wQasosiog1dkar, it relates to assays and net hods PET/GB2005/001022

1

Treatment and Assays Field of the Invention The
present invention relates to cancer treatnent. In

determi ning susceptibility to resistance to anti -
cancer drugs such as platinum anti neopl astic agents
and net hods and conpasitions for treatnent of cancer.
Background to the Invention Col orectal cancer (CRC) is
the second | eadi ng cause of cancer - related deaths in
the Western world. The nunber of new cases of CRC
wor | dwi de is increasing, and approximately one hal f of
CRC patients devel op netastatic di sease. The nost
active drng against this malignancy, the
antinetabolite 5- FU, was devel oped nore than forty
years ago. In patients with resected stage |11l CRC

adj uvant 5- FU based chenot herapy has been
denonstrated to i nprovedi sease - free survival and
overal | survival by 35% and 22% respectively (1).
However, in advanced CRC, 5-FU nonot herapy produces
response rates of only 10 to 15% (2). Efforts to

I mprove response rates have led to the conbi nation of
5- FUwith the newer cytotoxic drugs CPT - Il and
oxaliplatin. This has significantly inproved response
rates (40- 50% and prol.on qg ression - free
survival (3, 4). :ﬁ%ﬁ%?ﬁ @% F5verent s, more than

> half of patients undergo chenotherapy for advanced CRC

W thout n

Field of the Invention

The present invention relates to cancer treatment.
In particular, it relates to assays and methods of
determining susceptibility to resistance to anti-
cancer drugs such as platinum antineoplastic agents
and methods and compositions for treatment of

cancer.
Background to the Invention

Colorectal cancer (CRC) is the second leading cause
of cancer-related deaths in the Western world. The
number of new cases of CRC worldwide is increasing,
and approximately one half of CRC patients develop
metastatic disease. The most active drug against
this malignancy, the antimetabolite 5-FU, was
developed more than forty years ago. In patients
with resected stage III CRC, adjuvant 5-FU-based

chemotherapy has been demonstrated to improve
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measur abl e shrinkage of their disease. Wth the
i ncreasi ng nunber of therapeutic options, predictive

worenoges798est i ng (both in the adjuvant and net aBCEHGBE005/001022

setting) could allow selection of chenotherapeutic
regi mens according to the ecul ar phenotype of
tunmour and patient. This would inpirove response rates

and . survival and prevent unnecessarily exposi °
patiiREESr §TPRoSPEYREar FBO 7 6F SArugE T raRtwAY ch > Fhey
ar gpdnbbkel-xsbachenefit (bye tiewkherw despeeadcusecsic,
5- FU- based chenotherrapy in the treatnent of
cobeF¥ctahothncepy mustugesdirespeasgatathas cbesnly 10

reported fqr this_agent Expr ' f '
Cyhehase (B nELBEET tRomnERSv R b E, ShkBsopave
respanse t@ebcoldibBtibn. offn5addi tiliah, thiegheerpr essi on

| evel s of dihydropyrim dine dehydrogenase D d TP
hage théenigs §eepat €4 Tnilth 2Pes PERaRD a&%ﬂne§ggﬁétﬁgg

di%ggigfggaﬁtl U; ?FO%Ed Howevere fawerol@eubas) amd
markers are currently available that would all ow the

pr pspéchigeei gentirbissabnofret patrivemes st 4l)i-kePgstoite

respond to oxaliplatin or CPT- 11l. _Hi NRINA
ex§%§§§i&WP&PVFW§HE§CCPO§ﬁdt?éngéﬁég %gspﬁgéﬁngﬁomn to
be \prediyet knemek h@@_‘ﬁg vy €5RORFL ahdegaCRENtE thoeat edy~
with oxaliplatin conbined with 5- FU (10), suggesting

t haeaBrRoeb leayhisé niaget OENtASAL G S6REFipl atin
sensitivity. Reduced TOPO | expression has been
denonstrated in CPT- Il- resistant cell |ines.

With the increasing number of therapeutic optionss,

predictive marker testing (both in the adjuvant and
metastatic setting) could allow selection of
chemotherapeutic regimens according to the molecular
phenotype of tumour and patient. This would improve
response rates and survival and prevent
unnecessarily exposing patients to the toxic effects
of drugs from which they are unlikely to benefit.
Due to the widespread use of 5-FU-based chemothercapy
in the treatment of colorectal cancer, most
predictive data has been reported for this agent.-
Expression of thymidylate synthase (TS) has been
shown.to,predict for a poor response to 5-FU (5-7) .
In addition, high expression levels of
dihydropyrimidine déhydrogenase (DPD) and TP have
been associated with resistance of metastatic

disease to 5-FU (8, 9).

However, few molecular markers are currently

available that would allow the prospective



However, a consistent association between pre -
treatnment TOPO | expression and tunour response to

WERIDs/08194as not been described (11). Al t houghPCT/€80M5/001022
data is available on the determ nants of resistance to
chenot herapeutics, there remakns a need for a robust
nodel system for further investigation of such drug
resi,stance., Summary of the Inventi,on .Th r.esent

1| PvdrEats Bt ey SioRat Ft - Ao dr el @ pardionst £

2 5- %Eé*abig@%&d lor @ne-axal | pliadH mRNA esipteandi pbd Mide

- -type and null cell lines derived fromHCTII 6

3 col dRgtlalercar®s rusmescdldss berresdidl Itg regpredictive

i ndi vi dual |y and _col l.ecti vel i.Lut e i.ndependent

L ot S B e S B A P oy et o

5 havexkeaplusad anshcarederitsed iRy eXa)i nesuduestRNg that
expression |evels of a nunber of_ potentially inportant

6 mediE&CErs M 8 fortse I NREYe Thetsthét'adi'ds in order
7 Lo identify key r%&i\%&f Srffo eI SIANGS A has been
sensitivity that nay be of use in the clinica
8 set tdemgriBtteradeld il BT -1iely- beeuisethritndiadildualnas -or
9tog ther in a variett:of screeniqg_ne&ngs. Far._
exanpl"€Yed cél 1°91 oq‘ntt Ife SHVENtI Dh ey’ e dsed in a
10 SCr egRiztehait heba o idgidfyi neral tmiedetegimantts
of drug resistance. A s described in the Exanples, the

11 pr e$&A Llnvem oo hard deracead séd)tshe cel | 1ines of

17 the invention,

13 Although, . some data is available on the determinants
14 of resistance to chemotherapeutics, there remains a
15 need for a robust model system for further

16 investigation of such drug resistance.

17

18 Summary of the Invention

19

20 The present inventors have developed and

21 characterised a panel of 5-FU-, CPT-11- and

22 oxaliplatin-resistant p53 wild-type and null cell
23 lines derived from HCT11l6 colorectal carcinoma

24 cells. These cell lines individually and

25 collectively constitute independent aspects of the
26 present invention. These model systems have been

27 used and can be used to examine the mRNA expression
28 levels of a number of potentially important

29 mediators of response to these chemotherapies in

30 order to identify key regulators of resistance or
31 sensitivity that may be of use in the clinical

32 setting.



identifying a nunber of markers of resistance to
speci fic chenot herapeutic agents. Wth respect to the
wez@bsigioag i n resistant cell |ine, the inventorBCHaB2005/001022
identified an association between the overexpression
of the ABC half - transporter ,BCRP/ ABCG and
resi stance to the platinum - based chenot her apeutic
oxal i pl ati.n. -The denonstration .that h | evel s of
1 DR B e o R S < D 1 Rt g e
2 i nduced, aRORLAS) $0fs SUChGR) henald es ddie safdyle, a
determ nation of whether or not treatnment wwth a
3 pI atqeridmlba%(}bﬁjrtu@ ragtans iivay ey éfef antdd/elli re a
artlcular a Thus, . the present jnvention may be
sef %%téhﬁ%e&ﬂ1tﬁﬁeé¥f&§r?reMrmnt
5 V\Atfaieaaemnaﬂda}iﬂﬁ has et heradilerapeut i ¢ agent may be
effective in a particular patient. Accordingly, in a
6first aspect of the present invention, there is
7 Provided & mided eyé& HpsPAIRe e dUm A8 St s
to in vivo tnent atlnun} ased
8 cheﬂﬁﬁmrcapmﬁdtcexawu tmlaﬂamet]haresco:rmr’um rﬁgmdrretion,

steps rovidin in |tr sanp cont ai inin
9ttunﬁﬂéﬁﬁﬁ %ﬁWQWﬁn i%ﬁﬁ 4%eﬁﬁﬂ rﬁ?ﬁ%ﬁ;?%% bda
10 exprs%%&%cofck@a&wefgg@;&fcta rgenes encodi ng BCRP
protein, wherein enhanced expression of said gene
11 correlates with enhanced resistance to the

1, chemmthera euetc!tc 20 Basal, 1exnressl and 4t he Uyl

ceIIs may conp

13 the inventors have identified an association between
14 the overexpression of the ABC half-transporter

15 BCRP/ABCG2 and resistance to the platinum-based

16 chemotherapeutic oxaliblatin.

17

18 The demonstration that high levels of BCRP

19 expression in caneer cells inhibits oxaliplatin

20 induced apoptosis of such cells enables the early
21 determination of whether or not treatment with a

22 platinum based drug regime may be effective in a

23 particular patient. Thus, the present invention may
24 be'used in assays to determine whether or not |
25 treatment with a platinum based chemotherapeutic

26 agent may be effective in a particular patient.

27

28 Accordingly, in a first aspect of the present

29 invention, there is provided a method to predict

30 = response of tumour cells to in vivo treatment with
31 a platinum-based chemotherapeutic agent, said

32 method comprising the steps:
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wi th basal expression in one or nore control sanples.
The control sanple may be normal (i.e. non neopl astic)

the sanple conprising the tunour cells. In an
al ternative enbodi ment, the cpntrol sanple may be an
oxaliplatin - sensitive cancer cellline. For exanple,

the control ,sanple may be the HCT116 oxaliplati

sendfli BEOEAAGEP 6B 7 PREEC| APPLF eFPBASCROBEI MBRESE
of the1knyephi ansuBXBEessi on of BCRP in the sanple
exposed to said chenot herapeutic agent is considered
to lbe) edbbacednifngt hheekpsabstopreéssaen| efseng- ofohdre

preferaply at lLe s | nor referably.at | eas
P8 Bt LoBhenortainkr 4R5 RSP BLE "R f opBRfbec
mor expref et ahl yrakal €agéndOcofpbUat 8BStriphetahahbydat

| east 12- fold that of BCRP in the control sanple. The
chehbtheFapeat Fe Apenthamytberangupl &t RAERT - based

chenot her apeuti c agent suitable for treatnent of
tunmours. For exanple, the agent nmay be oxaliplatin,

ci sphatlnexpaebopbat in. the prederredl éabodyneat sonpared

the inv nti0£_, t he chenot her apeuti c agent i,g 1
oxaf't :*P?ﬁ? h&*HEt RDUCDf ¢ he"'F nVenf?dh HBY-b8-used to

pregigblELSPORSEcOht ABY éé}rﬁ%yé 68| Bet BokMa¥i V@.e. non
treatment with a gl ati num -based chenot her apeuti c

agemeorpRiever , crhlparti zutdrl §Chr eperfedckapodf nehes

gfel %%ﬁe | QYEHLLON, e LU & CELASr AL EnGOLRL EELAb L,
cells. In an alternative embodiment, the control
sample may be an oxaliplatin-sensitive cancer cell-
line. For example, the control sample may be the

HCT116 oxaliplatin sensitive cancer cell line.

In preferred embodiments of the invention,
expression of BCRP in the sample exposed to said
chemotherapeutic agent is considered to be enhanced
if the expression is at least 2-fold, preferably at
least 3-fold, more preferably at least 4-fold, even
more preferably at least 5—fold,.yet more preferably
at least 10-fold, most preferably at least 12-fold
that of BCRP in the control sample.

The chemotherapeutic agent may be any platinum-based
chemotherapeutic agent suitable for treatment of
tumours. For example, the agent may be oxaliplatin,
cisplatin, carboplatin. In preferred embodiments of
the invention, the chemotherapeutic agent is

oxaliplatin.

preferably of the sane sub{EGB2@S/001022
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The denonstration that the overexpression of BCRP in
tunmour cells is associated with enhanced resi stance to

of sensitising tunmour cells to treatnment with platinum
based chenot herapeutics . Accgrdingly, in a second
aspect, the invention provides a nethod of sensitising
cancer cells to platinum-based chenot herapy, said

nmet hod conprising the step of admnistration to said

cel g, a BERRJ MY Rierin SR mdyn e Widd @spaaddioft
the invention, there is provided a nmethod of treatin
cancerspeoss s ngradiumet &6lds 6fo ant herepautsars

effecti ve anmount. of B nhi kit [num
basé’&t&her‘f’ogﬁ@r LJ[fl‘f'i%casaegencth.e bCeh %ﬁg&nﬁﬁ oﬂrﬂq'and
t he gRhatidwmhased-whamitier apeiftd o e estibathyndrecs of
adm ni stered separately, sequentially or

si miheardewasIbionn e SuRR asHEdS e HPF MR G on,
therc%lils provi ded the use of a BCRP inhibitor and a
pl at’ munbased chenot her apeutic agent in the

preparati on of a medi cament for treating cancer.

According to an fifth aspect, there i's provided .
oha s ST L RSO5 1 T 0n (5 THE PHESTHER off SCRP in
CanGefmoWhesel s tihe LOMoS dd PRricaEiisesced BERR stance

i nhibitor, a platinumbased chenotherapeutic agent and
a plrar peleduitriwal b as et cdpetie TR P eV UM or
Cargé@éibility of sensitising tumour cells to treatment

with platinum based chemotherapeutics.

Accordingly, in a second aspect, the invention
provides a method of sensitising cancer cells to
platinum-based chemotherapy, said method comprising
the step of administration to said cells a BCRP

inhibitor.

Further, in a third aspect of the invention, there
is provided a method of treating cancer comprising
administration of a therapeutically effective amount
of a BCRP inhibitor and a platinum based
chemotherapeutic agent. The BCRP inhibitor and the
platinum based chemotherapeutic agent may be
administered separately, sequentially or

simultaneously.

In a fourth aspect of the invention, there is

provided the use of a BCRP inhibitor and a platinum



In an sixth aspect, there is provided a product

conprising: a) a BCRP inhibitor, and b ) a platinum
whamemsdenot her apeuti ¢ agent and as a conbi neRiCT/GB2005/001022

preparation for the sinultaneous, separate or

sequential use in the treat rreng of cancer. In a

seventh aspect, there is provided a kit for the

treat ment of cancer, said kit canprising a P
Li nhi BrE6A Eﬁe@tﬁ%qwl&f&?% eﬁ%t%a‘ﬁ)ﬁﬂ Ehtot 2

sand gh 4k RSt i3S faihgy adimalstration of (a) and
b) separately, sequentially or sinultaneously. In

3preferred enbodi ments of the invention, the BCRP

|nh torlsammstr prior .to the

‘chenBerarss A 5T 1 e § AT 2

5may %ﬁabﬁe@elurtﬁetlhm;ﬁfsﬂﬂi@ﬂ nuent . £ gy kit or
e peptide orl non - peptlde For exanple, a
6su| ts;emeeB@Rmvhemnm tidre ZRRP P G 20018 (RS Br HGRE

Cancer g?F}ér’l%tﬁ%@%% %&gycg&% ui Jl%iper tél\/ICEJagent

8C i na@dcal ph20@achult ird 130 (E)ep 28l SMipidht], Idiluent

one preferred enbodi ment, said BCRP inhibitor is 8 an
ant i 88n§ETFKBIS&cul e whi ch nodul ates the expression 9 of
1ot he gene encodi ng BCRP. 10

11 In an sixth éspect, there is provided a product

12 comprising:

13 a) a BCRP inhibitor, and

14 b) a platinum pased chemotherapeutic agent and

15 as a combined preparation for the simultaneous,

16 separate or sequential use in the treatment of

17 cancer.

18

19 In a seventh aspect, there is provided a kit for the
20 treatment of cancer, said kit comprising ﬁ

21 a) a BCRP inhibitor

22 b) a platinum based chemotherapeutic agent and

23 c) instructions for the administration of (a) and
24 (b) separately, sequentially or simultaneously.

25

26 In preferred embodiments of the invention, the BCRP
217 inhibitor is administered prior to the

28 chemotherapeutic agent.

29

30

31 Any suitable BCRP inhibitor may be used in methods

- 32 of the invention. The inhibitor may be peptide or



11 In a nore preferred enbodi nent, said BCRP inhibitor

12 is an RNAI agent, which nodul ates expression of the
wa0BeRP4gene. The agent may be an si RNA, an sPERMGB2@5/001022

14 ddRNAI construct. or a transcription tenplate 15

thereof, e.g., a DNA encoding gn shRNA. In 16

preferred enbodi nents the RNAI agent is an si RNA 17

mhlch i s honol gous to of the, MRNA se nce .18.
lof t REgae TR ot o i T Sget o
20f  apd f oo L@Eelz@tehe é’el B AYENtE O mfat@tmeemﬂt@naaﬂm

25 nucleotides in 22 Iength preferab y bet ween 19 and
322 nBobeot iRdes BB :o$t br efanredt yLout nucl ot i ek 546,

| eng Furt her mo the i nyent{ o o0 be
usedtl?)g erftqtf ye]ﬁoélbglJ |nrhc%j|‘t22r@mﬂp§h may be
-5used1LQd7ﬂ3Mi29ﬂ&¥H®pn and whi ch may be useful in 8-
chenot herapeutic treatnments and regi nes. Such agents 9
bmay reduce or inhibit, either directly or 0
A ndig toln\é' g&%&}% S5t S0 BRRR, %@r&m%m&@t is
elght aspect e invention, there is provided an
8assa¢nmmwhm$duﬂe|mbiﬁ¢d§@rwhznhﬁmndﬂl&ﬁaﬂxnhe(EXﬂpﬁﬁSlon
for g n the treat ntqéﬁ ncer, preferably
2col oPéct Q@ Sarerst " conprising the steps:
10(a) providing a sanple of tunour cells; (b) exposing a
portion of said sanple to a candi date

11 In a more preferred embodiment, said BCRP inhibitor
12 is an RNAi agent, which modulates expression of the
13 BCRP gene. The agent may be an siRNA, an shRNA, a
14 ddRNAi construct. or a transcription template

15 thereof, e.g., a DNA encoding an shRNA. In

16 preferred embodiments the RNAi agent is an siRNA

17 which is homologous to a part of the mRNA sequence
18. of the gene encoding BCRP.

19

20 Preferred RNAiL agents of and for use in the

21 invention are between 15 and 25 nucleotides in

22 length, preferably between 19 and 22 nucleotides,

23 most preferably 21 nucleotides in length.
24

25 Furthermore, the invention may also be used to

26 identify novel BCRP inhibitors, which may be used in
27 the invention and which may be useful in

28 chemotherapeutic treatments and regimes. Such agents
29 may reduce or inhibit, either directly or

30 indirectly, the effects of BCRP.

31



chenot herapeuti c agent; (c) determ ning expression of
BCRP in said sanple wherein a reduction in expression

W@R00BERP4g onpared to expression in a control seePGB2008/001022
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i ndi cati ve of chenotherapeutic activity. Expression in
a control sanple may be deternyned with reference to a
different sanple of said tunour cells which has not

been_exposed to said candi date agent or_with reference
to eRpFeEsiBAiYn the a@aﬁé%‘%ﬁplaé%ﬁqtor‘)ft &P grvERLT-GR -

of tPﬁef@n?EdgE%v%%%@p%%e%%%%@th%t@ﬁ%@@orpﬁ%%%ﬁﬁ%%ing a
features of each aspect of thé invention are as for
eachchbémbhbeotbentdspeges tmitcat ivs emitraridies tunglaggenthe

cont ext demands _ot h i se.. Detail.ed De i pti,
Gooch A BEaT aDBYE T ARG M SOl AR o S o pres TR 08

cel | cbinpessinyhit@l aypke used as research tools for
the investigation of determi nants of resistance to

vari 685 PhefdtRagape FeI®legedt & UaREIMSCHdds of

screenin S_C i.Si.n lss, far .
exprzggi%ﬁggggggfﬁi%gﬁgﬁ%ée%gg%?ﬁggfﬁgﬁﬂ%bgg}gr%aﬁgldate
sui t abehbtyelrapetrteat merhtysi ng chenot her apeuti c
agents_and, nmet hods of treatnent %% cancer. The nethgds
of the) i AFEREMSAIREY SFRVEETE P& &S nithasfoh SAMPLe

expr§sst-0anot peeleinsn SHCh s BERRn Tre pexpr eswipaked
of proteins nmay be neasured using any
to expression in a control sample is indicative of

chemotherapeutic activity.

Expression in a control sample may be determined
with reference to a different sample of said tumour
cells which has not been exposed to said candidate
agent or with reference to expression in the same
sample prior to application of the candidate

chemotherapeutic agent.

Preferred features of each aspect of the invention
are as for each of the other aspects mutatis

mutandis unless the context demands otherwise.
Detailed Description

As described above, the preéent invention provides
novel cell lines , which may be used as research
tools for the investigation of determinants of
resistance to various chemotherapeutic agents and
methods of screening samples comprising tumour cells

for expression of particular genes in order to



techni que known in the art. Either nRNA or protein can
be neasured as a neans of determ ning up- or down

wo e@alostouon of expression of a gene. Quantit at PAEGB2005/001022
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techni ques are preferred. However sem -quantitative
or qualitative techniques can;gl so be used. Sui t abl e
techni ques for neasuring gene products include, but
are not limted to, SAGE apal ysis, m croarray

analPieEmiNGs (e Y et erfepBent using
| MMURQCVLOCNSHGAl 1 ANAl¥sE $. adthnEASAs bR theavmhodse

of the 1 nvention, RNA Tan be detected using any of the
knowartaeohni ques in the art. Preferably an
anplification step is used as the amobunt of RNA from
the sanple may be very small. Suitable techni ques may

i nchrgde REh RER o hytid di s@dh oo 0f mePpyn #RNFe (ERNA) t o

an array of nucleic acid probes and Northern Blotting.
For detanpliaatiimgh aSiseprihdl et @Et PBATSERR, nBLRd P Fray
be %leged out by converting the isolated nRNA to cDNA
according to standard nethods; treating the converted

cDNA with anplification reaction reagents (such as

cDNA PCR reacti.on Q%?ggntg%yin a containeralong with A
an dppr SFRERT IR Ur LTI CTHRT S12Y AT PR HEFS; USIRY any
reaqtddigh i 0QENt Sy Ofnd hereont i REr hRNRr 8dUsLotein
anplification products; and anal yzing the

anpldafi dat ime progflicaas 2 oneieecel t Aetpresehee Wp-gendown

e A Dt T S 981 o iy Do ac CORaT TS Rei

usi rgJdXerihersn Htotpentd yséS. thowetect sthe-gunesencetive
or qualitative techniques can also be used. Suitable
techniques for measuring gene products include, but
are not limited to, SAGE analysis, DNA microarray

analysis, Northern blot, Western blot,

immunocytochemical analysis, and ELISA.

In the methods of the invention, RNA can be detected
using any of the known techniques in the art.
Preferably an amplification step is used as the
amount of RNA from the sample may be very small.
Suitable techniques may include RT-PCR,
hybridisation of copy mRNA (cRNA) to an array of

nucleic acid probes and Northern Blotting.

For example, when using mRNA detection, the method
may be carried out by converting the isolated mRNA
to cDNA according to standard methods; treating the
converted cDNA with amplification reaction reagents

(such as cDNA PCR reaction reagents) in a container



of the gene products in the anplification product.
Northe.cn Blot analysis is known in the art. The
waprabsysioss step may be further acconplished by PCT/GB2005/001022
quantitatively detecting the presence of such gene
products in the anplificationqproducts, and conparing
the quantity of product detected against a panel o f
expected val ues for known presence or absence i.n ,
1 nor@épn@ndﬂh%mi@%aﬁPPFP§§&éF8epﬂ¥§&r&sPﬁgngpﬁﬁﬁgxaCld
2 Pr i%erh@;eregﬁtﬁgstﬁﬁg]@bﬂ%e%%%?O?XQE%S%b%@aﬁﬁer to
carrying out nethods”of the Invention, conventiona
:3nDI@Q@ﬁ?céﬂampgifﬁtatmbnrphbdh@@&Gabndn@nﬁéwaﬁbgnéhﬁ
DNA techni ques, known i.n the art, nmay be. enpl oyed.
4 Dot FL o SUchOR SERAMHGES. GPe CGeGHT B PACSEGFe Of
5 exa@ﬁ%%'egﬁgPé§§f®nFﬁkbd§@Esa6¢ Mari atd soreMelfeetbkagenes
G oning, A'lLaboratory Manual, Cold Spring Harbor
6 Labemaoryn®relss, p1989inandAradulséls egvaPe grermplished
Protocol s.in | ecular . Bi = Jahn W
7 1002y S R W REasTBF ERE T Rvantton ey ba oo T8
g det Q:Tﬂg}tlh% tdensuptabikiby ihothter eatoeft caft iamy product .
suitabl e cancer with a chempt herapeut,i c regine. r
9 exafréhere net Abdanet YERE iAv Fﬁhlﬁa§%ﬁeaw§ed§%e
10 todetenmngst eRsit bYi By rehresicslanae shedt beat ment
of cancg%g ?nc %%ing? but ngt Finited ?b,s 7
11 gastyweintticsa t haglyf detexanpbe tésl preseaice lfedsch gene
prostate, head d neck ncers. The I

12 LU G CanbRr FPT FOHA pmangon Proictes dhd e

13 comparing the quantity of product detected against a

14 panel of expected values for known presence oOr

15 absence in normal and malignant tissue derived using
16 similaxr primers.

17

18 In e.g. determining gene expression in carrying out

19 methods of the invention, conventional molecular

20 biological, microbiological and recombinant DNA

21 techniques known in the art may be employed.

22 Details of such techniques are described in, for

23 example, Sambrook, Fritsch and Maniatis, "Molecular

24 Cloning, A Laboratory Manual, Cold Spring Harbor
25 Laboratory Press, 1989, and Ausubel et al, Short

26 Protocols in Molecular Biology, John Wiley and Sons,

27 1992) ..

28

29 The methods of the invention may be used to

30 determine the suitability for treatment of any

31 suitable cancer with a chemotherapeutic regime. For

32 example the methods of the invention may be used to



the nature of the sanple which is to be used in the

nmet hods of the invention. The sanple may be, for
wex@sps®48 a sanple froma tunour tissue bi opsyPCTGB2005/001022

marr ow bi opsy or circulating tunmour cells in e.g.

bl ood. Alternatively, e.g. where the tunmour is a

gastroi ntestinal tunour, tunour cells may be isol ated

fromfaeces sangles Clher sources of tumour cells may
1!ruﬂQRR?EW%%ﬁat §e?9ﬁ§lEéWéEWo§§|ﬁ&ﬁLFW@P&e S ﬁéeatment
21 ntesstddd Ao bl ihoyuasabt eout! tod Gliy deer cexampl e,
solid tunours nmay e colfected in conplete tissue
3 cul tgr- medhuesibhlantobi ekeopleCellleo ey e frneasitl,y
teased fromthe t nour, s i men or, where necessary,
4 ar o RAPANTCT ol P9 aPeHgUPegarad By ncubat f on v ¢
5 col | agenase/ DNAse and suspended in appropriate nedi a
cont ai ni ng, for exanple, hunman or animal sera. In
6 ot hefhemyddirenes, tbeobggnogénprreS“faﬁ&Vrb@luléold@tte@ma@@
7 frozsn, q{a‘éﬁ?{%dofnt aLhnes aHENas f QLR e lNen tne
sanp es nma en be este or "expr ession Fevel’s
8 genm&ﬁﬁo&sI@fethetﬁgeenBﬁndlngh@Eﬁb&p&éﬁndestelbédr
hereln BCRP inhibitors for use in the invention na%
9 be ﬁéﬁ%@@oran%ﬁnpb%pfi‘f% aThEOHEy thE SHenditng Sy, bone
10 ”e”Q%hﬁxnvAbPéﬁQ%nSr”@ﬂP@ﬁlgﬁlhBethﬁﬁﬁQtb%ﬁl%nan%X
use in the invention may be any noiety, for exanple an
11 ant iddohd orAlt@m@tlmlyh prof ewhbly the bRoous as a
BCRP

12 dastrointestinal tumour, tumour cells may be

13 isolated from faeces samples. Other sources of

14 tumour cells may include plasma, serum,

15 cerebrospinal fluid, urine, interstitial fluid,

16 ascites fluid etc.

17

18 For example, solid tumours may be collected in

19 complete tissue culture medium with antibiotics.

20 Cells may be manually teased from the tumour

21 specimen or, where necessary, are enzymatically

22 disaggregated by incubation with collagenase/DNAse
23 and suspended in appropriate media containing, for
24 example, human or animal sera.

25

26 In other embodiments, biopsy samples'may be isolated
27 and frozen or fixed in fixatives such as formalin.
28 The samples may then be tested for expression levels
29 of genes at a later stage.

30

31 Binding members
32



In the context of the present invention, a "binding
menber" is a nol ecul e which has binding specificity

wo ocvosasmuher nol ecul e, preferably a BCRP, the Pol/eB2008601022
constituting a pair of specific binding nenbers. One
menber of the pair of nolecules may have an area which
specifically binds to or is conplenentary to a part or
all of the other nenber of the pajr, K of nolecul es. ,

) . I'n
tEeA@oﬁ@éﬁFl@eﬁ-Pﬁéeﬁﬁbséﬁﬁu?ny%m&bbﬁ?r%nf@ﬁnPFﬁoa9"the
shoul .under. d ; r 4 | obughi
o LA B e R o o o nar o=
domisien bihiddngi sembe riss. Horpl odjous memban afit Ebedy
bi ndi n qQmai n. ti bodi es, i ncl ude but, are not ginited
to pONE N 2 onBcl ot - B peRY FRELOPol§EpaEi P
ant irpadigs anrd fHagpend sd hetepboapdoghi Mgahe, which
anti bodi és conprising an i munogl obulin binding domain
f used etfe radd vh@enpbHypepte de. B¢t act anti bodi es
conprise an i munogl obul i n nol ecul e consi sting of
heavy chains and |ight chains, each of which carries a
var itableer eginar xdesifynatedMtand Vhyenespect avEbynding
The vari abl e regi on consi sts, of three.cg. | enent ar.i, t

sadhbg A

det EERSITgrEgPoRS LIRS "D Kidhn® erY&FTablE

r egif%g)a#q%@;@lefxo%lékarwp%réf&%ﬁy(E%cﬁp, seatkf ol ds.
The orms a conpl ementary steric structure with

t he maitsicyée snolcestie- wrid alet erpaiesof herspeéifi Birging
12 then%%&k%%qy'One member of the pair of molecules may

O W 0O N ooy s W N

=
'__I

13 have an area which specifically binds to or is
‘14 complementary to a part or all of the other member
15 of the pair of molecules.
16
17 In the context of the present invention, an
18 “antibody” should be understood to refer to an
19 immunoglobulin ox part thereof or any polypeptide
20 comprising a binding domain which is, or is
21 homologous to, an antibody binding domain.
22 Antibodies include but are not limited to
23 polyclonal, monoclonal, monospecific, polyspecific
24 antibodies and fragments thereof and chimeric
25 antibodies comprising an immunoglobulin binding

26 domain fused to another polypeptide.

27

28 Intact antibodies comprise an immunoglobulin

29 molecule consisting of heavy chains and light

30 chains, each of which carries a variable region
31 designated VH and VL, respectively. The variable

32 region consists of three complementarity determining



Fragnents of antibodies may retain the binding ability
of the intact antibody and may be used in place of the

. WO nioaos79ant | body. Accordingly, for the purposeRCDEGBRIVE/001022
present invention, unless the context demands
ot herw se, the term "anti bodi eg" shoul d be understood
to enconpass anti body fragnents as wel | as derivatives
of anti bodi es _and fragments thereof. Exanp

L ant i BRERPTT dgiiirits aine uia%Oit%baSFBBPerrfaef&@ f ri@@lons
2 dAD, rgcf'dfd:&’ fhagRNLS, SEEYSnsDiFRECT birC s36RY¥S1ds. The
di abo |near ant i bodi es (see S patent 5, 641, 8
370, ®Ranpimn? 3 d&nﬁ%ﬁn@@hbry PtetecnSEm908U¢£Oylth the

1057 - 1062 95].) Si, N chai n _anti_bod
o 2 AT PRSP EPERSHEPD S e S CRoT e ot
5antugggvﬂﬁ£@gﬁgnts The Fab fragnment consists of an
entire L chain ( VL and CL), together with VH and CH
6 Fab' fragments differ from Fab fragments by having

add'it 'ao%n‘gse\%fr gsnftq %Sdféstias;,%iagéia ek mp%%il t he

Ininc one e cystelnes omtne

8antiimmmaﬂyruﬁaﬂhayxwtaaheaﬁt@hbay anfr agiye e used in
conprises two disul fide |inked Fab %&ggﬁ ments.

9 fr agitetfts Yot Tthe? WH-B3REYcHI dﬁ§g%¥ I for the

1pfra ogsé:é)w $hePfpddge Yt andeMHidamaing «@fs ane ngl e
anti'body. Single - chain Fv fragnents are ant i body
11 f r agrentesctt Mmmﬁmt@eemesw ahe Verdoffainjggbodies”
connect r. WA h r
12an 4 é%q% 4%f%§%%9 %see gghgéF% Snﬁﬁﬁ ﬁ&oﬁg&dﬁents
13Phaﬁﬂﬁ@ﬁﬂﬂg%mﬂﬁerlvatlves of antibodies and fragments

14 thereof. Examples of antibody fragments include Fab,
15 Fab', F (ab'")2, ¥d, dAb, and Fv fragments, scFvs,
16 bispecific scFvs, diabodies, linear antibodies (see

17 US patent 5, 641, 870, Example 2 ; Zapata etal.,

18 Protein Eng 8 (10) : 1057-1062 [1995]) ; single-
19 chain antibody molecules ; and multispecific

20 antibodies formed from antibody fragments.

21

22 The Fab fragment consists of an entire L chain ( VL
23 and CL), together with VH and CH1. Fab' fragments
24 differ from Fab fragments by having additional few
25 residues at the carboxy terminus of the CH1 domain
26 including one or more cysteines from the antibody
27 hinge region. The F (ab') 2 fragment comprises two

28 disulfide linked Fab fragments.
29
30 Fd fragments consist of the VH and CHl domains.

31



W@ 1®9437949i abodi es are snmal |

O W O -1 oy U o W N
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Monocl onal Antibodies , vol. 113, Rosenburg and Mdore
eds., Springer -Verlag, New York, pp. 269 - 315

prepared by constructing scFv fragnents (see preceding
par agraph) with short Iinker%jgabout 5- 10 residues)
bet ween the VH and VL donai ns such that inter - chain

but not intra - chain airingﬁof the V. _domains, is
achFevédacnestst PABSEAtackulthia Alemnd ragmigRains oF 2

fragpment hayj antigen -binding sites (see, for
exa%ﬁpggenghggoé 7 ; WD 93/11161 ; and Hol li nger et

al ., Proc.Natl. Acad. Sci. USA, 90 : 6444- 6448
(1993)) _Further enconpassed by fragnents. ar
indﬁ@ﬂaéﬁrcéﬁFg.FangBEWSPgéhéﬂﬁﬁégi MY f#%gTﬁ%%?ng
”e{'?gggicggﬂgﬁgé ghel gastnenerhumik const aedegi oby a

An S0 enconpasses anti body derivati ves,
f unét héeal wbgohvahehi esaht sharA bdirest VFM o | HoEF 88

i ncl udi .ng an ol ypept ide | Si ] [

bi i GG e whCeR, Fay B at arariar Vel Ty oroy o
pagﬁgﬁgbioﬁﬁmth&%ﬁ@ﬁdE@@QnﬁaﬁﬁﬁﬂﬁﬁwﬁRiﬁémbmmgcand Moore
anti bodies i n ich a portion of theheav n r

I gmisGhaﬁﬁrﬁggﬁaéﬁﬁréégrwﬂw ofHomatRdyo égfgig (1994) .
correspondi ng sequences in antibodies derived froma
particul ar species or belonging to a particul ar

ant Dhadypddkassrer ssabdl ass, ilwhiy ef tagnerhai paepasedt R

el (3 ) R ghonteele ity DopL aoss. i
paragraph) with short linkers (about 5-10 residues)
between the VH and VL domains such that inter-chain
but not intra-chain pairing of the V domains is
achieved, resulting in a multivalent fragment, i.e.
a fragment having two antigen-binding sites (see,
for example, EP 404 097 ; WO 93/1116l ; and
Hollinger et al., Proc.Natl. Acad. Sci. USA, 90
6444-6448 (1993))

Further encompassed by fragments are individual
CDRs.
In preferred embodiments, the binding member

comprises at least one human constant region.

Antibodies also encompasses antibody derivatives,
functional equivalents and homologues of antibodies,
including any polypeptide comprising an
immunoglobulin binding domain, which may be natural
or wholly or partially synthetic. Encompassed are

"chimeric" antibodies in which a portion of the

ant i body fragnment BCT/GB2005/001022



derived from anot her species or belonging to another
anti body class or subclass, as well as fragnents of
W@ e@k/087948 bodi es, so | ong as they exhibit the PEFGBe@s5/001022
bi ol ogi cal activity (see U. S . Patent No. 4, 816,
567 ; and Morrison etal., Prog Natl. Acad. Sci . USA
81 : 6851- 6855 (1984)). Ch-inmeric anti bodi es of

i nt er est hereln i nclude"primatized"anti bodi es
1 conﬁ?eiaéﬂfhgi N9 % B e do riie Pa At délﬁanb}%lr gt sRgeEnces

der iy on: :HH%% 4] udhee O -
l\/b I?ey lﬁg’%@es?é% %aoﬁdcclgi?sta re%?ong%\é%g%%%gg.les
3 A freﬁgnimﬁd cfrcan samtaicey ler (spfecaepﬁ)lquml@@giog tlgea
|n the present inventjon.generall ns_a fc
4 ani A3 Sj'rae"s, aﬂﬁé% éJf §tl%l SEast §¥1k6 TontY Jug End'
5 anm NQAGiReEr At e dnaieasls) ati@utl&eﬁ@l(Qapomwuws
am no acids, typicalLly at Ieast about 9 to 13

6 ggn:hcgcu:gwoam e mmsmﬁén@r SRErEN e at 1 a8t 1ApBHES
8]
R et L et Tl e R e R I i

8 arr} @mtamcg@ Ad scéerdrv&tumﬁ:as@f suc hvanl ang | bodyments of
pol ypepti de, or_of a fragmsnt anti bod msans
9 ant iy BB IRGIdisSnt iSfe 10pdi Fised gﬂﬁedesued

10 am RY agid SeAURNGE afy theeprOt @i n@@tegntbw 4, 816,

mani pul atl on of thenucl e| c acid encoding the protein
11 or 67alit emichgldthe qurotediad it Salolc.- Slhl deh¢edt i §€5 - of

L2 e PBLATAL 0 S51, SSaugice, BRy vl g LIRS Lo

13 am NQiterest herein include"primatized"antibodies

14 comprising variable domain antigen-binding sequences
15 derived from a non-human primate(e. g. 0ld World

16 Monkey, Ape etc), and human constant region

17 sequences. '

18

19 A fragment of an antibody or of a polypeptide for
20 use in the present invention generally means a

21 stretch of amino acid residues of at least 5 to 7
22 contiguous amino acids, often at least about 7 to 9
23 contiguous amino acids, typically at least about 9
24 to 13 contiguous amino acids, more preferably at

25 least about 20 to 30 or more contiguous amino acids

26 and most preferably at least about 30 to 40 or more
27 consecutive amino acids.

28

29 A “derivative” of such an antibody or polypeptide,
30 or of a fragment antibody means an antibody or

31 polypeptide modified by varying the amino acid

32 sequence of the protein, e.g. by manipulation of the



acids, preferably while providing a peptide having

death receptor, e.g. BCRP neutralisation and/or
whrmdiosmy4sact i vity. Preferably such derivati vesPCTiGBRag/001022

the insertion, addition, deletion and/or substitution

of 25 or fewer am no acids, {pre preferably of 15 or

fewer, even nore preferably of 10 or fewer, nore

pr ef er ab) till of 4 f -
2 SLEPELY SISl fhot RIS AN ORE BLLANY e
ant, body: wray: el humenisedie A Fuimard sedfaghisbady uray be

a nodi fied antibody having the hypervariabl e region of
ﬁ rmnm®o®%ida$ﬂ®tﬁm?yeWt%v%]o‘f%t%ﬁﬁe%@%‘m gfdgt1on,
uman, ant i bo The ' : ' h

huTdy 80 LRodys, dhe. waud Al e Gpal L gehes Hisa Hieno
garaa_b%g% rpgémﬁlﬁlvmﬂml @t bbidys aadpeptiely akbyd nige
erive rom a nonocl onal _anti body.. Met hods f or, naki
hun@a? B dr aper Bt €3 Gr Sl |n%fo‘x>/%nlje?alg§88 ghe/ ot o

Patﬁf{;dm g\% @ﬁngéfé%m%@k@ tertakeives

nmonocl ona ot her antibodi es and use techni ques of
r ecombo haat tIDNAL 1t sehnbdogyaddl prgtucdedehepnantiddedi es

or chingerjc, nmolecul whi ch retaj h cifjcity of

t he® P?E?—ﬁé?l%t‘?%o@%uﬁ W?gc%l%%egcrﬁrg%’i Eln\?gjlevg

i nt ppdEetag1 ens osh Ngewde, | evrinagbebubire fearibdy ef

region, or the conplenmentary determning re ioqz_s
%eéigﬁs’ewer and

( CDRR) 9T of e arft? Y- ¢ B ¥ M ¥ ofist aht ©
orconst ﬁﬁe%ﬁé]@gfo% ¥ &+ STEYRI Ko 1£94 GBS oh19f. a

differe I TMuno n. See, for iInstance, EP-A-

o ~N oy U W N

RS W G !
w N = O W

The binding member or antibody may be humanised. A

[ =)
H>

humanised antibody may be a modified antibody having

-
(@2}

the hyper&ariable region of a monoclonal antibody

=
(o)

and the constant region of a human antibody. The

et
~J

variable region other than the hypervariable region

(SR
oo}

may also be derived from the variable region of a

-
O

human antibody and/or may also be derived from a

NN
= O

monoclonal antibody. Methods for making humanised
antibodies are well known e.g see U.S. Patent No.

5,225,5309.

N NN
g o W N

It is possible to take monoclonal and other

antibodies and use techniques of recombinant DNA

DN D
~1l o

technology to produce other antibodies or chimeric

molecules which retain the specificity of the

NN
o @

original antibody. Such techniques may involve

w
o

introducing DNA encoding the immunoglobulin variable

region, or the complementary determining regions

w
=

32 (CDRs), of an antibody to the constant regions, or



184187, GB 2188638A or EP-A- 239400. A tiybridoma or
ot her cell producing an anti body may be subject to
wW@emwsns4sTut at i on or ot her changes, which may BCT/GB005/001022
not alter the binding specificity of antibodies
produced. RNAI agents As descrd bed herein, BCRP
inhibitors for use in the invention nmay be RNAI
agents. RNA interference (RNAi) or posttranscriptional
1 geneosisitensi A§IEPTESPLUS & 1pReHess WMssieny -dobl @ -
stra RNA i, an ecd fic
T Rl WA o e P
3 CO”|Fl|8€1>18(7FSL@) gl@%@@eme EP-$peAid40d,. mal tiyonpdomeat or
nucl ease that destroys nessenge NAs honol ogaus to
4 { he EiPénSitg BrOGUET-RIRFSC TS RSN TS C6nt M Sfibr F°
R roxi I I Nl erd f
P L e e e
6 i nvewgti lexznitmoxﬁh@e$>im@tﬂm@d§p@fciefm§1i¢w oF an tRNapdagent
to nodul at e, expression, preferably reduci ng expression
7 of ®HGECgene, BCRP, in mammli an, prefgrab}oy
g human, tunmour cells, preferably colorectal tunour
cel|s. By reducing expression is neant that the |evel
9 of RPresgemtsof a target gene or coding sequence is
reduced or inhibited by at | east about 2- fold,
usually by at |east about 5- fold, e.g., 10- fold, 15-
11 f ol dys 2@-sdrdleet,bMrefradich, BARP fiolhd bdrt arsy €orasusenpar ede

12 :)? ?iﬁ)gr%?gigal& mla@ eertR%iAr;lL %%‘%%dtisrrents, t he expression

13

14 RNA interference (RNA1L) or posttranscriptional gene
15 silencing (PTGS) is a process whereby double-

16 stranded RNA induces potent and specific gene

17 silencing. RNAi is mediated by RNA-induced silencing
18 complex (RISC), a sequence-specific, multicomponent
19 nuclease that destroys messenger RNAs homologous to
20 the silencing trigger. RISC is known to contain

21 short RNAs (approximately 22 nucleotides) derived

22 from the double-stranded RNA trigger.

23

24 In one aspect, the invention provides methods of

25 employing an RNAi agent to modulate expression,

26 preferably reducing expression of a target gene,

27 BCRP, in mammalian, preferably human, tumour cells,
28 preferably colorectal tumour cells. By reducing

29 expression is meant that the level of expression of
30 a target gene or coding sequence is reduced or

31 inhibited by at least about 2-fold, usually by at
32 least about 5-fold, e.g., 10-fold, 15-fold, 20-fold,



w0 ndosios1oesl. By nodul ati ng expression of a targeCT/GBR@®5/001022

O~ oy U1 o WD

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

gene is reduced to such an extent that expression of
t he BCRP gene /codi ng sequence is effectively

is meant altering, e.g., reducing,
transcription/translation of ;g coding sequence, e.g.,
genom c DNA, nRNA etc., into a polypeptide, e.g.,
protein, _product. The RNAI agents that may be enpl gye

i n pPeferfed lENpd@iifeRts TOF SvhéSi AYBREFEH EPeaSHBP%&éﬂ-

ri bepuekei ¢ 3 3cLapk feukes. (t@llesgx?@fegg&%ﬁ be hgeeiyAft
interfering ribonucleic acids) , that are present in
dupbexestisuckduesd éogsuchwendegtientt that expression of

oligori cl eoti des bridi zed to,each _.ot her r a

ol nPE P BEoPRgbn e et s Eha Red amBL T CoRPTY

hai § phAbfeeaBt BYNnbeunLeduee capdupke¥nSbFUat Ue@get gene
Preferred oligoribonucl eotides are ribonucl eic acids

of A6t Mgraat el tERanJLOC -6t /i AeKERE&NE, typical ly not
greater _th .0 th. r e R 'S
an S e Pa e e e b o Bt et et P a1y
ranges.fr genahaut DXB,t aRBO. kpc.ysdakbyaf poiyvabptt 20
and 29 bps, nost preferably 21 bp . Were the RNA

agefit 9 BTAGELEx BEPHFECre of a single ribonucleic
acid that is present in a hairpin formation, i.e., a

shRNA, the l'ength of the hybridized portion of the
hai FpenRNAit ppieodls yhele reambeasmphayepr dvi seafapaas

o1 BN X0 SO0 o LOnashbY b Bc e

RNAL cagemblecules (also referred to herein as
interfering ribonucleic acids), that are present in
duplex structures, e.g., two distinct
oliéoribonucleotides hybridized to each other or a
single ribooligonucleotide that assumes a small
hairpin formation to produce a duplex structure.
Preferred oligoribonucleotides are ribonucleic
acids of not greater than 100 nt in length,
typically not greater than 75 nt in length. Where
the RNA agent 1s an siRNA, the length of the duplex
structure typically ranges from about 15 to 30 bp,
usually from about 20 and 29 bps, most preferably 21
bp. Where the RNA agent is a duplex structure of a
single ribonucleic acid that is present in a hairpin
formation, i.e., a shRNA, the length of the
hybridized portion of the hairpin is typically the
same as that provided above for the siRNA type of

agent or longer by 4-8 nucleotides.



being an interfering ribonucleic acid, e.g., an si RNA

or shRNA as descri bed above, the RNAI agent may encode
wa@eoosngug eri ng ri bonucleic acid. In these enbpdi/GBRG0S/001022

the RNAI agent is typically a DNA that encodes the

interfering ribonucleic acid.>dhe DNA may be present

in a vector. The RNAIi agent can be adm nistered to the

host - US]j uitabl e protocol kno in t art. For
lexan% e%lg{g)ﬁ%@%ué 8rcacH gg’ n:ﬁrﬁls%eeaﬁi nmfotolﬁl%e@&?‘%t%gent
2ti sshesn@rahoshteekbsihy vivehuddeeta®ON, e.g., an

m crojnjection, fusion of vesicles, particle
3 bonb3FRneT SRRNSdRBIgPRaRF EPeliciRa e acie RNAL agent

adm pi st Len. o DNA d 3!\}[?' er ence, (ddRNA
4i S arﬂé I\élAlﬁytjgghﬁl queg%lf%%ﬁﬁ%y eéﬂl}t[scg%gll% E? led'rredfrhg@légse
S5of térebodimenton. tled RAWMAL | sgatescrs begbidel1lyS.a DNA that
6,573,099 and GB, 2353282, ddRNAI is a nmethod to
®tri gegﬂe?OG?ér\ﬁut | ERCPRVOT RS THRETHEY ST oh dfha B
7 CONShdyiChe i BEOs@ncelh 4oydigger the production of
doubl e stranded (dsRNA) , which is then cleaved into
8small interfering RNA (si RNA) as part of the RNA:
pro rppRNA p [ on yect.ar,s general,l oy. .
7 RNAC%g Y ag%é?rﬁ( %a‘rs%ﬁr% ear%sn el.sgt.er%éPgCrO Iﬁ%e ?g%tt he+ng
10 exprasgion tdbsé RNfot adgetkrisaauenc ahd r-ansf edretkiddnple,
na lian cel]s. sjiRNA target sequences generated from

11ad I S ot d8k iR 19y $idRaesh I litiaduss or

12 ¢l ongghd O B Wtﬁrélhajtn%dﬁqt nﬁ%rﬁ&%&ﬁ;n,
pronoter. Alternatively short single strande

13 fusion of vesicles, particle bombardment, or

14 hydrodynamic nucleic acid administration.

15

16 DNA directed RNA interference (ddRNAi) is an RNA1L

17 techniqué which may be used in the methods of the

18 invention. ddRNAi is described in U.S. 6,573,099 and

19 GB 2353282. ddRNAL is a method to trigger RNAi
20 which involves the introduction of a DNA construct

21 into a cell to trigger the production of double

22 stranded‘(dsRNA), which is then cleaved into small
23 interfering RNA (siRNA) as part of the RNAi process.
24 ddRNAi expression vectors generally employ RNA

25 polymerase III promoters (e.g. U6 or H1l) for the

26 expression of siRNA target sequences transfected in
27 mammalian cells. siRNA target sequences generated
28 from a ddRNAi expression cassette system can be

29 directly cloned into a vector that does not contain
30 a U6 promoter. Alternatively short single stranded
31 DNA oligos containing the hairpin siRNA target

32 seguence can be annealed and cloned into a vector



DNA ol i gos containing the hairpin si RNA target
sequence can b e anneal ed and cloned into a

wQ ewso8eswnst ream of the pol 111 pronoter. TheP@I/GBag0§/001022
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advant ages of ddRNAi expression vectors is that they
allow for long terminterfergpce effects and m nim se
the natural interferon response in cells. Antisense

nucl ei ¢ aci ds r erein, BCRP inhibitors for
use” ?W?Eﬁe?lﬁvgﬁt? 91%@ JgTePé?ﬁ?mo $Efse THS S or
NUCA @V £nBELEs CONSHAMEAS &NRte OXPHES U ANtd thas‘er\:sr?ey
nmol ecul es as RNA. The antisense nol ecul es nay be

nat@lfJaCPW ofoxyhenet term Symitdref i oant iefelesd noiretul es
em ¢ icatlon s fromnative nucl ei
aC| d lﬁ'h%ga i &%{s}ggas%qugcnce TS Co I E RSy 9 el[%hse

MRNA of the targeted BCRP gene, and inhibits
expression of the targeted gene products. Antisense
nolfREt R s R Tt RE*SDres sion through various
mechani snms, e.g. by reducing the amount of nMRNA

avai |l abl e for transl ation, thjrough activation of

RNAse dégcorbed drémitﬂ,ncﬁmdnkﬁhbimbras darbiusat iion tife
antj sense. nol ecul es . be adm ni d, where

cortdi nat o MY > S TP e& S &f nucleic

Semrwaﬁonﬁm@@sﬁ&lamles@ﬂe%% nBy che apreduced by
expression of all or a part of the BCRP sequence in an

ap PO B RS VTR - \A/rTéqeeamelSterlaﬁ@cmpéteuc may be

: glr{pa!rt?dtlucedér;ss%éﬂn ol eggq%%%tﬁ?ergﬁ%tl%\%&%% §r{ eCdUleS

antniagerisere chemical modificatioms from native nucleic
acids. The antisense sequence is complementary to
the mRNA of the targeted BCRP gene, and inhibits
expression of the targeted geme products. Antisense
molecules inhibit gene expression through various
mechanisms, e.g. by reducing the amount of mRNA
available for translation, thxrough activation of
RNAse H, or steric hindrance. One or a combination
of antisense molecules may be administered, where a
combination may comprise mult iple different

seqguences..

Antisense molecules may be pr oduced by expression of
all or a part of the BCRP seqguence in an appropriate
vector, where the transcriptional initiation is
oriented such that an antisen se strand is produced
as an RNA molecule. Alternati~wvely, the antisense
molecule may be a synthetic o ligonucleotide.
Antisense oligonucleotides wi 1l generally be at

least about 7, usually at lea st about 12, more



nol ecul e may be a synthetic oligonucleotide. Antisense
ol i gonucl eotides w 11 generally be at |east about 7,
waswaloi4at | east about 12, noreusually at | eaBCT/&BWS/001022
16 nucleotides in length, and usually not nore than
about 50, preferably not norez han about 35
nﬁcleotides in length. A specific region or regions of
the _end nQus r guen '
choSe T e e o Ama Enehban By (G ANt Soediodandane,
Sﬁlaehhmmyohoa speei thensehoencé of,opreierably not more
ol i gonucl eoti de _nmay use an enpirical nethod, where ‘
sengQP BRAHFdaPeEE4GENAEESar® d§39FEd for i nhibition
of expression of the target -gene in an in vitro or
ani mal nodel. A conbination of sequences may al so be
used, spheiéisevegabnr egi orgiofist lvd HRNAcsdquencesaPERP
sel ect ed fgr agtiﬁg se conpl ement ati on. Antksense
ol i §5RGEI B5FPHES™ 5 5SRRafEC AR vSVRThESi 28d by
net Redls 1 knewRelnbhenar tintseenagreiguehcal. . S€1888)on of
supra, and MIligan et al ., supra.) Preferred
ol i goAperestrdesaurBCcehéritc ahby ofBdicNed SPEofAPt Ray use
natye [ st r ' r . Q- L ACr ease
e e i A L
10 nunberuefhcsdchrrodstigatii dns hahdbhdeédondescekbedssmnon
the literature, which alter the chemistry of the
11 pacRbohBe 58§9PS BFTRetBr 8By il 15dSesT %ﬁﬁﬁaaugggﬁﬂ' A

12 chapggsihAtt B BackbaneneB8mnskf Mi1dCbe used, where
phosphor odi am dat e | i nkages, nethyl phosphonat es
13 phogphgr@ﬂhtggﬁgg§ of the mRNA sequence are selected

QQ N oy g W N

14 for antisense complementation.

15

16 Antisense oligonucleotides may, be chemically

17 synthesized by methods known in the art (see Wagner

18 et al. (1993), supra, and Milligan et al., supra.)

19 Preferred oligonucleotides are chemically modified
20 from the native phosphodiester structure, in order
21 to increase their intracellular stability and

22 binding affinity. A number of such modifications
23 have been described in the literature, which alter
24 the chemistry of the backbone, sugars or

25 heterocyclic bases. Among useful changes in the

26 backbone chemistry are phosphorodiamidate linkages,

27 methylphosphonates phosphorothioates;

28 phosphorodithioates, where both of the non-bridging
29 oxygens are substituted with sulfur;

30 phosphoroamiditeé; alkyl phosphotriesters and

31 boranophosphates. Achiral phosphate derivatives

32 include 3'-0-5'-S-phosphorothiocate, 3'-S-5'-0-



w@hb@spsmaoam dites; al kyl phosphotriesters andPCT/GB2005/001022
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phosphor odi t hi oates, where both of the non-bridging
oxygens are substituted with sul fur;

bor anophosphat es. Achiral phosphate derivatives

include 3 '- 0-5 '-S& phosphggothioate,

3'-S 5" -Ophosphorot hioate, 3 "- CH2- 5'-0-phosphon. ate

and 3 '-NH 5 '- O phosphoroan date . Peptide nucleic

aciRCFRIPFeprhRat¢hedentit e r'r%%féomggﬁ&& ey gy ~NH-

backb i j l i Syga difi4 [

rra;:/é( al s% %&%é%%&%gi%%ﬁ%h cgégigg%?l i tyiea% gf%li‘a%f tH%@S

Tr exdpiente Trleat aent e i ntbosle splanyphedi et ehratoacaypone

benefit a humap. or. non -human ani mal, . .The_ treat nent

may e i FRRPAT b AT ex] 9T TROTH LT DR ST A Y 56O

prophyhacd i €o (PEEYERs att ¥Si 1T eptaeatarfidregt.ment nay

i nclude curative, alleviation or prophylactic effects.

"Treatment of cancer" includes treatnent of conditions

caused by ancerous growt h and i ncl udes the treatnent

of neoplrasiirc growths or tunmours. Exanples of tunours

that can be treated using the invention are, for

i nstance, sarcomas, including osteogenic an% soft,

ti SSRA SR Ronek CLAT T nomhst SRS ,tfg%a%ac T ben L

bl 30deln -or AYIRIAan anPROB! Althe tr&PtRBt maBHMn

- , pancreas-, stomach- Hwver - , uterine - , cervica

andcespadanc tarei erohel 1hy npbrofast on net ueH g Pidodgki n

w%%%yﬁ%g i %?Q%ﬂag’givg eTL_JJ_[eoab‘érr?esrgto)n?a’ Tq%la%gn%n& may
include curative, alleviation or proph ylactic

effects.

"Treatment of cancer" includes treatmemnt of
conditions caused by cancerous growth and includes
the treatment of neoplastic growths or tumours.
Examples of tumours that can be treated using the
invention are, for instance, sarcomas, including
osteogenic and soft tissue sarcomas, carcinomas,
e.g., breast-, lung-, bladder-, thyroid-, prostate-,
colon-, rectum-, pancreas-, stomach-, Jliver-,
uterine-, cervical and ovarian carcinoxna, lymphomas,
including Hodgkin and non-Hodgkin lymphtomas,
neuroblastoma, melanoma, myeloma, Wilms tumor, and
leukemias, including acute lymphoblast-ic leukaemia
and acute myeloblastic leukaemia, gliornas and

retinoblastomas.

In preferred embodiments of the inventzion, the

cancer is colorectal cancer.



| eukem as, including acute |ynphoblastic |eukaem a and
acute nyel obl astic | eukaem a, glionmas and
WO edosngdkast omas. I n preferred enbodi nents of PEEGB2005/001022
i nvention, the cancer is colorectal
cancer.Adm nistration A's dg§¥ribed above, BCRP
inhibitors of and for use in the present invention nay
be .adm nistered in any suitable way. Mreover they
may be used in conbination therapy w th other
tr e B SerdQfo£Xanpl e, other chenot herapeutic agents
or binding nenbers. In such enbodinents, tlhe BCRP
i nhibitors or conpositions of the invention nay be

adm ni stered simultane | y,. separ.at el r
seqﬁ?erﬁf?sa%jas%ﬁ ?%%‘ﬁedt ﬁa@%ﬁéﬁﬁt tr?xﬁ@ﬁf)%c RGedOr use
Where @l g st ared sepaiaire s oS egufihi alleted Rey any

may be adm nistered within any suitable time period
e. guiiiahiey way 2, Mprepver thpey ny8 Be ?2geRodfs of

eac t.her... ' re

aam Aty a s S S S e Yo fer

pr efemadlle, véitdmn dhemmsie qapefariablaygenthi ©r20 imdiumges
of each other. In a preferred enbodj ment, the B

B S (oot MRS T ot ohG. PESEnaTboarers

adg Ni I8t 958 IR aWdEali FONRAS beoBdmihiiGhered
wi Il generally conprise a suitabHe pharmaceutica
exciipiEianailuiant wpag@tEler st scsangéepéadent ton

12 th%r{o@heenrdec erxgot{:tk?eroa{pe% M3 ernact.l on.

13
14 Where administered separately or sequentially, they

O W o 1oy U Ww N
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15 may be administered within any swuitable time period
16 e.g. within 1, 2, 3, 6, 12, 24, 48 or 72 hours of
17 each other. 1In preferred embodirnents, they are

18 administered within 6, preferablsy within 2, more

19 preferably within 1, most preferably within 20

20 minutes of each other.

21 A

22 In a preferred embodiment, the BCRP inhibitors

23 and/or compositions of the invention are

24 administered as a pharmaceutical composition, which
25 will generally comprise a suitablle pharmaceutical
26 excipient, diluent or carrier seldected dependent on
27 the intended route of administrat-ion.

28

29 The BCRP inhibitors and/or compositions of the

30 invention may be administered to a patient in need
31 of treatment via any suitable route.

32



The BCRP inhibitors and/or conpositions of the
invention may be administered to a patient in need of

WO e@ansmat via any suitable route. Some suitabl BCT/GBR@S/001022
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of administration include (but are not limted to)
oral, rectal, nasalL, topical,dincluding buccal and
sublingual) , vagi _nal or parenteral (including

bcut t I t |,
R A TpAR 41 T i Oh, STt P Averoit

adrg i sid@atiQn dsy el erdad. the BCRR 44 bi £8pical
product or conposition may be adm nistered in a
| oc@lrisledirenriercdad &nd wvkdrirgiuasl Jor wdienadesSitr ed

AR T ur G B HRE CAa TGt gt ABI AR iy

~be l%&%x;éhcqﬁé I VlQ{trtal'&%chféll V& ragenise dalr & speeplidealally

to certain types of cell, by the use of targeting
syﬁ@wmﬁﬁf@@f&ntﬁfﬁwwhﬁelqw@ﬁéﬁ?ﬁ@FP@aﬁés .
rpgfetfrpr y be desirable for a variety of reasons,
exanple if the agent is unacceptably toxic, or i f
|t woul d otherw se require too high a dosage, or-

t | d not. oth be able t h
coilFe Rt it RisHus PHOR A 10n, S DT H et P PoR Sl 'ioene

ytéﬁﬁﬁnfﬁﬁéféa'iﬁ1atﬂH%éM¥§é63ﬂdﬂHé%“ﬁH“aWthth% isAte
t formof a parenterally acceptabl e agueous sol ution

mhKUhQEh%Wﬂhgéﬁedf$@E53ﬁdMﬁ%k§w@QﬂﬂW?$Fﬁ in a

| 8L L g e T al el ks
Targeting theraples may be used to deliver the
active agents more specifically to certain types of
cell, by the use of targeting systems such as
antibody or cell specific ligands. Targeting may be
desirable for a vériety of reasons, for example if
the agent is unacceptably toxic, or if it would

otherwise require too high a dosage, or if it would

not otherwise be able to enter the target cells.

For intravenous, injection, or injection at the site
of affliction, the active ingredient will be in the
form of a parenterally acceptable aqueous solution
which is pyrogen-free and has suitable pH,
isotonicity and stability. Those of relevant skill
in the art are well able to prepare sul table
solutions using, for example, isotonic wvehicles such
as Sodium Chloride Injection, Ringer’s Injection,
Lactated Ringer’s Injection. Preservatives,
stabilisers, buffers, antioxidants and/ or other

additives may be included, as required.



sol utions using, for exanple, isotonic vehicles such
as Sodium Chloride Injection, R nger's Injection,

whawsasmds Ri nger' s I njection. Preservatives, PCT/GB2005/001022
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stabilisers, buffers, antioxidants and/ or other
addi ti ves may be incl uded, ag requi red. Phar maceuti ca
conpositions for oral adninis?ration may be in tablet,
capsul e, powder or liquid form A tablet may conprise
a solid carrier such as gelatin or an adjuvant. Liquid

Ph%Jh %%Lgéu%%caﬁo"%@gé.iﬁsorﬂse%ﬁlnyalc%!a?iﬂrﬁ%‘@fation
iquidcarrier such as water, petroleum aninal or
vegetyahlee iai ltsblnitneradpwaile orpsydahetid digidid form. A
Physi ol ogi cal saline solution, dextrose or._ather

sad@RAa T @3S0 IS5 YISRotS Sich- s SéjtcﬁlyI‘—“esneqelatin
9l ¥£0lan RIORWERE IMeRli Promainetdiveng donels iy de
inéﬁﬂéﬁh.cghe BCRP inﬁ?%i;gis and/ or conpositions of
andyeorenssld yi reantper disey entlidom irhycal B hes dniaf Stdsdd
via m.crospheres, |.iposaone t-her_mcer I.cul at.e
deﬁﬁgngfg téﬁgﬁgp'éﬁéf%§§%§'%F% éﬁgggfg@%%'%ﬁ%(ﬁ%§ oL
pl agedHdticerdiai .n terssdliesl dgictaldi gl bleocah 1 8uidrabl e
exanpl es of sustained release carrjers incl

serfiqEhRsSIE piIiAfers ARl Tele | 5P 1 He Forth gﬁ%eysq%}rsed

i Sy YR soapn oo tien

| npla _ ar sustai ned rel ease

matgd loestHyianedey lpadodl acty des (g REdent No. 3, 773,
919; EP- 7A-0058481) copol yners of L-glutamc acid and
gamma ethyl-L - glutamate (Sidman et al, Biopolyners

22(fe Brkf 5561 0k98R)s 2 Mok Zzompositions of and or

hydr oxyet hyl net hacryl at e)
use in the invention may also be administered via
microspheres, liposomes, other microparticulate
delivery sYstems or sustained release formulations
placed in certain tissues including blood. Suitable
examples of sustained release carriers include
semipermeable polymer matrices in the form of shared
articles, e.g. suppositories or microcapsules.
Implantable or microcapsular sustained release
matrices include polylactides (US Patent No. 3, 773,
919; EP-A-0058481) copolymers of L-glutamic acid and
gamma ethyl-L-glutamate (Sidman et al, Biopolymers
22(1): 547-556, 1985), poly (2-hydroxyethyl-
methacrylate) or ethylene vinyl acetate (Langer et
al, J. Biomed. Mater. Res. 15: 167-277, 1981, and
Langer, Chem. Tech. 12:98-105, 1982). Liposomes
containing the polypeptides are prepared by well-
known methods: DE 3,218, 121A; Epstein et al, PNAS
USA, 82: 3688-3692, 1985; Hwang et al, PNAS USA, 77
4030-4034, 1980; EP-A-0052522; E-A-0036676; EP-A-



or ethylene vinyl acetate (Langer et al, J . Bioned.
Mater. Res. 15: 167- 277, 1981, and Langer, Chem

w(demk/087028 98 - 105, 1982). Li posones cont ai ni NRCT/G82005/001022
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pol ypepti des are prepared by well - -known nethods: DE
3,218, 121A; Epstein et al, PNAS USA, 82: 3688 - 3692,
1985; Hwang et al, PNAS USA, 77: 4030- 4034 1980;

Ei’a@g%égégpm 0030846 oFE 01 00BEDLCLE By A 00,
Nosu4, H&BeﬂﬁSNa@d4445§4o5a5and}d;ﬁan;595 th@rﬁl@@BDhﬁS

are of the small (about 200- 800 An stro
uni FRfel FRPSPYPE FREwht chREnEMREpi d %8H?22% 0789Qreat er

thaﬂn?9995m§p HQllam@EbQ£e§§§éoim fhecgetret edhig

proportion being adjusted for the optimal rate of the
poIgpepenﬂel$e@ka@©erEyhaplesout Bﬂemoéehhlqneéeaharol
pro{ocols ti,oned d ot her, teghgi ues

SRR R o R R R LA

| Nnvept 1081 cantbeot ound Ho1Resbnotenlsakhgs maceuti ca
Sci ences, 16th edition, Gslo, A . (ed), 1980.

Phar maceut i cal Conpositions As descri bed above, the

Pregent iQXGQE'Qﬁ%e%é8HH§ﬂ%QS a@@aQPBESHélﬁa&entioned

conp03| ron for the treatment o ncer
con@bsvelmndcmnmerstagha;qaeplamdnpnmtheqbshmmsgbumaz

BCRP | nhi bi t d h
actRt BEFE HACHOTORISAGr | TAHE P L P PRr L omHelpI B i num

cheppther aperthn t hepBORP- baht bEL DI s8BYNOEs, 16th
adm ni stered sinu taneously sgparately or

seqger@htiant yoslo, A. (ed)

Pharmaceutical Compositions

As described above, the present invention extends to
a pharmaceutical composition for the treatment of
cancer, the composition comprising a) a platinum
chemotherapeutic b) a BCRP inhibitor and c) a
pharmaceutically acceptable excipient, diluent or
carrier. The platinum chemotherapeutic and the

BCRP inhibitor may be administered simultaneously,

separately or sequentially.

Pharmaceutical compositions according to the present
invention, and for use in accordance with the
present invention may comprise, in addition to
active ingredients, a pharmaceutically acceptable
excipient, carrier, buffer stabiliser or other

materials well known to those skilled in the art.



Phar maceuti cal conpositions according to the present
invention, and for use in accordance with the present

WO pwsengiosh nmay conprise, in addition to acti vePCT/GB2005/001022
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i ngredi ents, a pharmaceutically acceptabl e exci pi ent,
carrier, buffer stabiliser osgother materials well
known to those skilled in the art. Such materi al s

shoul d be non:toxic an hould not interfere wth the
ef f%%‘g%f“%?e’fh%f%cﬁ?/‘éﬂfl ﬁijﬁ erb‘?réﬁftc.’xﬁ%earb% esckil%%\i%al?% e
of {heccREréeliOh OhbesrARtLsy abr Wihd Sleperd on the

route of administration, which may be oral, or by
i njteyienicrt g. Therpvedbss. ndherd op il e | G FEST ber a

liquid, for, exanple hysi ol ogi | ution
con?%?%%ﬁ%aE%ﬁlg%h%%%ﬁdggx%% f%@ %Rég%é%ﬁ%-gﬁ.G, or a
| yopdihl h 5etlr povete) . widosie e IBCRPra hhidt tloy siwfection,
conpositions of the invention are preferably

adn® n¥ st R eBRYeR@ASt ndi vidual in a "therapeutically
effective anount", this being sufficient to show
benefit to the individual. The actual anount

adniimé sf erred] aahon rade adc tinguidcolwseepimple, a
adm nistration, wll depend on the nature and severity
of it o LoBET it eaf ST c TR G P TR L
€. GoufeEt SHONSH 0F. 8l0BagE & Ca lIvophilii@d®lpowddhi n the
responsi bility and at the discretion of genera
practitioners and ot her nedical doctors, and typically
takes.account of the disorder to be treated, the
conditron of the

The BCRP inhibitors or compositions of the invention
are preferably administered to an individual in a
“therapeutically effective amount”, this being
sufficient to show benefit to the individual. The
actual amount administered, and rate and time-course
of administration, will depend on the nature and
severity of what is being treated. Prescription of
treatment, e.g. decisions on dosage etc, is
ultimately within the responsibility and at the
discretion of general practitioners and other
medical doctors, and typically takes account of the
disorder to be treated, the condition of the
individual patient, the site of delivery, the method
of administration and other factors known to

practitioners.

The invention will now be described further in the
following non-limiting examples. Reference is made

to the accompanying drawings in which:



i ndi vi dual patient, the site of delivery, the nethod
of adm nistration and other factors known to

w@e@sHsdiuoners. The invention will now be descp¢e#2005/001022
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further in the following non - [imting exanples.
Reference is nmade to the accagmpanying drawi ngs in
which: Figure 1 illustrates cell cycle distribution of

p53 +/+ HCTI| 6 parental and resistant cells follow ng
treatment with (A) OrM, InM, 5mM and | OrM 5- FU, (B)

O"Mpi g linVhamne 2R exali phatlien dard i) t@sM o£0. 5
nv , Im\/land SMM CPT - Il. Figure 2 illustrates cell
cyc[P§3d| SHGTRAG @ ﬁr@‘ﬁ’ltp@s andHCEEL6 tatesedil sas@llowing

S R AT R T AT B,
AR e S

in po3,x, I—I@I@ilgngeghg t@@aggd with a range of
concentrat| ons of (A) 5- FU and (B) oxaliplatin for 72

hours conpared to p53 +/+ cells. (C p53 +/+ and p53 7
ceI treated.wi,th, CPT - Il ;exhibit id nt| al_.level.s
e gl 6 B e et PR CARRROT
cle@%@gé HeTRS3 péteaﬂalPaangEélét@@hl&eﬁle@w&mQWlng
treatment with 5M CPT - || for 48 hours. Follow ng

expbsersreotsmits- (AU &, | iWoxahMpkadi ﬁxOﬂMr 548U (B)
hours, PARP cl eavage was only evident in

cel P&M, FOg§#E: 41pH[ aBer éﬂ]@soi‘%}lBéééanW é?br @l%%r on
0.5uM, 1pM and 5uM CPT-11.

Figure 3 illustrates reduced levels of apoptosis in
p53"*’HCT116 cells treated with a range of
concentrations of (A) 5-FU and (B) oxaliplatin for
72 hours compared to p53™* cells. (C€) p53** and
p537/" cells treated with CPT-11 exhibit identical
levels of apoptosis. (D) Western blot demonstrating
PARP cleavage in p53*/* and p53™/" HCT116 cells
following treatment with 5uM CPT-11 for 48 hours.
Following exposure to 5uM 5-FU and 1puM oxaliplatin
for 48 hours, PARP cleavage was only evident in

p53** cells.

Figure 4 illustrates (A) Basal mRNA expression
levels of thymidylate synthase (TS),
dihydropyrimidine dehydrogenase (DPD), thymidine
phosphorylase (TP), thymidine kinase (TK), orotate
phosphoribosyltransferase (OPRT), uridine

phosphorylase (UP) and uridine kinase (UK) in p53*/*
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| evel s of thym dyl ate synthase (TS), dihydropyrim dine
dehydrogenase (DPD) , thym di ne phosphoryl ase (TP),

erase (OPRT) , uridine phosphorylase (UP) and uridine
kinase (UK) in p53 +/+and P53HCT116 parental and
5-F-resistant cells. (B) Basal nRNA expression |evels

f - ' in,1
(Ereed B30 an R 6 BERRF Ty &8 e Ly RERGCLeR™ HEkbr
) bRB&SBa@émCﬁRNﬂeékﬁkéﬁéﬁoﬁrQb@%ﬂs(BERBkchdon repair

xer oder ma plgnentosunmgroug A conpl enenting protein
( XPAYOBR 9s@p1ﬁmeaﬁan953ro Bicm L BEBSFént abaBRa -

t t t mMRNA i
Proan BTG ER %ipé‘é‘tsg%ﬁ&s%ee% SlescnpRiirve e
1), IBQBBtaﬂeet t%@ﬂerﬁéﬁP |§hﬁh§eQ$§B§hb|§l nBnPRB3um

+/+ and p53 " 1 b parental and CPT - - rgslstant _
ceIgsoupnAeQQMPéasentQABDHrﬁRNAneX§PééSﬂ@npﬁé and p53
asses i_.ng .cont r.ql ESULT TERI

VET %vag éﬁdqofgllgﬁhggga§‘%§% ﬁ%?%é%ﬂ%

ChemttaBaQBl mﬁNA ERPirssshEh 1eC@RIs- oflcamdoxylesterase
oxaligﬁatln wer e obtai ned from Pharmacia and Upj ohn
(Kall& zoBOPWFFOQﬁHaEEnEf (FOPQy At hePEB6 Fﬂﬁlvern PA)

respectivyel 0 pa -/~
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4 0OC prior to use. b- Tubulin and PARP anti bodies were
case, GAPDH mRNA expression was assessed as a

loading control.

RESULTS
MATERTIALS AND METHODS

Materials. 05-FU was purchased from Sigma Chemical
Co. (St. Louis, MO). CPT-11 and oxaliplatin were
obtained from Pharmacia and Upjohn (Kalamazoo, MI)
and Sanofi-Synthelabo (Malvern, PA) respectively.
1lmM stock solutions were prepared in sterile 1xPBS,
with the exception of oxaliplatin which was prepared
in sterile injection water, and stored at 4°C prior
to use. P-Tubulin and PARP antibodies were
purchased from Sigma Chemical Co. (St. Louis, MO)

and PharMingen (San Diego, CA) respectively.

or ot at e phosphori bosyl PCEHGB2005/001022



purchased from Sigma Chemcal Co. (St. Louis, M) and

Phar M ngen (San Di ego, CA) respectively. Tissue
w@doss®48 HCT116 p53 +/+ and p53 ~ " isogeni c PCIYEB2005/001022

col on cancer cells were kindly provided by Professor

Bert Vogel stein (John FbpkinsSEniversity, Bal ti nore,

MD) . Drug - resistant HCT116 "sub- |ines were

devel oped in the inventors' |abgratory by repeated,

lgxpo%%féuﬁocgiéﬁﬁﬁse ARl &sPARg coﬁEQnPﬁéfio §OgenEe

U, T- 1], _or_o Lplati % ' :

2app!r %?ﬁ%tgPso eéghgg h%éﬁﬁgrgﬁgglQgﬁgggrggoylded by
3resi taptskEF1k6reevbgkilses inerdognonpikant Toy verSALY,

medi um suppl enmented with 10% di al I f
dser uRr{ FESPresoMg) m BéHEEFPFF%%§¥§$g8E?g aéPﬁ?&éHﬁFL-
59|Ut?§kgedé9glb sodi ymepyry¥aterbal habpemGrBORy

I nvi trogen Corporation, Paisley, Scotland) and
6mai ntapaetiedt e3po6Crenta kUwPditeednarfDsphRET e

contai ning, 5% CO2. 5-. EUresi + .
T PCT136P BB F 2o har a oAl ed T tRGCbr S5aheBLaF By eT 2
gand AaMi 8y FY kespeatiimdeleyy €BR mohthsresbatantap53nd
+/+ and p53 HCT116 cells were maintained in the |
9pr eseénve-sesiAbraRdEGHUICPEell| L1PESpHEEPVEFYYD 10
1OCMa|M?g8%bB BArﬁéﬁﬁh@?%uﬁ%ﬁeﬁ@ﬁt@ﬁdw@gﬁ U§¥1é§a§?5E§

wer e und to be sta i stant and were therefore

11mai nkgpgd tR1exakirphatimeshr,esopgdnunpehatinasnspi ked
every 4 weeks with 8nmM and 9nM oxaliplatin ,
12r espetrepePRycPri oMo Legdh tarpsei abAt 1MeSPSESRt sub

13hohi§§%u@EE8 cuhtuced i nthe ahsenceqeh erugot-akiss,

14 Paisley, Scotland) and maintained at 37°C in a

15 humidified atmosphere containing 5% COz. 5-FU-

16 resistant p53*" and p53™/7 HCT116 cells were

17 maintained in the presence of 2uM and 4uM 5-FU

18 respectively. CPT-ll-resistant p53** and p53™"

19 HCT116 cells were maintained in the presence of 1uM
20 and 3uM CPT-11 respectively. Oxaliplatin-resistant
21 p53™* and p53™/" HCT116 cells were found to be stably
22 resistant and were‘thergfore maintained in

23 oxaliplatin~-free medium that was spiked every 4

24 weeks with 8uM and 9uM oxaliplatin respectively.

25 Prior to each experiment, resistant sub-lines were
26 cultured in the absence of drug for 48 hours

27 |

28 Cytotoxicity studies. Cells were seeded at 2000

29 cells per well in 96-well microtiter plates. After
30 48 hours, cells were treated with a range of

31 concentrations of 5-FU, CPT-11 or oxaliplatin.



Cytotoxicity studies. Cells were seeded at 2000 cells

per well in 96-well mcrotiter plates. After 48 hours,
w@edosmses e treated with a range of concent r at PONEBRG05/001022
5-FU, CPT- Il or oxaliplatin.After 7 2 hours, 2 5m o

f MIT dye (5mg/ M) was added Eg each well and the
pl ates were incubated at 37 0 %or 3 hours. Dark -
bl ue forinazan crystals forned b y live cells were

1di sséifitey i 200118, & FLIDVBOMANY calss ordrance. )i was added
i ndi vi dual ,wel |.s was termi ned at_ _570nm ysi.ng, a I%W
2or ec?ésol S c"fe&% A chlaedéﬂa(nﬁ\%ﬁ éctli%ar 1 acte%j, st =
3Sunnyeal 8 HeA)rs ReiHAIS-BeIe RXIESSEdd s dBIdT rfed by

the concentration required t o inhibit cell growth by
450% Helvat iogd Its oveurst raiatsed veed |is1 (A00180 o(f7 20 RErmawv

cytonetr Cells were seeded at 5xI O 4 cells per well
o REREPARGR dl AR R IatrLe GEY Saeraliiesh e
6W t h 53 0hanee 19l GONGRR 3fdcnS i i FYp1GRE rdades0 T

oxal i platin. Seventy - two hours post - treatnent,
Tcel | SMpdesHany &stdasn Smnny viallex PBS/)0. SRAEDTA arede

pel | trifugation.at 1000rpn 4C for 5 .

O nubeEt Ca Bl (G i nse HisIFoa ORLE AR ISCRRSEESh o
9FCS, ihhiedti relQY%etdhamobyandsstrailned val tth RneRicitean

i odi de, _Anal yses were perfornmed o n a Becknman Coul ter
10gpi cSSk1E ITow @yt dreter (M ami, FL)
11linmunoblotting. Cell s were seeded at IxIO 6 cells

per plate in 90mmtissue culture dishes. Fourty -
12ej ghFlpwury tosetrar.ug Ceddat meme, seeldesl wer éxtlildatelils

13 per well in 6-well plates. After 48 hours, cells

14 were treated with a range of concentrations of 5-FU,
15 CPT-11 or oxaliplatin. Seventy-two hours post-

16 treatment, cells were harvested in 5ml of

17 1xPBS/0.5mM EDTA and pelleted by centrifugation at
18 1000rpm/4°C for 5 minutes. Cell pellets were washed
19 once with 1xPBS/1% FCS, fixed in 70% ethanol and

20 stained with propidium iodide. Analyses were

21 performed on a Beckman Coulter Epics XL flow

22 cytometer (Miami, FL).

23

24 Immunoblotting. Cells were seeded at 1x10° cells

25 per plate in 90mm tissue culture dishes. Fourty-

26 eight hours post drug treatment, cells were treated
27 with the described concentrations of 5-FU, CPT-11 or
28 oxaliplatin. After 48 hours, cells were harvested
29 and resuspended in 200pul of 1xRIPA buffer (20mM TRIS

30 pH7.4, 150mM NaCl, 1mM EDTA pH8.0, 1% Triton X-100,
31 0.1% sSDS). Cells were lysed and centrifuged at
32 13,200rpm/4°C for 15 minutes to remove cell debris.



with the described concentrations of 5- FU, CPT - I

or oxaliplatin. After 48 hours, cells were harvested
waeasngdus pended in 200 M of | xRl PA buffer (2EBviGBRIS001022

pH7. 4, 150vM Nadl, | nM EDTA pH8.0, 1% Triton X- 100,

0.1% SDS). Cells were |ysed apgl centrifuged at 13,

200rpm 4C for 15 mnutes to renove cell debris.Protein
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- PAGE and transferred to a PVDF nenbrane b

el edtEOBINOFHiHE 9T Ao dt Tt t4TH el SO HEE usi ng
ant i, AR ¥y afid—padl dAPU i dh JRUSE ONOC] ongly

anti bodi es anc}] a 1/ 2000 dilution of a horseradish _
per oweimttasens oo rg eyt meb shideipi ant | Iromusdes Seeiomdardg s
anti body (Amersham Bucki nghanshire,, | and), . The
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chemidl i ng scent: el eald o, $ystemddd eichl AgrYAing
to the manufacturer’'s instructions. Reverse

t r ahsarsieptaakieshp @ oyt iades ehainT uygsotd orh€dTRER)L-mouse
anal ysis. Total RNA was, jsol ated i ng, t he RNA STAT -
60 FEAGEIE DBITBYCIES, (Bl € =Hn g rieh "Bt oy t o

t he ppRNUROLUN e NS FdieddONSs 1 JReVENEes tdanseld Ptidihg
was carried out with Ing of RNAin a total |On
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14

15 Reverse transcriptase-polymerase chain reaction (RT-
16 PCR) analysis. Total RNA was isolated using the RNA
17 STAT-60 reagent (Biogenesis, Poole, England)

18 according to the manufacturer’s instructions.

19 Reverse transcription was carried out with 1lpg of

20 RNA in a total 10pl reaction volume containing 4ul

21 RT buffer (5x), 1pl dNTPs (10mM), 2pl DTT (0.1M),

22 1ul oligo (dT)12-18 primer (500pg/ml), 1pl RNase OUT
23 (40 units/pl), and 1pl Moloney murine leukaemia

24 virus reverse transcriptase (200units/pl) (all from
25 Invitrogen Life Technologies, Paisley, Scotland).
26 The mixture was incubated for 50 minutes at 37°C,

27 heated for 10 minutes at 70°C and then immediately

28 chilled on ice. The PCR amplification was carried
29 out in a final volume of 50pl containing 5pl PCR
30 buffer (10x), 1.0pl dNTPs (10mM), O.5ul Tag DNA

31 polymerase (5U/pl) and 1.5p1 MgSO,; (50mM) (all from
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virus reverse transcriptase (200units/ m) (all from
I nvitrogen Life Technol ogi es, Paisley, Scotland) . The

for 10 minutes at 700C and then imrediately chilled on
ice. The PCR anplification wagsycarried out in a fina
vol unme of 50m containing 5mM PCR buffer (10X), 1 .Qm
dNTPs (10mM), 0O .5nl_ Taq DNA pol ynerase (5 /m ) and
1. SHLNGSOIEN 5O TREMIF M DY) t rdgehl Lp¥Erers (10pM)

Techno i.es 2 . primers (1O ) and 2nm ., c

The 561 A Sellionc o<, SHETH, PETMTST | LT o ap &

li stgehaisk tall Sl ar RESUATSy Gt otoxigity anal yses. By
repeated exposure to stepw se increasing
concentrations of drug over a period of 10 nonths, the
i nv enerated a panel of isogenic p53 +/+ and
p53 6 colorectal cancer cell lines resistant to

5- FU, oxaliplatin and CPT- 11. In the p53 wild -type

setting, the inventors denonstrated that the
| 5SROI e STV SRFU, BXar$pPateh aReTsTe-t9)

wer %tie{fJWiesaese_qugké)ésir?gflc&ic@{@ré‘pioQé &el &11:1'18 theiry
respecti ve resistant nes conpared to sensitfve
par ertrdlocedf sl TablEr2A)the |Imesmstrnghyneusiag Mpanel

anal ysi,s the p53 +[.#, 5-FUresist ell l.ine shown
to BE SEOTRHE e i St t%ﬁ%—é |90 4 HF o ST
cel le11HAWeRY , rd dHi St LA OSSo -5+ 18] SE2ACE V@Si MO4nd CPT-

appar ent when further exam ned using flow cytonetry
(datld -notIsHwh)P33 I et P53 sRiTTiRet t Fivg, 1 Rentors

lm%%ﬁ%'?lrs)trvaaée%scﬂaoﬂ' ig’ﬁe Ffég,o(-;ghr) values for 5-FU,
oxaliplatin and CPT-11 were increased 3.0-, 31.0-
and 10.0-fold in their respective resistant lines
compared to sensitive parental cells (Table Z2A).
Interestingly, using MTT analysis the p53*" 5-FU-
resistant cell line was shown to be ~2-fold more
fésistant t6 CPT-11 than parental cells. However,
this cross-resistance was not apparent when further
examined using flow cytometry (data not shown). In
the p53 null setting, the ICso(72nr) values for 5-FU,
oxaliplatin and CPT-11 were increased by 9.0-, 10.5
and 65.0-fold in their respective resistant lines
compared to parental cells (Table 2B). In addition,
an ~2-fold increase in ICsg(72nr) Was noted in p53”"
CPT-1l~resistant cells following treatment with 5-
FU. However, further examination using cell cycle
analyses revealed no evidence of cross-resistance to
5—-FU in the CPT-ll-resistant cell line (data not

shown) .



oxaliplatin and CPT - Il were increased by 9.0-, 10.5

and 65.0- fold in their respective resistant |ines
weowpasmas t o parental cells (Table 2B) . | n adeCT/Gengos5/001022

an ~2- fold increase in 1C50(72hr) was noted in p53~

CPT - 11- resistant cells followng treatnment with 5-

FU. However, further exaninatf%%nusing cell cycle

anal yses reveal ed no evidence of cross - resistance o

15- FU in The tpyentprs adisst fpuncelihal hottadihe moe
sho ) -A-n tors .al f t-hat- -
2 and\l\alg%%l @Iﬁ - ??lﬂ ?elsi%tsg%ttaglglnlqjﬁllrinelslq’\g/\gk$ev}4£eu%%%yﬂy
3resirséansthntt he CRE CHT-IlActaiote veetnsdindlidlel teN-SN388 with
with a n -10 - and ~100 - fold increase in 1C50(72h)
4 dosésnr ssPectndery OPTaIRE 3P CHSeAS pitathiTo Has ggéﬁﬁ
5 actiyvity.Lp; gcnymhenyafe el | lines which exhibit
resistance to cisplatin and carboplatin (12) . In
6 acc@rzahtplattih hhiss shiche iapientions Hfrounduesr e deded
t he p53+/ + or ‘' ooxaliplatin - resistant cell |ines
7 wer é"%?%%wglf:gs F@&ﬁtltt ge&lssprﬁaQCi% T i1 A A il |
8 i ncreasop1ariholdp)i.n tihe dcChHd&Hne doses wWfis, the
carboplatin were observed in the oxaliplatin - -
9 resilshupntespl fPiAes thrdwererthathitdana® i gm% iReht | y
| es (N in resist t ' in.
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was ‘used
13 observed in the oxaliplatin-resistant cell lines,
14 however, this was significantly less than the
- 15 increase in resistance to oxaliplatin. These

16 results suggest that oxaliplatin has a different

17 mechanism of action and/or resistance than cisplatin
18 and carboplatin.

19

20 Cell cycle analyses. Flow cytometry was used to

21 examine the cell cycle distribution of parental and
22 resistant cells following treatment with a range of

23 concentrations of each drug. In the p53 wild-type
24 setting, an S-phase arrest and evidence of

25 polyploidy (DNA content >4N) were observed following
26 t reatment of parental cells with 1uM 5-FU for 72
27 hours (Figure 1A). Following exposure to 5puM and

28 10uM 5-FU, the majority of p53+“'parental cells had

29 arrested in G2/M-phase and there was a significant
30 increase in the sub-G0/Gl content (~30-35% compared
31 to ~4% in control samples). In contrast, p53+/+ 5-

32 FU-resistant cells showed no change in cell cycle
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setting, an S- phase arrest and evi dence of polypl oi dy
(DNA content >4N) were observgg followi ng treatnment of
parental cells with inM5- FU for 72 hours (Figure |A)
. Foll owi ng exposure to 5nMand | OrM 5- FU, the
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reS|stant showed no change in cell cycleprofile
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| i ngs tWhen Mpdtxhipaetal €& |52 weserd ) eahedmaiddity of
0.5nmM oxaliplatin for 72 hours, the %orlty of cells
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a significant increase in the proportion of optotic
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- rgsogicarti cields amsptotic cells (~40-50% compared to
~2% in control samples) and in the number of cells
with DNA content >4N. 1In contrast, the cell cycle

profile of p53*/* oxaliplatin-resistant cells was

unaffected by treatment with 0.5uM and 1uM
oxaliplatin. Following exposure of p53+/+
oxaliplatin-resistant cells with 5uM oxaliplatin,
the majority of cells were arrested in S;phase. In
addition, the induction of apoptosis in the
oxaliplatin-resistant sub-line was dramatically
attenuated compared to parental cells. Treatment of
p53** parental cells with 0.5uM CPT-11 resulted in
accumulation of cells in S-phase, and cells with DNA
content >4N were observed (Figure 1C). Further
evidence of polyploidy was demonstrated at 1uM CPT-
11 in the p53™* parental line, although the majority
of cells were now arrested in G2/M. Treatment with

5uM CPT-11 resulted in the accumulation of ~40% of
. cells in the sub-G0/Gl apoptotic phase. The p53+/*
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of cells were arrested in S-phase. In addition, the
i nduction of apoptosis in theypxaliplatin - resistant
sub- |ine was dr armti cally attenuated corrpar ed to

parﬁ% SRR ST it A1 R e § orer e T
:Q:‘ngggé%"c:l@%d tcoelC; SpM talhcp%mPQﬂtMl >ANi LR,

observe Igure 1C Further evidence of ponpI0|dy

wﬂSthaeﬁéhtametmtsuMM@Pﬁl Idid ncdlee pd 3941 gn pat ental
line, although the majority of cells were now arrested

in @l/lN’l alﬂ’-’@éﬁﬁ@tﬁd VQQWHBHM@F‘DP Oof IpobEl 954 Folite A
acc f - 40% 0 b
acouoyl 80,6 s, cellg oy the, subi Y

ase. resstant cell |ine
\Nanainmastree@d e(taahy} i nseEngdidugte tlol 9. bad basls | tAICPT
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cells. Aﬁleﬂ%flf%ﬂ/ degreg, fﬁéﬁ?&{*@élscé\ﬁﬁsaiﬁ@ated

denonstr at ed although this was | ess than

obseivedijim shepaentd relds [Hae {rdd8hed im qunﬁé
/|~ setting, parental cells treated wiwth ImM5- FU f
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content >4N, indicative of polyploid cells. In
contrast, p53”ﬁ 5-FU-resistant cells showed no
change in cell cycle profile relative to untreated
control cells following exposure to 1uM, 5uM and
10uM 5-FU. When p53"/' parental cells were treated

with 1uM oxaliplatin, the inventors observed an S-
phase block and a moderate increase in the polyploid
fraction (Figure 2B). In response to 5SuM
oxaliplatin, the majority of cells were arrested in
G2/M phase and a significant percentage had DNA
content >4N. In contrast, p53’F oxaliplatin-
resistant cells exhibited no change in cell cycle
distribution following treatment with the same
concentrations of oxaliplatin. Treatment of the
p53"”’pareﬁtal cell line with 0.5uM and 1uM CPT-11
resulted in a dramatic G2/M cell cycle arrest
(Figure 2C) . Following treatment with 5S5uM CPT-11
the inventors noted an increase in the number of

apoptotic cells (~35% compared to ~2% in control



contrast, P53 5- FU resistant cells showed no change
in cell cycle profile relative to untreated contr ol
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When p53 ~ parental cells were treated with InMthe
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10line. Together, these profiles characterise the
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Fl ow cytonetry wa :
3 p5¥/ojparghtaf HCT116 cells following treatment with

14 a range of concentrations of 5-FU, oxaliplatin or
15 CPT-11. The inventors’ results demonstrated

16 significantly less apoptosis in p53'F cells treated
17 with 5~-FU compared to pS3+/+ cells (Figure 3A).

18 Similarly, oxaliplatin-induced apoptosis was

19 significahtly attenuated in p53™/" cells compared to
20 pSBJ"/+ cells (Figure 3B). In contrast, CPT-11

21 induced almost identical levels of apoptosis in the

22 p53** and p53™/" cell lines (Figure 3C). These data
23 agree with the cytotoxicity analyses, which
24 generated almost identical ICsg(72n) values for the

25 parental p53*" and p537/" cells treated with CPT-11

26 (Tables 2A and 2B). Furthermore, the ICso(72n) doses
27 of SN-38 in the p53** and p53™/" cell lines were

28 similar (Table 3). In contrast, the ICsp(72n) doses
29 for 5-FU and oxaliplatin were increased by 4.6- and
30 5.7-fold respectively in p537/" compared to p53*/*

31 cells following treatment with 5-FU and oxaliplatin

32 respectively. In addition, PARP cleavage (a
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used to conpare drug - induced apoptosis in p53+/ + and
p53~/- parental HCT116 cells followng treatnent with

CPT- Il. The inventors' results denonstrated ,
significantly | ess apoptosis 4qn p cells treated with
5- FU conpared to p53 +/+ cells (Figure 3A)
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respectively. In addition, PARP cleavage (ahall mark of

apopt osis) was observed in p53 +/+ cells, but not P53
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sensitivity to 5-FU-, oxaliplatin- and CPT-ll-based
chemotherapy.

5-FU-~resistant cells

In both p53*" and p537/" 5-FU-resistant cells, the
inventors observed significant decreadsés in the
levels of the 5-FU anabolizing enzyme TP compared to
parental cells (Figure 4A). 1In addition, the
inventors noted that thymidine kinase (TK), which
salvages thymidylate from exogenous thyﬁidine, was
highly overexpressed in p53+“'5—FU-resistant cells.
Of note, the 5-FU target enzyme TS remained
unchanged in parental and resistant cells (Figure
427). The inventors also noted that mRNA levels of
the 5-FU catabolizing enzyme DPD and the 5-FU
anabolizing enzymes uridine phosphorylase (UP) and
uridine kinase (UK) were comparable in the 5-FU-
resistant and parental lines. Interestingly,

orotate phosphoribosyltransferase (OPRT) expression



oxal i platin, but not CPT - Il. nKNA expression o f
genes inplicated in drug resistance. Sem -
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expression | evels of a nunber of genes that have been
inplicated in determning SeQ&thVIty to 5- FU
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12 resistance in these cells . lines my, at least in part,
be expl ai ned by decreased synthesis

13 Oxaliplatin-resistant cells

14 In p53+/+ and p53'ﬂ'oxaliplatin—resistant cells, the

15 inventors found significant increases in the mRNA

16 levels of the nucleotide excision repair gene ERCCI

17 compared to parental cells (Figures 4B).

18 Furthermore, the inventors noted upregulation of

19 several BRCGl splice variants in oxaliplatin-

20 resistant cells. In contrast, the inventors saw no

21 modulation of the DNA damage binding factor XPA or

22 the glutathione metabolic enzyme yGCS. The ABC

23 transporter BCRP however, was dramatically

24 upregulated in both the p53*/* and p53™/" oxaliplatin-

25 resistant cell lines compared to the respective

26 parental lines. These data suggest that the

27 oxaliplatin resistant phenotype, in both p53*/* and

28 p53™/" settings, may at least partially be explained

29 by increased nucleotide excision repair of platinum-

30 DNA adducts. In addition, increased cellular export

31 of oxaliplatin by the multidrug resistance protein

32 BCRP may decrease sensitivity to this chemotherapy.



of active 5- FU netabolites by TP in both p53 +/+ and
P53 cells, downregulation of OPRT in p53 -/~ cells and
w@r@sespiessi on of T Kin p53 +/+ cells. ThesePdEHG®2005/001022
also inply that TS inhibition is not a key nmechani sm
of action of 5- FUin these cell lines, which is
agreenent with the findings o Lot hers (13) .
Oxal i platin-resistant cells In p53 +/+ and P53
loxaliplatin - resistant cells, the inventors found
significant increases i:n the nRNA | evels of the
2nucﬂg%¢ﬁ§%:%§&ﬁ%§%ﬂ1r%ﬁ%i%‘ gene ERCO conpared to
3 par ent alotaeldss*(Fagur §5348) cpTRurt-hesdimyteant heells, the
i nventors noted upregul ation of several ER-Cd splice
4 var i den oy oxdigsl &t mareStEmereFesin| kieohevase, of
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dramatically upregulated in both ttie, p53, +/+ and p53
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8 I eSRRGH R PR aln IHAes thEhgsesdat anguggest thatiyhe
oxal i plati'n resi stant phenotype, in both p53 +/+ and
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by increased nucl eotide excisio epair _of platinum,-
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may decrease sensitivity to this chenotherapy. CPT- 11-
12 r esip$tiaht acel IPS3h 1561 [g53eis s 532 LPTL1Ngs - compared
13reSH§§%%% %%gﬁ%cgﬁy% parental cell lines. Together,
14 these data suggest that inhibition of conversion of
15 CPT-11 to SN-38, downregulation of the SN-38 target
1o enzyme TOPO I and increased cellular export of SN-38
17 may contribute to the resistant phenotype in these
18 cells. However, the inventors observed that both

19 p53** and p53™/" CPT-ll-resistant cell lines were
20 highly cross-resistant to SN-38 (Table 3) suggesting

21 that CE downregulation is not a primary mechanism of
22 resistance to CPT-11 in these cells.

23

24 DISCUSSION

25

26 The inventors have developed a panel of p53*/* and
27 p53'P colorectal cancer cell lines resistant to 5-
28 FU, oxaliplatin or CPT-11 as models with which to

29 study mechanisms of resistance to chemotherapies

30 commonly used in the treatment of colorectal cancer.
31 Moreover, the inventors have also used these model

32 systems to examine the relationship between p53



inventors noted a marked decrease in the |levels of CE,

the enzyne which converts CPT- Il to SN- 38, conpared
wo eoopasomt al cells (Figures 4C) . The SN- 38 tBCTEB2005/001022
enzyme, TOPO I, was dramatically downregulated in both
the p53 +/+ and p53 CPT- Ilrgsistant cell lines. In
contrast, the inventors observed no nodul ati on of TOPO

Hoc mRNA expression. |n_addi t| r BCRP pre si on nas
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14 pathways underpins the resistant phenotypes observed
15 in each of the newly generated drug resistant lines.
16 The p53 tumour suppressor protein plays a key
17 role in co-ordinating cell cycle arxrest, DNA repair
18 and programmed cell death following DNA damage.

19 Mutations in p53 are seen in 40-50% of colorectal

20 cancers and several in vitro studies have reported
21 that loss of functional p53 reduces cellular

22 sensitivity to 5-FU (14, 15). Results presented in
23 this stﬁdy concur with these data. The inventors

24 demonstrated a 4.6-fold increase in 5-FU ICs0(72n)

25 dose and significantly less apoptosis in p53'F

/4

26 HCT116 cells compared to p53 cells following

27 treatment with 5-FU. Several clinical studies have
28 also reported that p53 overexpression, which is

29 often used as a surrogate marker for p53 mutation,
30 correlates with resistance to 5-FU (16-18), although
31 a number of studies have reported no correlation

32 between p53 expression levels and 5—FU response (19,



CPT- Il . By growing cells in stepw se increasing
concentrations of drug the inventors were able to

wo smbasmigel | s that were between 3- and 65- f obPCI/GBR@®S/001022

O W o NN oy W N

=R e
NP

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

resistant to their respective chenotherapies than
sensitive parental cells as g‘Sterm ned by MIT

anal ysis. In addition, usingflow cytonetric analysis
the inventors denonstrated conprom sed cell cycle
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co-ordinating cell cycle arrest, DNA repair and
pr oggamrednc ebB ‘deat hl § of drawi e DNA rfalitdgeceMisat Bons

in p53 in 40. 50% of col t al d
sovBRpRRRrEFERo b AaPed have TBROFREn Hhar crogevofose
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(14, 15% . Results presented in this study concur with
t he§Bedatdk Phecilaénbor d2BenbAGRFALRE RO 4. Frately and
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cl | i3l studies have ol so.reporied #18t 23iceance to
cisplatin in human male germ cell tumours could be
linked to mutations in p53 (21). In addition, Reles
and colleagues reported that p53 alterations
correlated with resistance to platinum-based
chemotherapy, early relapse and shortened overall
survival in ovarian cancer patients (22): Although
oxaliplatin appears to have a different spectrum of
activity to cisplatin, a number of in vitro studies,
including this one, have found that loss of p53
function increases resistance to oxaliplatin (23,
24). At present the clinical importance of p53
status for oxaliplatin resistance remains to be
established. Wild-type p53 has been associated with
increased sensitivity to topoisomerase I inhibitors
in vitro,'although it has also been shown that cells
lacking functional p53 can undergo apoptosis
following exposure to camptothecins (25, 26). 1In
the present study, the inventors noted equivalent
sensitivity to CPT-11, as determined by cytotoxicity

analysis, flow cytometric analysis and PARP cleavage



often used as a surrogate marker for p53 nutation,

correlates with resistance to 5- FU (16- 18), although
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14 is understood about 5-FU, it has a complicated

15 mechanism of action with several enzymes involwed in
16 its metabolic activation. Enhanced activities of TS
17 and DPD have been associated with resistance to 5-FU
18 both in vitro and in a number of clinical studies

19 (6, 8, 29-31). TS is a major cellular target of 5-
20 FU, and DPD catalyses the rate-limiting step in the
21 catabolism of 5-FU (32). 1In this study, the

22 inventors saw no modulation of TS or DFPFD mRNA

23 expression in either p53*/* or p537/" 5-FU-resistant
24 cells. 1In addition to these molecules, reduced

25 activities of 5-FU-anabolizing enzymes such as OPRT,
26 TP, UP and UK have been implicated in modulating

27 sensitivity to 5-FU in vitro (33). The inventors
.28 demonstrated downregulation of TP mRNA in 5-FU—

29 resistant cells compared to parental cells. Cell

30 culture and xenograft model systems have indicated
31 that transfection of TP into cancer cells increases

32 their sensitivity to 5-FU, presumably through
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i ncreased sensitivity to topoisonerase | inhibitors in
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| acki ng functional p53 can undergo apoptosis follow ng

exposure to canptothecins (25,.26) . In the present
study, the inventors noted equivalent sensitivity to
CPT-11, as determined b y cytotoxicity analysis, flow
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14 5-FU drug sensitivity (33, 36). Recent clinical

15 data also suggests that OPRT activity can predict

16 sensitivity to 5~FU in colorectal cancer patients,

17 with high levels correlating with increased

18 sensitivity (37, 38). Interestingly, OPRT levels

19 appeared to be slightly elevated in p53*/* 5-FU-

20 resistant cells compared to the parental line.

21 Further studies are required to determine the role
22 of OPRT in mediating the response of HCT11l6 cells to
23 5-FU. The inventors have also shown overexpression
24 of TK mRNA in p53%* 5-FU-resistant cells. This is
25 in agreement with Chung et al, who reported

26 increased expression of TK in 5-FU-resistant gastric
27 cancer cells (36). Furthermore, Oliver and

28 colleagues showed that overexpression of a

29 heterologous TK gene protected murine BAF3 cells

30 from apoptosis induced by inhibitors of nucleotide
31 synthesis, such as methotrexate or

32 fluorodeoxyuridine (39). The authors suggest that



catabolismof 5- FU (32). In this study, the inventors
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FU drug_sensjtivity (33,. 36) . Recent clinical data
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14 currently available for identification of patients

15 most likely to respond to oxaliplatin. 1In this

16 study, the inventors demonstrated elevated levels of
17 mRNA encoding the nucleotide excision repair protein
18 ERCC1 in oxaliplatin-resistant cells. Similarly,

19 Hector et al showed that ERCC1 mRNA levels were ~2-
20 fold higher in an oxaliplatin-resistant ovarian

21 carcinoma cell line relative to sensitive parental
22 cells (41). Arnould and colleagues have also shown
23 that ERCC1 mRNA levels are predictive of oxaliplatin
24 sensitivity (42). High ERCCI gene expression has

25 been shown to correlate with poor survival of

26 patients with metastatic colorectal cancer following
27 treatment with 5-FU/oxaliplatin (10). It would

28 appear from this study that ERCC1 is an independent
29 predictive marker of response to 5-FU/oxaliplatin

30 based chemotherapy. In the present study, the
31 inventors demonstrated upregulation of both full-

32 length ERCC1 and a number of splice variants in
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with high levels correlating with increased
sensitivity (37, 38). Interestingly, OPRT |evels

FUresistant cells conpared to the parental |ine.
Furt her studies are require%1 to determ ne the role of
S

OPRT in nediating the respo Je of HCT116 cells t o 5-

FU. The inventors have al so shown overexpression of TK
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5 o@%llirf)lta ej_%le-rceesl:i_lsSCant cells, despite several

clinical and non-clinical studies describing their
association with decreased sensitivity to platinum-
based chemotherapies (42, 44-46). However, the
inventors demonstrated overexpression of the ABC
half-transporter BCRP/ABCG2 in both p53+/+ and p53_/'
oxaliplatin-resistant cell lines relative to
parental cells. High expression of BCRP has been
demonstrated in a number of drug-resistant cell
lines and tumour samples (47—49) . A nrnumber of
chemotherapies have been shown to be substrates for
BCRP including the anthracenedione mittoxantrone,
anthracyclines such as daunorubicin amd doxorubicin,
topotecan, bisantrane and the active form of
irinotecan, SN-38 (50). To the inventors’
knowledge, this is the first report off an
association between BCRP overexpression and
resistance to platinum chemotherapies- Several
authors have reported that cisplatin is not a

substrate for BCRP (51, 52), however, given the
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Cearly, further studies are necessary to fully assess

12t he ¥ ohofidlatisl esfidgamrdul | - | ength and

13 alternatiyely snli cad FREA, AL &1 NS d s AR &L MBI -1 1
14 have been characterized in vivo, although relatively
15 little is known about their significance in the

16 clinical setting. Cells lacking CE activity are

17 unable to convert CPT-11 to its active metabolite

18 SN-38 and demonstrate reduced sensitivity to the
19 prodrug in vitro (53). The inventors have shown
20 reduced levels of CE mRNA in CPT-ll-resistant cells
21 in both the presence and absence of wild-type pb3.
22 However, because hepatic conversion is most likely
23 to predominate in vivo, CE activity within tumour
24 cells may not play a major role in determining
25 sensitivity to this agent. Indeed, the inventors
26 have shown that these CPT-ll-resistant cells were

27 also resistant to SN-38, indicating that the

28 resistance phenotype is not dependent on the low

29 level of CE expression. As already mentioned, the
30 BCRP transporter has been implicated in the biliary
31 excretion of SN-38 (54). In the present study, the

32 inventors demonstrated significant upregulation of



sensitivity to platinum chenotherapies . The inventors
found no evidence o f altered expression of the DNA

WO eaios79en- factorr XPA or the gl utathione (GIR)T/GB2005/001022

o W W0 N o g o w N o

nmet abol i c enzynme gGCS in oxaliplatin -resistant cells,
despite several clinical anq“pon - clinical studies
describing their association™w th decreased

sensitivity to platinum,; based _chemptherapies_(42,
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nurher naf cehegpLberapipes bavenbee) showr tenbe ivable
substrates for BCRP incl uding the ant hracenedi one
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suggesbedc downregulation of TOPO I mRNA in CPT-11-
resistant cells in both p53™* and p53™" sett-ings.
In addition, the inventors examined the mRNA levels
of TOPO IIa, following reports that decreased TOPO I
expression in CPT-ll-resistant cells may be
compensated for by overproduction of this type II
topoisomerase, however, the inventors did not find
evidence of altered TOPO IIo mRNA expressiorh in the
inventors’ model systems. To date, a consistent
association between topoisomerase expressiori and

responsiveness to CPT-11 has not been demonstrated.

In conclusion, the inventors have successfuilly
generated a panel of p53*/* and p53™/" isogen-c
colorectal cancer cell lines resistant to 5—FU,
oxaliplatin and CPT-11. The inventors have used
these cell lines to establish the expressiom levels
of a number of markers implicated in predic-ting
response to chemotherapies used in the treatment of

advanced CRC. Furthermore, the inventors h ave



that, unlike other nmultidrug resistant proteins, GSH
is not a necessary co- factor for BCRP -nedi at ed

wWo e@s®gmng . These data support the inventors' PCEGBOWS/001022
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observation regarding the |lack of nodul ati on of gGCS
expression in oxaliplatin - sistant cells. Further
studies wll be carried out fully elucidate the
bi ol ogical role of BCRP in oxaliplatin resistance. A
vardengn ot raeehani sescot labsretanter t> TAAS 31 have
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to this agent. Indeed, the inventors have shown that

t hegededPTSystam, rigsi seritnell P8 wekle RIAIesea Ry Bed

SN-_ 3 i ndi cat i he, 1 es] type is
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usefulness in the clinical setting.

All documents referred to in this specification are
herein incorporated by reference. Various
modifications and variations to the described
embodiments of the inventions will be apparent to
those skilled in the art without departing £rom the
scope and spirit of the invention. Although the
invention has been described in connection writh
specific preferred embodiments, it should be
understood that the invention as claimed should not
be unduly limited to such specific embodiments.
Indeed, various modifications of the descril>ed modes
of carrying out the invention which are obvious to
those skilled in the art are intended to be covered

by the present invention.



i nventors denonstrated significant upregul ati on of BCRP
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ve used
Dehydrogenase (GAPDH) Intisense: GGAATTTGCCATGGGTGG

Qoo - 000

Orotate Sense: GCGTCTTCIGAGTCAGGTTG
Phosphoribosyltransferase Antisense: GCATCTGCTAGCTGCAACAG

(OPRT)
Thymidine Kinase (TK) Sense: GAGCTGCATTAACCTGCC
Antisense: TCGACCTCCTTCTCTGTG
Thymidine Phosphorylase Sense: CAGCAGCTTGTGGACAAGC
(TP) Antisense: ACCAGCGTCTTTGCCAGC
Thymidylate Synthase (TS) Sense: GGAAGGGTGTTTTGGAGGAGTT
Antisense: AGATTTTCACTCCCTTGGAAGACA
Topoisomerase I (TOPO I) Sense: CCACCTCCACAACGATTCC
Antisense: GGATAGCGCTCTITCTTCCC
Topoisomerase IIalpha Sense: GAAGTGCACCATTGCAGCCT
(TOPO IIq) Antisense: TGAGTTCCATCTCACCAGCTC
Uridine Kinase (UK) Sense: CAGGACAGGTTCTACAAGG
Antisense: CGATCAGGTTGACAAC
Uridine Phosphprylase (UPp) Sense: CAGTGGATACCTGCTTCAAGG
Antisense: TTCTCCGTGTAGGAGCAGAGA
Xeroderma Pigmentosum Sense: GCTACTGGAGGCATGGCTAAT
Group A Complementing Antisense: CCCCAAACTTCAAGAGACCIC

Protein (XPA)




these cell lines to establish the expression! |evels
of a nunber of markers inplicated in predicting
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advanced CRC. Furthernore, the inventors
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type p53 and evaluate their usefulness in the clinica
setting. Al docunents referred to in this
specification are herein incorporated b7y ref erence.
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of carrying out the invention which are obvious to
those skilled in the art are intended to be covered by
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chenot herapeutic agent. 2 . A nethod of sensitising

cancer cells to a platinum -based chenot herapeutc
w@o®@ss79g@i d nmet hod conprising the step of PCT/GB2005/001022

adm nistration to said cells a BCRP inhibitor. 3 . A

nmet hod of treating cancer conprising adm nistration of

a therapeutically effective a®Sunt of a BCRP in

iibitor and a platinum based chenot herapeutic agent,

separately, sequentially or sinultaneously. 4. The use

lof aCBE&RRsi nhi bitor and a plati num based

chenot herapeutic agent in the preparation of a

2medi cament for treati ng cancer.5 . A pharnaceuti cal

3conposittion A ofetiltey tre iRt 10f - LARGRIe Mhet@hBethBells

conposition conprises a BCRP inhibitor, a platinum

4based chenotiferiapeutic tapaiimend val tghar makebteatpysed

accept abl e exci _pi.ent i].uent carrj_er

5pr oduct conpcr|es?%Pontglzeraa%deuét ernn i bi ager bg?tgéd

6pl at i num basathheneidhaerapeiddss agent as a conbi ned
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Tsequential use iBFIHS R AThER Gt @1y Contgiping

gf or the treatfeAly Qfe10aNG8Iom SAghdydctGonpri si ng

9 (b) determining the basal expression of one
10 or more of the genes encoding BCRP protein,
11 wherein enhanced expression of said gene
12 correlates with enhanced resistance to the
13 chemotherapeutic agent.

14

15 2. A method of sensitising cancex cells to a
16 platinum-based chemotherapeutic agent, said
17 method comprising the step of administration
18 to said cells a BCRP inhibitox.

19

20 3. A method of treating cancer comprising

21 . administration of a therapeutically

22 effective amount of a BCRP inhibitor and a
23 platinum based chemotherapeutic agent,

24 separately, sequentially or simultaneously.
25

26 4. The use of a BCRP inhibitor and a platinum
27 based chemotherapeutic agent in the

28 preparation of a medicament for treating

29 cancer.
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a) a BCRP inhibitor b ) a platinum based
chenot herapeutic agent and c) instructions for the
w@elvsns™es ati on of (a) and (b) separately, segeenGBaloby01022
or simultaneously. 8 . An assay nethod for identifying
a chenot her apeutic agent for e in the treatnent of
cancer, said nethod conprising the steps: (a)
provi ding a sanple of tunmour cells; (b) exposing a
portion of said sanple to a candi date chenotherapeutic
1 agent; 5¢c) &epbriMAFaYtespt eseRPs 5 1 @ERPOrnthe
p Sai dsanpl e yhgrel n,p LEAUELLOD, | hn XRLESSLAN B BT on
conpared to expression in a. control sanple is
3indicative ebmphésetherBpREtichacttortya ®latheumetdeedd
according to claimlr 2 or 3, the use according to
4claim 4, th§h§8ﬁ55§F§P%ﬁth%c%?%??ga?g Tlaim5s, the
5 product aCCgthﬁacEQt§&§1 6ac@Ept el Kidx@Ep0EMAINT tO
claim?7, whereln the chenotherapeutic agent is
6 oxal i pl ati ndilténtThe gethoeraccording to claimlr 2,
. 3, 8 or 9, the use according to claim4 or 9, the
conmposition according to claimb5 or 9, the product

g accordgng ta gkaboce €6mPri®inghe

9 - a) a BCRP inhibitor
10 b) a platinum based chemotherapeutic agent
11 as a combined preparation for the
12 simultaneous, separate or sequential use in
13 the treatment of cancer.
14
15 7. A kit for the treatment of cancer, said kit
16 comprising
17 a) a BCRP inhibitor
18 b) a platinum based chemotherapeutic agent
19 and
20 c) instructions for the administration of
21 (a) and (b) separately, sequentially or
22 simultaneously.
23
24 8. An assay method for identifying a
25 chemotherapeutic agent for use in the
26 Lreatment of cancer, said method comprising
27 the steps:
28 (a) providing a sample of tumour cells;
29 (b) exposing a portion of said.saﬁple to a
30 candidate chemotherapeutic agent;

31 (c) determining expression of BCRP in said



kit according to claim7 or 9, wherein the cancer is

col or ect al
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sample wherein a reduction in expression of
BCRP compared to expression in a control
sample is indicative of chemotherapeutic

activity.

The method according to claim 1, 2 or 3, the
use according to claim 4, the composition
according to claim 5, the product according
to claim 6, or the kit according to claim 7,
wherein the chemotherapeutic agent is

oxaliplatin.

The method according to claim 1, 2, 3, 8 or
9, the use according to claim 4 or 9, the
composition according to claim 5 or 9, the
product according to claim 6 or 9, or the
kit according to claim 7 or 9, wherein the

cancer 1s colorectal cancer.



