) and 20 transcription
anplification (Kwoh et al, Proc Natl Ac&d Sci USA 86: 1173, 1989). Methods
for PCR technol ogy are well known in the art (see, e. g , PCR Technol ogy:
icatjons for jfication A. Eclich,
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such as t%ﬁmgmoggtured by Affynetrix. RNA is | abel ed and detected by

hybri di zat1on Gsing any of the nethods commonly used, such as, direct RNA
| abelifig with dyes such as Cyani ne- 3 or Cyanine-5 30 (Perkin El nmer
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f1 uor escenectibRdseard fiv@eRéndeistinbi, er2finblid Rgctva! fakkctidn by hydHdizasmesh Of
the present invention, RNA is obtained fromthe tunor sanmple and Tagman

t echnol og)FOWIWFa@S/BHArn the detection of genetic markers. Priners are
generated to detect the specific RNAs designated in Table | and Il or
subset thereof and anplified using reverse transcriptase. Detection of the

speci fic fragndneancthgsksertedf ﬂmmrpwu@ng@tlpm&@bﬁnpﬁﬁ%mm@@@ tgdetsfpl i shed by
gel el gct fﬁ{%ﬁﬂ&c?éopaes gﬁl: WA BhEGEE BBRAY ESbSsaniid RedvelDRaSeAULRL Al | ght
det ection uorescence signal, enzymatic reaction, or detection
by hybri diBramérearetgencgated to amplify the specific RNAs demgnated in Table I and Il or subset

thereof using polymerase chain reaction technology. Detection of mRNA level is achieved by

gel electrophoresis and ethidium bromide or CYBR green staining, or by measuring the

fluorescence intensity from fluorophore-labeled sequence specific probes released by

20 polymerase.

In a further aspect of the present invention, Northern blotting technology is utilized.
RNA is obtained from the tumor sample and then separated by gel electrophoresis and
transferred onto a membrane. RNA abundance is determined by hybridization using probes
25 labeled with radicactive isotope such as P** or by enzymatic based chromogenic or

luminescent assays.

In yet another aspect of the present invention, gene dosage may be used as a surrogate
indicator of transcript levels. The gene dosage of the transcripts in Table I and II or a subset
30 thereof may be quantitatively determined and assessed for whether a tumor will be responsive
or not to docetaxel therapy. (Rodriguez ef al., Clin Cancer Res 10:5785, 2004). Since this

assessment may be drawn prior to ncoadjuvant (ireatment prior to surgery) therapy, the patient



conplementary RNA. In anot her aspect of the present invention, Real Tine
PCR is utilized to detect 15 oligonucleotides. The nRNA obtai ned froma
tumor sanple is reverse translated into cDNA.  Priners are generated to
anplify the specific RNAs designated in Table I and Il or subset thereof
usi ng pol ynmerase chain reaction technol ogy. Detection of nmRNA | evel is
achi eved by gel electrophoresis and ethi di um brom de or CYBR green
staining, or by neasuring the fluorescence intensity from

fl uorophore-| abel ed sequence specific probes rel eased by 20 polynerase. In
a furt herma;sbaematadfwitlf@cpuawéﬁﬂle)i a:re/elmsiﬁﬂd as Moesphedenofyingther ng t echnol ogy i-s

tilized bt ai ned f d by gel
ol cot 1 opFBFERIERERR Briiey PPt ool ansi ool ARheRRREe, ¢ B 0°

determ ned by hybri di zatl on using probes 25 | abel ed with radl oactive
i sotope such as P32 or enzymati c based. chr onp iCc or um nes ent
assays. In yetPMidt ‘ﬂ‘é‘iamﬁ‘g ey %?ntﬂ?éorg’r“&s{?ﬁfm‘?ﬂgﬁa toorr?moﬁ%ﬁoéﬂ%g © may be
used 3s auhil h&HA s p erﬁs}hﬁab?&h@é SKEITeANS el o Meghodh StilizEh & m@nmmeof t he
transcripts 1n Table I _and Il or a subset 30 thereofgggg be q |tat|vely

det er mi nedpsagrdn AedaneERNAGACIRG PHare BPt{igHISH tydPpntyRlve Aot to
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this assessnment nmay drawn priof to ncoadjuvant (treatmnent prior to
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are c aSSI a8 2 hon- responde I'S extracted
fromlpat|<B:mtrotmmtedmrcfp®nmna'hd8purl fied to renpve contam nants 5 using
met hods as performed by those skilled in the art. Methods utilized to
determ ne the gene dosage in the tunor DNA include, but are not limted
to, quantitat iM@e%a;heg&peafbﬁtHahﬂsem vestion, progein ltvﬁymeiudécteatai sorrogite Sout her n
uez et cin

UL MR T T
det er m necig@ifyn BEMHD GhnsefiptdBe:]s) Thiihe p%&ﬁ&nﬂdﬁhﬂiﬁ@ic&mbas@d&decﬂuﬁq&éﬁio conpar ed
L0 2 A, oS SATELS O LT e, Tt S Yol oLy, agpect of (he
transcri piradse¥ifb S TableQta8l M. IFeMBInS arb A¥Rc1OE Bt SRQWOmbiRers OF & Bledictivar t h
SUPpressi %on%rse to docetaxel. Methods of protein detection are well known in the art. For example,

immunoassays are methodologies that employ antlboches to detect the expression of a target

protein. '

20
In a particutar embodiment, an immunoassay is used to detect the protein products of

one or more genes kisted in Table I and II. Additionally, antibodies against any one of the

proteins listed in Table T and IT may be used in a number of other detection methods. These

detection methods include, but are not limited to, the following: Western blots, ELISA assays,

25 sandwich ELISA. Alternatively, other assays not employing antibodies are contemplated and
inchude approaches that utilize DNA oligonucleotides or polypeptides that recognize proteins
encoded by transcripts in Table [ and Il (e.g., aptamers). Mass spectrometric analysis of
biological samples may also be used that determine the composition of polypeptides by
détérmining the precise molecular weight of peptide fragménts after proteolytic cleavage.

30

The present invention further encompasses suitable labels including enzymes,
fluorophores (e.g., fluorescein isothiocyanate (FITC), phycoerythrin (PE), Texas red (TR),

thodamine, free or chelated lanthanide series salts, chromophores, radioisotopes, chelating



el evation of the transcript |levels. Thus, the present invention enconpasses
techni ques to 15 neasure levels of proteins that correspond to the

pol ypepti de products encoded by the transcripts in Table |I and I
Proteins are detected and used as markers of a predictive response to
docet axel . Methods of protein detection are well known in the art. For
exanpl e, inmunoassays are net hodol ogi e®5-t hat enpl oy anti bodi es to detect
the expression of a target protein. 20 In a particular enbodi nent, an

i rmunoassay i s used to detect the protein prodyct.s of, .one or nore genes
listed in 2ESBSYES §plpidal goldglgtex ip@ﬁglf‘?’ﬁ méjr‘ft(?'&ag?o@’ ﬁr{:ija‘ihﬁglﬁmé‘m?sc e of the
proteins ljgkgd in Table | and Il may be used in a number of other
detection methods. These detection nethods include, but are not limted
to, the follow ng: Western blots, ELISA assays, 25 sandw ch ELI SA
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phycoer yt hireden(lPilized exasmeteid, pddRophotodeianilueospéatephaomethie) ampetbrietiit hani de

series salts, chronophores, radiqi sotopes, chelating -25- agents, dyes,
col | oi'8al ‘chﬂaﬁf’,mel“éctt%&“ﬂﬁ‘ref m"@?}’%ﬁ%nds (e.g., biotin), and
chem | um nescent agents. In an aspect of the present invention, the

radi oactive | abel used may be isotopes such. 5 as .3H, 14C 32P, 35 36 d,
51 Or, 57Co, 58churthgmspechofihe joysotjon’is the pise of pephdratppding ¢47a1S PN A8 PRI

radi oact i Vit heNe b imydle RELEEIBEHOHOYEBnA Uhd RBidYorkN@iBodiag
avai | abl e counting procedures. Conversely, the use of radjopague substances

may be usewtepared aceirdingipentivaainnalipriradolosy. Cabiea small postien iyHE9EY ect i on may
be acggnpl | A sl i:Pfh ithd ZBHodyAb A5 LHERIE (Le, i |
spect ﬁgpholkgfr%é??’?%&, ?}50%? 1(gspecl:‘{ereop g?&dg&gﬁﬂé anp%%net ric Eoeérrl .

gasonet ri cgenerh@llagkdl. Rn@480)iThe Experimental Foundations of Modem Immunology Wiley &

Soms, Inc., New York; Roitt, 1. (1991) Essential Immunology, 7th Ed., Blackwell Scientific
Publications, Oxford). The pFc' and Fc regions, for example, are effectors of the complement
cascade but are not involved in antigen binding. An antibody from which the pF¢' region has

20  been enzymatically cleaved, or which has been produced without the pFc' region, designated
an F(ab")2 fragment, retains both of the antigen binding sites of an intact antibody. Thus, an
embodiment of the present invention utilizes a detectable-lableled antibody fragment such as
the F(ab")2 fragment. Similarly, an antibody from which the Fc region has been enzymatically
cleaved, or which has been produced without the Fc region, designated an Fab fragment,

25  retains one of the antigen binding sites of an intact antibody molecule. Fab fragments consist
of a covalently bound antibody light chain and a portion of the antibody heavy chain denoted
Fd. The Fd fragments are the major determinant of antibody speciﬁéity (a single Fd fragment
may be associated with up to ten different light chains without altering antibody specificity)
and Fd fragments retain epitope-binding ability in isolation.

30

As is well-known in the art, within the antigen-binding portion of an antibody, there

are complementarity determining regions (CDRs), which directly interact with the epitope of
the antigen, and framework regions (FRs), which maintain the tertiary structure of the



A further aspect of the invention is the use of peptide binding agents such
as anti bodies or fragnents of antibodies. Antibodies include polyclonal
and nonocl onal anti bodi es, prepared according to conventional nethodol ogy.
Only a small portion of an antibody 15 nol ecule, the paratope, is involved
in the binding of the antibody to its epitope (see, in general, dark, W
R (1986) The Experinental Foundations2ef Mdem | mmunol ogy Wley & Sons,
Inc., New York; Roitt, I. (1991) Essential | mmunology, 7th Ed., Bl ackwell
Scientific Publications, Oxford). The pFc' and Fe regions, for exanple,
are ef f eqlamtapedfeet ingenaalp Chrlen986; Raitt 4021 bintbody the hesvy ichain IFd dagment gpd | gen

bi ndi ng. ,An..antJ bod r.om wWhi € ' | S ueal ly
cl eaved, ?héﬁ F%%n H%I§E}bué[]érq.rl1un8 g%%ﬂ%lgﬁhgmﬂét%ﬂeo%g%%“%gér%%gg i%%ﬂl, ﬁ%g%ﬁgfed an
F(ab) 2 f rsapimad sespeetiadinby tatdrondldntraiaint dgemitngdiiogs CPRE thajugh CORA)act

anti body. T an_. enbodj nent the present invention utili,z

det ect ab@e{%ﬁ%%m&ﬁw n@“fq])j- ﬁ]tongﬁg mgﬁepa?[f‘?gpaﬁl( g%e %‘jefvjf?héiglrsrce]%]tg’

Si mi | ar | Yare BfseBeigondpleffoomipbiyspedifieinfdt isegvorelihamblited etz ynetai thal | y

cl eaved, or i ch_ has been pKOdUCﬁF wi t hout the Fe Leg%gn,.de§§gnated an
Fab_f r agridhtGDB seienes of fmagpeatiat ant Qd}é}’i‘ﬁy & FPPBCHLVIY SRR B RS O 7 nt act
anti body splReigk 8r h&idBsct AR MBS WhHElk $dtainf tit HRYAL Sptcificith ofihe oagibibody

| ight chain’and a portion of the antibody heavy chain denoted K Fd. The Fd
fr agment sangibedyt Feis Frapeyt cleattemanifesier inthe dhvalonsept aydees ot duppniee’si ngl e Fd
fragment anlgﬁé(dé%gg} IRRAGhoAlEACDRUR Lfalfilly fidch &5 Bibharl Fioia/@iaippe Wi t hout

altering anti specificity) and nments retain epitope-binding
abi | itby imgibsoboatddure a Bdctional antivedst (tefeoiin U-H Rah &loard816467h-H % 18:

ant i gen- bi pghi QN af. ti body, there are conplenentarity
determ niénggrdé%i %ﬁ%iz%fﬁg)sfﬁ\%l h directly interact with the epitope of
the antigen, and franmework regions (FRs), which maintain the tertiary

structure of t - 26- parato e i.n. gener al rk, 1986; .Roitt, 1991).
In both the hé‘héﬂ@% by °?°°§1°£fﬁ'&‘f?%‘ﬁ?s %%Odga“tbﬁgrﬁpﬁrﬁﬁbgg%“%“%%g “11§G

i nunogl g@mg@& fot lla@,re@og;foas bbmmmaﬁaﬁﬁllﬂﬁlﬁmglbbwlﬁgiem&rﬂﬂi@ht ﬁaﬁdu@fFoﬂlRW)’ng(
separated respectiv . three, co enent ar.i.t erm ning regions (CDRl
t hr oddh Watl%@ew‘:%&&"i n feﬁlbg?m]f)hﬁu%n’tﬁ%gi ons, and nore
parti cul amisbatcR&ARRMN)S Bdhéo] AaRitibbdiad €nl b2 haehisd hepding tddtadirdr ant i body
specificity. It is now well-established in t g@ag}l that the IB n- COR

regi ons otybedermmieelmolnEYa hkesh BUHOTHRRA! E‘é‘bf’@‘ﬁ?. VRATRASTRATES PR G GRS of
conspeci f &1 QbndAelehd IReGhid il A6t frBAcke@sma ki rbSieanAbay (L iesfoRs®

specificity of the origlnal
when administered to humans.

20
Therefore, it is readily apparent to one of oi’djnary skill in the art, the present invention

also encompasses F(ab')2, Fab, Fv and Fd fragments; chimeric antibodies in which the Fc
and/or FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been replaced by
homologous human or non-human sequences; chimeric F(ab')2 fragment antibodies in which

25  the FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been rcpléced by
homeologous human or non-human sequences; chimeric Fab fragment antibodies in which the
FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been replaced by
homologous human or non-human sequences; and chimeric Fd fragment antibodies in which
the FR and/or CDR1 and/or CDR2 regions have been replaced by homologous human or non-

30 human sequences. The present invention also includes so-called single chain antibodies.

The present invention may be better understood by reference to the following non-

limiting Examples, which are provided as exemplary of the invention. The following



antibody. This is nost clearly manifested in the devel opnent and use of
"humani zed" antibodies in which non-human CDRs are covalently joined to
human FR and/or Fc/pFc' 10 regions to produce a functional antibody (refer
to U S. Pat. Nos. 4,816,567, 5,225,539, 5,585,089, 5,693,762 and

5,859, 205). Fully human nonocl onal anti bodi es al so can be prepared by

i mmuni zing mce transgenic for large péftions of human i mmunogl obul i n
heavy and light chain loci. Following 15 inununization of these mce

e.g., XenoMuse (Abgeni x HuMAb Medar ex/ Ge Iona
<(31nt ?bOdI eﬁ@ﬁwl%éﬁeﬁ?“%ﬁ&tﬁéél Hdwde H’iOFFgg‘ﬁéﬂgng %Pd’mfg'i’?‘ff‘?r%‘?ﬁ“%’gs lbei ogy.
These nonog %Hﬁéé] '?I‘Ibtty sHada ﬁﬁnovwigﬂ bW RRvcv e 10GHa R el ot 6 of 8l d

sequences an ore will not provoke hunman anti-nobuse anti body (HAMA)
responseslnwhﬁnnadnlnlstered to humans. 20 Therefore, it is readily
apparent to one of ordinary skill in the art, the present invention also

enconpasses F(ab')2, Fab, Fv and Fd fragnents; chineric antibodies in which
the Fcs and/or FR and/or CDR1 and/or CDR2 and/or |ight chain CDR3 regions
have been %%%@ﬁiig by homol ogous human or non-human sequences; chineric
F(ab')2 fr nti bodies in which 25 the FR and/or CDR1 and/or CDR2
and/or light chain CDR3 regi ons have been replaced by honol ogous human or

non- human ric Fab fragnment antibodies in which the FR
and/ or CDﬁ%ggﬁﬁﬁgﬂ éﬁ%gqgﬁﬁ?ﬂPgllght chai n CDR3 regi ons have been repl aced
by homol ogous human or non-human sequences; and chineric Fd fragnment

anti bodies in which the ER and/or nd/ or | regi.on en

repl adéd by hort®PEEHIGIIGEASRE thﬁ’ifﬁ%l F\@rfﬁ?{e §%§§gﬁ%@§gmw% B?c?gaé‘bf

i nvention @l:8Qert REONIAE SRRt (Al defish Wirb Géreene &l MCENLE d2fislugitg a railfﬁtﬁofpr esent

i nvention may be better understood by reference to the ; ol | n non-

i miting Eexnpradsonopirasinnsforths eeRAreHan of SorRERIM YT S isF- e e o e
fol I owng %H@‘ﬂ%%@%b@ﬁﬁa ROSSENE€%nd BultkdBh M&o@msrAesuwiehﬁémed l;vitﬁtw@t e the

preferred enbodi nents o invention. They should in no way
const r ued, uristw penicillis 100 pi/tl siepptdveydin, danMdeglpamite andd 0% fﬁﬁébﬂw}eﬁrﬁeﬂ@

EXANPL ES at 37°C with 95% CO2 and 5% O2. The siRNA list was comprised of cancer-related genes,
including those that were over expressed in docetaxel-resistant breast tumors as detected by
gene expression profiling experiments (Chang e? al., Lancet 362:362, 2003). Additional

- criteria were that the targets be amenable to drug development. The overall scheme is
summarized as follows. On the first day, HCT116 cells were plated at 5,000 cells per well ina
20  96-well format and on the following day transfected with a pool of 3-4 siRNAs per gene. A
representative sample of the siRNAs used is shown in Table I and II. Lipofectamine 2000
(Invitrogen) was used to transfect sIRNAs (Dharmacon) into HCT 116 cells in 96 well plates.
On the third day siRNA was removed and docetaxel was added at concentrations ranging from.
0 to 40nM. On the sixth day cell viability was quantified using WST-1 assay. This is an assay
25 that monitors the activity of mitochondrial dehydrogenases present in viable cells that results
in the cleavage of tetrazolium salt WST-1 to form formazan. On the day of assay, media were
taken off from 96 well plates. WST-1 reagent (Roche) was dilutéd 10 times in McCoy 5A
medium and 100ul was added to each well. Plates were then incubated for 40— 80 minutes at
37°C before reading on SpectroMax (Molecular Devices) at 450nm. The WST-1 values were
30 clustered hierarchically by calculating the ratio of the experimental to the control siRNA and a
total of 15 genes were characterized as conferring sensitivity, and 9 genes conferring
resistance shown in Table Il below. The sensitive and resistant populations could be further

divided into additional groups: 1) where the siRINA effect was observed at lower



EXAMPLE 1: siRNA Screening 10 In order to identify genes that render cells
nore resistant or sensitive to docetaxel treatnent, siRNAs agai nst 101
genes were screened in HCTI 16 cells using a range of docetaxel
concentrations for the generation of dose-response curves. Human col on
cancer cell |ine HCT116 was obtai ned from ATCC and cul tured in McCoy 5A
suppl enented with 100 wunits/m penicibgin, 100 g/m streptonycin, 4 mM
L-glutam ne and 10% fetal bovine serum 15 at 37C with 95% C02 and 5% 02.
The si RNA |ist was conprised of cancer-related genes, including those that
Ver e oV elcofeptratie df dovethael dt-s0aeV)) meﬁﬁsmamsmnéameneuhmm&oa@“faﬂéwe%t ed by

gene expressi on filin Chan J ancet 362:362, 2003).
Addi t i ond1®%® Bﬁ%ﬁr%F%m?ﬁ%{S ﬁ@%&? g %”Eél‘ln@ﬁlégﬁée’ to drug devel opnent.
The overal | scherre is summarized as foI | ows. 01 the first day, HCT116
cells were plated at 5,000 ¢ per well .fQ t on the
fol | owi ng day &Sﬁﬁ%ﬁ@éf‘éwa% %ngl M\E* Sl Ss} ?{RIBi\? &geér%g CBR%
representatiyge %ﬁ&%bl&uﬁ%ahﬂ@dﬁh dleh&%tblﬁ kSRS délth @bﬂ@ﬂj) sabdled | .

Li pof ect am ne 200 (Invitrogen) was used tQq transfect si RNAs (Dhar macon)
into HCT m%p@@pwsreﬂ ﬁff%s sder doene! conopptizhiens (& oMt SRRIBCRESS enoved

and docety r eroved
3: abf’ﬁ%&aﬂhﬁ%%?}?. ?&dv%eaﬁc@ﬂ@élﬁﬂwfe O thOmiQticARRMpo

si xth day ce ity 'was ed using WST-1 assay.. This is an assay

25 t hat rg@mstwdshet@mnﬁﬂasm& soferatpd e lrpatsst la‘rel obnpiriigenbish vapreaEld |
viable cells t LS

viable ceePodlifl calif Stk damfd%n{oﬁs‘m&é B3GRk IGRhds AT | tO

pl at @s. Mﬁms‘evemhgbasrtge(lﬁ@aﬁm):reamdademmlwlsmcttiorWBS'Img‘ldﬂBm@é)y 5A  nedi um and

100ul wa de at es .wer .0 t 80

m nutes att® %é E a.gq}ogvafﬁv?fal %‘ﬁragtﬁ CE’ %8? é%g%aigldﬁselgﬁ%né%mgt 450nm

The WST- Mmlm&smlméﬂ&y@kmmrtedmﬁnmrcanicemmhﬂ; yf dmy:etazedldﬁhleam}h@s the ratio
of the experinental to .the control 5 esere

char act erd8ga 19& REMHcSPFIRRGINERTES t“? ‘FNABgﬂﬂ 3“‘@%3@% rlqﬁqa P'esi st ance
shown i n ghewh GorlBubl P& wan asEh@mﬁ@ﬁ\ﬁldohﬁ@eﬂﬁﬁagéQ‘:aﬂtc&t(GEFTpﬁ)DRhﬂCdm coul d be
further divided into_additional groups (’e%ere the si RNA ef

obserived demopgaind signficaapinceiarsl ssraree Hfth(%‘ ghbEiRgmOrs PYRRYUICH §"r€jﬂ"$]fert he

| &S50 or Whe %M)e 8 q@éﬁdﬂf@ﬁstaic Wag BRFma@eoRAL (vhkieons (>
6nM thﬁ(ioc snaeo%gﬁgﬁﬁn?(ﬁ %egﬁ eSt ared to tI?/Iacallz BubRi_ and Mpsl :

si RNAs, tded vmb%gacg@pqg]éiweﬁgld@vgzthe gmi@l siRBl Acteansisrted geﬂsa'ﬁlép majority of the
cal ci unVeghRAUld 1 SERERUR ore2h 9hehdle Ko RASE hishartiRlib b s (#B)1) sbgwed

representative example.
20
Taken together, these results show that siRNA screening can provide insights about
how down-regulating gene expression sensitizes or protects cells from docetaxe] treatment
and, depending on the concentrations, evokes different mechanisms of action to modulate
docetaxel-mediated cell death. |

25

30
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The si RNAs

agai nst four

m totic CHeaEROL:BedifiREs of SIRNA Y GoRfdRing ﬁilérehseﬂ/m%snﬂﬂtjf tdBlocetipiel: not
shown for (I Nameds VEI &:Rﬂﬁs%{ﬁzﬂb@e NUCSERID NE| €XChaiRyRA sequiehed  ( CEFSEQI®NC
Rae/ Cdc42 iy d ocef axe| Agpsicabeleearaddudane ef Bect
bei ng nor pronounceﬂﬁﬁﬁﬁﬁﬁgﬂq&nnﬁﬁmgtaxelzcon:entratlons (>6 nM. [The
great est I@yal of FedistaReaANascanann | T or 4 VEdP vshrioevtoedAcoamind [ty 6
| ncr eased [T ve-Tol duoGeGutiEGAATAWccS RNAs t rapsfected cells. The fmjority
of the si|E##As di d] ROBASCOCLUGUAIJIEIASC eEn7 and| NRYAE AGE ASDOANCUNOTRA 9
reti nobl agtoma 1™ ([RBalhcascaucAem@sEni at1 ye ekanple. 20 Taken together
t hese resyria Show dralhGeABNAGAIREAICN can pr pydAdEdiosCAHteAA GOt | how
down-r egulfat i Nng gen&CaAPGASSH@MCETRARIAL | zeslior protects cells.from docet axel
treat ment [smEad, dependiAngce@rUGATIGAABTENt I aBi ons ,GAOCEKAYCINTGREAMNIG 15
mechani snmg of act | PIBARCANGACHAGACEGAdACet axel- nedi ated cell death. 2% 30
-29- Tabl gHdel SequeBEETATICGACINAIAUS ér rilig | nHBGYEACHEHSGAGACGAUYy [t o 18
Docet axel ;| Gene NamaUSEEAGAGEIEHBYEAASEQ 11D NO $STURNSASAHMERIGCIBED (D NC
P21( Waf 1) [REGAUGGAAGOWCEACEANGUUGHBRUBAUGGGACCUGAGAUS UUGACA 2
Pi m 1 CCUUCGAAGAAAUGCAGABAAGAUMIICBUAUCGACGCAUGAG SR AUCABLIA T ATRGAUAUUCS 5
GBP- 1 CGANAGBTAUGUAGBRYARU GCIEZATAUAAABCAACUIACUANA SHACGRORENEFGATSAAISAGALIL FO]
GAAUAUGCACCACUUGGAA 25 GUAAAGGAAAGUUUGGUAA 27
TACC3 GCACCUCGCUUCCCACAAG 28 GAACGAAGAGUCACUGAAG 30
GAGCGGACCUGUAAAACUA 29
RelB GCAGAAAGAGGACAUAUCA 31 GCCCGUCUAUGACAAGAAA 33
GCAGCGAGCCAUUGCCUUU 32
PRKCD GGACGUGGAUUGCAAACAA 34 GAAAGAACGCUUCAACAUC 36
GCAUGAAUGUGCACCAUAA 35
BRAF35 GGGCGUACCAGCAGUCUGA 37 GUCUGAAGCCUAUAAGAUG 39
GCUCUGGGCUCAUGAACAC 38
HSPA1L GAGAUCGACUCCCUGUUUG 40 GAUCAACGACGGAGACAAG 42
UGGAGGAGUUCAAGAGAAA 41
STKi11 GAAGAAGGAAAUUCAACUA 43 GAAACAUCCUCCGGCUGAA 45
GAGAAGCGUUUCCCAGUGU 44
MKKS3 GGUGGAGGCUGAUGACUUG 46 GGAGGGCCAUGUGAAGAUG 48
GGAGAUUGCUGUGUCUAUC 47 GAUGUGAAGCCCUCCAAUG 49
*Individual sequences having demonstrated good knockdown :

10



RXRA GCAAGGACCUGACCUACAC 10 GACCCUGUCACCAACAUUU 12 GCAAGGACCGGAACGAGAA 11
SPF45 CAAAUCCGCUGACUGAAAU 13 GACCCUAUGUUUCCUAAUG 15 GAACAAGACAGACCGACGAU 14
Hecl GUGUAUUCGACAACUCUGQU 16 GUACUCAGUUGCAGACAUU 18 GAUUGCAAGAUUGGAACAA 17
GUAUCACAAAUUGGCUAGA 19 Raft GCACGGAGAUGUUGCAGUA 20 GACAUGAAAUCCAACAAUA 22
GCAAAGAACAUCAUCCAUA 21 GGAAUGAGCUUGCAUGACU 23  Aurora A GAGAACUGCUACUUAUAUA
24 GAAGGUCGGAUGCAUGAUG 26  GAAUAUGCACCAEUUGGAA 25 GUAAAGGAAAGUUUGGEUAA 27
TACC3 GCACCUCGCUUCCCACAAG 28 GAACGAAGAGUCACUGAAG 30 GAGCGGACCUGUAAAACUA 29
Rel B GCAGAAAGAGGACAUAUCA 31 GCCCGUCUAUGACAAGAAA 33  GCAGCGAGCCAUUGCCUUU 32
PRKCD GGACGUGGAUUGCAAACAA 34 GAAAGAACGCUUCAACAUC 36  GCAUGAAUGUGCACCAUAA 35

BRAF35 q~r~r\r~ INCCACAARIICLHIGA 27 AL ICLICAA I’I_\\IIA AG'/_\\l I~_ 20 o 1y ) 1AL A Annr\
38 HSPALI m‘!@’ﬁﬁiﬁfﬁ e\ e&'ﬁlﬁ"lﬁ f“ Docetaxel:
UGGAGGAG ﬁmma.& 41SBRAPPAYSARE A %@QIFH{A gl
GAGAAGCGIBYBRECAGURBCAMSAGLCUINGEARAE LG BacU ¢
GGAGAUUGELIGIGUCUALIESASC CAAUG-49 e
denonst r 38 good| KNAAKEEUHCECOAGUA (1145 | 1. S
Conferrir$rilﬁ;4§;%§ G ﬁ?ﬁ AUCQ%UGQQAnnpeg%ge! aa GEAQG&QU SeeueERee
kE ECGUGKCUiCUUUCAAA 58 GAGCAGUACCACUAGAAAU 60
GEFT GAACACAGCCUGGAUAUGU 61 GGAUGAAGAUGAGCUGUAA 63
GCACCGAGACUAUUUCUUG 62 GCAUGUGGCUCAGAUCUUG 64
Bub1 GUACAACAGUGACCUCCA 65 GCUUGUGAUAAAGAGUCAA 67
GAUGCUGGAUGUGUGAAUA 66 GAUCCACCAGAUGCUAUUG 68
hSeparase | GCUGUCAGAUAGUUGAUUU 69 GUGGACAGUUGUAAAUCUA 71
GCCUACAGCUUCUAUAGUC 70 GAAGAUCGUUUCCUAUACA 72
CamKIID GCACGAAAGCAAGAGAUUA 73 GCUAGAAUCUGCCGUCUUU 75
GAAGAAACCAGAUGGAGUA 74 GAUCAAGGCUGGAGCUUAU 76
CDK6 GAACAUGUCGAUCAAGACU 77 GAGUAGUGCAUCGCGAUCU 79
GUUUGUAACAGAUAUCGAU 78 ‘GUAACAGAUAUCGAUGAAC 80
GRB2 GAACGAAGAAUGUGAUCAG 81 GGUACAAGGCAGAGCUUAA 83
GUGGAUUAUCACAGAUCUA 82 GUGCCACAGCAGCCGACAU 84
Control Sequences:
[GUCGACCAUUAUGUACCGGAU| 85 [GGAUUCGUAACGUGAUUAGCG| 86

10

Sequences of siRNAs Not Affecting Docetaxel Response:

RB1

GAAACAGAAGAACCUGAUU

87

GUACAUCUCAGAAUCUUGA

39

GAAAGGACAUGUGAACUUA

88

* Individual sequences having demonstrated good knockdown




BubR1 GCAAUGAGCCUUUGGAUAU* 50 GGAAGAAGAUCUAGAUGUA 52 GGAACAACCUCAUUCUAAA 51
Mad2 GAAAUCGUGGCCGAGUUCU 53 GCCGAGUUCUUCUCAUUCG 55 GUGGCAUAUAUCCAUCUCGA 54
GGAACAACUGAAAGAUUGG 56 Mpsl GUCGUUACAGUCAAGCAAUF 57 GAUGAACUAAGCUUGAAUA 59
GCACGUGACUACUUUCAAA 58 GAGCAGUACCACUAGAAAU 60 GEFT GAACACAGCCUGGAUAUGU 61
GGAUGAAGAUGAGCUGUAA 63  GCACCGAGACUAUUUCUUG 62 GCAUGUGGCUCAGAUCUUG 64 Bubl
GUACAACAGUGACCUCCA 65 GCUUGUGAUAAAGAGUCAA 67 GAUGCUGGAUGUGUGAAUA 66
GAUCCACCAGAUGCUAUUG 68 hSepar ase GCUGUCAGAUAGUUGAUUU 69 '
GUGGACAGUUGUAAAUCUA 71 GCCUACAGCUUCUAUAGUC 70 GAAGAUCGUUUCCUAUACA 72

: At GYRIBBPOBSEUUU 75 GAAGAAACCAGAUGGAGUA

AL AL w
Ul AR
79 G " GRB? GAACGAAGAA[K?HGAIK‘ G

81 GGUACARGGCAGAGCLUAA 8 GUGGAUUAUCACAGA A g2 165 :CR@SS%A fBAGA yw;
Control Sé QA0S 'glk“ w/ RS ANCRERIA Ll TARe- g Jrafio
Sequences iof il iﬁ*\%ﬁ)!\bt Affgﬁf' ng—Dece=¢l espcn°m.\8 . tﬂ_‘\"<"’_‘w[:ﬁzs’fc uuJ
87 GUACAUCUCAG %U:A_gb A AAGEACATRIRAANS \p To D80 " D.0TRL) T 020, I
havi ng detl ed—good kn:gfzkdo‘ "Vﬁi 420 'a“'gﬂg tH :D\ad@n"sﬁ' fc‘of%boo
Docet axel [HRespeo &7 SHRNAS ;g;snf e nSM;ofpggs'?:se L‘ﬂ'ﬂﬁgsi t iq‘./qof_F t’uo' 200
| C50 p(1 Cbo A SPEAB, 94 M. 032505 0T o'dobd V0P =00080
T U Hest 95 NM_006101 0.64 0.0000 0.31 0.0121
Raf1 96 X03484 0.90 0.0059 0.30 | 0.0000
Aurora A a7 AF008551 - 0.73 0.0000 1.37 0.0018
TACC3 98 NM_006342 0.29 0.0000 0.85 | 0.0077
RelB 99 NM_006509 0.56 0.0000 0.77 | 0.0052
PRKCD 100 NM_006254 0.46 0.0683 0.59 | 1.0000
BRAF35 101 NM_006339 0.44 0.0000 129 | 0.1361
HSPAIL 102 NM_005345 0.60 0.0404 1.08 | 1.0000
STK11 103 NM_000455 0.94 0.4544 0.27 | 0.0000
MKK3 104 L36719 0.51 0.0000 0.82 | 0.0553

siRNAs Conferring Increased Resistance to Docetaxel:

IC50 .| p(IC50 |Min ratio| p{Min
Gene Name SEQID NO | Accession number | ratio ratio) rafio)
BubR1 105 AF048079 1.88 0.2207 3.01 0.5663*
Mad2 106 AJ000186 3.22 0.0076 5.08 1.00004
Mps1 107 NM_003318 3.55 0.0008 2.92 1.0000*
GEFT for Ract/CDC42 108 NM_133483 3.50 1.0000 2.42 1.00004
Bub1 109 NM_004336 1.38 0.0007 245 0.0000
hSeparase 110 NM_012291 1.89 0.0000 0.68 1.0000
CamKIID 111 NM_001221 2.03 0.0016 1.29 1.0000
CDK5B 112 NM_001259 1.99 0.0000 1.14 1.0000
GRB2 113 NM_002086 1.97 0.0000 1.16 1.0000

siRNAs Having No Effect on the Response to Docetaxel:
I1C50 p{IC50¢ |Min ratio} p(Min

Gene Name SEQ ID NO | Accession number | ratio ratio) ratio)
RB1 114 NM_000321 0.87 0.0061 1.03 0.4863
GAPDH 115 NM 0602046 nd nd nd nd
RPS9 116 BC071941 nd nd nd nd
Notes:

Min ratio: The ratio of a SiRNA over the control at the highest docetaxel dose

The smaller the p value is, the more significant the difference between sample and control

The p values marked with * are high because of poor curve fitting on the dose response curves, even
though the differences are significant and reproducible

Nd=noct determined




Gene Nanme SEQ I D NO Accession nunber ratio ratio) ratio ratio) P21(Wafl)
90 NM 000389 0.70 0.0004 0.25 0.0000 Pim1 91 NM 002648 0.80 0.0011 0.30
0. 0000 GBP-1 92 NM 002053 0.59 0.0000 0.25 0.0000 RXRA 93 NM 002957 0. 64
0. 0011 0.36 0.3098 SPF45 94 NM 032905 0.72 0.0000 0.47 0.0000 Hecl 95
NM 006101 0.64 0.0000 0.31 0.0121 Raft 96 X03484 0.90 0.0059 0.30 0.0000
Aurora A 97 AF008551 0.73 0.0000 1.37 @G&20018 TACC3 98 NM 006342 0.29

0. 0000 0.85 0.0077 RelB 99 NM 006509 0.56 0.00 00 0.77 0.0052 PRKCD 100
NM 006254 0.46 0.0683 0.59 1.0000 BRAF35 101 14M 006339 0.44 0.0000 1.29
0.1361 HBEAMPLD?Z NsolEHdBi00 c8@ SubeUolsiRNAS thet Goder IngFried DpOGaiditl 000455
0.94 0.4544.0. 27 0. 0000 MKK3 104 L36719 0.51 0.0000 0.82 0.0553 si RNAs
Conferring Thal8ased Resistance to Docetaxel : | CSO p(1C50 Mn ratio p(Mn
Gene Nanme SEQ I D NO Accession nunber ratio ratlo) rati o) BubR 105
AF046079 1.88 Q.2207. 5663A .,Mad2 106 AJ00Q0186. 3.22 0.0076.5.

1. 0000A Mpsl %OPP%%Z%?%%B"}?%C o5 R Y AGRSERSIRE FPPHOARNSH Art Pl ef%‘?se’ﬁééﬂ?’? 2
108 NM_13§R&&s3c510atheQDQDh%n&21 . QA0 GartiaBubentitd dr %&@41&&60% (RifQ0RY 2. 45

0.0000 hSe 2291 99 0.0000 .0.88 1.0000 Ca 111
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on the Response to Docét axel : (1C50 Mn ratio p(Mn
resistance using an mdependent approach with a second sequence, stable knock-down cells

lines were generated for BubR1 and Mpsl by infecting HCT116 cells with a retroviral vector
10 carrying DNA. oligonucleotides encoding a short hairpin (si)RNA. The shRNA contained a
different sequence than the siRNA, targeting a distinct region of the open reading frame. The
retroviral packaging cell line GP2-293 was obtained from Clontech. The cells were
maintained in DMEM supplemented with 100 units/ml penicillin, 100 pg/m! streptomycin, 4
mM L-glutamine and 10% fetal bovine serum. Virus was generated by transiently transfecting
15 GP2-293 cells. A total of 3.6 x 10° cells were seeded in a 10 cm dish 24 hours prior to
transfection. The medium was replaced 4 hours prior to transfection with DMEM containing
10% FBS minus antibiotics. The cells were transfected with 6 ug vector DNA, 6 pg of
envelope plasmid VSV-G (Clontech) and 72 pl Lipfectamine-2000. The medium was
replaced after 14-16 hours; the viral supernatant was harvested 24 hours later, filtered through
20 a0.45 pM filter and used to infect HCT116 cells at an M.O.I of 5 in the presence of 8 pg/ml
polybrene. Forty-eight hours post-infection the cells were selected in 0.5 pg/mi puromycin for
7 days or until the background cells died off. The dose response curves generated with the
BubR1 and Mpsl knock-down cell lines again showed enhanced resistance that was more -
pronounced at higher docetaxel concentrations (Figure 2), similar to the results obtained by
25  siRNA transient transfections. To examine whether the shRNAs reduced mRNA levels we
employed real-time PCR to detect endogenous transcripts and confirmed that the RNA levels
were diminished in the BubR1 and Mpsl stable knock-down cell lines as compared to the

vector control stable line (Figure 3).

30 Cells were lysed and RNA was extracted using RNAqueous —96 (Ambion). Tagman™
probes and forward and reverse primers were designed with Primer Express™ software (PE
Applied Biosystems, UK). BLAST searches of the probe and primer sequences revealed no

significant identity to other sequences other than the specific gene under test. For real time
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15 docetaxel correlated with increased &El%?a%%ﬁ;ra toosignifygresistance (Figure 1). To further
test the validity of WST-1 measurements, cytological experiments were performed to look at
cell morphology and viability (Figure 4). The cells were tracked using confocal microscopy
and Calcein-AM, a vital dye converted to green fluorescence by intracellular esterase serving
as an indicator of metabolically active cells. Figure 4 demonstrates that 16 hours post

20 docetaxel addition, the Mad2, BubR1 and, to a lesser extent, Mps1 siRNA. transfected cells
prematurely exited mitosis into an apparent interphase state coincident with a flattened cell
morphology, whereas the majority of the control siRNA transfected cells were arrested in
mitosis with a rounded up cell morphology. The flat cell phenotype has been previously
described for other microtubule inhibitors and refers to the ability of cells to exit from mitotic

25  arrest into an apparent interphase state without actually completing mitosis (Kung ef al., Proc
Natl Acad Sci 87:9553, 1990; Lanni and Jacks, Mol Cell Biol 18:1055, .1998). At 72 hours
post treatment, the most striking observations for Mad2, BubR1 or Mpsl siRNA down-
regulated cells were the presence of many more cells and their very large size, as compared to
the siRNA control transfected cells that were virtually eliminated by docetaxel treatment. In

30  the absence of docetaxel, mitotic checkpoint down-regulated cells looked similar to control

cells at the two different time points and the increased number of cells at 72 hours suggested

the cells were actively growing in the presence of the siRNA.



pol ybrene. Forty-eight hours post-infection the cells were selected in 0.5
g/m puronycin for 7 days or until the background cells died off. The dose
response curves generated with the BubR and Mpsl knock-down cell 1ines
agai n showed enhanced resistance that was nore pronounced at higher

docet axel concentrations (Figure 2), simlar to the results obtained by 25
si RNA transient transfection. To exam gg whether the shRNAs reduced nmRNA

| evel s we enployed real-time PCR to detect endogenous transcripts and
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knock- down Ce|M1tb1icft@ﬁcl@ﬁmﬂ-GmpﬁfeédeHsQ:aﬁ lbgpasyﬁmbﬁxrarfeemnﬂ@lremamb}lyexﬁi ne

(Figure 3),. l]s were | S ext.ract us -96

( Anbi on) . mil*ﬁﬂ?rﬁ’ Wgﬁﬂmtéﬁ@%?%‘ﬁm torsRpeh Eec Og?qﬂHa 9@%@%@ i gned
with Pringglifxa éﬁaﬁﬂ\éﬂamm@hec&zf@ 72&91)5#97691115!99@3{@&:9&5 Ceti)433BlOAST sear ches
of the probe and pri J%Wéﬁq]tqgnces reveal.ed no_significant |dent|ty to

ot her seqMemdas! ¢t Het d18H@8V3:iSedgy e » G%?Rfse@tzsoﬁozooﬂzﬁ’ time -33-
PCR 20 lg4 émﬂ&?c%%@éce%ﬁ&'\@'aiwﬁﬂﬁm/@als%&ﬁat&&g &ﬁ%nmit&ms fhiifwigl Rnase-free

water, 12.5 12x Universal PCR master 'm X an Ox I\/Ultlscrl beTM and

Rnase | nhiupptestioniithre¢ A@piﬁcsaeﬁp@smde (BubRb or M@ﬁ hmedn%@ﬁ'éreﬁi ajfetig e
primers ( 0 Mﬁgl I (about
Ing/ 1) was Q%é%ﬁ f&r agg%é?dlge%m’?gmé%% on a %&J‘? ij—_{)%\chljlsla I sﬁl%g
Sequence E&tfﬁmﬂ@nfﬁbm((la)m@atmeﬁlomsp 1@@4 3& 8 landh 2 MWQO@W@M for 30
m nutes, 95C.fo o f 258 for
1 minute. %T"é d’gﬂé’éénﬁ%ﬂé %tpﬁgglyﬁ%?g g °d§3€ﬁ?d tgcéslgh oﬁ%?ﬁ f#c}g) curve
and 1pr esHRkeah adicpiincemhitasBritotiaided RitEXAMalids). 35 gidphin lt'@yublahmcmrfooﬂl Mad2,
BubR and _Msl. Protects .Cel | s m Docet gxel - ce a Escapi ng
Mtotic Affgepint S@fﬁ?g’f’ ﬁfﬂgﬁ@ﬁ@? Ghpeke d%?ﬁﬁ?dgewégég%ﬁ%qs ned by
Ej he WST- l'tr@eﬁr%@dfimdl@ﬁﬁg ﬂfa’h i dIle‘a!;éé ﬂség@ﬁgﬂamtc aglelsteSha Iﬂltétftﬁn@d’x](;iﬁ:ﬁ:hé‘cemef 15
ocetaxel correlated with increased ce ility to, signi resi stance
(Fi ur o 1iehestvatiion el ppoit s tyibe poptie) SER Anghetber S it
cytol ogi Cmad%mﬁﬁwmr‘s&m)&%h@w&ﬁ figtifgslt §@rda00k natotic ﬁﬁﬂek Tﬁemﬁmlsﬂumand
viability (Figure 4). The cells were tracked using confocal mcroscopy and

Cal celsn- Anfects ware aot ag yeverranMad2and BybRE-dbgss reens elsubndewihatingiatiscel | ul ar
esterase gal ﬂé ﬁg mﬁ%reﬁ Qefl%%?{:z@g m@bt B RPRALI&EAbY YoRektVmadrk Bapr T gure 4

denonstrates hour s
siRINA was the most effectwe f"ollowed by Mad? and Mpsl.

To rule out the possibility that changes in mitotic index were coincident with large
20  differences in knockdown efficiencies, we employed real-time PCR to measure mitotic
checkpoint transbript levels. The experiment shown in Figure 6 demonstrates that mRNA
levels were diminished to comparable levels in Mad2, BubR1 and Mpsl siRNA transfected

cells, suggesting that the mitotic index differences were more reflective of gene function.

25 From the microscopy data, it appeared that the very large cells may harbor abnormal
DNA content. In order to further investigate whether these mitotic checkpoint impaired cells
were capable of overriding docetaxel-induced cell cycle arrest, and re-enter S-phase to
generate aneuploid cells, we performed FACS analysis to measure DNA content. The, Mpsi,
BubR1, Mad2 and control siRNA transfected cells were grown in the absence or presence of

30 docetaxel, fixed and stained with propidium iodide and analyzed by FACS. The data were
collected at several different time points post docetaxel addition (daté not shown) and
histograms for the 72 hour time point are shown in Figure 7. At 72 hours post docetaxel
addition, transfections with Mps1, BubR1, Mad2 and siRNAs caused an accumulation of cells



20 docetaxel addition, the Mad2, BubR and, to a | esser extent, Msl siRNA
transfected cells prematurely exited mtosis into an apparent interphase
state coincident with a flattened cell norphol ogy, whereas the majority of
the control siRNA transfected cells were arrested in mtosis with a
rounded up cell norphology. The flat cell phenotype has been previously
described for other mcrotubule inhibitoss and refers to the ability of
cells to exit frommtotic 25 arrest into an apparent interphase state
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2004). To 5 determne i cetaxel treated HCT1l 16 cells prematurely exit
f r om niot osdesefartli owi ng suppression of three specific checkpoint genes
Mad2, BubRl or Mps 1, we neasured mitotic indices of transfected cells.
Accordingly, siRNA transf ect ed Mad2, BubRl or Mpsl cells were harvested
w t hout (0) treat rrent or at 8, 16, 24, 36, 48 and 72 hours after docet axel
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by docz%t an6r| AT t:ethgrea’ter pl%lhferatwe capacity, the BubR1 and Mpsl stable knockdown lines
(Figure 4) were tested for their ability to proliferate and establish colonies in the continuous
presence of docetaxel. The Mad2 stable knockdown cell line could not be generated since
impairment of Mad2 was lethal fo cells (Michel et al., Proc Natl Acad Sci 101:4459, 2004).
The BubR1, Mpsl and control shRNA stable knockdown cells lines were subjected to 5 nM

25  docetaxel for 10 days and after that stained with crystal violet. Figure 8 shows that the BubR1
knockdown cell line produced many more large colonies as compared to the control cell line.
The Mps! knockdown cell line was not able to grow out colonies in the presence of 5 nM
docetaxel. When the plates were incubated for as long as 17 days, colonies were observed on
the control plates but were still fewer in number as compared to the BubR1 knockdown line.

30  These results link low levels of BubR1, but not Mpsl, with advanced cell growth in the

presence of the chemotherapeutic drug docetaxel.



si RNA was the nost effective followed by Mad2 and Mpsl. To rule out the
possibility that changes in mtotic index were coincident wwth large 20

di fferences in knockdown efficiencies, we enployed real-tine PCR to neasure
mtotic checkpoint transcript |evels. The experinment shown in Figure 6
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Resi st ant degefizeshives Hepl.BubRI  Downr eqgul ated Cell's 15 The apoptotic function
of BubRl appears to be inportant for the regulation of chronosone fidelity
gi ven that underexpression of BubR in conbination with anti- m crotubule
agents was asslociabieddl, BAOC3aRBUBI Avirdia-A BRK CI2 €RT6¢C 1S 1Y, aBUBRAF3S5 soci at ed

with represent siRNAs that increase sensitivity at lower docetaxel concentrations (1 — 6 nM) with a

characteristic shift in IC50. Aurora-A is a serine/threonine kinase that functions at the onset of

20  mitosis and has been implicated in centrosome maturation and spindle assembly (reviewed in
Meraldi et al., Curr Opin Genei Dev 14:29, 2004). Of great interest were published data
showing that Aurora-A over expression in HeLa cells protected cells from paclitaxel, in
alignment with our results where under expression of Aurora-A enhanced docetaxel killing
(Anand et al., Cance.r Cell 3:51, 2003). Admittedly this was a small decrease in IC50 for

25  Aurora-A representing a 25% decrease in survival; however, the results were precisely
duplicated by using retroviral delivery of ShRNA generating a stable knock-down of Aurora-A
in HCT116 cells (compare Figures 9 to Figures 10 and 11).

30 EXAMPLE 6: Pim1 Inhibits Proliferation of HCT116 cells in the Absence of Docetaxel

To further evaluate the positives from the screen, it was important to distinguish
between siRNAs that affect cell viability in the absence of docetaxel, and those that act



an activated checkpoint and apoptosis of aneuploid cells (Shin et al.,
Cancer Cell 4:483, 2003). To determne if permanently downregul ati ng
mtotic checkpoint genes enables cells to 20 grow with a greater
proliferative capacity, the BubR and Msl stable knockdown |ines (Figure
4) were tested for their ability to proliferate and establish colonies in
the continuous presence of docetaxel. -Ithe Mad2 stabl e knockdown cell |ine
coul d not be generated since inpairnent of Mad2 was lethal to cells
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docetaxel. Pim-1 siRNA. alone induced cell death by 24 hours whereas the TACC3 siRNA did

20  not cause death. These results demonstrate that BubR1 down regulation was associated with
increased cell viability and drug resistance, whereas Pim-1 and TACC3 down regulation was
~

associated with increased cell death and drug sensitivity. Both Pim-~1 and TACC3 showed

more killing in the presence of docetaxel but this assay could not distinguish between an

additive effect and cooperative killing.

"25
EXAMPLE 8: Docetaxel-Induced Caspase-3 Activity was Diminished by BubR1 Down
Regulation and Enhanced by Pim-1 Down Regulation
30 Docetaxel can cause cell death through induction of apoptosis (Kim et al., Int J Mol

Med 11:799, 2003). To determine whether Pim-1 and BubR1 siRNAs could modulate a
canonical apoptotic pathway in the absence and presence docetaxel, we studied activated '

caspase-3 levels in HCT116 cells (using a bioplex assay) (Figure 14). Afier 48 hours of 40 nM
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cooper at iaps¢ryeditR haprsdy AET-1tapd M/MQMSﬁYSnEOWée@i@W AR iBéisween t he
possi bl I dokéifte #Pdocttdl kel L85 Fofiinc M dalyRSS %Elﬁwhﬁnwfﬁ@h Bighlifiggat i on

using a trypan blue exclusion y Wt count | term ne the
nunber ofwah tislobserediion thanBGbRa\lelmocmcamwtlaﬁy Gahsedig]l dﬁathhb'm kpugpigtthe

transf ect resu 116
cells wh ff@él) gﬁﬁ) Jg%l 01 aﬁ%ﬁéﬁég é ?aecfln%dr% ld(sltgﬂ%t&%@&&f(nglkdovm
guantiot atkling mhrbughuhe mb3dylationadfichspagda3 baivity.si RNAs enhance docet axel -i nduced
cell death (Figure 9). EXAMPLE 7: Validation of Subsets of Resistant and
Sensitive CGenes Using Live/Dead 10 Assays To visually conpare siRNAs that
confer docetaxel sensitivity and resistance, mcroscopic inmaging is used
to determne the ratio of live to dead cells where Calcein-AMis wused to
st ai nisl i VIEXAMHALE Yr Semling Rathpraypinddlued indubcetexdl Phductd Pit-hiAssdcimedhucl eus of

dead cells red. 15 oceta 72 hours) addition, siRNA transfected
BubRi celieélsﬁé{’&}’?qpeﬁa’iztela‘gség(fmtﬁéﬁﬁ%& viabl e cells, whereas si RNA
transfected Pim1l and TACC3 had t he greatest nunber of dead cells and the

control cells re in. between ta not shown). Although the BubR . si RNA
al one showed i Titr ¥4¥Egs @E’Pﬁ’ut‘éf%g‘? gyt Fiong F‘égge?th@afcgl T3t PR PV Becone

nore resigbaitg snalHRCelaN athat Bhdnt& &l R¥Ahakane gradoapdinesl thatl€addr by 24
hours wher eas the TA si RNA di d
20  survival. In an attempt to define the molecular basis for enhanced cell death associated with a
Pim-1 knockdown, we examined the activation state of a key cellular pathway involved in cell
survival, AKT. HCT116 were seeded at 4 X 10° cells/well on 6-well plates and the next day
transfected with siRNAs at 16 nM using Lipofectamine 2000 (Invitrogen). After 24 hours,
cells were untreated or treated with 5 and 40 nM docetaxel. Cells were lysed 24, 48 and 72
25 hours after docetaxel addition with ice-cold lysis buffer (50 mM HEPES beffer (PH7.4), 1%
NP40, 2.5 mM EDTA, 100 mM sodium fluoride, 10 mM sodium PPy, protease inhibitor
cocktail tablet (Roche), 2 mM sodium orthovanadate) and centrifuged at 12,000 g for 10
minutes. Lysates were then quantified for total protein levels using DC protein assay
(BioRad). Active caspase-3 levels were determined using an active caspase-3 beadmates kit
30 (Upstate) and the Luminex 100™ system with protocols suggested by the manufacture. Total
and phosphorylated AKT levels were determinéd using a total AKT antibody bead kit and a
phosphospecific AKT 57 antibody bead kit (Biosource) and the Luminex 100™ systerm with

protocols suggested by manufacture.



20 not cause death. These results denonstrate that BubRl1 down regul ation
was associated with increased cell viability and drug resistance, whereas
Pim 1l and TACC3 down regul ati on was associated with increased cell death
and drug sensitivity. Both Pim1l and TACC3 showed nore killing in the
presence of docetaxel but this assay could not distinguish between an
additive effect and cooperative killings-25 EXAVPLE 8: Docet axel -1 nduced
Caspase-3 Activity was Di m ni shed by BubRi Down Regul ation and Enhanced by
Pim 1 Down Regul ation 30 Docetaxel can cause cell death through induction
of apoptosis (Hihm etpedtnent kmwn mlﬁgwwlﬂldemm@@o@)at Pha- edosmiggulatiomet her

Pim 1 and BubRl n the
ebsence. afaoT e Birda et ka5 URPhE a1 APORLAN b BELIANA ", |
HCT116 C6|si§uﬁdaﬁﬂ1)ﬂg:cantﬁut€mm nﬁmyg cc(rEEIgthlensﬂ_d.i)docﬁﬁxeérB}ﬂ@)nhEUB@, BLbRD nM
- 38- docet axel ase ct,ivi ed C rQ n

i nducti on d\%@%ﬁ ?fgwcré?ﬁfigﬁte hﬁ’é Wn]gé %’L{A%E aﬁ‘??‘?} ‘fﬁe& aa?l%gl%ﬁth%t Red by
down regulatihdidoRetdBit (6t Highe adiﬂerhtﬁﬁ@i ofpévelasyl, indicatife absetivesigfaling
docet axel , down regul ation of Pim 1l caused a slight increase in caspase-3

activity @ethyaynsay ge agiveted ghigheedosd control |evel by 48 and 72 hours
(upper panel), 5 indicating that other apoptotic machinery were activated

to maintain the enhanced killing observed at 72 hours by WST- gP,and
LI VE/ DEAD assay'Ppligsimnpir&yurdt VestieratBlpusralysih ting aﬂélb%??c agagpst domet 48d

caused a oSkl &JAEUI&E S F% 'y GRSAARS %n?eclsdnytl fidfual WRb&HS b &&'ﬂfslﬁéx@nt

with the observation t nockdown i nitially caused ce death at 72
hour s1é n tideeled ity NLPEGD Noysa Ppis-Tivegsds (frevitugges)- f Antibegies ageaist %lm'b(ﬁﬁn?ﬂqménd

BubRl as f.fe AN

caspase- 3 %’6‘0][0 %%ﬁ%)ﬁ}gﬁ S‘@encgg%a 1:&%6&299%—9\@ &erl]%nslég%é%%w& B the
Docet axel mﬁﬁ%&ﬂe RietantiaryAmtibediest wete chgngdted to HBPa;BubRﬁﬂpbﬂud daseetedi byt lBCL

Resi st ance__The tivities_ attri Pml n est

pl ays a cé}{?ﬁt%%&ﬁl%t?cﬁon %Ysmf%ﬁ?%wgﬁ%@e% lg Vgﬂﬁf’ %’g gg?rfh%eat h
whi l'e promi Qa5 Bibient @5t The @@blimerd QhGwi it F»i@ire 16 ﬂlerﬁdihsﬁhtb@ﬂjat Pl
define the nol ecul ar basis for enhanced cel Iarﬁaeath ass ci.ated

1
knockdbwn andBubRa protein levgls viee Airapishsd asicame f%ﬂ:t?e%?m& R LT a&fﬁ%g) o

i “Vg' Veldl 'p?oteﬂ level$ géﬂésy&}lded R a ialidBl \WBhrRe SERARA 19! THesX dhXSsupgtst Siaeel |
on we | at es and t he next
downregulatmg Pim-1 protein levef; can block the phosphorylation and activation of AKT in
order to compel the cells towards apoptosis. Pim-1 appears to mediate cell survival by

activating pro-survival pathways.

The present invention is not limited in scope by the specific embodiments described
herein. Indeed, various modifications of the invention in addition to those described herein
will become apparent to those skilled in the art from the foregoing description and the

35 accompanying figures. Such modifications are intended to fall within the scope of the |

appended claims.

30

All references cited herein are incorporated by reference in their entireties.



transfected with siRNAs at 16 nM using Lipofectam ne 2000 (Invitrogen).
After 24 hours, cells were untreated or treated with 5 and 40 nM
docetaxel. Cells were lysed 24, 48 and 72 25 hours after docetaxel addition
with ice-cold lysis buffer (50 mM HEPES beffer (PH7.4), 1% NP40, 2.5 niM
EDTA, 100 mM sodi um fluoride, 10 nM sodi um PPi, protease inhibitor
cocktail tablet (Roche), 2 nmM sodi um orjghovanadate) and centrifuged at
12,000 g for 10 mnutes. Lysates were then quantified for total protein
| evel s using DC protein assay (BioRad). Active caspase-3 |levels were
determ ned using an active caspase-3 beadmates kit 30 (Upstate) and the
Lum nex 100TM systemwi th protocols suggested by the manufacture. Total
and phospioregd &t EcrhyfLiesy 8| ¥enldiacancet AR N(2663) AFROR AaAtadificAich awtridesdy

he Lum o8 HGRSRPEDARRRER) vieboshlnbbhe iRt 4500 ot TP B0 o™

The experinment shown in Figure 15 denonstrates that Pim 1 downregul ation
decreased the baseline phosphoryl ati on of AKT, as conpared to the control

and the effeqiM09, oglli CrC c LI DL N6f S35
concentrations of Hé%%?gig¥?a%%b%%?%é%?%%ﬁ%%gdaa%ﬂm%o ingﬁpggvghc%w%¥eased
t he basel i¢retifpasiophef pioglagms off ARAlandutdde apbiitesis wva RMscEntd gheipiat t he

| ower butS&g&ﬂg%gpﬁggﬁp%&?ﬁgﬁ@tion of docetaxel, indicating

alternative-si at hways may be activated at hi gher doses.
Applicants perforned Western Bl ot anal ysis using antibodies against Pim1l
and BubRl to neasure protein levels at the 48 hour tinme point. Equal

anounts o [ r c : IESEddel
ChRELICI Weotdp e, T;ﬁgellﬁﬂ%q{ﬂs@ﬁﬁ%sgﬁgg‘%m%g&ﬁimggglﬁ%l Og@)ﬁ,‘ﬁhﬁbﬂ

(Invitrogen). Antibodies against PBim1 (

( BD bif%sciebriay CiaEhampess (FC.n-AISH dita 0" Gennesll s 20033 Gong erenstseign Ipyofiling for
manuf act uge. hodi r i Ji- j nd
ot ect od iy BACA LSt BeBBh IR okl bt il ik B e
fol | owed B§2:86dBsure to Hyperfilm ECL (Anhersham Bi osci ences). The
experinment shown in Figure 16 denonstrated that Pim1 15 and BubR protein
| evel s were dim nished as conpared to the control, show ng that reduced
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phospHoryl ati on and activation of AKT in order to conpel the cells towards

apoptosis. Pim1l appears to nediate cell survival by activating _
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20 The present invention is not limted in scope by the specific

enbodi nents described herein. Indeed, various nodifications of the
invention in addition to those described herein wll beconme apparent to
those skilled in the art fromthe foregoing description and the 25
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for ppedicting or nonitoring a cancer patient's response to a nolecul e of
the taxoid famly, conprising the steps of:



5 a) obtaining a test sanple froma cancerous area of said patient; b)
obtaining a control sanple; c) neasuring the |level of one or nore genetic
mar kers; and d) conparing the nmeasured Bevels of said one or nore genetic
markers in the test sanple and the control sanple; 10 wherein a decrease
in the level of said one or nore genetic markers neasured in the test
sanpl e as conpared to the control sanple indicates an increased resistance
to a nolecule of the taxoid fam|ly. @BABMSThe met hod of Claim 1, wherein
said one or nore genetic narkers is BubR, Honp sapiens simlar to protein

ki nase ( BUBRI . C et e eds nBank CCQSSIOH nunber 046079). 3.
The et o DA S PHERE OF TEAT o of EEUPRPGRT RESPaRB e gyt qrde

sel ected frtﬁiﬂiﬁ'ﬁﬁmlﬁ(&oﬁ{pﬁ eengéstdmg of paclitaxel, docetaxel XRP9881 and
XRP6258. 4. The nethod of a|n11 wherein said | evel of one or nore genetic

markérs is neasebteiingy temmplemmarcamm@anea ofaBl patinet; met hod of Claim 4
wherein said gﬁNﬁ as using a technique selected fromthe group
consi sting of %??Q??ﬁﬂﬁﬁogﬁyﬁﬁf reverse-transcriptase pol ynerase chain
reaction, nucb)emeas@ﬁhgﬂiemwdl@faﬁébﬂﬁoreegeﬁsﬁdmaﬂ@fsean@, Northern blotting
and mass spectronmetry. 30 6. The nethod of Claim4 wherein said DNA is

measured by ud) srinprringdhnmeaaresidreds efisaid ovs ORTRRIeHCBELS BaRkSisIE ihefeuf
guantitative Bﬁ%ﬁgﬁﬁéﬁ%c%ﬁébﬂmﬁﬁ dtlon genomi ¢ DNA-chips, in situ

hybri di zati on, horesi's uthern blotting and nmass spectronetry. 45
7. The net hatkrah a@ememeQn\Minakeeelmfsaddebﬁhﬁirmgér&namkamdlekmrmlhnge st
techni que sel ected fronlthe group, consi stin i mmunoassay, Western plots,
ELI SA, and SAR®E a§fempatsiee (e congol 7@ mdeﬁa?eﬁraédméwsﬁ resistansniq HrokgUE
cancer paudyﬁe@m&gqgﬂaﬁe to nolecule of the taxoid 5 fam |y according to
the nmethod of Claim1 wherein the kit conprises detectabl e-I|abel ed

anti bodi es, detectabl e-1abel ed anti body fragnents or detectabl e-I|abel ed

ol i gonucl eoti des conprising nucleic acids capable of hybridizing under

strimmgent. Cihiedhéthehst Chirmd] dhowb Qid oddren@enehdi makkshs, Wherein said one
or nore genetlc ITB.I’kE,‘I’S S
BubR1, Homo sapiens similar to protein kinase (BUBR1) mRNA, complete cds

(GenBank accession number: AF046079).

3. The method of Claim 1 wherein said molecule of the taxoid family is selected from the

20 group consisting of paclitaxel, docetaxel XRP9881 and XRP6258.

4. The method of Claim 1 wherein said level of one or more genetic markers is measured by

mRNA, DNA or protein.

25 5. The method of Claim 4 wherein said mRNA is measured by using a technique selected
from the group consisting of in situ hybridization, reverse-transcriptase polymerase chain
reaction, nucleic acid hybridization, electrophoresis, Northern blotting and mass

spectrometry.

30 6. The method of Claim 4 wherein said DNA is measured by using a technique selected from
the group consisting of quantitative polymerase chain reaction, genomic DNA-chips, in

situ hybridization, electrophoresis, Southern blotting and mass spectrometry.



BubRi, Hono sapiens simlar to protein kinase (BUBRL) nRNA, conplete cds

10 (GenBank accessi on nunber: AF046079). 9. A kit for predicting or
nonitoring a cancer patient's response 450 nol ecule of the taxoid famly
according to the nmethod of Caim1 wherein the kit conprises the neans of:
a) obtaining total RNA froma bodily sanple; 15 b) reverse transcribing the
total RNA to obtain eDNA;, and c) subjecting the cDNA to a polynerase chain

reacti ony UshOehephodQJt CQhinP4 WhBen YehRldin BNBeRrddWyishigl AREi@lcSselected

det ect abl y-1abel ed and both primers are derived from a nucleotide sequence
of one or fromethggroewpicensistingeofdmnwinenssays Weagterndvets.dfLIds and gestepeeiraregtiver s
is 20 BubR, Hono sapiens simlar to protein kinase (BUBRL) nRNA, conplete
cds (GenBank accessi on nunber: AF046079). 10. The detectable | abel of any

one of o aiAnEt for prelictinB @k aidhitbhifg dehket phleat’k adagbndeSo sttt thd fa@Bidt he
group consi sting of an enzyne, a radioactive isotope, or a chem cal which

25 f§ uor es&arily acceiding touhs methedof Glaimek wherein the ki sanpasesdsiaciablelabeled
N , ' | { h G '
| POSOES, o A (1aRS G hle TIRLRAUL iy BT 0L LR REARH G PRcRBdes,

nonitoring a cancer patle S respo

conpri si ngcégrishepsclet acid® capablehifaiybiidiging undet sti$@gant eorfditiuonsdo s#d ore otIS
area of said patient; b) neasuring the |l evel of one or, nore genetic

mar kers, wHSFegsetamarksss viergp sad oge Aepre gARFReMETkes 186 BubRI, Hono

sapiens siml o] tel Ls : gg% g}@ ank
accession nu ebrﬁzl’kﬁgﬁb%bgy%b@? ﬁn@%@é&?%mt e IUeE?/Igml& oﬁgg%lpfe%é}g
ref ey ence gene(GenBaak keessisehanbadAF0460780he group consisting of: 5 GAPDH,

Hono sapi ens gl yceral dehyde-3 - phosphat e dehydrogenase (GAPD), nRNA
(GenBank accessi on nunber: NM 002046); and RPS9, Honob sapi ens cDNA cl one

| MAGE: 6647283 o Bddi g O ShdnBRBER KanRE SRRSO ResPIIERES mdREBELHARY faxoid
family according to the method of Claim 1 wherein the kit comprises the means of:

a) obtaining total RNA from a bodily sample;

15 b) revefse transcribing the total RNA to obtain ¢cDNA; and
¢) subjecting the cDNA to a polymerase chain reaction using a set of primers
wherein one or both primers are detectably-labeled and both primers are derived from
a nucleotide sequence of one or more genetic markers, wherein said one or more
genetic markers is

20 BubR1, Homo sapiens similar to protein kinase (BUBR1) mRNA, complete cds

(GenBank accession number: AF046079).

10. The detectable label of any one of claims 8 — 9, wherein the detectable label is selected
from the group consisting of an enzyme, a radioactive isotope, or a chemical which
25 fluoresces, a chemiluminescent molecule, radiopaque substances, liposomes, and haptenic

molecules.

11. A method for predicting or monitoring a cancer patient’s response to a molecule of the
taxoid family, comprising the steps of:
30 a) obtaining a test sample from a cancerous area of said patient;
b) measuring the level of one or more genetic markers, wherein said one or more

genetic markers 1s




d) conparing the neasured |levels of said one or nore genetic markers and
said one or 10 nore reference genetic markers in the test sanple; wherein
a decrease in the level of said one or mdre genetic markers as conpared to
the level of said one or nore reference genetic markers indicates an

i ncreased resistance to a nolecule of the taxoid famly. 15 12. The net hod
of Claim1l wherein said nolecule of the taxoid famly is selected fromthe
group consi sti ng BibRhdilorhaxglicnsdoodarax @kotXRRABBE (RUBRXRPERISS, cobthletd hds

met hod of Claim 11 ein sai.d | evel of r nore genetic markers is
measured by nRNA, (%‘%‘h‘ aﬁ_?%?lé?f‘ﬁ‘.‘m‘g’ r'_fkf.oa%ﬁ@rret hod of O aim 13 wherein
said mRNA is geashfueido bie 894109 oA bERBR @E8eR8loBRdtRAnarkEQ R O8] HOAURE _
consisting of in situ hybridization, reverse-transcriptase polynmerase chain

reaction, nuclgeiup caosistingddr i di zati on, el ectrophoresis, Northern blotting

and nmass spectro 15. .The et f Cai 3 rein saj IS
measur ed by usi ngr@glﬁ[éghﬁ?)wga@&l%g 8%%3&?{3(3%0%%}%58%@5%%@?‘%%5’%
quantitative pol yneR§A (CeaBimk R€dsi@hungRARQIVC 08N 6G:ings, 1 n situ

hybri di zati on, el ectrophoresi s, Southern bl ottl_ng and mass spectronetry. 30

16. The net hod of RES%iHemg sshensailiNA glane gMat ek 964 22 8FepatipkadisbificnBanly a

techni que selected_ fr r jsting of immunoassay, Wstern
bl ots, ELISA, and %%Cseg‘(’%s?bl;el@ﬁ}?%h%?p;w@; 17. A kit for predicting or

moni toring a daosepariatthemeasirékiepelnsesdid ome dheeeaetdd mhitkerstand gaid ohawt | y
according to the nethod of Claim 11 wherein the kit conprises
det €6t abl e- | aBEIreEFeraRie SsBefic@arkgrst 18 katsFiesambliel ed anti body fragments or

det ect abl e- | ahgl.csh OhLIORE G BRULAF ST sHQTRE &%gl& geﬁah&hgﬂéfsi zﬂ%o@%@@ﬁ k& uRf

hybridi zi ng under stringent conditions to sald one or nore genetic
mar kers and s&ivel afssidosnenymeore effercacc gengto starkersimdicates as alcecisedirekistaned toe

group consi sting.of: R, .sapiens simlar to protein kinase (BUBR1)
mRNA, conpl et & %CUl';(QBQHB%Q%@Si on number: AF046079); GAPDH, Honp
sapi ens gl ycer al dehyde- 3- phosphat e dehydr ogenase (GAPD), nmRNA

15 12. The method of Claim 11 wherein said molecule of the taxoid family 1s selected from the

group consisting of paclitaxel, docetaxel XRP9881 and XRP6258.

13. The method of Claim 11 wherein said level of one or more genetic markers is measured by

mRNA, DNA or protein.
20
14. The method of Claim 13 wherein said mRNA is measured by using a technique selected
from the group consisting of in situ hybridization, reverse-transcriptase polymerase chain
reaction, nucleic acid hybridization, electrophoresis, Northern blotting and mass
spectrometry.
25

15. The method of Claim 13 wherein said DNA is measured by using a technique selected
from the group consisting of quantitative polymerase chain reaction, genomic DNA-chips,

in situ hybridization, electrophoresis, Southern blotting and mass spectrometry.

30 16. The method of Claim 13 wherein said protein is measured by using a technique selected

from the group consisting of immunoassay, Western blots, ELISA, and mass spectrometry.



10 (GenBank accessi on nunber: NM 002046); and RPS9, Hono sapi ens cDNA cl one
| MAGE: 6647283, partial cds (GenBank accession number: BC071941). 18. A kit
for predicting or nonitoring a cancer patient's response to a nol ecul e of
the taxoid 15 fam |y according to the nethod of Claim1ll wherein the kit
conprises the neans of. a) obtaining total RNA froma bodily sanple; b)
reverse transcribing the total RNA to obtain eDNA;, and c) subj ecting t he
cDNA to e or
both pr iere EREDATRAERT dr by FaitRh BRcAL S Kop el A FRAGUINER e Focchl2 20
nucl eot i defaselyurnaelingf todhemethodof €lgankl whemmrthekﬂ compesaidetesmbtt-labeledr

(BUBRY) mraBtibodbcuccatlcr O anibnl (RERAER Qs chsbler bl AR mos 0BG o
The det ect @by &idiAPRhc1at a8y cé}ﬂlﬁlecgf hybRUTRe khder shifn e%&frﬂﬁﬁbn%@@srﬂ@%ﬁ&&abl e

| abel conprises an enzyne, a radioactive |sot ope,”  or a chem cal which
f | uor escesmore gfhvetw markenesrlmaid onmoiregere ecferecadd goetjc enaskdrs sedereaisfromitiosones,

and haptenlc nmol ec q
group consis

ng of:
BubR1, Homo sapiens similar to protein kinase (BUBR1) mRNA, complete cds
(GenBank accession number: AF046079);
GAPDH, Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPD), mRNA
10 (GenBank accession number: NM_002046); and
RPS9, Homo sapiens cDNA clone IMAGE:6647283, partial cds (GenBank accession
number: BC071941).

18. A kit for predicting or monitoring a cancer paticnt’s response to a molecule of the taxoid
15 family according to the method of Claim 11 wherein the kit comprises the means of:
a) obtaining total RNA from a bodily sample;
b) reverse transcribing the total RNA to obtain ¢cDNA; and
c) subjecting the cDNA to a polymerase chain reaction using a set of primers wherein
one or both primers are detectable-labeled and both primers are derived from a
20 nucleotide sequence of one or more genetic markers, wherein said one or more genetic
markers is
BubR1, Homo sapiens similar to protein kinase (BUBR1) mRNA, complete cds
(GenBank accession number: AF046079).

25 19. The detectable label of any one of claims 14 — 17, wherein the detectable label comprises
an enzyme, a radioactive isotope, or a chemical which fluoresces, a chemiluminescent

molecule, radiopaque substances, liposomes, and haptenic molecules.



