A nmethod for the assessnment of cancer in a biological sanple obtained from
a subject Field of the invention The present invention relates to a nethod
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i nvention relates to a nethod for the assessnent and di agnosi s of
nasopharyngeal carcinona (NPC) and oral squanpus cell carcinoma (OSCC) by
determning t expressi on | evel .of. certai.n gene. i nvent i on
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Therefore, alternative approaches for the treatnent”of NPC are required. In
NPC, unl i &ed oukteic heids fanthenesé it avedicise andomlt f@ppedonmibgrthevnethod( EBV)

of the present invention.

Background of the invention
15

Nasopharyngeal carcinoma (NPC) is a common cancer in southern China and
South-East Asia, where more than 50 000 new cases are diagnosed each
year. In Malaysia, NPC is the sixth most common cancer and the third most
common in men. NPC is highly radiosensitive and chemosensitive;

20 radiotherapy with concomitant chemotherapy has increased survival
Improved early detection of recurrence and application of appropriate surgical
salvége procedures have further contributed to improved therapeutic results.
However, survivors of NPC have impaired health-related quality of life.
Patients who survive the disease can have several late complications, many

25 of which result from the effects of radiation on the dose-limiting organs
adjacent to the nasopharynx and neck nodes. The use of chemotherapy in
more advanced cases adds to the side-effects, which include cytotoxicity
associated with cisplatin. Therefore, alternative approaches for the treatment
of NPC are required. |

30
ln'NPC, unlike other head and neck cancers, clonal Epstein—Barr virus (EBV)
genomes are detected in all cases. EBV latent protein éxpression is restricted

to the EBNA1 nuclear antigen and to the latent membrane proteins (LMP1,



genones are detected in all cases. EBV latent protein expression is
restricted to the EBNA1 nucl ear antigen and to the | atent nenbrane proteins
(LMPL1 |, LNWPRAOIOLINPEGE) . However, the contribution of EBV POTIME2d&MSIVpent
of 'NPC is not well understood. In an attenpt to reveal how EBV contri butes
to the pathogenesis of this disease, we first conpared cellular gene

expressm E ve NPC f.unour th th np) es, from
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over the East three decades (Mrk, 1998 The mai n aet ogi cal factors

associ at eBe@sseciatgdswith dae pathogenrsisNPGr e t obacco snoki ng and al cohol
consunption, but in many Sout heast Asian countries, simlar |esions are

cl osely associated with betel quid chew ng. Over the past few decades,
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associ at ed overexpression in oral tongue sguanous ce carcl no SCO) .
Furt her, ¢pidetudelogytofadral (canos) immeall establishad)aheoprogersiseand surdvalcert ai n
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and the precise identity and/or role of the altered genes is still largely
unknown. disease in the West are tobacco smoking and alcohol consumptlon but in
15 many Southeast Asian countries, similar lesions are closely associated with
betel quid chewing. Over the past few decades, molecular and cytogenetic
fechniques have contributed significantly to our understanding of the genetic
and epigenetic changes associated with oral cancer. Jarvinen et al. (2008)
report in Genes, Chromosomes.& Cancer 47:500-509 that across the whole
20 genome, 26% of the amplified genes had associated overexpression in oral
tongue squamous cell carcinoma (OTSCC). Further, Snijders et al. (2005)
also report that overexpression of certain genes were found in oral squamous
cell carcinoma (OSCC) or commonly known as oral cancer. However, current
molecular models are not able to fully explain the disease because the cIinicai
25 course of oral cancer is complex and the precise identity and/or role of the

altered genes is still largely unknown.

Thus, there exists a need for a method for aiding assessment of a patient's
risk of developing cancer, or likely severity or likelihood of progression of

30  cancer, or aiding in selection of a cancer treatment regime for the patient, or
aiding in assessment of a cancer treatment regime, particularly for NPC and
OSCC. -



Thus, there exists a need for a nethod for aiding assessnent of a patient's
ri sk of devel opi ng cancer, or |likely severity or |ikelihood of progression
of cancerwoap10ai4@dsag i n sel ection of a cancer treat nment PCEMY®16/¢10097he
patient, or aiding in assessnent of a cancer treatnent regine, particularly
for NPC and OSCC. Surmary of the invention The first aspect of the present

I nventiongrel ates t a.method for the assessnent of cancer in a biological
sanpl e obPYMHBATY P ﬁ?%"&‘{ﬁﬂ B conprising the steps of: (a) determining in
sai d bi ol ogi cal sanple the expression |evel of a pre-determ ned gene; and
(b) conparing the determ ned expression | evel of said gene with the |evel
in a ref efbaclirstwaspeatnofdhe presanét iventien rpdatesi to Foumephmichtfed thex 1

FIX1 : ' i ffe . th i on_ | evel
ot ok vasHRsie bb deatiost 0 2 hidbaleal safE Shtihad TEom, B $ubBctancer i
nasophar yogmplisingr ehe1osteps NoE) () determinifiga i Usaid ebioldgicali Bammpld @heC) and
said reference is a normal or nonpaljgnant cell or tissue. In the preferred
enmbodi neneXRIESSIRB leYelaf i@ prendeiermiied gene; anchdn copmrating ergaterningda st ep

of determyl iBhAel &V ' 3 J L. be
determ n%&gﬂm ngbgn(gfl s,séjélci td;e%?ééw irtrrtt';tt rﬁ\%%‘%ﬂﬁf E%f%ﬁfgkﬁﬁﬁk&ﬁ%afﬁyeért .

Pr ef er abl getetinined\gehe e IFoaf-jdgidtéd Bex ng(Fit1grandhetiergintthe differedoe dfnventi on
is FIX1 NA. More preferably, the FIXL nRNA | evel is determ ned by the use
of at'yl ea$® PXRER}RIP B Ree IndhiGative of dherpresengg af rancetus@s- of : SEQ ID
NO 1 : ' CCCCCAAAGGTGICTAAAAACTS ; and SEQ ID NO. 2 _

- 5TGCTGECACAGTAAAGAATCCT3' or their honol ogous in the conpl enentary
strands. Specifically, said cancer is nasopharyngeal carcinoma (NPC) or oral

squamous cell carcinoma (OSCC) and said reference is a normal or non-
malignant cell or tissue. |

15 :
In the preferred embodiment of the present invention, the method further

comprising a step of determining RNA level of FJX1 in the sample.

The FJX1 level may be determined by using any suitable method that is well
20  known in the art. |

Preferably, the RNA level of FJX1 being determined in the present invention is
FJX1 mRNA.

25 More préferably, the FJX1 mRNA level is determined by the use of at least
two oligonucleotide primers comprising the sequences of: |
SEQ ID NO. 1: 5CCCGCAAAGGTGTCTAAAAACT3’; and
SEQ ID NO. 2: 5TGCTGGCACAGTAAAGAATCCT3’
or their homologous in the complementary strands.
30 | ‘
Alternatively, the FJX1 mRNA level may be determined by using microarray

analysis method or quantitative real time PCR that are well known in the art.



Alternatively, the FIX1 nRNA | evel may be determ ned by using mcroarray
anal ysis nethod or quantitative real tinme PCR that are well known in the
art.lt wwp2bw/Eapeeci ated that the detection of the pr@SEME2006/0007
increased level of FIX1 nRNA in a cell conpared to the Ievel of a nornal
(non-mal i gnant or non-cancerous) cell 4my aid in the assessnment of a

' ' ' f d | | d | |, of
A 2ol s elRERAR A RN Eaa Sf AR BiesrbBe S botasetuupler ) &
nor mal (nepFIRKiRNA ik m%&ﬁﬁﬁmeq@{lél W nBfmbanHdraialignarit HPC or

OSCC. The detection of an increased | evel may al so suggest that said
subj ect wnbnh-dsagefqus)f celn mayaesid dul the fassessment eoft rerpatiestis hrisls ofr eat ment

pr coent 1 HounpbRR AR PSRy SHRaROR s o it HRGR RS Piflaify "

det er n§ nash@pletompiitedt Heaxpraesion I@Valtfeumd ires elornal arirdmalighant sral
sanple. The nethod of the present_ invention also includes the neasurenent

and det eclIPBrFagrerayg). csmrp'mé@fe. ipdicative of NRF arddsesd: Témrﬁ?t@cﬂ%@ @Rei r

conpari so @érgg t M(F'

det ectlonn\o % eﬂgpgsen %?§ |s(r%1$'?éetass?\é%g+’ QE&@FHFHé p§7y ep Ides in a
bi ol ogi caforaangfl &reatmepat, eshmh) dshdrdatmeht okitla anocarader ( vastime | agyrhenéinor

non- cancer,pu ceII may aid in the assessnent of a patient's risk of
devel opi ng!SE!9$€8r . | ncreased | evel of FIX1 pol ypeptides in a biol ogical
sanpl ¢g conpar ed to the level found in a normal (non-nalignant or

non- cancerous) cell may be indicative of NPC or OSCC. The pol ypepti de or
protei n | dveanatheFJembodiméent dft teni pfedebty msdmtg:r‘anyasiuumaﬂhbd furdhesi n
quantitation net

preferred® P?‘P&ﬁﬂgbﬂm g?‘%ﬁ“@"u@%ﬁ A;FR%"TP'HQ 2 e%hrdol Cgr Erddg'tnerlm ned
by using pRiehpdsaidbidibgicarsatdplequant i tati ve west ern bl ot t| ng,

15 The method of the present invention also includes the measurement and
detection of FJX1 polypeptide in said biological sample, and their comparison
with a reference sample. It will be appreciated that the detection of the
presence of an increased level of FIX1 polypeptides in a biological sample
compared to the level of a normal (non-malignant or non-cancerous) cell may

20 aid in the assessment of a patient’s risk of developing cancer. Increased level
of FJX1 polypeptides in a biological sample compared to the level found in a
normal (non-malignant or non-cahcerous) cell may be indicative of NPC or
OSCC.

25 The polypeptide or protein level of FJX1 may be determined by using any
suitable protein quantitation method that is well known in the art. In particular,
it is preferred if antibodies are used and that the amount of FJX1 is
determined by using methods which include quantitative western blotting,
enzyme-linked  immunosorbent assays (ELISA) . or  quantitative

30 immunohistochemistry.



enzyme- | i nked i mmunosor bent assays (ELI SA) or quantitative

I mmunohi st ochem stry. As noted above, an increased |evel of FIJX1 pol ypeptide
in a sanpWe 20wiased with a known nornmal tissue referen®E€THRIIE0G0897
suggestive of a tunorigenic sanple. In another aspect of the present

I nvention, it also provides a nethod of detecti ng cancer in a subject

conprising _adnjnjstering. to said subject ti-,FJX1 .antibody and the use
of said ahti the)d i4PVRe %n’ﬂpmae%@?a‘_)ﬁgﬁ@a MP%Pi'Fet A | Fgl_ﬁncer. A
further agomphared withea K@ horMYP Bs4 R réfefendte Sampl@ i @t ggéstiveest ang
cancer in a patient conprising administering to said patient either an

ef f ect i vetumerigeniosampl@: pol ypeptide, a nol ecul e that nodul ates the
activity of FIJX1 gene, an antibody directed to FJX1 , or nolecules that are
bound to FJX1 . Yet a further aspect of the present invention describes the

uses 05 anhy amothert agpectadditice rasentniniehfiod, ftohlgpeptovities o hesthibe dfhat
nodul ates the activity of FJX1 gene,. antibody directed to FIX1 and.
mol ecul esdelegting canssiling sybieskEomprising aaminisierng to said:syhiestamantt f or

treating el ntitdt Ay | r r t e prese ' | rovi des

a kit for ngg;f ersrr‘rylﬁtlSd g at%&g tégppggs?gﬁ?%vae fbcc)’;d QFgﬁltﬁgeélmeadcdgé{rr(gpfési%ggaat | east
an ol i gonoddicamelst fpr tneatingaanceronpri sing the sequences of SEQ ID NO 1 and
SEQ ID NO. 2 as herein dislcosed. The afore-nentioned nethods and uses wil |l

now be explained in nore detail in the follow ng disclosure and appended

clai mpy BN thePaSpédtdfaRe PresBrtihvitRtiohbroURIRs 4 MeliaY bfireatimgthnder
under st andi ng, the present invention will now be described with reference

to the acioapatighheompasing@sininisigringhto sHiig patient eijhestaneffediverammeuniequence
of FJX1; g{’ RYXT plo(hPBep%%%\,'\% rtngﬁacﬂig {ﬁ%t ?r%cfjulgt%gtfﬁgca%ti\cﬁty 51; ?QJX% gene, an

antibody directed to FJX1, or molecules that are bound to FJX1.

15 Yet a further aspect of the present invention describes the uses of any one of
the afore-mentioned FJX1 polypeptide, molecule that modulates the activity of
FJX1 gene, antibody directed to FJX1 and molecules that are bound to FJX1

in the manufacture of a medicament for treating cancer.

20 - Still, a further aspect of the present invention provides a kit for determining the
eXpressidn level of FJX1 gene comprising at least an oligonucleotide primer
pair comprising the sequences of SEQ ID NO. 1 and SEQ ID NO. 2 as herein

dislcosed.

25 The afore-mentioned methods and uses will now be explained in more detail

in the following disclosure and appended claims.
Brief description of drawings

30 In order to provide a better understanding, the present invention will now be

described with reference to the accompanying drawings in which:

Figure 1(a) shows the mRNA sequence of FJX1;



Figure 2 shows the quantitative PCR analysis of gene FJX1 . Conpared to two
bi opsi es of normal nasopharynx, quantitative PCR showed that FJX1 nRNA was
up-regul WOR010M41452NPC t unours. Figure 3 shows an i NmMuNn@ETAGN&E087r v

anal ysis of FIJX1 protein where upregulation of FIJX1 protein expression in
NPC is confirmed. FJX1 expression was @etected in NPC tumour cells (white
arrow), but not. the surroundi ng nonmalignant cell (black arrow). Figure 4
shows the expression of FJX1 anal ysed using the Miltiple Tissue cDNA Panel .
FIX1 expr ERréN (byashdwa tHeyarfifriocsdia Bbquénca™®BEJRY; the normal human organs
anal ysed except for ovary, pancreas, placenta and smal | intestine. 1,

Heart; 2, Brain; 3, Placenta; 4, Lung; 5, Li ver 6, Skeletal muscle;

K Sney:  Sriglpd s e RARRIve  E RIS o ben T Cmapa IS, 121
Posi tiyve bnpSmloﬁmrnmRramhhm quahtiatied ReRcsthednthaifFJmerrmNAerred
enbodi nents The pr sent Erhﬁ%l on describes a nethod for the assessnent of

cancer vi¥%agNe-§SU ﬁﬁjr'fht fUMRETSx pr essi on | evel of gene Four-j ointed
Box 1 (FJX1). In accordance with the first aspect of the present invention,
It provides a nethod for the assessnent of cancer in a biological sanple

obt ai ned Figare 8 shmr'ysean impoupohistoohemistrysarglgsis fof HJX)1 peteinrwherequp-n sai d

compar! gl OUARE: of FPREPTRlEH SBremm A ol R SotiFash ik eREssBlel i n o

refer Rﬂcewas\'*a%'t&téd $RINPOREmMBaF eells [(AsltedsRew), Sblft%t'th@'sﬂh%dn% Aor{-FIX1)
and wherein the difference of the expr essi on | evel s may be indicative of

t he presemedgeantceaiidblagkarcaw).s. By "FIX1", it is neant to refer, as the
context will rmake clear, to the gene or RNA product or protein product.
Preferably, the nethod further conprises determning the RNA | evel of FIX1

Figure 4 shows the expression of FJX1 analysed using the Multiple Tissue
cDNA Panel. FJX1 expression was barely detectable in most of the normal

15 human organs analysed except for ovary, pancreas, placenta and small
intestine. 1, Heart; 2, Brain; 3, Placenta; 4, Lung; 5, Liver;'6, Skeletal muscle;
7, Kidney; 8, Pancreas; 9, Spleen; 10, Thymus; 11, Prostate; 12, Test_is; 13,
Ovary; 14, Small intestine; 15, Colon; 16, Peripheral blood leukocyte; +ve,
Positive control for PCR reaction.

20
Detailed description of the preferred embodiments
The present invention describes a method for the assessment of cancer via
the determination of the expression level of gene Four-jointed Box 1 (FJX1).
25 | |

In accordance with the first aspect of the present invention, it provides a
method for the assessment of cancer in a biological sample obtained from a
srrbject, comprising the steps of: (a) determining in said biological sample the
expression level of a pre-determ‘ined gene; and (b) comparing the determined
30 expression level of said gene with the level in‘a reference, wherein said pre-
determined gene is Four-jointed Box 1 (FJX1) and wherein the difference of

the expression levels may be indicative of the presence of cancerous cells.



in the sanple. The RNA |l evel of FJX1 nmay be determ ned by the use of at

| east two oligonucleotide prinmers, for exanple, the priners selected from
SEQ | D NOVOR010/IBBESCAAAGGTGTCTAAAAACTS' ; and SEQ | D NO. PET/MY2010/000097

" TGCTGECACAGTAAAGAATCCTS' or their honol ogous in the conpl enentary strands.
More preferably, the RNA | evel of FIXY bei ng determned in the present

I nvent i ongal. X ~.dphe sgguence i s.sho iln the Figure 1.

| nor easedBR s EdX Trta®THeant B e cose i ECHE! MISH3RE i 6 1he BeRGior
(nonmal i gRNA pduePor prtgiarprodict | ssue sanpl e may be indicative of OSCC or
nasopharyngea? cancer. The RNA | evel of FIJX1 may be determ ned by using

specific oligonucleotide priners and a nucleic acid anplification technique

such as t i WelpP | C { ' s can be
Syt hosi sorp OB e HehbH frkeF EohhskE dRtonhirPHeRRA I BE FIRI
sol i d-Pphaisethehsampler aFMed RNA ddanaftRIX1 Risf be aldterminbd ) toaselofaiti de
primers a{ge at least 20 nucleotides in length, npre preferably at |east 25
nucl eot i d€ast {vq gligany ide; primersy Y eXaBIRIE alveyPripersesalected ffAm| eot i des in

| engt h. ' nayEEese astc AAAKRETAN ! ude anplification in
a sui tabISgE?a@ gl%loli':‘yi%gt i onA'gaf rer: Er?g X arrpf::-r?i’cdar{&l:on buffer is 500 nM
KCl; 100 S&QMD NO.Q: {PEICT GCEACABMAAAGPAREGTS); 15 MM MgCl 2; 0. 1 %

gelatin singl e-stranded rimers uitgble for use in a polynerase chain
reaction, % 8"&9’?5‘8895? Pri/\lfa‘iﬁ%qrgpfegae_nﬁﬁy %F’mdsbe appreci ated that FIX1 nRNA
may bgyidentified by reversetranscriptase pol ynerase chain reaction

(RT-PCR) using nmethods well known in the art.Primers which are suitable for

use i n a Morgmreferablyhdhe RNAclaveh of FGK1 hging dateemninedogsihespresard
239, 487- ARLL RS L H A %Nﬁ%th%bh-ﬁzﬁ&%e%%ﬂ‘éé 35 "8h6wn in the Figure 1.
Increased FJX1 mRNA in a sample compared to that found in a normal (hon-
malignant or noh-cancerous)' tissue sample may be indicative of OSCC or

15  nasopharyngeal cancer.

The RNA level of FIX1 may be determined by using specific oligonucleotide
primers and a nucleic acid amplification technique such as the polymerase
chain reaction (PCR). Oligonucleotide primers can be synthesisedhsing

20 methods well known in the art, for example using solid-phase phosphoramidite
chemistry. Preferably, the oligonucleotide primers are at least 20 nucleotides
in length, more preferably at least 25 nucleotides in length and still more
preferably at least 29 nucleotides in length.

25 Suitable bonditions for PCR amplification include amplification in a suitable 1 x

amplification buffer: 10 x amplification buffer is 500 mM KCI; 100 mM Trié. Cl
| (pH 8.3 at room temperature); 15 mM MgCI2; 0. 1 % gelatin. single-stranded

DNA primers, suitable for use in a polymerase chain reaction, are particularly
preferred. '

30 '
It will be éppreciated that FJX1 mRNA may be identified by reverse-
transcriptase polymerase chain reaction (RT-PCR) using methods well known
in the art. ‘



have the follow ng properties: It is well known that the sequence at the
5'end of the oligonucleotide need not match the target sequence to be

anpl i fi edwol201y”7458ual that the PCR prinmers do not cont RCH/MYR010/000097

conpl ementary structures with each other |onger than 2 bases, especially at
their 3'ends, as this feature nay prombote the formation of an artifactual
product called "prinmer diner". Wen the 3 ends of the two priners

hybri di ze, they forma "prinmed tenplate" conplex, and priner extension

resul ts i PrijetWHicH HR SUitalil@ doiClis<C Ml 4 PElynisra8B chdin®actioh TPER daijlgecondary
structure should be avoided in priners. For symmetric PCR a 40-60% G+C

content i &t 8f (1588) &cienes d88.487r4Hbt arepprieferred. SwitablePCBrryineisemales of

o unct i BaTE, Men foufRis BEdPeriEs: i OwbRIRBLA, oL i BHUEMLAT B RaE "2 g ven
pri mers shetthe dligonatleatide needqidtingatcR e tarhet Sequeridadtb Behamphfiéd.ext ensi on

tenperature will dissociate the priner/tenplate hybrid prematurely. In
practice, the hybrids are nore effective in the PCR process than generally

predi ct ed ' At . ' n&%h [T may be
determ negq%rl#%ilj%gf F@H g?g%%%%ing%hﬁ?ﬁgre |%'§%Gefn?%§§t%ﬁ%%§l yner ase
does havewitktaachtothenldniger $arb2 Gaseg] especiallypati thieir Xerids)@scthisviieltureccur
during the annealing,st and the hybrid will be stabilized. The
concentramaMnEr%‘FOt?h@equem?rt@"a? an‘ﬂﬁ'fatha'cBW%’ﬁ? icéﬁ%q’ PENERIMEE) PCR
and, {ypi BLRHE df - i a}ﬂgﬁ- - nciked hidte"

anplifi ca?\?{(;érqyg]re\g?gcol S éli% t\gg %rlsq‘a%{%i tlﬁéﬂﬁg?ﬁé&g‘fat ‘ﬁghlﬁr?\clmlgtr?

i ncl udi ngcemplexondprimser extension eesyltson,a §lont dpplexapredaanticaliegd'pememnai n
reaction. Al sp, NASBA (nucleic acid sequence based anplification), also

cal l ed 35¥M&Man be used as described in Conpton (1991) Nature 350, 91-92 and
Al DS (1993), Vol 7 (Suppl 2), S108 or SDA (strand

di spl acenentanplificati onz can be used as described in Wal ker et al (1992)
Nucl . Aci bdernal secondary structure should be avoided in primers. For symmetric

15 PCR, a 40-60% G+C content is often recommended for both primers, with no

long stretches of any one base. The classical melting temperature Calculation_s
used in conjunction with DNA probe hybridization studies often predict that a
given primer should anneal at a specific temperature or that the 72°C
extension temperature will dissociate the primer/template hybrid prematurely.
20 In practice, the hybrids are more effective in the PCR process than generally

predicted by simple Tm calculations.

Optimum annealing temperatures may be determined empirically -and may be
higher than predicted. Taq DNA polymerase does have activity in the 37-55°C
25  region, so primer extension will occur during the annealing step and the hybrid
will be stabilized. The concentrations of the primers are equal i'n conventional
(symmetric) PCR and, typically, within 0.1- to 1- ,range. ‘

Any of the nucleic acid amplification protocols can be used in the method of
30 the invention including the polymerase chain reaction, QB replicase and ligase
chain reaction. Also, NASBA (nucleic acid sequence based amplification), also
called 3SR, can be used as described in Compton (1991)‘ Nature 350,91-92
and AIDS (1993), Vol 7 (Suppl 2), S108 or SDA (strand displacement



Res. 20, 1691-1696. The pol ynerase chain reaction is particularly preferred
because of its sinplicity. Wiwen a pair of suitable nucleic acids of the

i nvent i orwp0usEM2N a PCR it is convenient to detect tRETMOWIYO00HYT gel

el ectrophoresis and ethidiumbrom de staining. As an alternative to
detecting the product of DNA anplification using agarose gel

& - |
el ectrophoresis .and et hjdi um pronjde .st ai.ni of the I\t I S,conveni ent
to use a PR f'?aetl? Iqag';‘ohﬁc‘l' ﬁaéaeégaﬁgq?én A&%H%rqtoqelsﬁ%a (S‘Sl{cllreAg' lified
DNA as a Regboo 1401498 PR!dolyrAaidsenchdin heastitichs tpaeticllagp prereaeli de
probe hybridises to the interprinmer sequence as defined by the two priners.
The ol i gobecauss: ofdts gnpisity.s preferably between 10 and 50 nucl eotides | ong,
nore preferably between 15 and 30 nucl eotides | ong. The probe may be

| abel l ed with a radionuclide such as 32P, 33P and 35S using standard

t echnigjuegvhel arpdir b sLitdisie! mitletctdtids of ty fveation dy eisedliam PIOR it is
ol i gonucl eoti de probe is uorescently | abelled, the anplified DNA product

fl
may be ?gﬁ%\(eéﬂﬁﬂtrtosdﬁtﬁﬁﬁ e Rredect By gekelppirerheresisand ethidium bigide
using a brovie B el TR Lo Ll IR g RE b DS iRyt ER08 T Cesar

et ‘al (198§arosé delglesteopshdresist gna ledhudiuot ibeomidenstaiting rafehba3NA, deisect i on
system for automated PCR produc uantitation "BipTechniques 1 2-157.
Arpl 11 caE9MNPA R UEScRARPISH 1BABNUEPIE GapAbn o TOEURNE fo tBE nave a
f1 uor aphoLgiIHERCPRIA P2 "a OprolRY Wheit tRE hafplificatiorP!is dog URPPOR GheMay have
a biotint ag ar they nmay %e etected using a conbination of a capture probe
and a det eliganucteatide. prebadybpidises-tqdke itterpripgrrsequesace astdafinmedhytheui t ed to

auert 12! b AR’ P B hu e b8 e Fhue B 1 SRS
product s. pycleotides long, more preferably between 15 and 30 nucleotides long. The
probe may be labelled with a radionuclide such as *?P, *P and *S using
15 standard téchniques, or may be labelled with a fluorescent dye. When the
oligonucleotide probe is fluorescently labelled, the amplified DNA product may
bé detected in solution (see for example Balaguer et al (1991) "Quantification
of DNA séquences obtained by polymerase chain reaction using a
bioluminescence adsorbent” Anal. Biochem. 195,105-110 and DiCesare et al
20 (1993) "A high-sensitivity electrochemiluminescence-based: detection. system

for automated PCR product quantitation "BioTechniques 15,152-157.

Amplification products can also be detected using a probe which may have a
fluorophore-quencher pair or may be attached to a solid support or may have
25 a biotin tag or they may be detected using a combination of a capture probe

and a detector probe.
Fluo'rophore-quencher pairs | are particularly suited to quantitative
measurements of PCR reactions (eg RT-PCR). Fluorescence polarisation

30 using a suitable probe may also be used to detect PCR products.

Other methods of detecting mRNA levels are included.



O her nethods of detecting nRNA | evels are included. Met hods for determ ning
the relative anbunt of FJX1L nRNA include: in situ hybridisation (In Situ
Hybri di zavpaeniopaotsecol s. Met hods in Mol ecul ar Bi ol ogy VeCumeY®30/008087t ed by
K H A Choo. 1994, Humana Press Inc (Totowa, NJ, USA) pp 480p and In Situ
Hybri di zati on: A Practical Approach. B8ited by D G W ki nson. 1992, Oxford

Uni versit ress,. Oxf.ord, . 163), ..in situ.a ISl catiqn oy t herns,

nucl ease &Ireﬁ?%fﬁ__fq{%etﬁpﬁwitﬂ?%%l?mé%@"?Rf'ﬂ]tiquip'IE-:‘QH 6’3’5@3@&? FstRPEY The
MRNA may Rgbrafiddtion @8 Sith HyBritlifitioAUPrdteceit fdtheds Eiﬁ‘q\llel'é%ma'rtmb!o@g- ' Real
time' anplification nethods wherein the product is nmeasured for eacCh

anpl i fi caVpwne 33l &dited by Kodd A Sliogr 11994 s tumana fPreesling i(Fetom@R Nd,.d et al

6. 995 1008 SP B-5H oS BURrLRERT T Bradical APPRAR BRI Z BTS” sy
93 (23, WARihsbnb. 1BORreOXferioWniveritdePressd Ogfopd.ef gp enbapl li @l i fy

froman nRNA tenpl ate rather than fromthe DNA or be designed to create a
product wAEPhfigaionQrthsrnHNclesss RiAtedianginioke armysdisdi #pplifinalianpy si ze

or b I oR. . ' : the. : b

ar r anged SHe PRApTEy T MRS Fiayfhs ety B or Uy J0850a T 3ha"°
Dﬁt ecti ngqmﬂliﬂi@aﬁiammﬂﬂs tighm.'ef(]ampﬁjicafﬁbmni?methn?s theminl, e debdott nig t hat
there are cells esen I ontal n Qr, X €, n situ
hybr i di s EeaRUestor §3h ANREealon cHER TrabhpIRAlIa bsstul (40 Reallibbul o
det ecig t heCR ¢fgn&CaP {1998y \Ghohi Rear@ B,968-0942'GibBoR N4l (fide)er

generally or in aspecific location) which can be detected by virtue of
t hei r expBepeimenRese#TR B, 8851 00As Reat timie NASBpr @sblenschlageust aldd8B86e of

FIX1 nRNA may,bhe e k 0 | eyel s vers igh l.evels of FJIX1
MRNA _rra'y\IA‘EJBV a1 é}smﬁ@W3oié@pe{%41ﬁ\gé'q&m?rﬁ §%°H“§vg?sd?&\9n%‘ft°
associ at egreférehtiallysaeplify okl FEAFINA téinplaté rathel khdiefraRPHRIDRASEHr beat
simlar possibilities exist in relati-on to usi ngi\l :
designed to create a product where the mRNA or DNA template origin can be
15 distinguished by size or by probing. NASBA may be particularly useful as the
process can be arranged such that only RNA is recognised as an initial

substrate.

Detecting mRNA includes detecting mRNA in any context, or detecting that

20 there | are cells present which contain mRNA (for example, by in situ
hybridiéation, or in samples obtained from lysed cells). It is useful to detect the
presence of mMRNA or that certain cells are present (either generally or in a
specific location) which can be detected by virtue of their expression of FJX1
mRNA. As noted, the presence versus absence of FJX1 mRNA may be a

25 useful marker, or low levels versus high levels of FJX1 mRNA may be a useful
marker, or specific quantified levels may be associated with a specific disease

state. It will be appreciated that similar possibilities exist in relation to using

the FJX1 polypeptide as a marker.

30 To further improve the assessment of cancer, the method of the present
invention further comprises determining the protein level of FJX1 in the

sample.



the FIX1 pol ypeptide as a marker. To further inprove the assessnent of
cancer, the nethod of the present invention further conprises determ ning
t he prot evo20evigr4sef FJIX1 in the sanpl e. The nmet hods of PRE/MYREMe10097 al SO
i ncl ude the neasurenment and detection of the FIJX1 pol ypeptide in test
sanples and their conparison in a ref dlence sanple. It wll be appreciated

corl Comihb deth3as BriaS dveriiondtlsd MEGHS Bie merBurdhenl and BtRER o o ' " °
(non- nal | fRAFYXAT pdIgPeSIRIE ff St s&BblesM@id &h&iri dbrhpristis /f aS FefeferRt 2

patient's risk of devel opi ng cancer. Increased FJX1 pol ypeptides in a
sanpl e codpAPE It willtheaappregiaded thad detactiag the presendegefan insreassd-levglcer ous)

ti ssue sa l.ndi.cat L ve o r l.e ¢ i ni.ng RNA
and/ or pr%t?ﬁ%@%@&@?o@h%ﬁ%"p%qrmgén%teai té’c@g'%%rék%%ﬁéﬁsaaﬂ%@e“ P the

ti ssue i nsapkd) .eanaatorial YHeRRAlRFhadt or momhtarteraus)ecelnmaybgidon thas been
found. These nethods ymay be used for any cancer, but they are particularly

) : y
sui t abl e Pssassspet of Amratignteseisk ofdevelgning negnegrs dngeasedofiXder um or

I h nod o t ' L N} W a
c)altgger ha@'!ﬁ?%@f%ﬁy? %?HQ? %vdgwaq’%h}ebgg%{pwg ”EQQdf@sf’ﬁégﬁ@s@%@Q&gbt ai ned
sur gi cal | gr homcancemisktissuePsarmpleatmiay bet indicativs 0 NRC epQS@Ci al ti ssues.

The net hods of the invention involving detection of the FIJX1 pol ypepti de
are particularly useful in relation to historical sanples such as those

cont aj (i Nghpashpie)-OMPAAMRC FAGAt hAdRT OprotaiCHENEI PG tHESpAEMNE of the

FJX1 pol ypeptide may be defermned in any suitable way. It is preferred if
t he anmpuncomfeni¢rdlyra xampie \fdhe itisaue dn adtich sanesr isysuspeatedaonivl wbighe whi ch

el oot i verna iy B o el R B E e Reulons Bl Beofeef B sy <o
cancer, but they are particularly suitable in respect of NPC or OSCC. The
sample may also be blood, serum or lymph nodes which may be pérticularly
15 useful in determining whether a cancer has spread. Alternatively, the sample
may be tissue sample obtained surgically from a patient. Preferably, the tissue

is epithelial tissues.

The methods of the invention involving detection of the FJX1 polypeptide are
20 particularly useful in relation to historical samples such as those containing
paraffin-embedded sections of tumour samples.

The amount of the FJX1 polypeptide may be determined in any suitable way.

25 It is preferred if the amount of the FJX1 pblypeptide is determined by using a
molecule which selectively binds to FJX1 polypeptide. Suitably, the molecule
which selectively binds to FJX1 is an antibody. The antibody may also bind to
a natural variant or fragment of FJX1 polypeptide. '

30 By "variants" of the polypeptide we include insertions, deletions and
substitutions, either conservative or non-conservative, where such changes do
not substantially alter the activity of the said FJX1.



a natural variant or fragnent of FJX1 pol ypeptide. By "variants" of the

pol ypeptide we include insertions, deletions and substitutions, either
conser vatwoeow14msa- conser vati ve, where such changes doPadiMebsemod7 al |y
alter the activity of the said FJX1 .Variants and vari ations of the

pol ynucl eoti de and pol ypeptide includd2natural variants, including allelic
variants d natural |l v- occurrin tant f.qQrns. By "fragmen f EJX1", we
el ude aNpTARGoAER valiAfGRs PE 1S ebhBRlentids Fic tiverpie Telydh nefidone

ot her vay yafights emaiiifg allélic W&n’té’aﬁ@'n%td?ﬁgﬁﬂbémﬁﬁgQﬁut@_htfd?n%_.b' ndi ng
assay. The antibodies for use in the nmethods of the in invention may be
nonocl onal or polyclonal. The protein | evel of FIJX1 may be determ ned using

any suitagl.e t el bi ' hod.. £ il erred if
ant i boct oBvarrBotedh B FiRH € M By ey Wicr s ackiink S BARY® et hoas
whi ch § ncisugsefguimnédrnatatier Wag! forrexangslée] fog usenayamsing aktsodiesonasar bent
assays (EL] SA) or quantitative inmmunohi stochem stry. As noted above, an

i ncr easedPinéing aggay=Jx1 in a sanple conpared with a known normal tissue
reference sanple is suggestive of a tunorigenic sanple. In a preferred
enbodi nent of the invention, antibodies wll inmunoprecipitate FIJX1 protein
f r om sol uTherardibodids! fonsiseandhe wnethols XF the art @iventionweay eermonodlonainobl ot s
of poI'yacr}l/I alr; ge els. In another preferred enbodi ment, antibodies wll

det ect FIRUPBYWEPERh in paraffin or frozen tissue sections, using

I mmunggyt ochemni cal techni ques. Preferred enmbodi nents rel ating to nethods
for detecting FIX1 include enzyne |inked i mmuunosorbent assays (ELI SA),

r adi oi nmuibespepjeiRleAR] af nindkbrmay dreetdetermipedydsing RuW saitablenproteianzymat i ¢

assays (! EMNerahiBR niSthBY. RS, PRVIErIRLPaRRESRL IR, 180F5RG dRgY vo! onal
| the amount of FJX1 is determined using methods which include quantitative
western blotting, enzyme-linked immunosorbent assays (ELISA) or

1

(9]

quantitative immunohistochemistry.

As noted above, an increased level of FJX1 in a sample compared with a
known normal tissue reference sample is suggestive of a tumorigenic sample.

20 In a preferred embodiment of the invention, antibodies will immunoprecipitate
FJX1 protein from solution as well as react with FJX1 protein on western or
immunoblots of polyacrylamide gels. in another preferred embodiment,
antibodiés will detect FJX1 protein in paraffin or.frozen tiséue sections, using

immunocytochemical techniques.

25
Preferred embodiments relating to methods for detecting FJX1 include
enzyme linked immunosorbent assays (ELISA), radioimmunoaséay (RIA),
immunoradiometric assays (IRMA) and immunoenzymatic assays (IEMA),
including sandwich assays using monoclonal and/or polyclonal antibodies.

30

Exemplary sandwich assays are described by David et al in US Patent Nos.
4,376,110 and 4,486,530, hereby incorporated by reference.



Exenpl ary sandwi ch assays are described by David et al in US Patent Nos.
4,376,1 10 and 4, 486, 530, hereby incorporated by reference. Met hods for
det ect i orwal28w/i4mseude i muno-fl uoresence. Autonated an@CIaMyzu/enetied

i mage anal ysis systens may be of use. Several formats for quantitative

| mmunoassays are known. Such systens ﬁﬁy I.ncorporate: nore than one

hoa > are _SYSI ! .
2aai t1on VBt Bte i nd Firdice ARunsTublesineg, ARt AfE Sk
systems i ggioasated fﬂ%é’iéﬁlw&sﬁﬁérﬁﬁr 3t beCof fuseor Sewéral Gormats for

chem | um nescent, and enhanced chem | um nescent; enzyne catal ysis may or
may not beuamiitative iMMUNEasSAS ales kieyn hBuak sYsient Mayyiscerporaligh &deno

, ¢ . ' :
Syerems | 7B oRRAnUbBRl Wty M 68 idh MR AP iniaBEICERAIGIFRRTCG |
as fors exadggition o contalred inuthienssmple); amananeadsta\of deibdtiol) systémer escence
enzynme i mmunoassay (FEIA), fluorescence i mmnoassa%/ (FIA), enﬁg{rgm

-El A) >scer ]
i nunoass BEIUdNg) EaQ'Qjﬁ?tﬁ’E%e?ﬁ'oﬂﬂﬁ‘?ﬁﬁt?asﬂkﬂr"(‘@trl&), chemiumingsics
| munoass Gl .C gr,,lny | . ' | I . 0.
sanpl e ce?ﬁ@@r@%%’gﬁgﬁ ng c%&&téeﬁ S @é&é%%%‘ﬂ?(%oﬁﬂ?éfﬁhgﬁgﬁv&é s can
be har vesirechuandssayscohayrize hbmogeeses sgsieins, ivhereatesepanatichef bopednat ant
can be det e@t e-%&l;qm ng ant i b(%dl es.  Such aﬁtl bodi es are uyseful in. cancer
di agnosi sang HBAURG, Taaenis, tp KRR PLACE (o FielerPHRISAUS S e rueing 8
| abel { d,sé'%ragéﬁlggg&_they may be labelled in such a way that they may be
directly or indirectly detected. Conveniently, the antibodies may be
| abel l ed with a radioactive noiety or a coloured noiety or a fluorescent

noi ety, og:they may be linked to n YRt cal t '

whi ch 'canéb'SHvé?‘?a%? - 88?‘5@?@& ?eg?ﬁﬁéﬁﬁﬂ1?%@&%&#"_‘&&3‘%?@@'@8"’3 one
col oured (yhinksewHtesRfinoaBs @I (ELLTAE MibreBesiycaBendend aiperhuedaswsaybi ot i n
(or streptavidin) and then detected indirectly using streptavidin ;or

bi oti n) wfikelA), fluorescence immunoassay (FIA), enzyme immunoassay (EIA),

15 luminescent immunoassay (LIA), latex photometrix immunoassay (LPIA).

Methods of cultivating the biological sample (e.g. sample cells) and isolating
proteins are well known ih the art. Cells can be harvested and lysed and the
presence of the protein in the supernatant can be detected using antibodies.
20  Such antibodies are useful in cancer diagnosis. Suitably, the antibodies. of the
invention are detectably labelled, for example they may be labelled in such a
way that they may be directly or indirectly detected. Conveniently, the
antibodies may be labelled with a radioactive moiety or a coloured moiety or a
fluorescent moiety, or they may be linked to an enzyme. Typically, the enzyme
25 is one which can convert a non-coloured (or non-fluorescent) substrate to a
coloured (or fluorescent) product. The antibody may be labelled by biotin (or
streptavidin) and then detected indirectly using streptavidin (or biotin) which
has been labelled with a radioactive moiety or a coloured moiety or a
fluorescent moiety, or the like or they may be linked to an enzyme of the type

30 described above.

Anti-“FJX1” antibodies or fragments or derivatives thereof such as humanised

anti.bodies or ScFv fragments or dAbs or other fragments which retain antigen-



has been | abelled with a radioactive noiety or a coloured noiety or a
fluorescent noiety, or the like or they may be |inked to an enzyne of the
type descwDketh/@msee. Anti-"FJX1" anti bodi es or fragnenPSTMY20ee/000017 ves
t hereof such as humani sed anti bodies or ScFv fragnents or dAbs or other
fragments which retain antigenbi ndi nglépecificity may be useful for

I magi ng, such as i jng _of tunmpurs in the patient .usin r _exanpl e,
i of nEORIO SR, alchr URPLA For, Maglfo EGdrt AR ntBaliY of BimeliRaRor
derivati vge paAgsmofisinge forabrRhmptt, WaldibimnBHACIhtiRaHY. aCbAVEnigsthe thion.
Suitably, the | abel is a radioactive noiety and, preferably, it contains
99nilfc, orarfibnsties ar frapments or dpavatiyesitherqes are lgbeded with apneietyswhishes of

yttrium Lndi indine or the like, all of which are well known in the
Aty Gerecfigh

art. Pref anti body is a nonocl onal antibody or fragnent thereof.

Anti-BIX1 antibodies or fragnents or derivatives thereof may be used
t herapeutical ly. For exanple, unconjugated antibodies or fragnents or

deri vat i vayitatik, ther lahgl isya radieactive medelyaansh piatarably; Bicpptaing 99nke .

Al t er nati yel i i : : Ve
conj ugat g%ﬁtogh%@%@@g' %it@%eslf ?%Qé?ﬁ'@‘hb%r %%ﬁdé%?$9{d§%%g§£ﬁ¥"ger ectly
cyt ot oxi cindiyamtiedineconttie,likepall ek ehijoheareneell lkncen apthe amd t oxi ns such as

ricin; indirectly cytotoxic agents include, for exanple, enzynes which can
convert a relatively non-toxic prodrug into a cytotoxic drug. It is

par tigul aPJféfeﬂl'b‘%i,Qﬁé dntibbd P RPA hﬂﬁ%cﬁfr%l gﬁg%%_@ﬁﬁgg%d feragf. no acid

sequence of FIXI (as shown in Figure 1(b) Ich allow for specific
antibodies to be made. Preferably, the reference is normal cell or tissue,

whi oh t neROET AR RoBes e 221 BBETE o ABryafiles 18BN MR EE B8 e "o e
(heal t hy)therfsaifically. For example, unconjugated antibodies or fragments or
derivatives thereof may be used to induce an anti-idiotype response.
15 |
Alternatively, antibodies or fragménts' or derivatives thereof may be
.conjugated to a moiety which is directly or indirectly cytotoxic. Directly
cytotoxic agents include, for example, radioisotopes and toxins such as ricin;
indirectly cytotoxic agents include, for example, enzymes which can convert a
- 20 relatively non-toxic prodrug into a cytotoxic drug.

It is particularly preférred if peptides are made, based on the amino acid
sequence of FJX1 (as shown in Figure 1(b)), which allow for specific
antibodies to be made.
25
Preferably, the reference is normal cell or tissue, more preferably normal or
non-malignant cell or tissue. The reference, to which the determined
expression levels the genes is compared, may be normal (healthy) tiésue,
such as normal epithelial cells, or any other reference tissue. The reference
30 tissue can be non-cancerous tissue composed of normai tissue levels. A
person skilled in the art will be able to determine, based on the appearance
and histology of the tissue sample, whether the sample tissue is normal

(healthy) or cancerous. The reference tissue can either originate from the



such as normal epithelial cells, or any other reference tissue. The
reference tissue can be non-cancerous tissue conposed of nornal tissue

| evel s. AVpePrRod76Ri | led in the art will be able to det @cHiME01h@®ed on t he
appear ance and histol ogy of the tissue sanple, whether the sanple tissue is
normal (healthy) or cancerous. The ref@rence tissue can either originate

f th [.ect..the. biolggical le is,collected f f th
adequat o Sairaete Biotagleslor el B Bl Sore i Bom g SR BlEsce

Al ter nat i yQlrge, foflekahiphesa sebjgchHoBsudriagaemMNRLC $raDseIC. Mtdrmativeds, may be
used to exogenousl y express. the FJX1 . The term "biol ogi cal sanple” may be

any bi ol oegltdinesmnteeg i RUMaakMPGianseorali caseery cell difashemaynbe ¥sethdoor
ani mal or_gfter N ' gi cal sanple may be e.g. body fluid, blood,
I yﬁeﬁg&%& é){ﬁr%@thee’i:‘?)(?.

serum psies, colonies, liquid cultures etc. Preferably,

t he bi%l ogi cal sanple is selected fromthe group consisting of oral nucosal
tissue,- opharypngeal . tissue,, _hasopharyngeal , swahh an uth washing. In
hecor aanc e BN S Raical SANRIeh AR Y g ol Rt dd BRelEATS et hod
of detect§ipgtfy FEMChe himanPsdihg Ur arlifal BRlaRer ctRaind SBIMbJEHT dnspler i Ng to
the patient an anti-FJX1 antibody or a fragment or derivative thereof

| abel | ed miayrbeaedrthnstysfivid, bigedl seaimolymph nodes, iepsies, eploniesdliquid | ocat e
to the Ca@ﬁ@fr g&d i magi ng the cancer. A further aspect of the invention
provi des CRE%f a nucleic acid which selectivel y hybridises to FIX1
nMRNA jon t he manufacture of a reagent for diagnosing cancer. Yet a further
aspect of _the invention provides the use of a nucleic acid which

sel ect i vePiefasahly, dhe diolpgicah sampiens selecteddtamdheorenRgrBSSHR0 OAREHr . A
further aspgglaClisddl hAVGHAPRgRIOHARS AdphsRyifeat SRAEHHSE niklitRD

washing.

15 In accordance with another aspect of the invention, there is provided a method
of detecting a cancer in a patient, the method comprising administering to the
patient an anti-FJX1 antibody or a fragment or derivative thereof labelled with

~ a detectable label, allowing the labelled antibody to locate to the cancer, and
imaging the cancer. ‘ |

20 |
A further aspect of the invention provides the use of a nucleic acid which
selectively hybridises to FJX1 mRNA in the manufacture of a reagent for
diagnosing cancer. Yet a further aspect of the invention provides the use of a
nucleic acid which selectively 'hy_bridises to FJX1 mRNA in a method of

25  diagnosing cancer.

A further aspect of the invention provides the use of a molecule which
selectively binds to FJX1 polypeptide or a natural fragment or variant thereof
in the manufacture of a reagent for diagnosing or imaging cancer. |

30
In another aspect of the invention, there is provided a method of treating
cancer, the method comprising administering to the patient an effective

amount of FJX1 polypeptide or a variant or fusion or fragment thereof, or an



selectively binds to FIX1 pol ypeptide or a natural fragment or variant
thereof in the manufacture of a reagent for diagnosing or inaging cancer.

| n anot hewoaspesr45ef the i nvention, there is provi ded aPG#EMOW1@H00097eat i ng
cancer, the nmethod conprising admnistering to the patient an effective
anount of FJX1 pol ypeptide or a vari ah® or fusion or fragment thereof, or

vari ant - of TedtyB el 84 Biekicadf eopBafics Bk T Aeihdindtar Vet & °
pol ypept i figgmentBPiiiowtherabf] whetbipl the afhsuntsofaddid pbiypepti@e RF antdimtan

anti-cancer cell inmmune response in said patient. Preferably, the cancer is
sel ect ed @ 6aid Hudlgieugcidoissieffertivg dp RIRYokAdansanti-caneepestli rmype
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syst emi catdnsisting cfiiWPCeahc®SCE®0 to cells derived fromthe patient or a

human cell |ine which are subsequently adm nistered to the patient, or used
in vitro to select a subpopulation fromimune cells derived fromthe

atient, i - a0 t ' t i i d
2" adm ni [RePRRTHE drJrhildR-BERdhe WEERL bag Rl SR umpour ool o' £
t r ansf ecteatcie.a rmay dee edomnieisteredndinestlyt intailthe | patienyt oo rihe, affected as -

i nterl eukin-2. The FJX1 pol tid tide fI t
Subst ant i S8R SYLMGIEBIcalBtN Ratlest O Y4 P AR AecURRTa (G PalPO\ar® such as

Det 0xy0 OrhithgH dell IineWhith dre Bubsédud itiutinmidtetddrtoThy ﬁ%%(fbﬁi‘,!d?%ed% be

adm nistered with a suitable delivery system for exanple |iposones. The
FIX1 pol yytpttodseleet pesubipppulatiogpnfram irapuaeseellsederdvegd.franedhe patiesli t abl e

cancer such. as keyhol e |inpet . cyanin- o] nnan e .95/ 18145
and Longe‘&E@Eelar%t lﬂﬁn (TQ%@T}"AﬁgFe%ﬁc%e é’éﬂ@%gﬁ, E%G&Kﬂé% .%C}ﬁ?elgpept | de
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substantially pure, or contained in a suitable vector or deli ver¥ system
as to co-express immune-stimulating cytokines, such as interleukin-2. The
15  FJX1 polypeptide or peptide fragment may be substantially pure, or combined
with an immune-stimulating adjuvant such as Detox, or used in combination
with immune-stimulatory cytokines, or be administered with a suitable delivery

system, for example liposomes.

.20 The FJX1 polypeptide or peptide fragment may also be conjugated to a
suitable cancer such as keyhole limpet haemocyanin (KLH) or mannan (see
WO 95/18145 and Longenecker et al (1993) Ann. NYAcad. Sci. 690, 276-
291). The peptide may also be tagged, or be a fusion protein. The nucleic acid
may be substantially pure, or contained in a suitable vector or delivery system.

25  Suitable vectors and delivery systems include viral, such as éystems based on
adenovirus, vaccinia virus, retroviruses, herpes virus, adeno-associatéd virus
or hybrids containing elements of more than one virus. Non-viral deiivery
systems include cationic lipids and cationic polymers as are well known in the
art of DNA delivery. Physical delivery, such as via a "gene-gun" may also be

30 used. The peptide or peptide encoded by the nucleic acid may be a fusion
protein, for example with R2-microglobulin.



Sui tabl e vectors and delivery systens include viral, such as systens based
on adenovirus, vaccinia virus, retroviruses, herpes virus, adeno-associ ated
virus or Woeiodg74ent ai ning el ements of nore than one viPCHAIY2Ma0000D97al
delivery systens include cationic |ipids and cationic polyners as are well
known in the art of DNA delivery. Phyd7cal delivery, such as via a
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fragment fragmese of thé FBOC polypepatecImMpartalanit mayt 6oL sligatge B-fergment  of

the FIX1 polypeptide. In particular, it may be a suitable 9-ner peptide or
a suit abl pegtideepr @ s@itakle HBI&ri AeB-mesnprptides J1onges nwdaﬁsmab@'%qepgam e,
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pol ypept i _ ~termpepti'de Tncludes a pep m netic.
| é al jSSDt I F@)éﬂdpely%bpﬂde,enhagleslso‘swé absed. arhe ntecinei pepdicied includept ade

adm nistered to the patient is sterile and pyrogen free. Naked DNA may be
gi ven int Pm'ﬂéﬁtlcy ltAlso maludrs PHFoPeRtIdgShcut aneousl y. The pepti des may
be given intranuscularly, intradermal” or subcutaneously. It is
particularly useful if the cancer vaccine is adnministered in a manner which

Er ﬂ:luces Suitablyusny nusleimacideerprentisle administergy intheypatient is stasile apd) |
i11ing by NK t Xi G T '
K 2o BRF O Rt MRy e, FB s B Bt
may ajEo bebdiRahebusly TFihé pebtiies mdybergien peromssculdry, intyadermadlgfarl to
co-admi ni ster certain cytokines to pronote such a response, for exanple
interl eukS@b%tamW@‘Y-euki n-12, interleukin-6, or interleukin-10. In
addition, it may be useful to conbine vaccination with strategies which
i ncrease MHC presentation on the surface of tunour cells, for exanple by
co- adni nltd$ patticutarlyf usefukif thee cancpraecine is admibisterad in @ asoer Whighi n Nour i
et al (1992) Eur. J. ?ancer 28A, 1110-1 1ilt5 and C - '
produces a cellular immune résponse, resuiting in cytoxic tumour cell killing by
15 NK cells or cytotoxic T cells (CTLs). Strategies of administration which
activate T helper cells are particularly useful. It may also be useful to stimulate
a humoral response. It may be useful to co-administer certain cytokines to
promote such a response, for example interleukin-2, interleukin-12,
interleukin-6, or interleukin-10. In addition, it may be useful to combine
20 vaccination with strategies which increase MHC presentation on the surface of
tumour cells, for example by co- administration of interferon-gamma or retinoic
as is described in Nouri et al (1992) Eur. J. Cancer 28A, 1110-1115 and
Seliger et al (1997) Scand. J. Immunol. 46,625-632. It may also be desirable
to make modifications to the antigen (FJX1 polypeptide or part thereof) to

25 enhance its presentation to the immune system.

It may also be useful to target the vaccine to specific cell populations, for
example antigen presenting cells, either by the site of injection, use of |
targeting vectors and delivery systems, or selective purification of such a cell
30 population from the patient and ex vivo administration of the peptide or nucleic
acid (for example dendritic cells may be sorted as described in Zhou et al
(1995) Blood 86, 3295-3301; Roth et al (1996) Scand. J. Immunology 43,646-



Seliger et al (1997) Scand. J. Inmmunol. 46,625-632. It may al so be
desirable to nake nodifications to the antigen (FJX1 pol ypeptide or part
thereof) WO 2emiiamse its presentation to the inmune syst @CI/MY20me§00e7so be
useful to target the vaccine to specific cell populations, for exanple
antigen presenting cells, either by th& site of injection, use of targeting
urifi.cation of such a._cell

t | t t
bopulati i Py Bhr ERepTR Tafiting Yecltts Miny SimbHie e tERhBPrJAmOVE SPERFde. o
nucl ei ¢ asrothdtePhforAdiRd s eRpFlissionCofaft lantigBi 208 siffabfdpmeedescribed in
Zhou et al (1995) Bl ood 86, g295 3301 ; Pﬁ et al (1996) Scand. J.

| munol ogy 43, 646-651). For exanpl e, targetl ng vectors may conprise a

o sur (oRy o SN RGBT I o B oRien eGSR Mpd rc) ' have
t hei r & unowgrexpressidnfarrabmormak pxpression ofFldinor nal expression of FIX1 . A

further aspect of the invention provides the use of an effective anmount of
FJX1 pol ypeptide or a variant or fusion or fragnment thereof, or an

effecti verq(jRHEE aShed SWUfile ei’n?eﬁtl?c?]rgpﬁ&ﬁmnu %sEJc?f]a ‘é'ff)éeﬁ\ﬁ:% ot 'Va” ant

or fragment or fusion hereo acture cament
treating ledXt qolypeptitier abayariané ocfusien aorsfragineat éhlerbot;nmlt aep egfemp_e

consi sting of NPC and OSCC., In a t of the invention, there
br ovi ded SMBUALera PHEEECH SRR T AXF PRYRSHIGEERA YRraGH oy Fapaient or
fragmgnt $Mejsiod ,thé’r"eoﬁ ih“ﬂ4<f—3hﬁ‘arﬁﬁé&u%‘%?fﬁ rr‘r?ed:éaﬁeﬁplfdrpﬁeéhﬁ’g? cahcéy agnent
or variant thereof. It known that i1noculation wth a nucl®eic acid
vacci ne, Breferaddy, athbmamclmeeleet&d)&long the pgrioypeponsistingaf NPS and cel |
response. 5% articular, MHC class | and class |Il-nediated interactions can
be elici tg epti de products derived by cytosolic degradation of fragnents
of tunourspecific proteins, expressed de novo, are believed to gain access
to the 4
In any aspect of the invention, there is provided a cancer vaccine comprising a
15 FJX1 polypeptide or variant or fragment thereof, or a nucleic acid encoding
FJX1 polypeptide or fragment or variant thereof. It is known that inoculation
with a nucleic acid vaccine, such as a DNA vaccine, encoding a polypeptide
leads to a T cell responée. In particular, MHC class | and class |l-mediated
interactions can be elicited.
20
Peptide products derived by cytosolic degradation of fragments of tumour-
specific proteins, expressed de novo, are believed to gain access to the
presentational pathways, mimicking the presentation of, for example, viral
proteins, in infected cells. Presentation as neo-antigens or surrogate antigens
25 in this novel context is believed to be a means of breaking immunological
tolerance, and may lead to the generation of a tumour-specific immune

response.

Conveniently, the nucleic acid vaccine may comprise any suitable nucleic acid
30 delivery means. The nucleic acid, preferably DNA, may be naked (i.e. with
substantially no other components to be administered) or it may be delivered

in a liposome or as part of a viral vector delivery system.



present ati onal pathways, m m cking the presentation of, for exanple, vira
proteins, in infected cells. Presentation as neo-antigens or surrogate

ant i gens W 20twg74sevel context is believed to be a nean®CoHMR0EMI0NY

i mmunol ogi cal tolerance, and may |ead to the generation of a

t unour - speci fic i mune response. Convé®iently, the nucleic acid vaccine may

conprise any,suitabl.e nugleic I d del.iver ans. - The n ei ¢ aci g,

pref er abl \ '{)ﬁﬁﬁe\%@l‘% @?Eﬁ Qfﬁﬁg.n%%'ﬂ aﬂ%gﬁrﬁ’fpﬁ??VoH&?%ﬁeﬁ”@aﬁaonent s
to be admpaysésicRoby BendfiticBlRag ®lel theTRECHhiSMIIFRRRAAE ofthafmMaht of a
viral vector delivery systemlIt iS5 believed that uptake of the nucleic acid
and expr e®sponsef the encoded pol ypeptide by dendritic cells may be the

mechani sm of primng of the i mmune response. It is preferred if the
vacci ne, such as DNA vaccine, is admnistered into the nuscle. It is also

prefery editiid préferredci¢ithe viascimdMisth tr BNAORACCihBLissHtministeréd imoahgrred i f
the nucleic acid _ vaccine is admnistered with an adjuvant such as BCG or
al um O hduselg; ttapplsopfefered § the vaceiae imadmipistergs onta theuskdh (Aqui | a

Bi otech, Wbrcester, MA, USA) which is derived from saponin, nycobacteri al
extracts and synthetic bacterial cell wall mmcs, and proprietory

adj uvant slt suptefesedifithe nudtgicacidyadcin® isaadrhimiste egpwith an athuvardduahj uvant ,

| so be used (Spperfgs, De k) .. O her. adj ts sug Fr eund'
20 be BSAGS ot ARy ClEer suraer ddiuveng) R ARY TS SIS IR Uga: od
to keDd‘°'@«1dil5p§iotBéﬁ,”W%B§?er, P e E;y vHiS® W dRrid8d aftbHY a¥ponin

Pol ynucl eot | de- nedi ated i nmuni sation therapy of cancer is descri bed in
Conry et mlycohaseialSuiiacis and syathedic bgeter@m| calbwadminGos,.cand propsietqry 996)

zhar ctadigeouen) 88 s et Y5 Ruon " anothe sanatit Sevech d4lari )"

Cant_:er may also be used (Superfos, Denmark).

15 Other adjuvants such as Freund's may also be useful. It may also be useful to
give the FJX1 antigen conjugated to keyhole limpet haemocyanin, preferably
also with an adjuvant.

Polynucleotide-mediated immunisation therapy of cancer is described in
120 Conry et al (1996) Seminars in Oncology 23,135-147; Condon et al (1996)

Nature Medicine 2,1122-1127; Gong et al (1997) Nature Medicine 3,55'8-561;‘

Zhai et al (1996) J. Immunol. 156,700-710; Grahafn et al (1996) Int J. Cancer

65, 664-670; ‘and Burchell et al (1996) pp 309-313 In: Breast Cancer,

Advances in biology and therapeutics, Calvo et al (eds), John Libbey Eurotext,
25 all of which are incorporated herein by reference.

The FJX1 polypeptide is an appropriate target for a cell-mediated response to
cancer or tumour cells which express the FJX1 polypeptide.

30 Therapeutic response to a cancer vaccine may usefully be monitored.
Suitably, FJX1 specific_antibody and CTL responses are monitored using
methods well known in the art to assess the efficacy of the therapeutic

response. Lymphoblastic transformation assays, lymphokine release assays,



65, 664-670; and Burchell et al (1996) pp 309-31 3 In: Breast Cancer,
Advances in biology and therapeutics, Calvo et al (eds), John Libbey
Eur ot ext ,weal2b100f47482i ch are i ncorporated herein by refer ®0TMYZDh&0MBIR1L
pol ypeptide is an appropriate target for a cell-nediated response to cancer
or tumour cells which express the FIX30pol ypeptide. Therapeutic response to

i fully b i d. Sui
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transformation assays, |'ynphokKine release assa response assays and

s, CTL
ser ol ogi cmay s berisesdeand isddeswsibegdt in dxtraan @hﬂr@wﬁé&(ﬁﬁqeczm,lw ocyt es
by fl uoregr_g(ﬁmmiﬁyggf'% cell sorting (FACS) may al so be used and is
) )

descri bed (1996) Science 274, 94-96 and in WD 96/ 26962.
Prefersably, the nucleic acid of the invention nmay be detectably | abell ed.

For exanple, they nay be labelled in such a way that they may be directly
or i ndi r eRtafgrabbt dhearcleis A of the ynvaniionnmay & dgtactably '%%Lﬂdr e‘%rm th a
radi oact i e I I [ or o. c I flektiPlorsome
ot her sui%ﬁ%rﬁgredg%{eectrg ?érm%%?gd QEC%SQ%%C)E@%{E{’“%? @%X tFgu)m neggé)rrlt or
chem | umi indireetht deteicttd. €@onvEnently| theurlicleiciabis isnabeled ithleehdieactive enzy e,

th _be |inked to,biofi tr ept avi di d d ed | imi |
vay s’ deBbistha 3 GPioER DBiebl ob@ fideshoth ol & Song afer SutgbEne T o
nucl & agé g&fblé hoibVaTH 89 digokygeniRiiuniinds ettt chiePmRimtinesértudi ng

arrays, beads, magneti'c beads, "sanple containers and the |like). The nucleic
acid of tmeietiesedheopolyayclabtides may perlinked d0"amgnzyimel ootthele maybence

whi ch tag, , b tl ' . | ei id
probe. - Sclke B PaBEREr SreRENTan e RE i SR o o BB LR ur e
of the hybiisbdies of the Mertiod! IAIés prafersBly NhE Iteldiel@cith b therkriventen

may be bound to a solid support (including arrays, beads, magnetic beads,

~ 15 sample containers and the like).

The nucleic acid of the invention may also incorporate a "tag" nucleotide
sequence which tag sequence can subsequently be recognised by a further
nucleic acid probe. Suitable labels or tags may also be used for the selective
20 capture of the hybridised (or non-hybridised) polynucleotide using methods

well known in the art.

In another aspect of the invention, there is provided a method of treating
cancer in a patient, the method comprising administering to the patient a

25 molecule that modulates the activity of the FJX1 gene or their products.

By “modulates the activity of the FJX1 gene or their products”, it is meant to
refer to the activation, inhibition, delay, repression or interference’ of one or
more of; the activity vbf FJX1; the RNA splicing or posttransiational processing
30 to FJX1; the phosphorylation of FJX1; the level of expression of FJX1
including both mRNA expression and protein expression; or the sub-cellular
localisation of FJX1. Preferably, the term “modulates” refers to inhibition of the

level of expression of FJX1.



wel | known in the art. In another aspect of the invention, there is
provided a nethod of treating cancer in a patient, the nethod conpri sing
adm ni st evDr2g1¥1@745Re pati ent a nol ecul e t hat nodul at es PRE/ME20IVI®Y70f t he
FIJX1 gene or their products, By "nodulates the activity of the FJX1 gene or
their products”, it is neant to refer2io the activation, inhibition, delay,
repression or interference of one or nore of; the activity of FIJX1 ; the
RNA splicing or posttranslational processing to FJX1; the phosphorylation
of FIX1 ;ByMtrehting!carice€x pr éesmbating dahsér’| riicisudieamt ot includdiAtreatiggssi on
and protein expression; Qr ;ihe sub-cel lul ar | ocalisatio cif F,J>%J .

Pr ef er abl RreVERENG ePFn aMBLIRMRALING s the: SYERRIOMS ithFBP?‘?ror?’W? qlsR incldes of

expr essi Oﬁ'reQEnEr?g?(ihe Reurtengaldf@neancer” or "conbating cancer”, it is nmeant

to include treattng, preventing or aneliorating the synptons of cancer and
al so imcludes preventing the recurrence of cancer. Preferably, the nolecule

et o0 S Sl o A AR B T ey e
i ncl ude agRRfuBtsBILPIRY RAtisEnde) ¥demRBIRNNGr apfiBd@y.abl y, inhibit its

translation; also included are agents which bind to the FJX1 gene and
inhirbit its transcription. Antisense agents can be designed by reference to

the FIX1 gEGYESE feer:adal ant | QKR | ' eot i de.
A i gonucl ggtlggés aFe iﬁjeﬁg %gaﬁgﬁnlge%ﬂgér lz;bSeéélor Ilhngﬁltdiat\@al?Je)gg y cél | ul ar
endogEnouandyupieéerably, ihibit disnramslatiors gisolincuded aré agpotsswhloh bioddee

dified gli | I d .ed. havi ng. ' ' ' '
whi oh ¢ netabUk hOPPO A PTEG s REEPH BB BT Y OSSR S JEROP B aced
Wi th anot gerefdr@f@dfo the'FXPEBYGenAW. Piafer8blyalthd td¥SensE agentldd bn Acad.

Sci. USA 85, 70/79-7083 showed increased inhibition in tissue culture of
H V- 1 usi eligonucleotide.

15 Oligonucleotides are subject to being degraded or inactivated by cellular
endogenous nucleases. To counter this problem, it is possible to use modified
oligonucleotides, eg having altered internucleotide linkages, in which the
haturally occurring phosphodiester linkages have been repléced with another
linkage. For example, Agrawal et al (1988) Proc. Natl. Acad. Sci. USA 85,

20 7079-7083 showed increased inhibition in tissue culture of HIV-1 using
oligonucleotide phosphoramidatés and phosphorothioates. Sarin et al (1988)
Proc. Natl. Acad. Sci.‘ USA 85, 7448-7451 demonstrated increased inhibition
of HIV-1 using oligonucleotide methylphosphonates. Agrawal et al (1989)

Proc. Natl. Acad. Sci. USA 86, 7790-7794 showed inhibition of HIV-1

25 replication in both early-infected and chronically infected cell cultures, using
nucleotide sequence-specific oligonucleotide phosphorothioates. Leither et al
(1990) Proc. Natl. Acad. Sci. USA 87, 3430-3434 report inhibition in. tissue

culture of influenza virus replication by oligonucleotide phosphorothioates.

30 Oligonucleotides having artificial Iinkéges have beeh shown to be resistant to
degradation in vivo. For exanﬁ_p|e, Shaw et al (1991) in Nucleic Acids Res.
19,747-750, report that otherwise unmodified oligonucleotides become more

resistant to nucleases in vivo when they are blocked at the 3'end by certain



ol i gonucl eoti de phosphoram dat es and phosphorothioates. Sarin et al (1988)
Proc. Natl. Acad. Sci. USA 85, 7448-7451 denonstrated increased inhibition
of H V-1 wei2ag/Br4sgonucl eoti de met hyl phosphonat es. Agr aRall/MNeY20a6/00009789)
Proc. Natl. Acad. Sci. USA 86, 7790-7794 showed inhibition of H V-1
replication in both early-infected anazchronically i nfected cell cultures,
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i nhi bi ti ofot dedradédién ¢iwbt ure of influenza virus replication by

ol i gonucl eoti de phosphorot hi oates. A igonucl eotides having artificial
| i nkages have been shown to be resistant to degradation in vivo. For

exanpl e, gh al [ I 7 t hat

ot herw seﬁuﬁwmglbld d(?%ﬁ?gonnu@fl 2‘(4) [ g’e %@(@%@ms)? eﬂr% géﬁs 07 %qt%@ﬁﬁé easgs in
V|h vo shenoligueycleosids plhbeplh?btmﬂatea Brﬂolg;dederrt Aigraeplipand T%rrgJ(:mQOe)s and

t hat unc ed ol i gonugl eotj de r ot hi oat de ivo. A
et ai | od TRERNHORORCRRTS 141- 7 BAbYBAdnANE. (HASTIGS Of Gwbipih Ris: DoTRgY
ol i gonucl 0S t h o] I 1990

Tet Panedr TEOtELFaRACS HIAER, TRA' ShtdrenpE V'siﬁﬂ*r%%f?,w°"ﬁaﬁ¥%@ﬂ%‘9é by

i ncor por anethyehasphomatesef @rheapboroﬁythtolams pbbsphorgonidateso s phesphate

et ot s, e AGn R BREd FOR AP BalSs bR B RDHB UoRES A B&NaPS Rnown i n

the arg . tﬁ@eartfgée %ﬁ@&bﬁh |\ al and (ﬁ@@d@ﬁlb'@%??&@raiﬁé&foﬁhﬁéﬂ@@ Letters
28,3539; Ni el sen et al 88 etrahedron Letters 29, : er et al

(1988) Bi %&.BéaiasNre,}smeVaBmS@iFr&tr@hedmn betters 2972 91r‘etJaﬂeéE@rt@h ers

28, 3401 ; 1. d Wle
(1o80) TeRPREATEl axtas YgansboRy dieD Fetéah%?@%%'r%?é?scm Avad.
Sci . USA BanAwanh 14®88) tHelvt eCteifi. ngstaof 7 whs th, aresstmkoaﬁdrvyled(mgﬁ)l n by
reference. Ot her nethods for synthesis or production also are passible. In
a prefer r Egtrahedron Letters 30,4693 Agrawal et al (1990) Proc. Natl. Acad. Sci. USA
15 87,1401-1405, the teachlngs of which are incorporated herein by reference.
Other methods for synthesis or production also are possible. In a preferred
embodiment the oligonucleotide is a deoxyribonucleic acid (DNA), although

ribonucleic acid (RNA) sequences may also be synthesized and appliéd.

20  The oligonucleotides useful in the invention preferably are designed to resist
degradation by endogenous nucleolytic enzymes. In vivo degradatioh of

~ oligonucleotides produces oligonucleotide breakdown products of reduced

length. Such breakdown products are more likely to engage in non‘-‘speciﬁc

hybridization and are less likely to be effective, relative to their full-length

25 counterparts. Thus, it is desirable to use oligonucleotides that are resistant to

degradation in the body and which are able to reach the targeted cells. The

present oligonucleotides can be rendered more resistant to degradation in

vivo by substituting one or more internal artificial internucleotide linkages for

the native phosphodiester linkages, for example, by replacing phosphate with

30 sulphur in the linkage. Examples of linkages that may be used include

phosphorothioates, methylphosphonates, sulphone, 'sulphate, ketyl,

phosphorodithioates, various phosphoramidates, phosphate esters, bridged

phosphorothioates and bridged phosphoramidates. Such examples are



enbodi nent the oligonucleotide is a deoxyribonucleic acid (DNA), although
ri bonucl eic acid (RNA) sequences nay al so be synthesized and applied. The
ol i gonuclwotntes7458ef ul in the invention preferably arePGEMRIRUIMT esi St
degradati on by endogenous nucl eol ytic_enzymes. In vivo degradation of
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phosphat e esters, bridged phosphorothi oates and bri dged phosphoram dates.
Such exanples areillustrative, rather than limting, since other
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and Agr avdichare hereby incofporated herein b refer nce.

15

A further method of making oligonucleotides resistant to nuclease attack is for
them to be "self-stabilised" as described by Tang et al (1993) Nucl. Acids Res.
21,2729-2735 incorporated herein by reference.  Self-stabilized
oligonucleotides have hairpin loop structures at their 3'ends, and show
20 increased resistance to degradation by snake venom phosphodiesterase,
DNA polymerase | and fetal bovine serum. The self-stabilized region of the |
oligonucleotide does not interfere in hybridization with complementary'nucleic
acids, and pharmacokinetic and stability studies in mice have shown
increased in vivo persistence of self-stabilized oligonucleotides with respect to
25 their linear counterparts.

In accordance with the invention, the inherent binding specificity of antisense
oligonucleotides characteristic of base pairing is enhanced by limiting the
availability of the antisense compound to its intend locus in vivo, permitting

30 lower dosages to be used and minimizing systemic effects.

Thus, oligonucleotides are applied locally to achieve the desired effect. The

concentration of the oligonucleotides at the desired locus is much higher than



al (1991) Proc. Natl. Acad. Sci. USA 88 (17), 7595-7599, the teachings of
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T e mggtigRatetftd 8 ifblaftdli¢ Gevicaln i Wk pidosd abifiddesfed I,
ol i gonucl eoti'des can be injecte irectly to the site or can be delivered
by i nf usi permits the aligonotlestides pube rel@bsedintgdnesleoundieg laten can be

15 The oligonucleotides are most preferably administered via a hydrogel material.
The hydrogel is noninflammatory and biodegradable. Many such materials
now are known, including those made from natural and synthetic polymers. In
a preferréd embodiment, the method exploits a hydrogel which is liquid below
body temperature but gels to form a shape-retaining semisolid hydrogel‘ at or

20 near body temperature. Preferred hydrogel are polymers of ethylene oxide-
propylene oxide repeating units. The properties of the polymer are dependent
on the molecular weight of the polymer and the relative 'percentage of
polyethylene oxide and polypropylene oxide in the polymer. Preferred
hydrogels contain from about 10 to about 80% by weight ethylene oxide and

25 from about 20 to about 90% by weight propylene oxide. A padicularly
preferred hydrogel contains about 70% polyethylene oxide and 30%
polypropylene oxide. Hydrogels which can be used are available, for example,
from BASF Corp., Parsippany, NJ, under the tradename PluronicR. |

30 In this embodiment, the hydrogel is cooled to a liquid state and the
oligonucleotides are admixed into the liquid to a concentration of about 1 mg
oligonucleotide per gram of hydrogel. The resulting mixture then is applied

onto the surface to be treated, for example by spraying or painting during



i ncorporated into an inplantable device which when placed at the desired
site, permts the oligonucleotides to be released into the surroundi ng

| ocus. Thwogabiogemsel eoti des are nost preferably adm ni sPETARY201&0@04Tydr oge
material. The hydrogel is noninflamuatory and bi odegradabl e. Many such
material s now are known, including thé3e nmade from natural and synt hetic
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pol yner . eferred hydrogels contain fromabout 10 to about 80% by wei ght
et hyl eme oxide and from about 20 to about 90% by wei ght propyl ene oxide. A

particularly prefe d. hyd I nt ai bout 70% pol yet hyl | d d

50% pol ypT B AHBRRIGRUIES FRBeEraniate R thameas o sihen EPARS Ragare f or

exanpl e, L5 AMdE]y B dliabld X Idgeeied ', td\AliettiR. ikdRRaMndteihgni R 10
I nment, e hy e

this enbo. : rogel is coo to aliquid state and the
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warnms, it solidifies to forma gel, and the oligonucl eotides diffuse out of

the gel i ptateinh@olymersunai mprckiodegeadables patariads osuch ms @thylaaevinyl t he
exact conpositi f\the . | i l.eot | adnini red by
cxact CoMBegld SEypley: TRuNib J08afl, SRTKGRCGhT Sheanl, M BB oO bY,
scientifithdrédfr sanr e | RSkt locals odekvern theoceligor zteatidesi nfhent abl e
devi ces. For example, inplants ) . o N

oligonucleotides can be incorporated into the material as it is polymerized or

15 solidified, using melt or solvent evaporation techniques, or mechanically mixed
with the material. In one embodiment, the oIigonucIeOtides are mixed into or
applied onto coatings for implantable devices such as dextran coated silica

beads, stents, or catheters.

20 The dose of oiigonucleotides is dépendent on the size of the oligonucleotides
and the purpose for which is it administered. In general, the range is
calculated based on the surface area of tissue to be treated. The éffective
dose of oligonucleotide is somewhat dependent on the length and chemical
composition of the oligonucleotide but is génerally in the range of about 30 to

25 3000 ug per square centimetre of tissue surface area.

The oligonucleotides may be administered to the patient systemically for both
therapeutic and prophylactic purposes. The oligonucleotides may be
administered by any effective method, for example, parenterally (eg
30 intravenously, subcutaneously, intramuscularly) or by oral, nasal or other
means which permit the oligonucleotides to access and circulate in the
patient's bloodstream. Oligonucleotides administered systemically preferably' |
are given in addition to locally administered oligonucleotides, but also have



made of bi odegradable materials such as pol yanhydri des, polyorthoesters,
pol yl actic acid and pol ygl ycolic acid and copol yners thereof, collagen, and
prot ei n PpEDRAYK7458r non- bi odegr adabl e material s such a®C&iMyioenenvdety|
acetate (EVAc), polyvinyl acetate, ethglene vi nyl al cohol, and derivatives
t hereof can be used to locally del i ve?Ot he ol i gonucl eoti des. The

o goniel gl Tof Wi RG36E SRR K cBROE IR 8 abde's? A 2o

nmechani cagboutndfe® apddt 10grams ¢er Admihtraten astar adehthunidie generally
ol i gonucl eotides are m xed into or applied onto coatings for inplantable

devi ces swiltbeaeffeietiverfon this UERPSS. | i ca beads, stents, or catheters. The dose
of oligonucl eotides is dependent on the size of the oligonucl eotides and
t he purpose for which is it admnistered. In general, the range is

cal culst el wihbedappreciztes frdmdke Forgoirig thatthe ihvertiont cesteatplatébehef f ecti ve
dose of oligonucleotide is sonewhat dependent on the I_en%th and chem cal

conposi t i ¥3¢ 8t a Priyndcleplidec Peantikrdyn ip detecharell axpressing FdXdange of about
30 to 3000 ug per square centinmetre of tissue surface area. The

ol i gonucl eoti des may be admi nistered to the patient systemcally for both
t her apeut Acfuatherpaspéstl attthe pwentiorsprovivesolthgouse | afotai decleculy bt

"t avenoenylateS e aendsise5e Fikd BRaeetingy PijRs B ehdlacdkup ™, ot ner
meansj gMi g hdtfiEdrhent fof cohttingdapeer.des to access and circulate in the

patient's bl oodstream digonucleotides adm nistered systemcally
preferably are given in addition to |locally adm ni stered oligonucl eoti des,

the rangelicreipricarall 50h< FREECer e Bidic, Hieteds PRMRe MuttfEg 22, "
adul t hunghcambating cntér in Hpatehethe wiethed comptising RaAtnisteringitolthbe

appreci ated fromthe foregoing that the invention contenplates the
patient an antibody directed to FJX1. :

15
it will be appreciated that, with the advancements in antibody technology, it
may not be necessary to immunise an anifnal in order to produce an antibody.
Synthetic systems, such as phage display libraries, may be used. The use of
such systems is included in the methods of the invention. -

20
' Monoclonal antibodies which will bind to FJX1 antigens can be prepared. The
antigen-binding portion rhay be a part of an antibody (for example a Fab
fragment) or a synthetic antibody fragment (for example a single chain Fv
fragment [ScFv]). Suitable monoclonal antibodies to selected antigens may be
25 prepared by known techniques, for example those disclosed in "Monoclonal

Antibodies:' A manual of techniques”, H Zola (CRC Press, 1988) and in
"Monoclonal Hybridoma Antibodies: Techniques and Applications”, J G R
Hurrell (CRC Press, 1982).

30 Chimaeric antibodies are discussed by Neuberger et al (1988,8th International

Biotechnology Symposium Part 2,792-799).



use of a polynucleotide, or antibody, to detect a cell expressing FIJIX1 . A
further aspect of the invention provides the use of a nol ecul e that

nodul at eswOhe10aer452i ty of the FIX1 gene or their producPSTiMY20h&000097

manuf acture of a medi cament for combating cancer. In accordance with

anot her aspect of the |nvent|on therdis prow ded a method of conbati ng

cancer tient thod c r| sin nisterin o t he atlent an
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advancerref@p SeXdi*nﬁét b?OﬂEeﬁtﬁ?@hﬂ% @R I'é iORY dfomdusenanfissédiey ihfd itheuni se an
animal in order to produce an antibody.” Synthetic systens, such as phage

di spl ay |franawodsof apeaniibediesThe use of such systens is included in the
met hods of the invention. Mnoclonal antibodies which will bind to FIX1
antigens can be prepared. The antigen-binding portion may be a part of an
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nouse anti bodi Into the franework of human anti bodi es. The vari abl e heavy
(VH). and Aecad.£idicUSAR,68916838)ai ns of the antibody are involved in

antigen recognition, a fact first recognised by early protease di gestlon
experinments. Further confirmation was found by "humani sation" of

That antigenic specificity is conferred by variable domains and is independent

" of the constant domains is known from experiments involving the bacterial

15 expression of antibody fragments, all containing one or more variable

domains. These molecules include Fab-like molecules (Better et al (1988)

Science 240,1041); Fv molecules (Skerra et al (1988) Science 240, 1038);

single-chain Fv (ScFv) molecules where the V4 and V. partner domains are

linked via a flexible oligopéptide (Bird et al (1988) Science 242,423, Huston et

20 al (1988) Proc. Natl. Acad. Sci. USA 85,5879) and single domain antibodies

(dAbs) comprising isolated V domains (Ward et al (1989) Nature 341,544). A

general review of the techniques involved in the synthesis of antibody

fragments which retain their specific binding sites is to be found in Winter &
Milstein (1991) Nature 349,293-299.

25 | - _

By "ScFv molecules” wé mean molecules wherein the Vy and V. partner

domains are linked via a flexible oligopeptide.

Fab, Fv, ScFv and dAb antibody fragments can all be made and expressed in
30 and secreted from, for example, E. coli, thus allowing the facile production of

large amounts of the said fragments.



rodent anti bodies. Variable domains of rodent origin may be fused to
const ant domai ns of human origin such that the resultant antibody retains
t he anti genielpaseficity of the rodent parented anti bodtgT(MAROLG/GOM7et al
(1984) Proc. Natl. Acad. Sci. USA 8 1,6851-6855). That antigenic
specificity is conferred by variable gl%mai ns and is i ndependent of the
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gztll bc552|4)es /(A\dAbs) clorrpri sing }sol at ed ?]/ domai ns (Ward et al (1989) Nature
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|0 Wntervidhs o ahase s edvdr Ere?w&s%? e8R%attabhedSt5 \artoafd gfd we nmean
nol ecul es wherein the V™H and VL partner” domains are linked via a flexible
ol i gopept othher tamget Fietdelvenamgedts; amd inbaylyeadilyy bren@deaby dhe prrsemde and

expressed . nd secreted fro f ex le, E. .coli, .th | | th
facile profife i"?)rtﬁ%fa'faﬁbgaétf?g]"gﬁ{t gﬁ%fcy?‘ﬁgx'ga?%eqtr59%??%?“88&{&%0&%3,
and F( abihyiréctly B3GETS s i nSbvaRlcaltire &Y céll Whlchndre ineclogapréximityt he sai d
anti bodies and 'F (abl) 2 fragnents have two antigen conbining sites. In

cont r ast , torany associaedwithaeeyvasculaigieent s are nonoval ent, having only one
antigen conbining sites. The anti body may be |abelled with a directly or
indirectly cytotoxic agent. Various of these agents have previously been
attached By “@inédtlyoclitetoxidve include the meaning that the agent is one which on

its own is cytotoxic. By “indirectly cytotoxic” we include the meaning that the
15 agent is one which, although is not itself cytotoxic, can induce cytotoxicity, for

example by its action on a further molecule or by further action on it.

In one embodiment the cytotoxic agent is a cytotoxic chemotherapeutic age'nt. -
Cytotoxic chemotherapeutic agents are well known in the art.

20
Cytotoxic' chemotherapeutic agents, such as anticancer agents, include:
alkylating égents including nitrogen mustards such as mechlorethamine (HN2),
cyclophosphamide, ifosfamide, melphalan (L-sarcolysin) and chlorambucil;
ethylenimines and methylmelamines such as hexamethyimelamine, thiotepa;

25 alkyl sulphonates such as busulfan; nitrosoureas such as carmustine (BCNU),
lomustine (CCNU), semustine (methyl-CCNU) and streptozocin (streptozotocin);
and triazenes such as decarbazine (DTIC; dimethyltriazenoimidazole-

~ carboxamide); Antimetabolites including folic acid analogues such as

methotrexate (amethopterin); pyrimidine analogues such as fluorouracil (5-

30 fluorouracil; 5-FU), floxuridine (ﬂuorodéoxyuridine; FUdR) and cytarabine
(cytosine- arabinoside); and purine analogues and related inhibitors such as
mercaptopurine (6-mercaptopurine; 6-MP), thioguanine (6-thioguanine.; TG) and
pentostatin (202-deoxycoformycin).. Natural Products including vinca alkaloids



other target site-delivery agents, and may readily be made by the person
skilled in the art. In particular, the cytotoxic agent is preferably
directly WO 20rudi4r4set |y toxic to cells in neovascul at ur e POT/MEIONGIMMETCh ar e
in close proximty to and associated with neovascul ature. By "directly
cytotoxic" we include the meaning tha?9the agent is one which on its own is

cytot oxic "i.ndi rect t L c". i.ncl t t.hat .th t
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for exanpimy fhipdsideiCdritidibties s%cﬁLHst&'@dtm@ﬁﬂ%ﬁﬂ{é%ﬂﬁém%mf'f ida@hoamidien on it.
| n one enbodi ment the cytotoxic agent is a cytotoxicC chenot her apeuti c

agent . - Cyfdetinamycioh arbidransiioudoxorabisin, sblepmyaisl, |plikamyaini (mithremycin)
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(streptoz I'azenes such as decar bazi ne
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anal ogues such as hot pterin m di ne anal ues such as
1 Lo our cRIDFaPeZNg ThraRhabyazerafiFD} BB Adan Seoriea imREERTE S ne.
FUIR)j(andag Yt ahightaRe ( Cyd BRLIBDY' abanpsi dé?')'nrnoge thithigae artakagueﬁnamd
related i nhibitors such as nercaptopurine rcapt opuri ne; 6-MP),

t hi oguani amal¢gueasideratinesiandi@grmune qmmsts/aatagwn(mumwﬂtﬂaﬂmie@nd n).

Nat ural Pr odtg(gt s including vinca al kal oi dssuch as vinbl astine (VLB) and
vincristi podophyllotoxins such as etoposide and teni poside;
antibiotics such as dactinonycin (actinonycin D), daunorubicin (daunomycin;

r ubi dorry0| n), doxorubicin, bleonycin, plicamnmyc m t hranyci n) and
m t onyci nAR nexamplei of @ - cséﬂtpmegggnt:ratf@shed%pm peigseis gatbaslimidgi cal

15 conjugation (Bauminger & Wilchek (1980) Methods Enzymol. 70, 151-159;
incorporated herein by reference) may be used to conjugate a variety of

agents, including doxorubicin, to antibodies or peptides.

Carbodiimides comprise a group of compounds that have the general formula
20 R-N=C=N-RN, where R and RN can be aliphatic or aromatic, and are used fd_r
| synthesis of peptide bonds. The prepafative procedure is'sim'ple, relatively
fast, and is carried out under mild conditions. Carbodiimide ¢ompounds attack

carboxylic groups to change them into reactive sites for free amino groups.

25 The water soluble carbodiimide, -1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC) is particularly useful for conjugating a functional agent to
a binding agent and may be used to conjugate doxorubicin to tumour homing
peptides. The conjugation of doxorubicin and a binding moiety requires the
presence of an amino group, which is provided by doxorubicin, and a cérboxyl
30 group, which is provided by the binding moiety such as an antibody or peptide.



response nodifiers such as interferon al phenones. M scel |l aneous agents

I ncl udi ng pl ati num coordi nati on conpl exes such as cisplatin (c/s-DDP) and
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substituted urea such as hydr oxyur ea rret hyl hydrazi ne derivative such as
procar bazi ne (N net hyl hydrazi ne, and adrenocortical suppressant such
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made -that the binding moiety maintains its targeting ability and that the

15 functional moiety maintains its relevant function.

“In a further embodiment of the invention, the cytotoxic moiety is a cytotoxic
peptide or polypeptide moiety by which we include any moiety which leads to
cell death. Cytotoxic peptide and polypeptide moieties are well known in the

20 art and include, for example, ricin, abrin, Pseudomonas exotoxin, tissue factor
and the like. Methods for linking them to antibodies are also known in the art.

- The use of ricin as a cytotoxic agent is described in Burrows & Thorpe (1993)
Proc. Natl. Acad. Sci. USA 90, 8996-9000, incorporated herein‘ by reference,
and the use of tissue factor, which leads to localised blood clotting and

25 infarction of a tumour, has been described by Ran et al (1998) Cancer Res.
58, 4646-4653 and Huang ef al (1997) Science 275, 547-550. Tsai et al

(1995) Dis. Colon Rectum 38, 1067-1074 describes the abrin A chain
conjugated to a monoclonal antibody and is incorporated herein by reference.
Other ribosotne inactivating proteins are described as cytotoxic agents in WO

30 96/06641. Pseudomonas exotoxin may also be used as the cytotoxic
polypeptide agent (see for example, Aiello et al (1995) Proc. Nati. Acad Sci.
USA 92, 10457-10461; incorporated herein by reference).



t he doxorubicin. The use of EDC and NHS in conbination is commonly used for
conjugation in order to increase yield of conjugate formation (Baum nger &
W1 chek, wopow/141480) . Ot her nethods for conjugating a PomoMYmnebooegent to
a binding agent al so can be used. For exarrpl e, sodium periodate oxidation
foll owed by reductive al kyI ation of a roprr ate reactants can be used, as
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ability and that the functional noiety maintains its relevant function. In
a further enbodr ment of the invention, the cytotoxic noiety is a cytotoxic
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the nucleus.
15
The radioactive atom may be attached to the binding agent in known ways.
~ For example EDTA or another chelating agent may be attached to the binding
moiety and used to attach '''In or °°Y. Tyrosine residues may be labelled with
125| or 131|.
20

The cytotoxic agent may be a suitable indirectly cytotoxic polypeptide. In a
particularly preferred embodiment, the indirectly cytotoxic polpeptide is a
polypeptide which has enzymatic activity and can convert a relatively non-
toxic prodrug into a cytotoxic drug. When the targeting moiety is an antibody

25 this type of system is often referred to as ADEPT (Antibody-Directed Enzyme
Prodrug Therapy). The system requires that the targeting moiety locates the
enzymatic portion to the desired site in the body of the patient (ie the site
expressing I5-integrin, such as new vascular tissue associated with a tumour)

and after allowing time for the enzyme to localise at the site, administering a

30 prodrug which is a substrate for the enzyme, the end product of the catalysis
being a cytotoxic compound. The object of the approach is to maximise the
concentration of drug at the desired site and to minimise the cOncentration of



agents. Certain radioactive atons nmay al so be cytotoxic if delivered in
sufficient doses. Thus, the cytotoxic agent may conprise a radioactive atom
whi ch, i rwoelo/dedsevers a sufficient quantity of radi oa®CIXMY2010/000047e
target site so as to be cytotoxic. Suitable radioactive atons include
phosphor us-32, iodine-125, iodine- 13132 indi um 1 11, rheni um 186,

rhenium1

to destro ﬁeﬁngﬁ{’)%nlrjél %g§l @geagé Ohgl P?P ﬁ%@ﬁg nr?&gusrﬁefgchg F;?r? Ke

| sot opes anmbo@rakéuhe)fpﬁo%%haeerdel \dn ||ﬁ bbﬁlmwwfetbb@swéwent I on
are such that dose of nore than 40 épreferabl at | east 6000, 8000
or 10000 B@éphaée &e06. d&a%d‘\qad 1568 ltlaAgB& 4842 A 846G BaasbaweAP37) B 4 he cel | s

2t he L abgRtossd & ANY. LASHLANEARCK 6 el AALREY REIIGRE AR Bltte ThE

radi oacti Ve atom'ma 'ng’ age own wWays.

exanplse E@E’dbrateoﬁs@édﬁrel;cbebaicemutes@n Jn@ynder. 581 200:F031)0 t he bi ndl ng
noi ety and used to attach 111 In or 90Y. Tyrosine residues nmay be | abell ed

with 125, o r 131 , The cytotoxic agent may be a suitable indirectly
cyt ot oxi cTRO| YRS Sge Oh aBé'éP“r‘a%rd nEftEEP”@%m ) SRR -indil§e

|nd|rectly cytotoxi c pept de i'S a polypeptide as enzynatic
activity fuatopwimiimeser t thyméiee i vanaloguest oxhydmnxgdlraaq | iemcitabirtegt oxi ¢

drug. \We he, targeting noiety.is a nti bo, is t of systemis often
TerD o Bt Sbind g o s Jarted IiSles, crARShEEZEae. The st om
requifoes érhﬂfoﬂehﬁo&éhﬂ&é' @fhrﬂ%cﬁilé‘ bi?ﬁé‘rtlleﬁzélgeaﬁ*t!l‘Zn)ﬂ!i%hio‘"azl%l%r t(ééé‘ fop the
desired site in the body of the patient (ie the site expressing

| 5-i nt egr$¥ﬂmB|6cMQﬁlnn@t/aizﬁtQQﬁ)af Natk Leances dosfi §Bedi19\3{1ﬁ2ﬁ3t Shawaph and
pr odr ug. vl AeDcR G TSty SO e, (e SERBS KT eRET Aud o Y
cat al ysi sOncol. 34, 571-587; Shenoy & Singh (1992) Clin. Invest. 10, 533-551; Mitchell
et al (1989) Int. J. Radiat. Biol. 56, 827-836; lliakis & Kurtzman.(1989) Int. J.
15 Rédiat. Oncol. Biol. Phys. 16, 1235-1241;' Brown (1989) Int. :J. Radiat. Oncol.
Biol. Phys. 16, 987-993; Brown (1985) Cancer 55, 2222-2228).

Also, delivery of genes into cells can radiosensitise them, for example delivery
of the p53 gene or cyclin D (Lang et al (1998) J. Neurosurg. 89, 125-132;
20 Coco Martin et al (1999) Cancer Res. 59, 1134-1140).

Another aspect of the present invention provides é method of treating cancer
in a patient comprising administering to said patient molecules that are bound
to FJX1. ' | |

25
A further aspect of the invention provides the use of an antibody directed to
FJX1 in the manufacture of a medicament for the combating cancer. |

Further aspects of the invention provide -polypeptides, antibodies, nucleic
30 acids and molecules that are bound to FJX1 of the invention for use in

medicine.



bei ng a cytotoxic conpound. The object of the approach is to nmaximse the
concentration of drug at the desired site and to mnim se the concentration
of drug i rwoapmal47452ssues (see Senter, P.D. et al (1988) PAmMY20uerennn97ef f ect s
of anti body-al kal i ne phosphat ase conjugates in conbi nation with etoposide
phosphate Proc. Natl. Acad. Sci. USA ég 4842- 4846; Bagshawe (1987) Br. J.

Cancer 56, 531- and 988 A.cyt ot. XIC a nt can be
gener at ed%%‘l"%%?@%q W@t%ﬁﬁ%?sg?q?@ﬁ%? 'nvf(" eig rov¢ ?dgpf The

cyt ot oxi Ca@ﬂ?‘ésé@%‘én@t%fra%tmasrlsk'cﬁféfeve&\ﬁhg’ééﬁéért bp ﬁl(éi¥ isegéritfer
fluoropyri m di nes, thym dine anal ogues, hydroxyurea, gentitabi ne,
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& Lawencge( kR S€ompiisia tat wtmn@&eégenﬂﬁir détErminey th@rarcd@AG bf Ahga Oncol .
34, 571-587; Shenoy & (1992) CHn. Invest. 10, 533-551 ; Mtchell et

al (1989)expression Iruel af agiQﬁSt q@ gene sghested fioanite Graup coRsisting $89) | nt .

J. Radi al | Int. J. Radial
Oncol . Bi Eﬁa?ﬁ%ﬁ dgp%’(?,kaggﬁﬁﬁé‘?"’g \ﬁ%‘%ﬁég Iorgance Q%‘%Qﬁzzzz 2228). Al so,
delivery of genes into cells can radiosensitise them for exanple delivery
of the p53 gene or cyclin et .al. (1998) J. Neur os 8 25-132;
Coco Nt PREIGREDA, (e SRAgenes febMadetcuioh aieskne’ ahjoreaolidtinutitiier of

t he pygese f | I ent
ConpP I pBAmef Aot Brate R e bh bk olRbioBRIe ALl o 0 A
furt her asprsist esfsentially af/entconmistmof@nydee oftbeunislestidersenuenicesly directed to

FJX1 in the manufacture of a nedicanent for the conmbating cancer. Further
aspects of the invention provide polypeptides, antibodies, nucleic acids

and ol ecplgerduhpithak i9anttrdyofehig. of the invention for use in

15 With the advent of microarray technology, it is now'»possible to stUdy gene
expression of thousands of genes simultaneously, either fo sub-classify
cancers, to compare the genetic changes of diseases at different stages of
progression or to ldentlfy genes that can be used as prognostlc indicators
(Golub et al, 1999; van't Veer et al, 2002)

20
In the present invention, the gene expression profiles of NPC are determined
and genes that may be important in driving NPC development are identified.
Significantly altered gene expre‘ssion patterns differ between NPC and non-
malignant control samples thereby' demonstrating that NPC development is |

25 associated with the activation/inactivation of specific genes .

The invention will now be described with reference to the following none

limiting examples.
30  All references herein mentioned are hereby incorporated by reference.

Examples



medi ci ne. I n accordance with another aspect of the invention, there is
provided a kit for aiding assessnent of a patient's risk of devel opi ng
cancer, owoOlleal4g4s8everity or |ikelihood of progressi onPOI/M¥ENEH00005T
aiding in selection of a cancer treatnent regine for the patient, or aiding
in assessment of a cancer treatnent r&yinme, the kit conprising at |east one
of at. | east one

f d / h f th £SSi I I
Gena. sel clted Proh BRENTLIAN e Be: PHRBFIHR RS mireCdpi dtns e

cont ai ni nekdnsies WEldWNWhichi g $dife lnbodiiehés abthe pidient aRgpabs. TRe the
detection are one or nore ollqonucleotlde primers. Mre preferably, the one
J

or nore ddXafoples|asetinteadedifae fistratipn only and ike presenddnventionyisgiotdn consi st
of any o t he . ' ces. Preferably, the kit is an array or
chi p. W%ﬁgyﬂ@%ﬁfﬂ;ﬁ@%ﬁ%@ﬁﬁ@% technol ogy, it is now possible to study
gene éxpression of thousands of genes sinultaneously, either to

sub-cl assj,f ¥y _cancer o,conpare the genetic changes of di seases at
differentMg%éé'G sa'bqi”ﬁf'i) ession or to identify genes that can be used as
prognostic indicators (Golub et al, 1999; van't Veer et a/, 2002). In the
present ipvention, the gene expression profiles of NPC are determ ned and
genes tha 'sﬁlé‘ilsﬁ@pil%ortant I n driving NPC devel opnent are identified.
Significantly altered gene expression patter di ffer hetween NPC and
nonndl¥i griaiAP direnonasapiaYSIREPiaRFeT SR At Aatisgs Wit RIOOEFEIBpment | s
associ at eghirinBqt DRdifretd | peagd ' finsBRE ik e

I nvention. v@ﬂrl now %Igﬁdeﬁs{%trt?(ggg vemgir?rér(g?grggﬁgemt ﬁ@'b%¥méﬂa'y§§he '-
limting Goningsevererpbtaineidefronc 8spatients, mlhEpsieimBarnavieushencbged RINA por at ed

by refere Exanmpl esTh esent .i.nvention wll now be explained in even
mre deot AEERRIAEITE 208 WL ECheYBRICS af alignancy Eoonal APRERRAYEY | ne
present igpiglialéelis Bm Tung Shin Hospital, Kuala Lumpur, Malaysia. A further 30

15 paraffin-embedded NPC tissue samples and 10 biopsies of non-malignant

nasopharynx were used and these included samples provided by
collaborators in Nilai Cancer Institute, Negeri Sembilan, Malaysia. The work
on human tissue samples was approved by Tung Shin Hospital.

20  Microarray analysis

RNA was extracted from biopsy samples using TRIzol Reagent (Invitrogen,
USA) and purified by the RNeasy Mini Kit (Qiagen, UK). The cDNA was
synthesized, in vitro transcribed, labeled and hybridized to Affymetrix HG-
U133A GeneChips, using standard Affymetrix protocols (Affymetrix, USA).
25  The scanned images of microarray chips were analyzed using the Affymetrix
GenChip Operating Software (GCOS) with the default settings except that the’
target signal was set to 100. Differentially expressed genes between NPC and
normal control samples were identified using the GCOS change algorithm with
the default settings. A gene in a NPC sample was considered to be
30 differentially expressed if it was called either ‘Increased’ or ‘Decreased’ when
compared with all normal samples. The primary data are available from GEO
(http://www.ncbi.nih.gov/geo/) under series Accession No. GSE 13597.




exanples are intended for illustration only and the present invention is
not in any way |limted by these exanples. Materials and Methods Ti ssue
sanpl es SNapofww@zesn nasopharyngeal biopsies from 25 pat PEmMY20i14/600097

hi stologically confirnmed undifferentiated NPC were included in the

m croarray analysis. Controls were obfi ned from 3 patients, al

ot | gancl (LA CRLERIRS, e BT RTARRR, ?df%nmt%n%aﬁﬁ“%%p. tal

Kual a LunggPCR)Vevay pedformetiutd ke SaravtedfRNA: dabadditidn NR&ptdssiare ofanpl es
and 10 b|o si.es of non-malignant nasopharynx were used and. these included
sanpl es p‘P"@WG@(‘] Iggress waseRsansed upiRgNmmainahisteshemical techniguaseger |

Senbi | an, Mal aysia. The work on human tissue sanpl es was approved by Tung
Shin Hospital. Mcroarray analysis RNA was extracted from biopsy sanpl es
usi ng 5TRI Quantitative realtime PGRigen, USA) and purified by the RNeasy M ni Kit
(Qagen, UK). The cDNA was synthesized, in vitro transcribed, |abeled and

hybr i di zetl ph@fAbtay RINA iwasGbietied @m@rs@ﬁans@nm@n&mﬁgﬂargb(afrﬁ prigteri X
protocols (Affynetrix, USA). The scanned inmages of m croarr % chi ps were

anal yzed @y %’WF@TMﬂ&HﬁVIfFPQeGeHQA)pRQ@H@ﬁ RgRsusingABI & ﬁfﬁﬁﬂh t he

default s e

Differ ent'?gﬁ ﬁnggéesseoség}%eeréQ’bleJ %ééﬂ‘eﬁheﬁﬁﬁ&g Ic(?t(g%t ér}'%%n%np es were
i denti f i eflanafactureie pr&obok: habgef, ahgmeacttkm mixtiret domtaiabduloD etDNAgs. A
gene in a NPC sanple was considered to be differenti al lé N%ressed ifoit

was cdl | et HM gese-sneatdficREmers @and 22 ad afsdd SYRR (GresppBEBdMaster @iX. nor mal
TS TN TR SahAUERS vHE R 6P RED 95 for 0 mies s 1
val i dat e 4hecychssildts 96fCt fog nbcseedridy follolvesi by 602Dt fdratli weinuteal Ai ne PCR
nontemplate control was included to assess the overall specificity of the
reaction. In parallel, GAPDH was amplified in the same reaction to serve as
15 an internal control for normalization. The primers for FJX1 were
5’ CCCGCAAAGGTGTCTAAAAACTY and
5TGCTGGCACAGTAAAGAATCCT3 and the GAPDH primers were
5'AAGGTGAAGGTCGGAGT3' and 5’GAAGATGGTGATGGGATTTC3'. Fold
changes in gene expression between normal and tumour samples were
20 measured using the comparative threshold cycle method (AACt). Compared to
the controls, FJX1 expression was considered to be significantly up-regulated
in NPC when the p-value was less than 0.01 by a two-tailed T-test.

" Immunohistochemistry
25
Immunohistochemistry was performed using the Dakocytomation Envision®
Dual Link System-Peroxidase (DAB®) kit (Dako, USA), according to the

manufacturer's specifications. Briefly, 5 ym sections of paraffin-embedded

tissues from specimens included in the microarray analysis were
30 deparaffinized with 2 xylene incubations at 5 minutes each and rehydrated in
graded ethanol for 3 minutes each. The tissue sections were treated with 10
mM sodium bitrate pH 6.0 for 10 minutes in a microwave for antigen retrieval.
The sections were incubated with rabbit polyclonal anti-FJX1 ahtibody (1:500;



(qPCR) was perforned to the extracted RNA. In addition, expression of
protein of interest was observed using inmunohi stochem cal techni ques.
Quant i t atWoeoroglalr4sei ne PCR 1 ng of total RNA was subj ecP€l/MBR01&M8pEe
transcription using oligo(dT) prinmer and Superscript Il (Invitrogen, USA).
Real -ti me PCR using ABI SYBR Green PCROkit (Applied Biosystems, USA) was

f dai Lol fol | on ! . i ef
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fol | owed ®ynmEmatureclhe perexidase reagdionamas develepad usingrdiaminebenrdineo assess
t he over £l t ' ' | & 3l lel . lified
nt he. saRABEEE shtdogtn., NeghRRFbfols, T SHid nBhinfhlig 887 vIB; (1) T
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5TGCTGGCACAGTAAAGAATCCT3' and the GAPDH prinmers were 5 AAGGTGAAGGTCGGAGT3 |
and 5' m@%@%ﬁéﬂe.wm heIRANBR 5O A I iPPeYs Pels. sttheen

| ; | |6, tg hol d
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cycl e netho t e control's 1 expressi on was
consi der esurreursing ingnirhaligmaritycels;:- ared BUX1 qubsitiveNR@enhstainingintensityue was

| ess than 0.01 by a twg-tail T-test. | munohi stochem strv

| omnont st sl Svls s dsriBan At sl OU RO BRSO RIHRITAE Ny si on1 Dual
Li nk gyst em Per oxi dase (DAB+) kit (Dako, USA), according to the

manuf acturer's specifications. Briefly, 5 nmsections of paraffin-enbedded
ti ssues fResulfseci mens included in the microarray anal ysis were
deparaffinized with 2 xylene incubations at 5 m nutes each and rehydrated
in :
Gene expression differences between NPC and cancer-free control tissue

samples

15 To identify genes whose transcription is de-regulated in NPC, the gene
expression profiles of 25 N}PC samples and 3 cancer free control samples
were examined using Affymetrix HG-U133A arrays. Pair-wise comparisons of
gene expression in each NPC tumour with that in all three control samples
revealed the significant de-regulation of 1963 genes in five or more tumours,

20  with 472 being down-regulated and 1491 being up-regulated.

FJX1is ub-regulated in NPC

The microarray analysis revealed significant up-regulation of FJX1 mRNA in
25 © 14/25 (56%) tumours. The resuits were validated by quantitative real-time
PCR, which showed that FJX1 mRNA levels were elevated in all 14 NPC

tissue samples analysed (Figure 2).

The expression of FJX1 was examined in 39 formalin-fixed paraffin-embedded
30 primary NPC and 10 non-malignaht nasopharynge_él samples by
immunohistochemistry. FJX1 over-expression was detected in 43% of the



graded ethanol for 3 mnutes each. The tissue sections were treated with 10
mMvi sodiumcitrate pH 6.0 for 10 mnutes in a mcrowave for antigen

retri evalWORh®/®26&2i ons were incubated with rabbit pol y®CeMY20a010600097] X1
anti body ( 1 :500; AVI VA Systens Bi ol og%/, USA) followed by a peroxidase

| abel ed pol yner conjugated to goat anf{-rabbit antibody for 30 m nutes each

at roomtgegnperature.. T er.axi.dasg reaction was, devel o sin

G an nobeliGHTR SRR 447 Broi A EnOeRe o e ShA orer o kP ane

non- i MUNgiffe8é 2FigaFE 3}SRBntAaliGRiMednirbR wéleEnsistBhtlpaegative. Wwer e al so
performed. Tumours were graded as FJX1 -negative when there was no staining
in tumour cells, or the staining intensity in tunour cells was equival ent
to that o i r di - iLgnant cells; and FIJX1 -positive,
when st ai ﬁ?’ﬁr&g?@{‘ﬁﬁ?{f ?ﬁp?r..%gin&kﬁ?}}éms stronger than that in

surroundi ng non-malignant cells. Results Gene expression differences

bet ween NPC and cancer-free control tissue sanples To identiqu{ﬁ q9(—::nes whose
transcri pf h@@xpeessian ef VXl svas furkher, analzegkin @ﬁ?ﬁ'lﬁ%ﬁ'% o3 $¥89of 25

oo Sam! (R TRGRNCBNA PaReSUUMRising LOINAS WBHE 18" RLRAM o in
AffymetriX 1 arrays. Palr-w se conparisons of gene expression in
each NPC gemsral, RuXhshbwedi megligibleé lexpeessmort mmashobithe argarsbedlysad

significant de-reqgulation of 1963 genes in fiye or re tymopurs, W th 472
bei_ngl%_omﬁx‘?e&gmra‘%{@dy'aﬁ’ﬁﬂcﬁgi' lﬂ@? a@ﬁgr%ﬁﬁ" ﬁ%%l_nel:(ﬁ&urps uFH99EsHNGt ed i n
NPC The n§ i $hi i boaivé | fo Vfe-theeatealngcad@rs&J X1 nRNA
in 14/ 25m@%%{qﬁﬁ%ﬁgy%le'érgzﬂlga\yéng‘gglri%%gtoed by quant igft»)ati vr(sa -

real -ti neeIrs. whi ch showed that FIX1 nRNA | evels were elevated in all. 14

NPC tissue sanples analysed (Figure 2). The expression of FJX1 was exam ned
in 39 formali n-fi xed paraffin-enbedded '




primary NPC and 10 non-nmal i gnant nasopharyngeal sanples by

i mmunohi st ochem stry. FJX1 over-expressi on was detected in 43% of

t het unourwoeremidmsd (17 of 39) and ranged from weak andPCooav20u1@0®d970ng and
diffuse (Figure 3). Non-nalignant controls were consistently negative.
Expression of FIJX1 in normal vital oré%ns The expression of FIX1 was
further yzed in normal human organs using Miltiple Tissue cDNA Panel s
conpri sing ¢ from 16 different organs. In general, FJX1 showed
negli gi bl e expression in nost of the organs anal ysed except for ovary,
pancreas,  placenta and small intestine (Figure 4), suggesting that

t ar get i ngl-FIRIMethed fon the assassment of fiansef insa bigiogigal samieabiringd adver se
events. Cai Thi ; ssnment of cancer in a biological

sanpl e Obﬁrﬁﬁae%u?jré‘gﬁghgﬂﬁr&tthfe _c%ﬁ%?’?si ng the steps of: (a) determning in
sai d B ol @)idetérndning| & tdadd ebiplogical osarhplecithefexpressiodelesehiofiea prene; and
(b) conpari Hg the determ ne@ expression |level of said gene with the |evel
in a referefEEL™MIRRY 8PACsAMY pre- det ermined gene is Four-jointed Box 1

(FIX1); WhiRing thBielefrhiREAS@rédsidMRVBKBF 82181 gihd Rtk tiSe TERSI
i ndi cati \a/cygf thengr esence olf can (rar ostljs cells. 2. dAqf'rhrnet Eoé ac‘:gé%r Eﬁ?\g to
claim1, wheeferenceai d nethod further conprising a step of determining RNA

| evel of FJX1.in said biological sanpe obtained fr i d subject. 3. A

et hod_ ackBS B SrBPrE aR R iare R ol R B I IR AR 'S Get e i ne

by the usghéfeirtithbedifferdride ofitenggpressioficlaveis pidy BrmMtdicatie bhehsequences
50CCGCAAAGGTGTCTAAAAACT3' ;  and .

of: SEQ ID NO 1:
presence of cancerous cells.

2. A method according to claim 1, wherein said method further comprising a
step of determining RNA level of FJX1 in said biological sample obtained from
15 said subject.

3. A method according to claim 2, wherein said RNA level of FJX1 is
'determined by the use of at least two oligonucleotide primevrs comprising the
sequences of:

20 SEQID NO. 1: 5CCCGCAAAGGTGTCTAAAAACTZ’; and
SEQ ID NO. 2: 5TGCTGGCACAGTAAAGAATCCTY’

or their homologues in the complementary strands.

4. A method according to claims 2 and 3, wherein said RNA is mRNA.

25 | |
5. A method according to claim 1, wherein said method further comprising
determining protein expression level of FJX1 in said biological sample

obtained from said subject.

30 6. A method according to claim 1, wherein said reference is normal or non-

malignant cell or tissue.



SEQ I D NO. 2 : 5TGCTGECACAGTAAAGAATCCT3' or their honol ogues in the

conplenentary strands. 4. A nethod according to clains 2 and 3, wherein
sai d RNA we 20RMA7458. A net hod according to claim 1, wherermsmiaoet’hod
further conprising determ ning protein expression level of FIX1 in said
bi ol ogi cal sanple obtained fromsaid %%bj ect. 6. A nethod according to

claim1l, rein said reference is . normal.or_nonmalignant cell or tissue.7.
A met hod heRogaalh eo g, Ta Sakk fa g Salh EaRCH ok R |

car ci nomecdrdiiemap(NPCRbr 864l 3dREmMote! delicarsihomadSECs) - 8. A method
according to claim1, wherein said biological sanple is obtainable from

nasopharyngeal tissue, nasopharyngeal swab, oral nucosal tissue, saliva or

nmout h wasdi i Plo) 9. ; - of . L0t | 1 subj ect
compri o1 ng Adgthod BelofHy £ bt 1, AP Gaic bick B8 eMpE A lfa bl
fragment foomdeasepliaryagebietiesiie,| aksbpleatyngédl swab esriahilrhacdsdietissuad, | owi ng
t he | abel laf['d ant i boﬂy tciB_I ocate the cancerous cell and to inmage the
cancer ousS3¥p or meuthiwashing 9f sRidesbRiecint i body or a fragnent or derivative
t hereof for detecting cancer wherein said anti-FJX1 antibody is |abelled
with a detectable |abel and is bondable to cancerous cells. 11. A nethod of
treati ng Sahmethod of dedecting canceriin @ subjecinéamprising mgimioiséaring ivasdignt an
ef fective_anoynt of.. Lypeptidg or a, variant,.or. fusiqgn r agnent
Cher eof . SHEUPE D SBfI8 AR b faBimedt BE Be it etSoriBoles Wit ™
ant i -|@ance defedtable TabEle all@ﬁmgﬂﬁ\;% laBeféd EntiBddyERS lochle thés Bamderbdtell

S

pol ypeptide or a variant or ion or fragnent thereof in the manufacture
of a nedi¥hignimags thereanaenguee@lber. 13. The use according to claim 12,
wherein said cancer is nasopharyngeal :

10. Use of anti-FJX1 antibody or a fragment or derivative thereof for detecting
cancer wherein said anti-FJX1 antibody is labelled with a detectable label and

15 is bonda_ble to cancerous celis.

11. A method of treating cancer in a patient comprising administering to said
patient an effective amount of FJX1 polypeptide or a variant or fusion or
fragment thereof, wherein said effective amount is sufficient to provoke an

20 anti-cancer cell immune response in said patient.

12. Use of FJX1 polypeptide oir a variant or fusion or fragm'ent thereof in the

manufacture of a medicament for treating cancer.

25 13. The use according to claim 12, wherein said cancer is nasopharyngeal

~ carcinoma (NPC) or oral squamous cell carcinoma (OSCC).

14. A cancer vaccine comprising FJX1 polypeptide or variant or fragment
thereof.

30
15. A method of 'treating cancer in a patient comprising administering to said

patient a molecule that modulates the activity of FJX1 gene or its products.



carcinoma (NPC) or oral squanmous cell carcinoma (OSCC). 14. A cancer

vacci ne conprising FIX1 pol ypeptide or variant or fragnent thereof. 15. A
nmet hod ofwoOnrewyi4mf2cancer in a patient conprising adm niP€TAMY29¢0/0000%ai d
patient a nol ecul e that nodul ates the activity of FJX1 gene or its
products. 16. The nmethod of treating c4hcer in a patient according to claim

cancer 1 & T Metho8. 8 afing Abeefln rpushlaesliinbl dBmb . Bheldifa: "
nmodul at essdiprodidty atey RNA bRerdtéis. 1 gene or its products is a FIX1

antisense agent, siRNA or antibody. 18. Use of a nolecul e that nodul ates
the-activity of the FIJX1 gene or its products in the manufacture of a

medi canmenf- f ' r : : i Qg c i a

pat ] ont - obfprhe et B8 (RaRAGcantd: irfs BRYEAL b lorbin Yo (M 38" Gheldn 2, ¢
FIX1 .5 20saitUseoletulerthanmiodathtesithieeattivitytaf thed KIXi hgéhe omits piroducts & af a

nmedi cane for treating cancer. 2 1. The use according to claim 20, wherein
sai d ant i b4l antsengeagent. S or ankRedY.y or indirectly cytotoxic agent.

22. The use according to claim2 1, wherein said cytotoxic agent is a
directly cytotoxic chenotherapeutic agent. 23. The use according to claim?2
1, wher ei 18.sbsd afya anoleculenffeatt modukates itlee tacfivity tobttbei leJXblgepepor de. 24.

The use accqrdjn oclaimz2 1, .wherein saj t Qt oxi c _agent is an agent
whtoh | s BipRuClsg b parurdeed af FyargermRit e ngtans it o a cytot oxi c
drug.1g25. The use according to claim2 1, wherein said cytotoxic agent is a

radi osensitizer. 26. A nethod of treating cancer in a patient conprising
admi ni st et9.nYy neethediaf treating cancer in a _patlent comprising administering to said

_pétient an antibody directed to FJX1.

20. Use of an antibody directed to FJX1 in the manufacture of a medicament

15 for treating cancer.

21. The use according to claim 20, wherein said antibody is labelled with a

directly or indirectly cytotoxic agent.

20  22. The use according to claim 21, wherein said cytotoxic agent is a directly
cytotoxic chemotherapeutic agent. |

23. The use according to claim 21, wherein said cytotoxic agent is a directly
cytotoxic polypeptide.

25 |
24. The use according to clairh 21, wherein said cytotoxic agent is an agent

which is able to convert a relatively non-toxic prodrug into a cytotoxic drug.

25. The use according to cléim 21, wherein said cytotoxic agent is a

30 radiosensitizer.

26. A method of treating cancer in a patient comprising administering to said |
patient molecules that are bound to FJX1.



patient nolecules that are bound to FIX1 .27. Use of nolecules that are

bound to FIJX1 in the manufacture of a nedicanent for treating cancer. 28.
kit for owOepmr4sg expression | evel of FIX1 gene conpriPSTMY210/00009t an
ol i gonucl eoti de prinmer pair conprisi n% t he sequences of SEQ ID NO 1 and
SEQID NO. 2. 29. A kit for determ ni expressi on | evel of FJX1 gene

accordi ngz.} Lf:slea'orfn molecliits thdt 3% cboku'ntd tg ik f ruﬁa%e manhdfgcture of a

medicament for treating cancer.

28. A kit for determining expression level of FJX1 gene comprising at least an
5 oligonucleotide primer pair comprising the sequences of SEQ ID NO. 1 and
SEQ ID NO. 2. ' '

29. A kit for determining expression level of FJX1 gene acéording to claim 28,
wherein said kit is an array or chip.
10



