“1 A method for the assessnent of cancer in a biol ogical sanple -obtained
froma subject Field of the invention 5 The present invention relates to a
met hod for the assessment and di agnosis of cancer. Spemflﬂwmlmmﬂumwﬁm
present invention relates to a nethod for the assessnent s of
nasopharyngeal carcinoma (NPC) by deterrining the expression fewsel of
certain gene. The present invention also 10 relates to pol ypeptides,
anti bodi es dhinet| he jas smeniof cancen imadiiologicahsiamplté pbtained
perform ng the nmethod of the pr eseﬂloﬁgvgm.! gp. Background of the invention
15 Nasopharyngeal carci noma ( NPC) cancer in southern China and
Sout h- East Asia, where nore than 50 000 new cases are di agnosed each year.
In Malaysia_ NPC is the sixth nost conmon cancer and the third nost conmon
in men. Npd-ield of g ynventidfiensiti ve and cherpsensitive:; radiotherapy with
conconi t@ant chenot herapy has increased survival. 20 Inproved early
detection of recurrence and application of appropriate surgical salvage
procedur es Tiae @réserttheverdiont reldtes ¢d & matingd doretthet dvespmeint @andediaghssis
However, suryivors of NPC have inpaired. heal.th-related qual.it f life.
ot ont 5wl SO CORHIGAE o a6 WERCHA T SBUYR, IotESL 0 Bomthoa o8 *rrany
of which regdddssiicot 1M ehibgRbsisOfoff Atstipharriféal h@afGRémbl INPEY By gans
25 adj acent to the nasopharyix and neck nodes. "The use of chenotherapy in
nmor e advancdéeteoniiig thriexpression svdbobtérainsgenshi Tdie predamd énvgrtionoxisei ty
associ ated wth cisplatin.. Thergfore, _alternpative approaches.far th
reat il oFqiee i M hdriioeqShiiSsale Tk Ade i RBCHSS i Plrsligfe
cancers, clamhh kifFet peroBaing thé Msth6&EBYihedprreentindeatisiet ected in all cases.
EBV | atent protein expression is restricted to the EBNA1 nucl ear antigen
and to the |atent nenbrane proteins (LWMP1, LMP2A, LMP2B). However, the
cont ri but i oBaekgrmnd ef theeinkediadpnent of 2

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;
radiotherapy with concomitant chemotherapy has increased survival.

20 Improved early detection of recurrence and application of appropriate surgical
salvage 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
of which result from the effects of radiation on the dose-limiting organs

25 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 In NPC, unlike other head and neck cancers, clonal Epstein—Barr virus (EBV)
genomes are detected in all cases. EBV latent protein expression is restricted
to the EBNA1 nuclear antigen and to the latent membrane proteins (LMP1,
LMP2A, LMP2B). However, the contribution of EBV to the development of
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"NPC is not well understood. In an attenpt to reveal how EBV contributes to
t he pat hogenesis of this disease, we first conpared cellul ar gene
expression in EBV-positive NPC tunours with that in sanples from
cancer-free controls, using mcroarray anal yses and we have identified a
nunber of genes that may 5 be associate@ with the pathogenesis of NPC.

Thus, there exists a need for a nethod for aiding assessnent of a patient's
ri sk of devi¥P&psripteuslt endeestood. kel gn @éieefmtttg revedli fkm&nEEBMcbootrlmrtegtt@sm on

ot i ont o "ginntRode T B 0 HeR. Yo Baf BBFHackl RRNTRF st Meronul ar1

for NPC. SunrEBY-pusitiveeNPOVRmd@8 vith The ifigapiplas Pk c@ﬁcérhﬁe@rc%ﬁ&ms
i nvention relates to a nmethod for the assessnent of nasopharyngea

car ci noma (B Mieroargy AnglNsesl anshwpl havetidentified a nomber ofilgeses thatangy i si ng
the steps ofg aé%:)c&@ﬁ%fﬂ e thg%é@%?+ @E,le cal sanple the expression
n ¢

| evel of a pre-determned g onparing the determ ned
expression |l evel of said gene with the level in a reference, wherein said
pre-determ ned gene is Four-jointed Box 1 (FJX1) and wherein the difference
of the expression levels nmay be indicative of the presence of

nasophar yngpsls, GREfEEQEE §Hdett ﬁﬁﬁﬁ?ﬂ@éa 8¢ bwmgsalss'eéﬁﬁ@rﬁte@rcg jatiefirgor mal

or non- nallgnant cell or tissue resent 1 nvention, expression |evel
can be the RKACE developing) chocet, af likdx seventysar dlkbllh;bmxguodawrogeaqsiw obt ai ned
froms su refer ed enbodi nt _of the present,.invention,
he reetoh HeERcor Sl oseIBCETht 8 iRt feren ot BLYRS ParemySh | o
the sarml e a.dmgﬁnefseégéwnt éﬂ‘@c%r'tféé@ﬂneﬁf rdgimié, paftiedifgtier NPTed in the
present invention is FIX1

Summary of the invention
15
The first aspect of the present invention relates to a method for the
assessment of nasopharyngeal carcinoma (NPC) in a biological sample
obtained from a subject, comprising the steps of. (a) determining in said
biological sample the expression level of a pre-determined gene; and (b)
20 comparing the determined 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 nasopharyngeal cancerous cells.

25  Specifically, said reference is a normal or non-malignant cell or tissue.

In the present invention, expression level can be the RNA expression level of

FJX 1 in said biological sample obtained from said subject.

30 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

known in the art.



"More' preferably, the FIX1 nRNA | evel is determined by the use of at |east 5
two ol i gonucl eotide priners conprising the sequences of: SEQ ID NO 1:

5' CCCCCAAAGGTGTCTAAAAACT3' ; and SEQ I D NO. 2: 5' TGCTGGCACAGTAAAGAATCCT3' or
t heir honol ogous in the conplenentary strands. 10 Alternatively, the FIX1
NRNA | evel nmay be determ ned by using m3croarray anal ysis nethod or
quantitative real tine PCR that are well known in the art. It will be

appr eci at edPrefierabiyh dhel &NA leveh ob FIX hdeingedetecvined iarthe presart enverdioal is of
FIX1 nmRNA iIBJ)@‘I ﬁﬁmAcorrpar ed to the level of a normal (non-nmalignant or 15
non- cancerous) cell” imay aid in the assessnment of a patient's risk of

devel opi ng nasopharyngeal carcinoma (NPC). Increased expression |evel of
FIX1 nRNA in a biol ogical sanple conpared to the expression level found in
a normal (n¥RIeprefgrly, the ﬁgxpi dJaRNé tave) isc dptermined byithei use pf at dgastiPC.

The detecti |G ey S t that said subject wll
20 bene]sslC t ﬁbo%ﬁg@a&gjglre{&?@gszﬁq?ﬂgrcnq orfr‘%%g{eng%w‘ggg I?f'as treatnent with a
cancer vaccSEQ WsNQereSiCACSTARSAGGTOTCTAANASETS’; Bndent i on, expressi on

| evel can a %&d&e t he prﬁ_géi n exgressi on level of FIJX 1 in said biological

sanpl e obta Nom& ai [5@% CATAMASASY e TR bodi ment of the pr esent

invention, sahdirMiM®Egbls IMPke CPRMERENEyish@ndst ection and determ nation
of FJX1 pol ypepti de orgprot ein level | n'&gzi d bi ol ogi cal sanple. 30 The

met hod of the present invention also includes the measurenment and detection
of FJIX1 pol ypepti.de ip saigd,biolpgical sanple, .and their conparison with a
et or ontdh*SAREPeIEy. the'FUBs mRNPRICR oifY ReretRBnineb ot AT PariaMaY esence
of an i ncr egsdigsis evétho@for QldhtiRGlY PeaIttingde POR tat Riré Wedl Igwrb Bk &rt. 4

conpared to the | evel of a normal (non-malignant or non-cancerous) cell may

aid in the assessnent of a patient's risk of devel opi ng nasopharyngeal
oo oS RS ol AREEREL Y St Serdelh SOUIBLLAGS o B ndeaod'an
non- cancer ocofsfJXEIMRNA in a cell compared to the level of a normal (non-malignant or
15 non-cancerous) cell may aid in the assessment of a patient's risk of
developing nasopharyngeal carcinoma (NPC). Increased expression level of

FJX1 mRNA in a biological sample compared to the expression level found in

a normal (non-malignant or non-cancerous) cell may be indicative of NPC.

The detection of an increased level may also suggest that said subject will

20 benefit from a particular form of treatment, such as treatment with a cancer

vaccine as herein disclosed.

In the present invention, expression level can also be the protein expression
level of FJX 1 in said biological sample obtained from said subject.

25
In another embodiment of the present invention, said method further
comprising the detection and determination of FJX1 polypeptide or protein

level in said biological sample.

30 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 FJX1 polypeptides in a biological sample



*5 may be indicative of NPC. The pol ypeptide or protein |evel of FIJX1 may be
determ ned by using any suitable protein quantitation nethod that is well
known in the art. In particular, it is preferred if antibodies are used and
that the anbunt of FJX1 is 10determ ned by using nethods which include
guantitative western blotting, 4
enzymne- | i nkedi rmunosor bent assays(ELI SA)orquantitative i mmunohi stochem stry.
As noted abeapargd tortbedavelrflanermalf (nepxmalignan @stofecancesouimsilenay

conpared w éie fh l"tﬂé’v?sé%%rs%tt J)i‘*s %u&:aﬁigﬁfg tei,!}q(e of %e?oéiﬁgéﬁ??ogﬁ{[airyfgegl sa

tunori geni c sanple. Th another asp 0 e presen o]

provi des a cartimothan{NEE).daticzgeddavs ofiIRIXA solPppestidesdnr bidldyical daiplét eri ng
to said subject an anti- 20 FJX1 antibody and the use of sac{%anti body in

t he manuf acéPRaEd tg thedpvalfeund ing npraak (nRY-Makid A oy REB=IaNEEFAYS) 681

(NPC). A f“ﬁwtag‘?fe iAdRaGle 0F NPPte Present invention provides a nethod of
treating nasopharyngeal carcinoma (NPC) in a patient conprising

adm nistering to 25 said patient either an effective anount of FJIX1

pol ypeptid a | ecul,e that .modul at e activity of FJ ene, an

Bt oty di Fal RRMREDUES AT PiatSTyleyEl o8 £ Tatay e ilaiRaminaras Ho g, ANy
further aspggtabhd pf&éinpcitﬁrﬂmétidrﬂfw‘%dd)fha@%%ll%%\Alrhiﬂ tHeeafrt.dh particudae of 30
the afore-nentioned FIJXL pol ypeptide, nol ecule that nodul ates the activity

of FIX1 genié isanptefesed di apithedies carel xsednandothat uthes ameuntapt hbiihdst o
FIXL 1 g he?\ig%m{n%@t B Cudthg mERIBAA W iRdudd SRt QRLAEN "B RIng,

carci nolma (
enzyme-linked  immunosorbent assays (ELISA) or quantitative

immunohistochemistry.

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

tumorigenic sample.

In another aspect of the present invention, it also provides a method of
detecting cancer in a subject comprising administering to said subject an anti-

20 FJX1 antibody and the use of said antibody in the manufacture of a
medicament for treating nasopharyngeal carcinoma (NPC).

A further aspect of the present invention provides a method of treating
nasopharyngeal carcinoma (NPC) in a patient comprising administering to

25 said patient either an effective amount of FJX1 polypeptide, a molecule that
modulates the activity of FJX1 gene, an antibody directed to FJX1, or
molecules that are bound to FJX1.

Yet a further aspect of the present invention describes the uses of any one of

30 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 nasopharyngeal carcinoma
(NPC).



“Still, a further aspect of the present invention provides a kit for
determ ning the expression |level of FIX1 gene conprising at |east an

ol i gonucl eotide prinmer pair conprising the sequences of SEQID NO 1 and
SEQ ID NO. 2 as herein 5dislcosed. The afore-nentioned net hods and uses

wi Il now be explained in nore detail in5sthe follow ng disclosure and
appended clains. 10 Brief description of drawings In order to provide a
better understanding, the present invention will now be described with

reference tg,t he Ny drawi ngs_ i n . which: 15 Figure 1(a) .shows the
MRNA sequen@téJR g‘rf“?}g‘% ggnafr%ﬂf? ghiPBﬁseéﬁHW?”E'B@ PERYiFIGS AdHIECs Qﬁll?éﬁﬁ@”sgh% X1:

Fi gure 2 shewsesdien dewltdft RIX V geRERGMSYiSINg Bt Wastedlf ofi &%cl&ﬂm@éﬁﬁxéo t wo
20 bi opsi es of normal nasopharynx, quantitative PCR showed that FIJX1 nRNA
was up-r egulP@it eempising thecequenaes of BEGUHR ND shend SIRQi IBnNALIZ a3 betedmi stry
anal ysi S Ofdigr%% (E)rotei n where up- regulation of FIX1 protein expression in
NPC is confirmed. FIJX1 expression 25 was detected in NPC tunmour cells
(white arrow), but not the surroundi ng nonnalignant cell (black arrow).

Fi 4 h . ' f FIX | ysed ' h | tiple,Ti
CONA Panel | THS RIoteBF BT MRiBods, Aar yRas ol ey Belsralr Bed s edie Sdilal a0
human or ganip tREMIKWARG RRIuré AdAFYerdeddNAR@as, Pl acenta and sml |

10  Brief description of drawings

In order to provide a better understanding, the present invention will now be
described with reference to the accompanying drawings in which:

15  Figure 1(a) shows the mRNA sequence of FJX1;
Figure 1(b) shows the amino acid sequence of FJX1;

Figure 2 shows the quantitative PCR analysis of gene FJX1. Compared to two
20 biopsies of normal nasopharynx, quantitative PCR showed that FJX1 mRNA
was up-regulated in 14 NPC tumours.

Figure 3 shows an immunohistochemistry analysis of FJX1 protein where up-
regulation of FJX1 protein expression in NPC is confirmed. FJX1 expression
25 was detected in NPC tumour cells (white arrow), but not the surrounding non-

malignant cell (black arrow).

Figure 4 shows the expression of FJX1 analysed using the Multiple Tissue
cDNA Panel. FUX1 expression was barely detectable in most of the normal
30 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, Testis; 13,



“intestine. 1, Heart; 2, Brain; 3, Placenta; 4, Lung; 5, Liver; 6, Skeletal
muscl e; 7, Kidney; 8, Pancreas; 9, Spleen; 10, Thymus; 11, Prostate; 12,
Testis; 13, 6 Ovary; 14, Small intestine; 15, Colon; 16, Peripheral bl ood
| eukocyte; +ve, Positive control for PCR reaction. Detail ed description of
the preferred enbodi nents 5 The present gi nventi on descri bes a nmethod for

t he assessnent of nasopharyngeal carcinoma (NPC) via the determ nation of
t he expressOvaryl évlel Sroall grtestifeun5) Glofdre d1@BoReripli¢iaKbloodl Bukoayeprd@nce

with the figst.,.aspect qf resent invention, it provides a nethod for
the assessneRt 8?1%%%'835&?%@%5(:%8% cinoma (NPC) in a biological sanple

obt ai ned froma subject, conprising the steps of: (a) determning in said
bi ol ogi cal sanple the expression |evel of a pre-determ ned gene; and (b)
conpari ng tPetaileddesqrintien of the poeferad-embodimientsene with 15 the level in
a reference, wherein said pre-determ ned gene is Four-jointed Box 1 (FJX1)
and wherein the difference of the expression |l evels nay be indicative of

t he presencenef presemphamyorgionl dedtgibesus Caidiisod for fBe "asbéESment of nmeant
to refer, as the context will nake clear, to the gene or 20 RNA product or
protei n pr diRROPhanmnasat srrcine@aNRCy nda ibendetesminationy pt dlaetexpressien on,

the said exle{l&%?igr?hlele@e( I_jg?]ft?QQ?;(qd@tJ%gi ned gene can be understand to be

t he RNA expressi in sald biological sanple obtained from
said subject. 25 Preferably, the nmethod further conprises determ ning the

the useltor o SPEALRER LT T0 ) 967 GeobH I aresentdPVERti & PORESHR mor's
sel ected frogndQfoP e abseSsrheCA I SHAR e ehfcinodBd (NPC) in a
biological sample obtained from a subject, comprising the steps of: (a)
determining in said biological sample the expression level of a pre-determined
gene; and (b) comparing the determined expression level of said gene with
15 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 nasopharyngeal cancerous cells.

By “FJX1”, it is meant to refer, as the context will make clear, to the gene or

20  RNA product or protein product.

In accordance with the method of the present invention, the said expression
level of a predetermined gene can be understand to be the RNA expression
level of FJX1 in said biological sample obtained from said subject.

25
Preferably, the method further comprises determining the RNA level of FJX1
in the sample. The RNA level of FJX1 may be determined by the use of at
least two oligonucleotide primers, for example, the primers selected from
SEQ ID NO. 1: 5CCCGCAAAGGTGTCTAAAAACT3'; and

30 SEQID NO. 2: 5TGCTGGCACAGTAAAGAATCCTY

or their homologous in the complementary strands.



'30 SEQ ID NO 2: 5' TGCTGGCACAGTAAAGAATCCT3' or their honol ogous in the
conplenentary strands. 7 Mrre preferably, the RNA | evel of FJX1 being
determned in the present invention are FJX1 nRNA. The nRNA sequence is
shown in the Figure 1. Increased FIJIX1 nRNA in a sanple conpared to that
found in a normal (nonmalignant or non-@ancerous) tissue sanple may be
I ndi cative of 5 nasopharyngeal cancer. The RNA | evel of FIJX1 may be

det er mi ned Mgraiprefgrapgcitie RNAI lgvaliof dobiddejng weterniined dnnihe! preseati d

anplificati h u rase chain,reacti CR

A i gonucl eoB{)e et%&r ?}rfeglr#?xéa W‘Z& H?Hﬁg%ng ﬁg??\%e i%SHSYVHo'Bst%ﬁE'é'Q%Jm I n
the art, foanceaed RXUSHRNAGH Iadsm’ﬂp&ecdlhpér@ldotb&ﬁbﬂfd@dclh&éfhétrﬁdl (non-

Pr ef er abl y, the oligonucleotide priners are at |east 20 nucl eotides in

| engt h, norBajigRant 3¢ ynap-caggetouss dissHeotsamerlei nmeynged dndicative | ofror e

preferahly otldes in length. 15Suitable conditions for PCR
amllflgatlﬁ]sc%pﬁ%ﬂgé%g%ﬁ ication in a suitable 1 x anplification buffer:

10 x anplification buffer is 500 M KCl; 100 mM Tris. d (pH 8.3 at room
t enper at ur 1 (Yo elatln smle str i mers,
Sul Labi et offe KNATIEGR coiF e ey o SREerTARd byisTag sPRGIE AlgeanFigolie

preferred. 2énbis ¥hdla lﬁ%c@?cpra%ﬁi éh@qﬂ&éﬁﬁn febtthi BRYasPhe gng hidrhgsl by

reversetranscri ptase polynmerase chain reaction (RT-PCR) usin ods wel |
known i n t hehaim treagtién i (RCGR). woiligbnualeotide tpaipherst oan ulse synthe?psé@mra@e

Surt abl 9 pepBhebRarRl M iTin BLRR PR SRS siophate BhbraRbErof o

that the seghepnistyaPrafeeabby,ehd d!bohh@le@hd@@lﬁlmérgfztrechi leastR M aucketigés t he
target sequence to be anplifi ed.
in length, more preferably at least 25 nucleotides in length and still more

preferably at least 29 nucleotides in length.

15  Suitable conditions for PCR amplification include amplification in a suitable 1 x
amplification buffer: 10 x amplification buffer is 500 mM KCI; 100 mM Tris. CI
(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.

20
It will be appreciated that FIX1 mRNA may be identified by reverse-
transcriptase polymerase chain reaction (RT-PCR) using methods well known
in the art.

25  Primers which are suitable for use in a polymerase chain reaction (PCR; Saiki
et al (1988) Science 239,487-491) are preferred. Suitable PCR primers may
have the following properties: It is well known that the sequence at the 5'end

of the oligonucleotide need not match the target sequence to be amplified.

30 Itis usual that the PCR primers do not contain any complementary structures
with each other longer than 2 bases, especially at their 3'ends, as this feature
may promote the formation of an artifactual product called "primer dimer".

When the 3'ends of the two primers hybridize, they form a "primed template"



"30 I't is usual that the PCR priners do not contain any conplenmentary
structures with each other |Ionger than 2 bases, especially at their 3'ends,
as this feature nmay pronote the formation of an artifactual product called
"priner dinmer". Wien the 3" ends of the two priners hybridize, they forma
"primed tenplate" 8 conplex and prineB extension results in a short
dupl ex product called "primer dinmer". Internal secondary structure should
be avoi ded ¢aMplexn@ng primar exyensiom resuits TR, shortduplesspeaducaalledt’piiment t en
reconnended Flr"both prinmers, with no long stretches of any one base. The
cl assi cal i'rig tenperature calculations used in conjunction w th DNA
probe hybridi zation studies often predict that a given priner should anneal

at a specific tenperature or that the 72C extension tenperature will
di ssoci at e lmﬁmalr sreendanpstaiciute shpdldpbengitaided yin prinarsrizet symmetrie

hybri ds mca r%afé 5864 t GV Bntterﬁ?l %@Fé’&ﬁ’ﬁﬁeﬁgé reggf’n:;gﬂlrﬁe " fched by

sinple I ons. I mum ann era erm ned
enpiricall woagdtrﬂmhelseofkarwl"mre basen Tp'reedasmeal mé’bnqgll)ébhppcétw&acalsalaﬁoas have
activity in the 37-35C 15 region r| mer. extension w |l occur during the
anneal i ng sY$§9 WnePrIHRCtiRRLWit 8 WP‘IWS éTYQleqai'QB Sttfﬁﬁs&ﬁ%emep ithdlsa of t he

primers ar egﬁélh'aénrhar CSHO(A L AR étsﬁm?,ﬁbl’:ﬂﬂ@)téan%r%ﬂﬂe by Phaelthy, 7#4¢ hi n

0.1- to 1- Jrange. Any of the nucleic acid anplification protocols can be
used i n t heextension tempecature wilhdissociate thec punhentemplate biybrie maematurelyn

t I ch NASBA id
equencly b aglit e SRR e Iel BlifebE TR R HBoett i 08EE bea i n
Conpt on (1?&@)1.0&@ by eirdple. Brh-cafcudatibndl DS (1993), Vol 7 (Suppl 2), S108 or
SDA (strand di spl acenent anplification) can be used as described in Wl ker

et al (1992) Nucl. Acids 25Res. 20, 1691-1696. The pol ynmerase chain reaction
is particulg hbﬁuﬁ{ Sﬁﬁéélﬁ\g; féﬂ‘?ﬁé’r‘é&r@é nhdyebé 'd@?ér'nﬁhédenl’g&ﬁ@alﬂ' #3 madf be
suitabl e nuc eic acids o Invention is used Iin a
higher than predlcted Taq DNA polymerase does have activity in the 37-55°C
15 region, so primer extension will occur during the annealing step and the hybrid
will be stabilized. The concentrations of the primers are equal in 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
20 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
amplification) can be used as described in Walker et al (1992) Nucl. Acids
25 Res. 20,1691-1696. The polymerase chain reaction is particularly preferred

because of its simplicity.

When a pair of suitable nucleic acids of the invention is used in a PCR it is
convenient to detect the product by gel electrophoresis and ethidium bromide
30 staining. As an alternative to detecting the product of DNA amplification using
agarose gel electrophoresis and ethidium bromide staining of the DNA, it is
convenient to use a labelled oligonucleotide capable of hybridising to the
amplified DNA as a probe. When the amplification is by a PCR the



conveni ent to detect the product by gel electrophoresis and ethidi um
brom de 30 staining. As an alternative to detecting the product of DNA
anplification using agarose gel el ectrophoresis and ethidi um brom de
staining of the DNA, it is convenient to use a | abelled oligonucl eotide
capable of hybridising to the anplified9DNA as a probe. \Wen the
amplification is by a PCR the 9 oligonucleotide probe hybridises to the
i nt er pri neroligequelectidapraiee hykridibgs ththet interprimee sequéhee as idglined bgdhé de

robe i . b 10 . b0 | eotid f I
Petveen' 15, i PoBMafaC R PladtvERGioerRibtis 38 riiiyand Pandre % fpf 867
radi onucl i deuglestiieds|odgP mardFprenstaBRSbetwiced 5 dnang@ricletidesayss. TRe nay
be |l abelled with a fluorescent dye. "When the oligon gl egti de p{sgde IS

C

f | uor escent Pipbeamay| kel lahelledawithia i easliomuclige sstiett assyPbe Riend using

solution (s B r ). tif] [

Sequences oRparAlE, PR el 2045 b talbistith e HEECenh FbLATNE iR
adsor bent" dliygnucBiotids @robd #5fldéresddiitiyalabeRdCaremenpiified DNA(F883dt My

hi gh-sensitivity el ectrochem | um nescence- based detection Eést em for

aut onat ed PRI in golaten (see &1 exanenie Balrgurrsetial (1891 ) Hruantifisatien cat i on
products c e J prggﬁpng g h h ; i

fl uorophoryqﬂgﬁghgfe%%h%%r%r?@h%% g?lt che g@gga dg%ﬁ dﬂéség:[t)lggrtustl)nrg n%y have
15 a bi ot i nbibhgnioesctdree adgorbentidireadt Bibchemd 95, bl O andoDi@dsaae ed @l ur e

probe apnd a Ghor. probe.. . Fluqgrophor.e-guencher pairs are.particularly
i ted Tt qBarrhioB RES ity me o R PearacE myec IRl cHB R svsfe

Fl uor escenceyr potcmhateaPOR pHadust duihnditationt B FedHriifes ™™y, 18 siE7be used to
detect PCR products. O her methods of detecting NA | evel s are included.

Met hods for determning the relative amount of FIX1 nRNA include: in situ

B ol vgy. vor ApTeAcR iokticls e Blsk e, 8816ci 8l SSMeTa plOB AT el MR a T,
NJ, USA) ppflddiopharedquenchier paliydar indy 28 aitaiched for asblid supponroransly hedet ed by

D G WIKkinson., 1992, Oxford University Press, Oxford, pp 163), in sjtu
anpl i fibatidkiotifptacer ey may kendetested Beingsh Po‘mbdﬂﬁi'oé‘r ‘P%?@?PHH@ probe

anplificatighy 3Y4hessFpropt ems; The nRNA may be anplified prior to or
during detection an qBant itation.'Real tinme' anplification nethods wherein

t he product is neasured for each anplification cycle may be particularly

useful (eg Real tinme PCR H d et .al (319962) r?enome Resea cht 6, 986-994. G bson

et al (1996 uorophore-quencher pairs re articularly ~ suite o ' quantitative
measurements of PCR reactions (eg RT-PCR). Fluorescence polarisation

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

Other methods of detecting mRNA levels are included.

Methods for determining the relative amount of FJIX1 mRNA include: in situ
25 hybridisation (In Situ Hybridization Protocols. Methods in Molecular Biology
Volume 33. Edited by K H A Choo. 1994, Humana Press Inc (Totowa, NJ,
USA) pp 480p and In Situ Hybridization: A Practical Approach. Edited by D G
Wilkinson. 1992, Oxford University Press, Oxford, pp 163), in situ
amplification, northerns, nuclease protection, probe arrays, and amplification
30 based systems; The mRNA may be amplified prior to or during detection and
quantitation.'Real time' amplification methods wherein the product is
measured for each amplification cycle may be particularly useful (eg Real time
PCR Hid et al (1996) Genome Research 6,986-994, Gibson et al (1996)



'10 Genone Research 6,995-1001; Real time NASBA Cehl enschl ager et al (1996
Nov 12) PNAS (USA) 93 (23), 12811-6. Priners should be designed to
preferentially anplify froman nRNA tenplate rather than fromthe DNA or
be designed to create a product where the nRNA or DNA tenplate origin can
be 5 distinguished by size or by probingd NASBA may be particularly useful
as the process can be arranged such that only RNA is recogni sed as an
initial suboename ResgarchitngPmrAD1i Realtirne NASBAIOehjensitlager etrgl (4096 ext

or detecting_.t er rea.c S ent _whi ch contain NA (for
exanpl e, bquP\r'\h?l)t E%%r(i"gﬁ'@ag’ﬁoﬁéé)oﬂgsﬁ%éé;nglr'&erﬁb%?ﬂ'ﬁ@ob? %‘9%&2&0
cells). It preferenfially aPpligtfesth dr@RNASSHpRt FathBNhapY fréMahe TNA2bMbEel | s
are present (either generally or in a specific |ocation) which can be

det ect ed bydesignemktpereate arpredpeteyberenthefmRN& onRNA texaplate edgintdan e esence

vVer sus se - - a1 o l.S_.versus
hi gh | Aok ﬁ%ﬁ“@ﬁ%@%@%pﬁi P6hiflgr RASEA E’&aarmo ﬁs”’bce@%ﬁ!’% gg\l%#l‘fgé e o

| evel s may precess aanabedamahfed ssohctHat conly SRNAe isstret¢sgnisdd sl anbiaitial
appreciated that simlar possibilities exist in relation to using the FIX1
pol ypept i deSURSt@terar ker. 20 I'n accordance with the method of the present

I nvention, the said expression |evel of a predeterm ned gene can al so be
understand to be the protein expression |evel of FIJX1 in said biological
sanpl e obt aDeatedting onRMNA ihdudgse detecting TORNA irhanyi contexte or ldetectingsthaént  of
nasopha]r(yn al carci ngma éﬁNPC} tBe 25rre{ hod ?{N'&‘h& ||g;resent [ ventioq
further ‘conpfl%edCéfer nP sﬁ& t'Y 'CBr(S:PBaW‘I@v of'® ﬁi‘fm'ﬁlet S'anﬂlé. The
net hods of kyigidigationt bPTh Sarhplesibtaidediffin NRRYWHBE N isaiséfdabeieiéqnhef the
FIX1 pol ypeptide in test sanples and their ‘conparison in a reference 30

sanpl e. 1t RiesEneR cAppRAA ar Hptterrtain cels dra presentpleitbengenerallyror ifca eased
| | of FJ ides: | | , i
el oot o Sl IRSRBARIH e 68 et SOBRIN I8 of ik BKBleIRENE AT o,

reference s I’ non- cancer ous
aid in the mdvASsAsemited] tree padserte’ gensus kabskende vafl BIEX hgnR&FO piey Yeg@al

carcinoma 11 (NPC). Increased FJX1 pol ypeptid In a_sanpl e conpar to

Chat  f ol Wserel aMias O RbreNglsghals o 1RGaiS OLRdKH SIBNA Moy e SaREI may

be i ndi catiygnelr MPSpecific 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.

20 In accordance with the method of the present invention, the said expression
level of a predetermined gene can also be understand to be the protein

expression level of FJX1 in said biological sample obtained from said subject.

To further improve the assessment of nasopharyngeal carcinoma (NPC) the
25 method of the present invention further comprises determining the protein

level of FJX1 in the sample.

The methods of the invention also include the measurement and detection of
the FJX1 polypeptide in test samples and their comparison in a reference
30 sample. It will be appreciated that detecting the presence of an increased level
of FJX1 polypeptides in a cell compared to the level present in a reference
sample, .e.g a normal (non-malignant or non-cancerous) cell may aid in the

assesssment of a patient's risk of developing nasopharyngeal carcinoma



‘5 The sanple containing RNA and/or protein derived fromthe patient is
conveniently a sanple of the tissue in which nasopharyngeal carcinonma (NPC)
is suspected or in which cancer may be or has been found. These nethods may
be used for any cancer, but they are particularly suitable in respect of
NPC. The sanple may al so be bl ood, seruid or | ynph nodes which 10 may be
particularly useful in determ ning whether a cancer has spread.

Al t ernati ve&“{PCl Hecreased &J%ﬂyp@mpeptmdn@ﬁ@melammpaaﬂ tuthgit feundyinfa om a

Pventi on | (oI Ae" Rt B Sented et (Esuk PR mey BRCpARANRGRL ),

useful in rHP&ion to historical sanples such as those contai ni ng
par af fi n- enbedded sections of tunmour sanples. The anobunt of the FJX1
pol ypeptide may be determined in any suitable way. 20lIt is preferred if the

el oot vel y i nere PR YREATEN AL MBEP INRR (RO Wl 6"
sel ecti vel ycarivedtently EJS’ampie af toet tlbmty mTWIalchnnab@pharyngeail sarcmdmlat 0 a
nat ur al var or f nt of FJX1 po e. ‘vari ant f the
pol ypepti de %‘5 f?cPH ﬁgé?rt oW dg?%‘{quﬁ@y °§Jb%$( PEED; BHEg gﬁ?ﬁ%r
conser vat i VigefHod30RT0PE QiseRf Fdrean Wh@eﬁl’cﬁh tﬁe?r%Smecu%trlySsmmtm all'y
alter the activity of the said Variants and vari ations of the

pol ynucl eot fiegpeeirefl PéiG.ps sm@plewmlaucaésmbe biead, sewmiaidyrsphinedes dvhigh

Foxt et e By LR AT b RA ethl & <ot SRRE L 7l
some ot her Alternafivsly e reamglmplé ahayde tissuatisaimide aBtaipedi wrgially frémba ndi ng
assay. 5 The antibodies for use in the methods of the invention nay be

monocl| onal RAtigNs Freferakly, the tisseiesnithelialdissdes Fix1 may be det erni ned using
any suitable protein quantitation nethod. In particular, it is preferred if
anti bodi es are used and that

The methods of the invention involving detection of the FJX1 polypeptide are

15  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.

20 It is preferred if the amount of the FJX1 polypeptide 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.

25 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.

Variants and variations of the polynucleotide and polypeptide include natural

30 variants, including allelic variants and naturally-occurring mutant forms.



"10 the anmobunt of FJX1 is determ ned using nethods which include
quantitative western blotting, enzyne-linked i nmunosorbent assays (ELI SA)
or quantitative inmmunohistochem stry. As not ed above, an increased

| evel of FIX1 in a sanple conpared with a 15 known normal tissue reference
sanple is suggestive of a tunorigenic séple. In a preferred enbodi nent of
the invention, antibodies mAII i nunopreci pitate FJX1 protein fromsolution
as wel |l as BéaﬁE@QMﬁﬂhOfFFJM1 M@uecwd@ranue‘sagmanbwhncmmtmﬂ activiyfor which

pol yacryl amdg aql;5- %P%%rrn &, %‘P éeﬁfg%@lin@g%ﬂ}bggﬁe%ggﬁn\'\él |

detect FIXL proteln |n rm% roz ntls

I mmunocyt ocb‘lamngaéssiaqchnl gques. Preferred enbodi nents relating to nethods
for detecting FIJX1 include enzyne |inked i mmunosorbent assays (ELI SA),
radi oi munoassay (RIA), 25 i munoradionetric assays (I RVA) and

'mmnoerszynm%nﬁm& 168 Fn g@ﬂ&%woﬁﬁg ﬁﬁ&ucﬁ?ﬁ%g/s%ér‘@%dc]ﬂady{lhg% [ onal

and/ or polyclonal anti bodr es. enplary san assa ed by
Davi d et alpolpcloBalPat ent Nos. 4,376, 110 and 4, 486, 530, hereby incorporated
by reference. 30 Methods for detection also include inmuno-fluoresence.

Aut omat ed and sem - automated i mage anal ysis systens may be of use. Several

:‘ﬁg I)nra:) ir; ?;Tﬁé'mag?gtélﬁtléva bMAIXA2HSHY DeatiBtdfYEd Ui ahyS§GifEbIETrotein
quantitation method. In particular, it is preferred if antibodies are used and that

10 the amount of FJX1 is determined using methods which include quantitative

western Dblotting, enzyme-linked immunosorbent assays (ELISA) or

quantitative immunohistochemistry.

As noted above, an increased level of FJX1 in a sample compared with a

15 known normal tissue reference sample is suggestive of a tumorigenic sample.

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,
20 antibodies will detect FJX1 protein in paraffin or frozen tissue sections, using

immunocytochemical techniques.

Preferred embodiments relating to methods for detecting FJX1 include
enzyme linked immunosorbent assays (ELISA), radioimmunoassay (RIA),
25 immunoradiometric assays (IRMA) and immunoenzymatic assays (IEMA),

including sandwich assays using monoclonal and/or polyclonal antibodies.

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

30
Methods for detection also include immuno-fluoresence. Automated and semi-
automated image analysis systems may be of use. Several formats for

quantitative immunoassays are known. Such systems may incorporate: more



13 t'han one antibody which binds the antigen; |abelled or unlabelled
antigen (in addition to any contained in the sanple); and a variety of
detection systens including radioi sotope, colourinetric, fluorinmetric,
chem | um nescent, and enhanced chem | um nescent; enzyne catal ysis may or
may not be involved. 5 I munoassays naylbe honpbgenous systens, where no
separation bound and unbound reaﬁents t akes ﬁlace or het erogeneous

systens inv ?Ol(ﬂ'{? éngtéfw/r whicgkhbigds ghe sutiens labpded os untabﬁﬂeldyamt@e@r@red to
f t_ i

T uor esconcl ety iy cdmafledln T RSEL ar L TBRRY BY Beldchbh Bysiems,

enzyne i m"rulnohuslw reﬁloﬁqtopamam:uenetncmwﬁlummstay, (d:He@&muummteeEemlhoandret rix

i mmunoassay (,LPlI A),. Methods of cultivati nqgt he bi ol ogi cal

sampl e cell ham&d hsmiumipessent; sngyme catalysis maurﬁfmavmqt?kgepmo veids) | s
can be rv W n f
supernaFZntIﬁ?gﬁﬁ%%%g%e@tsgg%ug?ﬁg&%ﬁéﬁzgyygmg ghléﬁe E.]%'?él dgla{égh g{rﬂgoﬂg%ful I n
cancer di agansiunbogndtreagentst tekeanplabedioeshetérogeaeous eysterns dneoldegeat abl y
| abel | ed, for ex&ggl e they may be labelled in such a way that they may be
directly orSSRAIAYULENEP- detected. Conveniently, the 20 antibodies may be

| abelled with a radioactive noiety or a coloured noiety or a fluorescent
moi ety, or they may be linked to an enzynme. Typically, the enzyne is one
whi ch can cueerassaygoare otgumsnly dgeferead fiou@se fore xpmple senzraeioked

col our ( o Tha,a y bel | l,otin
or st ridot auminegtent CfnlnBags: (SL0R"HhichRcoertBY iyt innithdatsd!

bi otin) whi@HIAR Hasrdsencealrahiubassan eFIAaa,d|enzqme/e|mmum>arswy 4EtR), our ed

noi ety or fl.uorescent noi et r.the like or the be I ed to an
enzyne of ﬁHH"@W“@IEﬁE‘\UPS@aS%)b@ﬂ@ ), latgxiphotonetrixg 6L8h)agrrents or
derivatives thereof such as humani sed 30 anti bodi es or ScFv fragrrents or
dAbs or other fragments which retain antlgen- bi ndi specificity nma

useful for Methpdsgof culityating theabicirgical sampiar(s-g. ep%ﬁllﬁ)eanduwlﬁgngf gr
exanpl &5 1 ag oL AU SEINKA WA Yhe SRMERNL 234 e hhR%sted and lysed and the

presence of the protein in the supernatant can be detected using antibodies.
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
20 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
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
25 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

described above.

Anti-“FJX1” antibodies or fragments or derivatives thereof such as humanised
30 antibodies or ScFv fragments or dAbs or other fragments which retain antigen-
binding specificity may be useful for imaging, such as imaging of tumours in

the patient using, for example, radioimmunoscintigraphy. Conveniently, the



anti'bodi es or fragments or derivatives thereof are labelled with a noiety
whi ch all ows detection. Suitably, the label is a radioactive noiety and,
preferably, it contains 99mic, 5or other suitable isotopes of technetium
or suitable isotopes of yttrium indium iodine or the like, all of which
are well known in the art. Preferably, tde antibody is a nonocl onal

anti body or fragment thereof. 10 Anti-FJX1 anti bodies or fragnments or

deri vat i vesantipodies ohtiggmentsserdernivatiape thereaf axe labelled withpa eoietyovdrigugat ed
ant i bodi es Q[ov\jsr@&gg%ﬁ or derivatives thereof nay be used to i nduce an
anti-idi otype response.” Alternatively, antibodies or fragnments or
derivatives thereof may be 15 conjugated to a noiety which is directly or
indirectly cytotoxic. Directly cytotoxic agents include, for exanple,

radi oi sot opeditaily thexlahel sz radisactive moiety@nde preferably oit entaing 8AMIc,

i ncl ude,s f ok, exUPLE: z ' vert | 00X C
pr odr ug 5i nt(lts)r a cyt (g)tﬁlt,t)?(tﬁg %gﬁg).e\gggfpe?@ﬁ%m’i ?tl%%a&%pﬁéétéﬁr%dgf&“%g@fi des
are nade, biadietn,dodinkeordhe tike aall of wkighene evelifkfoWwilin(the avhown in Fi gure
1(b)), which allow for specific antibodies to be nade. Preferably, the
reference is normal cell or tissue, nore preferably normal or 25

non- mal i gnapfefébly, the bhSod; is donBERNBNSRtibddY SHTradmEhanerdgr m ned
expression |l evels the genes is conpared, may be normal (healthy) tissue,

such as normal epithelial cells, or any other reference tissue. The

reference tj an pon- cancer ous, tissye.c gsed of .normal tissue
evel o Tt AREEIXT: AnrBadel BRCrEpReRis 1ot Hea i RR: el dine. PRabSRon (he
appear ance th@raultiealy.0lIFe@y eRbniphe tUnesHjggattp| antibsaaishesr tfgyrseme! orti ssue
is normal (healthy) or cancerous. The reference tissue can either originate
fromthe sulgrad@tivehthaseef ogydha usechis isdpce aplandiddiotyre 68PENSer om any ot her
adequate 15 source, for exanple, a subject not suffering from NPC
Alternatively, cell lines, e.g human NPC cell lines, may be used to
exogenous| yAkksrpativelyt hantibipdies or fragments or derivatives thereof may be

15 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

relatively non-toxic prodrug into a cytotoxic drug.

20 It is particularly preferred 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.

Preferably, the reference is normal cell or tissue, more preferably normal or
25 non-malignant cell or tissue. The reference, to which the determined
expression levels the genes is compared, may be normal (healthy) tissue,
such as normal epithelial cells, or any other reference tissue. The reference
tissue can be non-cancerous tissue composed of normal tissue levels. A
person skilled in the art will be able to determine, based on the appearance
30 and histology of the tissue sample, whether the sample tissue is normal
(healthy) or cancerous. The reference tissue can either originate from the

subject the biological sample is collected from or from any other adequate



"The term "biol ogi cal sanple" may be any biological material taken either 5
directly fromthe human being or animal or after culturing. Biological
sanple may be e.g. body fluid, blood, serum |ynph nodes, biopsies,

colonies, liquid cultures etc. Preferably, the biological sanmple is
selected fromthe group consisting of orfal 10 nucosal tissue,
nasopharyngeal tissue, nasopharyngeal swab and nouth washin I n accordance

with anot heSousesder examples a subieetingt suffaeng fios PP Altaativaly resll lsres,
det ect i j i | 15
ot 1 51 oo CaTRAREYRBEA eI, BUPLS UE 10 BBhdRF benrbBE B FIRT 12 e

or derivative thereof labelled with a detectable |abel, allow ng the
| abel | ed ant,i body to.locate to the cancer, and i naqging the ncer. A
further aspdls B RIPIGGian shBIer BuvaBe #ne RioloORR! dMalsaRL taKEIL MINgRi ch 20
sel ecti el witeehy ifeins @Re tHunfrar beiHgd\br BRinhACorTafet a@tutrgy. BiolglcaRa8hipld or
di agnosi ng nasopharyngeal carcinoma (NPC). Yet a further aspect of the
i nventi on grayibged gt hedyidkidbbleodhuserans Iwoph nadesh binmsias, iopianjesyliguidii ses
to FIX1 ”R%t.pﬂe aet{get hod of di agnosi ng nasopharyngeal carcinoma (NPC). 25 A
further aspeé 5t%he i nventi on provi des the use of a nol ecul e which
selectively binds to FIX1 pol ypeptide or a natural fragnent or variant
thereof in th ufacture of a reagent for diagpnosing or imaging cancer.
| n anot her érgﬁaggﬁothq h@'%%rﬁqm? 14 ﬁ@!eét%?rﬁﬁb{hed%@ %ﬁ%g‘go fe@bat i ng
30 nasqpharynesal faue NeSph i t hbeanSwaBMLAL kR to
the patient an e fective angugﬁﬁgFaF!}%iU%’ol %gggﬁﬁeb%? aw\%ari ant or tusi on
or fragmentwastemgof, or an effective anount of a nucleic acid encoding a
FJX1 pol ypeptide or a variant or fragnment or fusion thereof, wherein the
amount of 16

In accordance with another aspect of the invention, there is provided a method

of detecting nasopharyngeal carcinoma (NPC) in a patient, the method
15 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.

A further aspect of the invention provides the use of a nucleic acid which
20 selectively hybridises to FJX1 mRNA in the manufacture of a reagent for
diagnosing nasopharyngeal carcinoma (NPC). Yet a further aspect of the
invention provides the use of a nucleic acid which selectively hybridises to
FJX1 mRNA in a method of diagnosing nasopharyngeal carcinoma (NPC).

25 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.

In another aspect of the invention, there is provided a method of treating
30 nasopharyngeal carcinoma (NPC), the method comprising administering to
the patient an effective amount of FJX1 polypeptide or a variant or fusion or
fragment thereof, or an effective amount of a nucleic acid encoding a FJX1

polypeptide or a variant or fragment or fusion thereof, wherein the amount of



sai d pol ypeptide or anpunt of said nucleic acid is effective to provoke an
anti cancer cell inmmune response in said patient. The peptide or

pepti de-encodi ng nucleic acid constitutes a tunmour or cancer 5 vaccine. It
may be adm nistered directly into the patient, into the affected organ or
systemcally, or applied ex vivo to celllé derived fromthe patient or a
human cell |ine which are subsequently administered to the patient, or used
in vitro tosaidRalypeptidemsaneunt ofsaid dacleimacid is effestivieta prayoke am anti

patient, V\hbé:#i‘beq Iltulﬂﬁ{hr{q re%ﬁghgéﬁgélgichattga{ he patient. If the nucleic acid

is 10 admnlstere to C n vi ybe useful for the cells to be
transfected so as to co-express immune-stinmulating cytokines, such as
|nterleuk|n 2 The FJIX1 pol ypepti de or e tide fragnment may be

substantl aII epﬂ.ﬂpé' eqr t&mmy Qilingh nyale i%ﬁﬁ'ﬁec%’tﬁt'gdlﬁﬁtﬁ h@n%r RfvE#NCeuch as

Det ox, t y S e

adm ni stere W t‘ﬂ a suytr@% %msﬁé\}gkjy g&ﬁsdt%h@f étyeerﬁali'ngﬁeml%l Sf(;‘g%terrgs The
FIX1 pol ypﬁptgamhﬁorosysmerpzxJ Itoad:ly or amlwdh exmwoatbsc’ellbeismeﬂugahabletpan\a)\%sgr?agl e
cancer such as ke e et ha nncyan n mannan ee 5/ 18145
and LongeneER’é‘?”é)t/eqj!”e(‘ﬁé'gg)arﬁrﬁﬁ‘ li’ ‘%E @tﬁw toxthg. paé%nggmusele@
peptide mayyigbse SE1eELA98GhpduldROrAfbHS iRMuPECESIsNdeVEd Flérh Shé pftiefit, Ty be
substanti al% pure, or contained in a suitable vector or delivery system

Sui tgbl e vewhiphs aiad thig i keeagmiysteears fondhedpatiental If hehnedesy sicihsisbased
d d
Ui rus o ny BNl eds Mgt o PV RS RRIRESREE W ProriniidT s ' ©

delivery 25a§ytst@cﬁr@xpmbumqmgﬁéls@mmaﬁn@cqlﬁakm Giichoas GnfepleyRBES, Thear €
vveII knovvn in the art of DNA delivery. Physical delivery, such as via a

"gene- gun" Fe¥1 RopepEidespertide ff?eQ@ﬂ*P'Hén@Y bgesithistantialy hueel orycarpkingdcl ei ¢
acid may be,gpf ;ﬂﬁmuﬂ(eoétﬂuﬂatu d@jﬂf?arf‘i? s%cK“ésth,-ﬂ:%( Bro R.[be{;)h& afign 'he
vaccl ne nay beé I

pepti de fragnen use tnac any su en th
fragment of withéemRufie- pmhymylmymmhes partde admnavistered wit doeumatﬂelldtah\bﬂrg 9- nmer
peptide or a s{ui tmg?bl e 7- rier or 8-ner peptide. Longer peptides nmay al so be
sui tabl B bRYSMy QT SR8 R0SPmeSsr ef erred. Ml tipl e epitopes, derived from
the 17 FJX1 pol ypeptide, may al so be used. The term peptide includes a
peptidomnetic. It also includes glycopeptides. Suitably, any nucleic acid
or peptide Abei Xt epalypeptidenher peaptidet fragmentrmay alad e manjugated rtoea Naked

e T e Sl BB RGK ekl YbeRRBETRi Ao oA BT RBLSer )
WO 95/18145 and Longenecker et al (1993) Ann. NYAcad. Sci. 690, 276-
20 291). 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.
Suitable vectors and delivery systems include viral, such as systems based on
adenovirus, vaccinia virus, retroviruses, herpes virus, adeno-associated virus
or hybrids containing elements of more than one virus. Non-viral delivery
25 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
used. The peptide or peptide encoded by the nucleic acid may be a fusion

protein, for example with R2-microglobulin.

30 The peptide fragment for use in a cancer vaccine may be any suitable length
fragment of the FJX1 polypeptide. In particular, it may be a suitable 9-mer
peptide or a suitable 7-mer or 8-mer peptide. Longer peptides may also be

suitable, but 9-mer peptides are preferred. Multiple epitopes, derived from the



"It i's particularly useful if the cancer vaccine is adnministered in a manner
whi ch 10 produces a cellular inmune response, resulting in cytoxic tunour
cell killing by NK cells or cytotoxic T cells (CTLs). Strategies of

adm ni stration which activate T helper cells are particularly useful. It
may al so be useful to stinulate a hunord? response. It may be useful to

co-adm ni ster_certain cytokines to pronote such a response, for exanple
i nt er| euki nE9X1i Robdipeptiden-ray aisa nber Heedi nthe  termi meptideukingludes an

addi tion, i e ) i vacecination with strategies which

I ncrease Mﬂéeg&?&/eosrgﬁ%éa{ﬁ E}#l%%ﬁlcﬁgdgs%ﬁ§%oc°}%gﬁdggumur cells, for exanple by
co- admnistration of interferon-ganma or retinoic as is described in Noun
I et at (1992 ur, J. ncer. 28A, 1110-1115 and, Sej,i ger,. et .at 997
Scand. J. | Rt ame,neg%—'% §id "G Popfezs '%%ezf@st%r% At St 2n

modi ficagiop r_ob@ntf?@e.aﬂbké@rDl(l,EJ%éyﬁfé YRRt intlanfiscofrly &P aitefermiafly &thance
its presentation to the i mune system It may al so be useful to target the
vacci ne to Sgeeutaneousdy.| Thepeptidesmay begiverainyaausaulaghn ipradasmalliPreel | s,
either by t ' I nj ection, use of 25 targeting vectors and delivery
syst ens, orggb@té'ﬁe@lses%uri fication of such a cell population fromthe
patient and ex vivo adm nistration of the peptide or nucleic acid (for

exanpl e dendritic, cells y be sorted as described in Zhou et al (1995)
Bl ood 86, BE%PBG@P!WR&%E%” the canppsyvaceingds agministaig I”@J@;}“QB’)@M%'C 51).

For exappl e ' : JTRS ri a i 5 - 1 C
30pr onot er %#%QSH%%I'(U‘S/&&@%&%%& oﬁgggptﬂﬁésgﬂgilgg at'cpgjré%{iltaul@nﬁgg&. 18
A further ablifecellsfor loytataxienTi callpr(@iLdes Sttadegise off admieisiration wehighount

f FIX1 pol ' i ant f ysi f h f, .
of oot vo_abgire drdbeafesB ¥ Radountb st HAHRO peErTdR s | an
or fragnment aSQimbktire8pbMRy. 8pimay bel HSeflPfdlicatddininistér BeABiRl 6RBRIALS ftor

treating nasopharyngeal carcinona (NPC). In any aspect of the invention,
there is prpwmdele asutdsophdegngese. dfar ciexample interleukin-2, interleukin-12,

15 interleukin-8, or interleukin-10. In addition, it may be useful to combine
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

20 to make modifications to the antigen (FJX1 polypeptide or part thereof) to

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
25 targeting vectors and delivery systems, or selective purification of such a cell
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-
651). For example, targeting vectors may comprise a tissue-or tumour-specific

30 promoter which directs expression of the antigen at a suitable place.

Patients to whom the therapy is to be given, may have their tumours typed for

overexpression or abnormal expression of FJX1.



" (NPC) vaccine conprising a FIX1 pol ypeptide or variant or fragment thereof,
10 or a nucleic acid encoding FIX1L pol ypeptide or fragnent or vari ant
thereof. It is known that inoculation with a nucleic acid vaccine, such as
a DNA vacci ne, encoding a polypeptide leads to a T cell response. In
particular, MHC class | and class Il-netl8ated interactions can be elicited.
15Pepti de products derived by cytosolic degradation of fragnents of tunour-
specific proteins, expressed de novo, are believed to gain access to the

present at | oRaY,Raf BUGYS ofg GiSLRfod RFoRAES B T B erBhV XAl G orVi ral

protelns InI1n resentati on as neo-antigens or surrog

anti gens i nFIX1 popedtideomt axdarlamt kgl fusioddot fragment MReRdf 0br Bhesffddige
i mmunol ogi cal 20 tol erance, and nay lead to the eneration of a

t unour - specampéntMHéC%@@ﬁ@cowmﬁﬂéﬁmwp idei @ e er fragmaiitne may
| |
conpri Seﬁ a“%NA@%Fr@S t@e%& €inC el %%ﬁfﬁ@é ags, méﬂ{nﬁar‘ﬁ%ﬁ elafin M9 onent s

preferably naked (1 .e. subst anti Yy no o er co

t o be adm nhasephaedyngeal icarcimgmbdN&E&)i vered in a |iposone or as part of a
viral vector delivery system It is believed that uptake of the nucleic
acid and expression of the encoded pol ypeptide by dendritic cells may be

t he mechani Bnamyf agpédt afghefinvditionmihare iS@rovided askasophAryrigdas carsiiemaed i f
the nucleic acid vaccine is adm nistered with an adjuvant such as BCG or

al um O her (NRE} ¥aeeng gompiising aricdXiteolkgeptide or @SM"&PT frageent Megrerh
Bi ot ech, W’ %ﬁfc[]e? qbg’r(?f% r?ﬁ@'#ﬁ%'ﬁo%ﬁt}b%dorfﬁQ&h@ﬁPBPanaﬁt %&??ﬁte“a'

extract s an cel m m cs proprie

adj uvant s susdtnoam maﬂ)uncx:Umewnma hudleicaauid haccinepsutmas deDNhedaceihajvant ,
I

ray also beeHgo né Sugoqyp tldeDFeads tclg)a T cell response. In particular, MHC class |

and class lI-mediated interactions can be elicited.

15 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
in this novel context is believed to be a means of breaking immunological

20 tolerance, and may lead to the generation of a tumour-specific immune

response.

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

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

It is believed that uptake of the nucleic acid and expression of the encoded
polypeptide by dendritic cells may be the mechanism of priming of the immune

30 response.

It is preferred if the vaccine, such as DNA vaccine, is administered into the

muscle. It is also preferred if the vaccine is administered onto the skin.



" Other adjuvants such as Freund's may al so be useful. It may al so be useful
to 10 give the FIJX1 antigen conjugated to keyhol e |inpet haenocyanin,
preferably also with an adjuvant. Pol ynucl eoti de-nedi ated i muni sati on

t herapy of cancer is described in Conry et al (1996) Sem nars in Oncol ogy
23, 135-147; Condon et al (1996) 15 Natui® Medicine 2,1122-1127; CGong et al
(1997) Nature Medicine 3,558-561; Zhai et al (1996) J. I mrunol.

156, 700- 710; Grahamet al (1996) Int J. Cancer 65, 664-670; and Burchell et

al (1996) pp: : L. Q@ﬂﬁ : V;d]ﬁl | ' Y.

t her apeuti cg,'é%f\é/%g%t'ﬂgfa%?s§,a 0 %Jctqég%ey ﬁ%&%%ﬁ?‘h%%ﬁ aoﬁu%r}tﬂcgr e

i ncor por at egds IBC@I or yumeGtheneeita?e ddjavantXlinpidgpAguilsle QS2arstmmgloapri at e
target for ia cel | -medi ated response to cancer or tunpur cells which express

the FIX1 polApda: BietechnaNomastere Méspbedy whih cignderivedc P sapPNisef ul |y
b o - e . "

moni tor &5 cvegPactiafitacts a4 sYRFLE backiial BORAMINTSy ARTBRITRIAD
t her apeut i cadjasauatsssuchaspRibils d3¢tor. QUANAS anotitar sapondrayderivedrpbpivant

rel ease ass%ys, ICTE resBoEse r@fss S ancEk)seroI ogi ¢ assays nmay be used.
Det ecti on of ¥ AI$YBR USFHIPHPETSS | DENRBEYt es by fl uorescent-activated cel |

sorting (FACS) 30 may al so be used and is described in Altnman et al (1996)

Science 274, 94-96 and in WO 96/26962. 20 Preferably, the nucleic acid of
the i nvent i Btharddisvanie sueh as1Freunds may alsedre é%ﬁbﬂémam%o ﬁ&yu Iitapel | ed

in such Vatipat | {14 Ghi t n%c%

Conveni gﬁt Y@?&ettﬁg Fningépfp%%?gnﬂ 'é’r“f‘eg{)tﬁvfée)’ﬂ“ d\/'\,i(g;'i,i h{d}qua I oa tmrgcb&%feé?elyor a
col our ed noaleoywithramafijuvantscent noi ety or sone other suitable 5 detectable
noi ety such as di goxygenin and | um nescent or chem | um nescent noieti es.
The pol ynucl eotides may be linked to an enzyne, or they may be |inked to

biotin (or pplARERYtIdE-MedBbddShAfIMSshtion ahslaPy! 8f McedSisdgRsElitayl ihor
anti bodi es of "'the invention. Also preferably the nucleic acid of the
i nventi on ngpnbeebeliitio®) Serinarg isuppeelrgyiditidtildd. &andes ebah(k396)
magnet i ¢ be I aj4Rsl d_t he b . | i gof the
Mventi bn gt MERERE"2 3120 327 B Aasbr Bivat LA RHE Y 5 SR d6 .
sequence caphaildtsfquea6) ¥. Inemueeiod 66 F99-D10;Giamahhet 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,

all of which are incorporated herein by reference.

20
The FJX1 polypeptide is an appropriate target for a cell-mediated response to

cancer or tumour cells which express the FJX1 polypeptide.

Therapeutic response to a cancer vaccine may usefully be monitored.

25  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,
CTL response assays and serologic assays may be used. Detection of
antigen-specific T lymphocytes by fluorescent-activated cell sorting (FACS)

30 may also be used and is described in Altman et al (1996) Science 274, 94-96
and in WO 96/26962.



"nucl'eic acid probe. Suitable |abels or tags may al so be used for the

sel ective 1l5capture of the hybridised (or non-hybridi sed) pol ynucl eotide
usi ng nmet hods well known in the art. I n anot her aspect of the invention,
there is provided a nethod of treating cancer in a patient, the nethod
conprising admnistering to the patient2@& 20 nol ecul e that nodul ates the
activity of the FJXL gene or their products. By "nodul ates the activity of
the FIX1 geReeferabinehe mraleiomrcid of ithe iirvantiont may beetletectably Habelted. i on,

i nhi bition, . r LN, .Qr  Lat.er e r r A

et vi ty.of IR hEV Y S e o B E N Bl Ve dresly s ¢
FIX1; the pimdirgbily détecterh Cdnvehightlyt the hwdleic aeid RXabeked aithed rddiogctive

i ncl udi ng both nMRNA expression and protein expression; or the sub-cellular

| ocal i sat i oFOIRYY @ Cofgused msiefy of i flueiescenomaiely & sorBe otset suitaleDbi ti on
of the '?;’fbet%ta@fé’hﬁéfy%h L%{ &ié:oggggﬁ}ﬁ ald Rﬁﬁih?gcéiﬂr&eéﬁ'enﬁﬂurﬁiﬁegi?@rk' ng

cancer", I's meant to’inc I'ng, preventing or aneliorating the
synpt ons of moéetest Thedpelysocleatides]armypbe lieked tg amenezgmer oertbey ofaycbacer .

21 Preferably, the nplecule that. nodulates the activity of the EJX
Chei 1 pr odulied & bioR JaF sfertelhi) SayldeiSetedring smiasabns SRy bR (deonse.
agent”, it AStiHGRAGS of the HNSHIRNAIGY pravBrally l?lilé‘qmdciéié:%i’d BRMMe vadifion

preferably, inhibit its translation; also included are agents which bind to
the FIX1 gema@yabel bonhdbtot aigsadidt suppect (ipcluding Amays dreassagragreticabeads,

agent 1 £ arsBPERITRSE: B8 ol onucl ot i des are subj ect to being
degraded or inactivated by cellular
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
15 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

20  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 of FJX1; the RNA splicing or posttranslational processing
25 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.

30 By “treating cancer” or “combating cancer”, it is meant to include treating,
preventing or ameliorating the symptoms of cancer and also includes

preventing the recurrence of cancer.



" endogenous nucl eases. To counter this problem it is possible to use
nodi fi ed oligonucl eotides, eg having altered internucl eotide |inkages, in
whi ch the naturally occurring phosphodi ester |inkages have been repl aced
wi th anot her |inkage. For exanple, Agrawal et al (1988) Proc. Natl. Acad.
Sci. USA 85, 15 7079-7083 showed increagéd inhibition in tissue culture of
H V-1 using_oligonucl eoti de phosphoram dates and phosphorot hi oates. Sarin
et al (1988Prefewbly,Nheimolsey .thsgmodmesabemhwtwn‘smejsdisﬂmsgan@t@dhelr

or v et OPEbuEP BPsTaNigelse A SEANSL RIAR. 7700 hoa Chowed

inhibition of HI'V-1 20 replication in both early-infected and chronically

i nfected cell ,cu).tures. using. nucl epotide sequence- cific i n oti de
bhosphor ot hPéapliserse: 2gaih afisTiepfoioninci bR Wit hind e DERANS'

3430_— 34334 réﬁ@,rbre!fét’@bly, timI9IBit 113 ﬁraﬁélall(ﬁ)rﬁtdléc_blﬁrﬂzl&ied afd agBARs WhichSbind to _
replication by oligonucleotide phosphorothioates. 250 i gonucl eoti des havi ng

artificial thenk&§tgenaandiabibikitoiranseripiion; Astisense agentgeanabadesigned vi vo.
For exanpl e i i i R 5 1 rt

t hat ot her ngi‘@%‘r’r:’%ﬁ%el?ély éﬁégig‘{%%lﬁgg%ﬁéﬁ?daégéég@% rr%raé%?éﬁlgest% g%{‘ t t'sgaﬂ

nucl eases i oligonuelediige. t hey are bl ocked at the 3'end by certain capping
structures and that uncapped ol i gonucl eoti de phosphorot hi oates are 30not
degraded in vivo. 22 Tetrahedron Letters 31, 7541-7544, the teachings of

which afe NefigbyuLBERIGOIERE CELBIEECI Hiind UeRFEIEP or SHACIAREA B cellular

ol i gonucl eosi de net hyl phosphonat es, phosphoriodi t hi oat es, phosphor am dat es,
phosphat e eendegsnausi nispienssso Jpheountenthiseprobtembit isigessiblestorseonpdiigdes ar e

k in5 th . ,f | | d, Goodchil d. (1987
Tetr anedr onoldATisisotEES s s hagr Btered HRMRIcgdoeranRasea ot Wich dne
29, 2911; Jagsgfurélly éécdrﬂiﬁ?@?P_&Eﬁ@@i@@ie?ﬂihka%@s have bedan@ipiddedeivithlanolsy 7)

Tetrahedron Letters 28, 34 annwarth (1988) Helv. Chim Acta. 71,1517;
Crosstick alikags & qriesuppieeritiawal 6h al 41 989k Poee. Mdat, Asgd.anal €PARB9.(1990)
proc. Mg |- 70789083 knolet Hir&set! HnibtBR: il NRshEEMMAES oP I Cllsbe

i ncorporated herern Dy réference.” Qther nethods Tor synthesis or production
al so are poskgdnukledtitieapmssfhorramit ated addnghidsphibeothloages) uBarmEet & (1888)

deoxyri bonugl ei ¢ aci L ooalt i | ei c .acid.(RNA) se ces nma
a1 50 be SynEHRb Nah Acs awii A 885 TREBSHBA RGP Ry T BRdEisapes IMHDIRE. |
i nvention f | Yei { i ti d 985
nucl eol yti Ebgr@yangsq&lﬁ%%%@Ug%gﬁg%%?gﬁlﬁo%ﬁ?ggﬁéI@%}ta%égétprggguces
ol i gonucl eoPrale batlakficad ScodWSA 86, 78094 ahgwed Jokibitione ok didiv:1

roducts,are nore likely to en | n_non-specific hybridization and are
Fess | ZQ&I yr‘?pg'%ﬁﬁo%f“? Z’@E{rﬂ \?@,rlyf'gfé%%d/gnaocq}rﬂg'f:?h* L'nchgﬁ\égn%%Lc %ur§8u§§®9parts.
Thus, it isndeebtiddlsequienss-epetifi@ dNyeheseotiths phbspharothibesst sitfiert &t al
degradation in the bog and which are able to reach the targeted cells. The
present ol i (AN REC dall. AAeacheSeie Meh &4, R930-3434 separt lmmbgégrladtéﬁsiuén in
Vi vo by subgt it ut icr A i r : i fd-Glal ~H / j de

| i nkages forgmﬂ{é dr{gr&l%QsﬁérsugﬁégIléeés’{{ogﬁrﬂlfi@%gg];é,o(ﬁp grpHgggﬁ%fHeﬁlloggégf epl aci ng
phosphate with 25sul phur in the |inkage. Exanples of |inkages that may be

used i ngl ude,.phosphor. ot hi oat es. ..net hyl.ph es I I e,

etyl, 0s ) : a ers,

PP 3R i O M g A R R

bri dged phogeheidatiBhdat @eo aPer lekbAiprs Shawpdtoalpiodal a6 - NSleie AsidsPRes. are

illustrative, rather than limting, since other intenuc]eotide |inkages are

known 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
capping structures and that uncapped oligonucleotide phosphorothioates are

30 notdegraded in vivo.

A detailed description of the H-phosphonate approach to synthesizing
oligonucleoside phosphorothioates is provided in Agrawal and Tang (1990)



"30 in the art. See, for exanple, Cohen, (1990) Trends in Biotechnol ogy. The
synt hesi s of oligonucleotides having one or nore of these |inkages
substituted for the phosphodi ester internucleotide |inkages is well known
in the art, 23 including synthetic pathways for producing oligonucleotides
havi ng m xed internucl eotide |inkages. ZIigonucIeotides can be made

resi stant to extension by endogenous enzynes 5 by " pi Nt
i ncor por at i thr%he?ﬁrpar Lgﬁ©ﬁ§pé31on754ﬂe7§46r tBettgaﬁhmrs @EC\NB'@hl & . hexepgagent

for cappi ng; rci k |

Bi oSyst ens Innc p%l(gélega %% @] %gh?e@ r%%pépéiér%g aArfe gé ‘gégﬁg?
exanpl e, meéﬂwmr&isp%bnéwlthsph@oﬁltﬁ@atés R@ﬁoséﬂorﬁﬁ?dé’t@@ apbloéwmwal et
al (1991) Proc. Natl. Acad. Sci. USA 8 17) 7595- 7599, the teachi ngs of

10 whi ch ar @StRES bﬁvgﬁﬁm%a@s@dﬁww Brjdge phespherothioatas @ie KNRWPHBd of
making of i %“&Hte@ééd@?e&ﬁ h daﬁ@ |8H8'(§ (@Igt@@%KLTFfrgﬁe&@ﬁ étfér?e

"sel f - st abi |sed escri et a
21, 2729- 27358 6569er&b$eIdb’eab¢1mb detrabadmnSettters t28H291 17 akhges et al (1988)

ol i gonucl eof,i des hav tr t h 3'.end h
i ncreased r QCEF%% @ga}d’%ﬁ'r'gd 'gﬁlfs uéndl?é%?r%rﬂh%hg%ﬁ%&i%épg 1,;O\BVNA
pol ymerase BaAfWaftRt @los8PVHER. THiHN AcTﬁae BENS1B! @:l%éstmdah@gvge efogdye
ol i gonucl eotide does not interfere in hg@brl di zation with co enentary

ggcl eic achﬂetramopﬂﬁﬂméﬂl‘ﬁ@t&, f\gaawa tea)i(199§) BraadiNail. Acam S6i.AEA shown
Fespect T o EharbTIAGBLIRE 3eAcHifoS of SMioh 28 IcdrRifhel Ear Fhisteeell, " e

I nher ent b| Otheramefrsdsf fori Jmtlﬁs@@rlrﬂeﬂﬁdldﬂ algonare possibles mraapaefeﬂed stic
of base pairi ng I s enhanced by limting the 25ava| | abil i t)f)l\?,& th?_l ant i sense
3 HBNA), ‘altho

conpound t o®Mpedimenintre glgpnudeqiideods @ dlaaxytibgpucleic acid

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

ugh

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

20 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

25 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
illustrative, rather than limiting, since other intemucleotide linkages are known

30 in the art. See, for example, Cohen, (1990) Trends in Biotechnology. The
synthesis of oligonucleotides having one or more of these linkages substituted

for the phosphodiester internucleotide linkages is well known in the art,



" | ower dosages to be used and minimzing systenic effects. Thus,

ol i gonucl eotides are applied locally to achieve the desired effect. The
concentration of the oligonucleotides at the desired | ocus is nmuch higher
than 30if the oligonucleotides were adm nistered systemcally, and the

t herapeutic effect can be achieved using3a significantly |ower total
amount. 24 The | ocal high concentration of oligonucleotides enhances

penet r at i oningfuding: syathaticepattways fofd peadusing \liggnucieetides rhavingatmisadof t he

target nucl 5 The oligonucl eotides can be delivered to
the | ocus b‘?ﬁ&rn@&eﬂt:&%ﬂ}‘fﬁ%}fop“ ate for localised admnistration of a drug.

For exanple, a solution of the oligonucleotides can be injected directly to
the site or¢can b vered b nf usi.on usi ng an_infusjo . _The

ol gonucl eoPiaRpEies At be Aladd AsieiAEk {5 ensiin biysTEiagapPLE BoaTRES i ch
when pl as:edb@t'cdp”paqgie@nh@@lrp%rétﬁ»g éﬂﬁl@? du?pst&?tr@ 5'693Ltéhﬁmbl feslebidds

rel eased into the surrounding | ocus. ollqonucleotl es are nost
pref er abl y Adapaerifer eapring I&Cﬁwmerg@"y myaéab alas Amménamyldnlo i drom fpplied

ol udi ng. CRESYSRRR PPoRCRurt: G Mol T Eaplhg, BRARESENR

enbodi nent ekaimm@ebvcv&hwxpt al (199d) NuttedgAlcidshRes 18747 qG0carixe Agvavisl dt
t enperature butg{ggels to forma shape-retai ni&g sem solid hydrogel at or
hp Bat¥lp

near body t® o JPrec. Dratk dhqash $ryid e !8 dPYreS 9% thattaariings of
oxi de- piPPYLARR S fp%trb&g é{ﬁh @1 h?efPFé?R:%”'es of the polyner are

dependent on the nolecul ar melg e pol'yner and the relative
per cent age of 20 pol yet hyl ene OXIde and pol ypr opyl ene oxide in the pol yner.

Pr ef d h I bout % b et byl

oxi de and 1 AGHIOBRETSE! BLMas O BETAIPcHepS KeSiaiAoL 7 BlEibass aach s foF °°
particul arl yhepi & BE "Sélf-BiabilReal' as feisatibed Bpmﬂng?&%l Ewg’fﬁtmwle}\@ld@)ﬂé&? and
30% pol yprog%/l ene oxi de. Hydrogels which can be used are avail able, for

exanpl e 26ROBXSS Coinsorparated pphatein NI, byundéeference: r adRelfaiabiizad oni cR
15 oligonucleotides have hairpin loop structures at their 3'ends, and show

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
20 increased in vivo persistence of self-stabilized oligonucleotides with respect to

their linear counterparts.

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

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
30 if the oligonucleotides were administered systemically, and the therapeutic

effect can be achieved using a significantly lower total amount.



"In this enmbodinent, the hydrogel is cooled to a liquid state and the

ol i gonucl eoti des are adm xed into the liquid to a concentration of about 1
ng ol i gonucl eoti de per gram of hydrogel. The resulting mxture then is
applied 30 onto the surface to be treated, for exanple by spraying or

pai nting during surgery or using a cath2t¢er or endoscopic procedures. As
the polyner_warns, it solidifies to forma gel, and the oligonucl eotides

di f fuse out The legad high cpReentration obokganuslealides enhianses\panelatieniafdhef tine
defi ned by agct.C 0S4l | f hao I ' be
adm ni st ere%piﬁgﬁeg%l? OEB o?ﬁéeér:twi%l Ibéén({p(g ﬁﬁé?laé-?@ @J t:l'gerr?r% Eﬁgﬁ@&gvﬁ?&am e
or descri besequencks. scientific literature, including |iposones,

m crocapsul es and i npl ant abl e devi ces. For exanple, inplants nade of

bi odegradabl e materials such as pol yanhydri des, polyorthoesters, polylactic

acid and p I i o ein
ol ymor's, oy o oHSBceafdcs BHE bE RALHIER b 0ES: by iy AaERs RIS
(EVAE) : pogfpvi loghlisexkt administtdiiphené ®i dydg. aFophestampled aesolution vef théer eof
can be used to locally deliver th | .. gonucl eotides. The ol igonucl eoti des
Can be | nooPlsBnuElEatings Fam e atasted gty foit8e siie) e cRBCe SeINETacPY i od,
using nelt iafusiéi Vasihge P oindlsion F&])aﬁﬂﬂ! quRs . olRfonliBRIBABES alalsd NEaedbai th
the material. In one enbodi nent, the oligonucleotides are mxed into or 15

appl i ed ontbcewmerategsniooan implaaiakie devigewvhiel wheerplacediak thedesist site. si | i ca
the o) 2 orRURrERsEhAEBprdRE SR Feas Rl BRI pafbGifRg g™ "

adm nistered. In general, the range is 20 cal cul ated based on the surface
area of tissue to be treated. The effectjve dose of oligonucleotide |s

somevhat depBP@igeNusieRtides ARgDAStRIgT AR adMInERAee a2 Adydseae!faaterial.
ol i gonucl eoyy,dg, ik iisgﬁ&fﬁhﬂé atdn/ Bﬁdrﬁﬁgggﬂ@fdapﬁ?%aﬁ? é&h?’ﬂ%eﬁ'ﬁsger

LIS
square centinetre ogélt ssue surface ‘area. ol'l gonucf eot des may be
admi ni st er edow @re tkeopat, ireiiding these oedeyfrérarnaiotah andesyatieatic polgmers. In

prophyl actic purposes., The oligonucleofides. may be adm nistered any
D focti 05 nepReaneRgagdman, Hemeiicet srmioy ayviredel wphes it Beidh
subcut aneougbdy térﬁﬁér%m’r_é%ﬁtag{élylo FrmPY sHaple-ref@ifmly SEmRONE ydesyts atdrch
permt the oli'gonucl eotides 1o access and circulate in the .
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
20 polyethylene oxide and polypropylene oxide in the polymer. Preferred
hydrogels contain from about 10 to about 80% by weight ethylene oxide and
from about 20 to about 90% by weight propylene oxide. A particularly
preferred hydrogel contains about 70% polyethylene oxide and 30%
polypropylene oxide. Hydrogels which can be used are available, for example,

25 from BASF Corp., Parsippany, NJ, under the tradename PluronicR.

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
30 onto the surface to be treated, for example by spraying or painting during
surgery or using a catheter or endoscopic procedures. As the polymer warms,

it solidifies to form a gel, and the oligonucleotides diffuse out of the gel into the



' 30 patient's bloodstream O igonucleotides adninistered systenically
preferably are given in addition to locally adm ni stered ol igonucl eoti des,
but al so have utility in the absence of |ocal admnistration. A dosage in
the range of from 26 about 0.1 to about 10 granms per administration to an
adult human generally will be effective2for this purpose. It will be
appreciated fromthe foregoing that the invention contenplates the 5use of
a pol ynucl ed{reunding calig p¥eyy petiod oétime: defingd| by thepexanticamprsition of ther t her
aspect of t&@ I nvention provides the use of a nolecule that nodul ates the
activity of¥the FIX1 gene or their products in the manufacture of a

nmedi canent for conbating cancer. 10 In accordance wth another aspect of

t he i nventign, i_here is.provided a net hod of conbati ng}ﬂc&ancer in a patient,
the met hod %ﬁlggmw@ew%ﬁﬁaﬁ Beaqgipistarad bydneans chRthasimpiys Hatekeed to
FIXL. 1t whthindtGafPPaghiaBle brt Baberitéd Nnt e %@Yé’mﬁi@nﬁ@étu'ré‘, |ll.ltjﬂﬂgy
technol ogy, 1t nmay not be necessary to I munise an animal 1n'order t
produce an lgpusiobuad/ . misyotdpsules ayst anplantabdd devigaisadeordexgrnple, |implantses,
may be used. The e of s sysie i s jncluded iin . the nmetho of, t he
venti on. Bty BadBasRCale MR B SFRIFS A ASIEHES FEXYORRPPYERS can
be prepar edpol}laeti@Hdid &mabpoyREoRe Hcid BndBdogtyrAe R tHerbf, adbliageh Pady (for
exanpl e a Fab fragment) or a synthetic antibody fragnent (for exanple a

si ngl e chai proteinf paltymers, [Sc Ponybiodegragdeble woaletiatsnsuchniashethydenaviny!

i sol ost 1 BLARSn S ARa: PBYRR sty bR UM CARengh o BVt 2
(CRC Press, thtdédf) card ibe " ibedcltondbcdtlybr deliver Ahti bolitjorsiciebtidbsi qUire and

Applications”, J GR Hurrell (CRC Press, 1982). . Chimaeric antibodies
are di scuss@igosyicleatiges gan e ingorparated gita theiraatesial andl isserlEmerized 96! ogy
Synposi um P, w2 (792 ' rﬁﬁ’% P lrlﬁ%h | i can
be "humani Siﬂfdlfl%nd%%géﬁ%%g%%%}@w %%ér%rﬁgaﬁgé‘% ns L?%nr?tg? t e%ﬁé"?g’g'?‘gﬁs of
nmouse ant i bwilh dse imateriahdn foreeminokiinénth timaoligon udiectides. are mixed into or

15 applied onto coatings for implantable devices such as dextran coated silica

beads, stents, or catheters.

The dose of oligonucleotides is dependent on the size of the oligonucleotides
and the purpose for which is it administered. In general, the range is

20 calculated based on the surface area of tissue to be treated. The effective
dose of oligonucleotide is somewhat dependent on the length and chemical
composition of the oligonucleotide but is generally in the range of about 30 to
3000 ug per square centimetre of tissue surface area.

25 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
intravenously, subcutaneously, intramuscularly) or by oral, nasal or other
means which permit the oligonucleotides to access and circulate in the

30 patient's bloodstream. Oligonucleotides administered systemically preferably
are given in addition to locally administered oligonucleotides, but also have

utility in the absence of local administration. A dosage in the range of from



"5 The variable heavy (VH) and variable light (VL) domains of the antibody
are involved in antigen recognition, a fact first recognised by early

prot ease di gestion experinents. Further confirmati on was found by

"humani sati on” of rodent antibodies. Variable domains of rodent origin may
be fused to constant domains of human oz gin such that the resultant

anti body retains the antigenic 10Ospecificity of the rodent parented

ant i body (Mpoutdbh tetakwiut (100grEMPpec adNtnistrafiomdo aBcadult/bangn gesdradgss) .
That anti geni o S‘ﬁfid fi gi tﬁ}ii s conferred by variable domains and is

i ndependent VUPS FEHYRIPLINS BUIROSHs is known from experiments invol ving the
bacterial 15 expression of antibody fragnents, all containing one or nore
vari abl e domai ns. These nol ecul es include Fab-1ike nolecules (Better et al
(1988) Sci eltwéll becappreciatedjrom tee dorego(nsk that dhetinvgntionogs)tesplaias dhe 40,

: . | e . d i
are |1 nised vieond PPYRLsleta, o BUBEACR dHEE e bBE eX bt kR T 002 s,
Huston et 20 al (1988) Proc. Natl. Acad. Sci. USA 85,5879) and single

dormai n anti bodi es (dAbs) conBri sing isolated V domains (Ward et al (1989)
Nat ure 341,A40ythen gepratapt tBei eption nrrovisiesnithrigdse mfopy Biplesule hthat

synt hesi s i ! tRitRai i TR Fotat ites
2" 0 b anagUietee, ATRATRIIE: EYXT BrbE T el BRIUTERCS BaluRbLE of. 2,

nmol ecul es" avnedicament fec sbmbatihgrcancet he VH and VL partner donains are
i nked via a flexible oligopeptide. Fab, Fv, ScFv and dAb anti body

fragmenltos can all be nmade and expressed in 30and secreted from for

exanmpl e, E.|ncsdcorddriteswith bAvtHS dspect efthé enirtidHCIHePE iPprdvidetra amatHog s of
the said fragnments. 28 Wiole antibodies, and F (ab') 2 fragnents are

"bi val ent " . ofBjombating eancenie arpatienththe mathedicamafisingoad@énistedng tedhe) 2
fragnents i . i Nl ites. In contrast, Fab, Fv, ScFv and
dAb fragmﬂ%gﬁgﬂréﬁ%egﬁgﬁr%?@a&ﬁn‘g(ﬁnl y one antigen conbining sites. 5

The anti body may be labelled with a directly or indirectly cytotoxic agent.
Various of these agents have previously been attached to antibodi es and
ot her th gelt vl be. appregiated datvéth vy adwgncementsinantibedy tsehaglegpeltson

skilled in &B6 Rk be ddbeRBaly BUhhunisE SnGHiNaPIH &rddP 88 brddude” £ Shikday.

directly or
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 may 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
prepared by known techniques, for example those disclosed in "Monoclonal

25 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).

Chimaeric antibodies are discussed by Neuberger et al (1988,8th International
30 Biotechnology Symposium Part 2,792-799).



"10 ‘indirectly toxic to cells in neovasculature or cells which are in close
proximty to and associated with neovascul ature. By "directly cytotoxic" we
i ncl ude the neaning that the agent is one which on its own is cytotoxic. By
"indirectly cytotoxic" we include the neaning that the 15agent is one

whi ch, although is not itself cytotoxic27can induce cytotoxicity, for
exanple by its action on a further nolecule or by further action on it. In
one enbodi newitakly @regared narchugantantivodiesyean bal"gumla@mahem &pewniwaysgent .
Cytotoxic c peyt n h 0. Cvt.pt oxic
chenntherab@ﬁ??%nﬁggnﬁg hgﬁgﬁE%§%3%§ﬁggﬁ%QPKngﬂpgﬂw% %pﬁ%éde% wﬁ¥tﬁ%ng
agent s i ncl framegork bf bgeanrantibadids. such as nechl oret ham ne (HN2),

cycl ophospham de, ifosfam de, nel phalan (L-sarcolysin) and chl oranbucil;

et hyl eni m nes and net hyl nel am nes such as hexanet hyl nel am ne, thiotepa; 25
al kyl sy p C u RNariQhia’ r BCNU) ,
omist | e ( CORO 0k Hed B and Weribie fUHR YEF oRishils 3F theamiBbap art

(st rept ozot iogdngd mnantlgeazrecegnii;ionh aadactefiest bmz:ogmsed)Tby: early protease

di methyl tri zenolmdazolec m de Antlmstabllte i,acl udi.ng. folic acid
Cnal ogues. SHORSIRN FEDRUMEG T TIRTATSSBPaN PR AS {FUTH BY (BIMANTHO8E Cuch s

f 1 uor our aci fodeht aﬁ@bédlla'QrWa”fﬂé ldon®aifdbf rcfdémwn H pRy(dd filveadeondtdrili ne;
FUJR) and cytarabi ne (cytosine arabinoside); purine anal ogues and

related i nhdmamswfgumamgrlmwtb@@thmee%an’eanmdypr@talne th@antvgemc

Nt ural b ottty i Aol Recéilea BAbARY Wichusch, LMY GRPERIE 0¥

and vi ncrl SACaE; s(ﬁpug;o‘c@‘pagﬁ’q@sgsy ns such as etoposide and teni p05| de;
antibiotics such as dactinonycin (actinonycin D), daunorubicin (daunomycin;

r ubi donyci n), doxorubicin, bl eorryC| n, plicamycin (mthranycin) and

t | 5
o, IO oGNSy Lot SRRl

Peron a aneous agents
i ncl udi ng pd)fathennonsiant (dilomamsms dowopinefrem sxpériments gplohting the iadi®idl and

car bopl é ant hrace edi gne gch as mt xant one and ant hrac¥cll {t{]

subst it d XRressielich a%nﬁ%ﬂﬂy [Agments & h)FP” YPEzCRE @&r MPARI VRMAAUBH as
pr ocar bazi n@o&mblmgeth@yﬁméém@s indludd ; Féﬁﬂm(@%@e@@|eétqa“eaﬂersetp§|r efgEw)t such
10 as mtotane (o, am nogl ut et hi m de; taxol and

anal ogues/ dSeuemaeu 10"&%‘)d Rvometerules) §Bkera /eiral 2 998) tScienrsh 249, A1038)ni de
22%;3?}) )r(nl Bgﬂglep&aeir)\( W@clpv) mof:e% Petsov)\?hgrea%%n{magﬁaawep%rfn%rad?)trﬁgﬂg'a‘?@ s
linked via a flexible oligopeptide (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" we 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.



" 15 conjugation (Baumi nger & W/ chek (1980) Methods Enzynol. 70, 151-159;

I ncorporated herein by reference) may be used to conjugate a variety of
agents, including doxorubicin, to antibodies or peptides. Carbodiim des
conprise a group of conmpounds that have the general formula 20 R-N=C=N RN,
where R and RN can be aliphatic or arond®ic, and are used for synthesis of
peptide bonds. The reparatlve rocedure is sinple, relatively fast, and is
carri ed out Whelre@nt Ddlesoréil(ﬂdtl:ogO ) Zdragmientsi are tuivalentid Byathiealentavdoxyl i c

groups to ¢ e t |t S r f n ST
25Thevvaterch?)‘I%§gltgtggﬁﬁ%d%@n %ﬁ%f ﬁ% E @b§ rﬁgmgﬁ}s g‘ﬁg H% antigen

car bodi i mi deortBiPg i sitezar in cwr&raisy tfsaﬁ uIth 08cEvnpHgaidAlg fragrientsi el

agent to a binding nt and nmay be used to conj ugat e doxorubicin to tunour
homi ng peptf ”‘@@§V3|¢Hb?@dmg.@%h{|°@ﬁ atigen,coMMNESitedd a bi ndi ng noi ety
requiress the presence of an am no group, which is provided by doxorubicin,
and a carboxyl 30 group, which is provided by the binding noiety such as an
anti body orThemErtibedy Bayl bleadtiélte'dowmhoauﬂsl'retglycalr lirdtirg oty deytofoxic Bgentli r ect

formation of etl ebonds al so can eusedto are actjve esters
Such a6 N hY BN, ShAbpRF AURITE laye Bt beR: altasteet 6 AtERdis st ont y

to am no grewes tafdé@%dé%bl% %g;@nw érmjlr'ﬁ&;{)tréé’dlfyobgﬁﬁw'a% B tﬁ sgf bond
f t he doxor

with the single amno group o icin.” The use o and NHS in
conbi nat i onslﬂHed:(mm’tbalqﬂ ube gaftoularo e gytatoxici agentdisr preferabiy elasetlyyloel d of

Con) ugatd nghaTPHyE R i SRR neblsbite & b vhinidre B dGte BEGIEER ' 2o,

exanpl e, sotd and assooistat avithikhéaldsenlatalel owed by reductive al kyl ati on of
appropriate reactants can be used, as can gl utaral dehyde crosslinking.

However, it is recognised that, regardl ess of which nethod of producing a

conj ugat e o nl | S H@fgnt hat
t he bi ndi ngé ét@lné% og!bnﬁ?wfdg}g%t?%gﬂﬁﬂe h@%ﬁgepﬂ]aété?%gv it 6n
15f unct i onaits nwnels)cymtombal By “intzecty} eytatoxid’ume incdude 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 agent.
Cytotoxic chemotherapeutic agents are well known in the art.

20
Cytotoxic chemotherapeutic agents, such as anticancer agents, include:
alkylating agents including nitrogen mustards such as mechlorethamine (HNy),
cyclophosphamide, ifosfamide, melphalan (L-sarcolysin) and chlorambucil;
ethylenimines and methylmelamines such as hexamethylmelamine, 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 (fluorodeoxyuridine; FUdR) and cytarabine
(cytosine arabinoside); and purine analogues and related inhibitors such as
mercaptopurine (6-mercaptopurine; 6-MP), thioguanine (6-thioguanine; TG) and

pentostatin (2'-deoxycoformycin). Natural Products including vinca alkaloids



“In a further enbodi nent of the invention, the cytotoxic noiety is a
cytotoxic peptide or polypeptide noiety by which we include any noiety
which leads to cell death. Cytotoxic peptide and pol ypeptide noieties are
wel | known in the 20 art and include, for exanple, ricin, abrin,
Pseudononas exotoxin, tissue factor and29he |ike. Methods for linking them
to antibodies are also known in the art. The use of ricin as a cytotoxic
agent is desdahasednblastng (\dvR) andrvipeisding; epppdephydiotoins such@sdstopeside UsA
90, 8996- 90, I ACOF ROT herel ; e ' e
factor, whi %ﬁ\h féeé S ICE% ?{ct)@a tﬁggégbﬁlé%%écg'ﬁgbﬁ? E‘g(aacﬁﬂg?ggﬁnlﬁgfdc@ﬁghdbz@Ha

t unour, has(daeaomgeinc rubiddmyginRadoxrsrublcir(, 1S88myCian glicamgsin ffithrafv/Gin} 653
and Huang etr(]fgl ,%1997 Sci ence ct275, 547-550. Tsai et al (1995) Dis. Col on
Rect um 38, AWEMIPTWEINEREIMYER Ghenaypes Suck RailnasrApaRas_ @G bRIGgEM I onal
anti bodys angshsndd' FREMAEA ggcmeése'irgeﬁércfne‘(a HeRBes hﬂfscéflé?%%gﬁa%e ts

i nactivating proteins are described as cytotoxic agents 1n WO 30 96/ 06641.
Pseudononasineludingx ipfatinagn  aosdihatians edmpdexelsesusht @soxisplatiol (gpePDR)eandent
(see, for exagﬁlle. Aiello et al g1995 Proc. .Natl, Acad. Sci.. USA |92_
10457- 10461°4TPRRBHRK.r ARBIRYFOEINS) S e?%né'@&&amﬁn%eﬂngi RPN, such
as TNFl andg|dstifutedrred! Sithbasusgiroky@aCiedb@xhydragifgt Gerivativé aduth as

radi oactive atons may al so be cytotoxic if delivered in sufficient 5 doses.

Thus, the chosabazineafd-methupydiaaine IIH; padi adienpcastieal ssHpRiessant isychise,

delivers a géjf f irﬁlt(g%bequagé,%é%?@%r ad'ér(?@c_t ié{*f&ég}ug%thmggar get%)éal te8g as to

be cytotoxiC. Sui éra atons inc osphor us I odi ne- 125,
i odi ne- 131, arhan%wﬁ/dérih,ativé@rdndmdrﬁfbnerégﬂmiismaﬁ&%onrstywcﬁ agrfid@mide andy

ot her isotope which emts enough energy to destroy nei ghbouring cells,
organel | es ®BOXfeRLCcl eic acid. Preferably, the isotopes and density of

radi oactive atons in the conpound of the invention are such that a dose of
nore than 4000 cGy (preferably at |east 6000, 8000 or 10000 cGy) is
delivered tAntéxamplegef aicyotaxit, ageof attdched towo antibodiels| is garbddiimide get

site and their. organell es argicul arl n eys.- 15 The,radi jve
2t om s beSaivERREN BalTindsl: &rHefes Lb96, Meades Equmabordedstofas: eora
or another pbetpdrated RERSM BYRYefefermdd)amagdbé cusdir tdi dtmjuighte0a elariepndfused
to attach 111In or 90Y. Tyrosine residues may be |abelled wth 1251 or

1311. 20 Thegesyts onelkidingadexarubigin, he aatieediessr @eptides.ect 1y cyt ot oxi c
pol ypeptide. In a

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 for
synthesis of peptide bonds. The preparative procedure is simple, relatively
fast, and is carried out under mild conditions. Carbodiimide compounds 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 carboxyl

30 group, which is provided by the binding moiety such as an antibody or peptide.



“particularly preferred enbodiment, the indirectly cytotoxic pol peptide is a
pol ypepti de which has enzymatic activity and can convert a relatively non-
toxic prodrug into a cytotoxic drug. Wen the targeting noiety is an

anti body 25 this type of systemis often referred to as ADEPT

(Anti body-Directed Enzyne Prodrug Therapy). The systemrequires that the
targeting noiety locates the enzymatic portion to the desired site in the
body of thelnpadglﬁm toiusind easiadiimisies éersthegdirecti fiormgtion, of pepiidasbonds,

enzyme To 1606 783 an i aoe] e Prdatt ARtV pFiREs S4B s P RtAbEsRnacg, 1
substrate f@HShestenz e NHiSeester| vplmeﬁlltﬁrﬁds)bnlzhe drainal grdoups bitiendcam be
cytotoxi c conpound. The object of the approach is to naxinse the

concent r at i $3¢hio iaduge e fcrfmai@gl ofan amﬂ heed withnthei single amiBogrRER®f r at i on
of 32 df UchErHcg(%rmE 'Fﬁé'%e%ﬁﬁ?}é%ﬁ%HSﬂn%o bindtiok @ﬁgﬂqnﬁgﬁ% ukdgour

ef fects "of ant I he phosphatase conju es I'n Co n"Wth
et oposi de pﬂoosphmgatlanmordérttb indreade yidd of Usmugéte ffsdatié84Bau
(1987) Br. J, Céfr‘l'cer 56 @%1-2; and Bagshawe, K. D. eta! (1988). A cytotoxic
agent can b&IEREhe Y Rd BWectively at cancer sites Br. J. Cancer. 58,
700-703.) The cytotoxic agent may be a radi osensitiser. Radiosensitisers
i ncl ude

Other methods for conjugating a functional agent to a binding agent also can

10 be used. For example, sodium periodate oxidation followed by reductive
alkylation of appropriate reactants can be used, as can glutaraldehyde
crosslinking. However, it is recognised that, regardless of which method of
producing a conjugate of the invention is selected, a determination must be
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 et 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 ribosome 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. Natl. Acad. Sci.
USA 92, 10457-10461; incorporated herein by reference).



Tf uo'ropyri m di nes, t hym di neanal ogues, hydr oxyur ea, genti t abi ne, fl udarabi ne,
ni coti nam de, hal ogenated pyri m di nes, 3-am nobenzam de, 3- 10

am nobenzodi am de, etani xadol e, pinoni dazol e and m soni dazol e (see, for
exanple, MG nn et al (1996) J. Natl. Cancer Inst. 88, 1193-11203; Shewach
& Lawrence (1996) Invest. New Drugs 14,3P57-263; Horsman (1995) Acta Oncol.
34, 571-587, Shenoy & Singh (1992) din. Invest. 10, 533-551; Mtchell et
al (1989) |@ertain edakines, Bueh .assENFEENA3HG62, Mayaklso e Kusefiulnas cytcds®dy | nt .
J. 15Radi ata % ol. Biol. Phys. 16, 1235-1241; Brown (1989) Int. J. Radiat.
Oncol . Biol 29 §'s. 16, 987-993; Brown (1985) Cancer 55, 2222-2228). Al so,
delivery of genes into cells can radiosensitise them for exanple delivery
of the p53 gene or cyclin D (Lang et al (1998) J. Neurosurg. 89, 125-132;
20 Coco Mar¢PHaét sadipactve) atains emagreslsosbe Mgmxlpufo)iehwefgghm suffisiant of

t he present  invent| r.oy] . a f treat] . r.J ti.ent
Compr1 o ng. SR Tha, R hO0%iccadRitaRY Lralri 4 HIRARRET atofh QullH. 4y
I'n the presgsd, deivery a dufficientcuamtioe uf rRliGadiity @o ffHelargec eit@ sad8 v beer ed
into said patient. A further aspect of the invention provides the use of an
ant i body di Petoxis. 1 oStilable; fadieactivgnatofes Jpelude BhesRIIEEsSSs: ipdiner e,
conbati ng c; g 1 a 1S iy aly; [ vhae i des,
ant i bodi es,ﬁgﬁgé?ﬁqggiiru ngﬂ],d nmo e@u ees’trt a"tjﬁja?gé gg[y}ﬁtﬂﬁﬁoggﬂ(ﬁé’@@m
i nventi on fisotapeewhichnendits iemeughrerengy po eestroy ineightiduning celisd ongdnetlies es
bind to, FIX1 once. adm,nistered into.said patient. . 33 I n.accordance .with
oot her1Ga pdfuggicTadu s Pisfeebl, B isdored Bp ks PepliREHvE SfoRs i
assessnent e GorApdbURNOF $hé iiflertibndReed b that @2H6SS of edorki thahy4coavesGyty or
i kel i hood of Tpr o%r ession of cancer, or aiding in selection of a cancer
ISEa

treatment r@gefesablyrattlaastpd@®n3Q00ber 40808LGY) iasdaliverachto dhe dargeh sie
treatment rgr%,n;')q'laferably, to the cells at the target site and their organelles, particularly

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 I15-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



"5 the kit conprising at |east one reagent for determing the ampunt of the
expression |l evel of at |east one gene selected fromthe group consisting of
FJX1, and a package insert containing instructions using the kit.
Preferably, the reagents for the detection are one or nore oligonucleotide
10prinmers. More preferably, the one or ®dbre oligonucl eotide priners
conprise, consist essentially of or consist of any one of the nucl eotide
sequences. Gugfier apmal t!%eﬁl(seess%mearl?@ efr alc(1i988) ¥ertiviunourheffecy efit of

m croarray 0 t expres

t housands o%ﬁgdeb%gsé]giy“r?u pﬁrﬁ% nysg %%b Ejgﬁté % '§u§gpélb§§ag%f'y V@g}] e§?§°s'5‘8
conpar e t heplyssphiate Prda et AdadliSeeas8A 88, 48upi4846n Bagshane (AD8Py Baressi on
or to identify genes that can be used as prognostic indi cators (Gol ub et

al, 1999: vaangenft53i2,and @@GQMWQOKID} ch%l (§P8R) Y cytataxic RBANt arebgene
expr essison %[F%geve é?éctND%/ H & 'Etlg% d,a(ggn(gaq.n%a-;qtf g8y be i nportant

in driving opnent are | nifrc 'tered gene
expression patterns differ betmeen NPC and nonnallgnant control sanpl es

thereby denpnstrating that NPC devel opnent is 25associated with the
activati onﬂ) PRt %?f‘&o RIENt JpRKi ke 2 g%ﬁ'&se”ﬂ‘i'éﬂ nv &adieRengitisers doFiyde

descri bed Wiidtop@irRidiiEse t ahjhriin®! | anarguesne h¥ g@,@aexa IFehfstabitie, Al |
ref erences hereln menti oned are hereby | ncor por a y reference. Exanpl es

34 The pr es@ﬂarahtmgntmmimanmﬂenchzaldtger@m apwmidmes«avibarmmtwtz@mde @si ng
The exaiipl camitpedzodRllide £ B ruE T BETOTERE s “2nd TFisBnEBERle, (R4 ekt T on
IS Z mr;f)te SI n agyandle, MdGihg ety (19e8e). NaMC&scerIndbBe! 1 203-1ard3MBhbwesh Ti ssue

& Lawrence (1996) Invest. New Drugs 14, 257-263; Horsman (1995) Acta

Oncol. 34, 571-587; Shenoy & Singh (1992) Clin. Invest. 10, §33-551; Mitchell

et al (1989) Int. J. Radiat. Biol. 56, 827-836; lliakis & Kurtzman (1989) Int. J.

15  Radiat. 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 a method of treating cancer
in a patient comprising administering to said patient molecules that are bound
to FJX1. In the present invention, said molecules bind to FJX1 once

25 administered into said patient.

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.

30 Further aspects of the invention provide polypeptides, antibodies, nucleic
acids and molecules that are bound to FJX1 of the invention for use in
medicine. In the present invention, said molecules bind to FJX1 once

administered into said patient.



‘ losrfap frozen nasopharyngeal biopsies from25 patients with histol ogically
confirmed undifferentiated NPC were included in the mcroarray analysis.
Controls were obtained from3 patients, all Epstein-Barr virus encoded RNA
(EBER) - negative and with no evidence of malignancy (normal nasopharynx
epithelial cells) from Tung Shin Hospit3}, Kuala Lunpur, Malaysia. A
further 30 15 paraffin-enbedded NPC tissue sanples and 10 bi opsies of

non- mal i gnalfit 2¢REseMeE YR anotkeeraspech of the iwventian) thesel iss arpvided priditfoded by
col | abor at of:5; 4 | @i r i Senbi | an, VAl | 4. JThe
vork on purgiang aStesSineiERe 8o @Rk btk By JeRERbnG e e B iy Py of

20M cr oar r alikedihabg of pragiéssian of xaneert ed afdingrirbselpstiors ehalcaacersireatnigitzol
Reagent (| nvitroqen USAi) e{nd lecuﬁified by the RNeasy M ni Kit (Q agen, UK)
The cDNA waSOiDRiIALHIE, Ratent 00 A

g ina of apanear terimamregiMeed to
Af fymetrg x ; ] i i ggmr i r
( Af %lymetjri X{'H@déﬁ?&.—%ﬁﬁ% ﬁger#zd&%ng%e of %%Aé%t})égf? EH ﬁﬁi%@eﬁgﬂr gf atngl yzed

usi ng the AexXpressionde@inghabplegdstoaei geneSselescted: froGCOR) group cohsistied adl t
settings ex that the target, signal was set to 100, Differentially

expr essed glgi?gi’ Qﬂiﬂ@@ﬁﬁ "‘%ﬁ&t Wmln%aﬁvwlm’é&m%? }'e i dentified
using the GCCS change algorithmwi th the default settings. A gene in a NPC

sanpl e was considered to be 30 differentially expressed if it was called
ei t her ' | ncPeder@dly, dhe' agestséer thehdetestinpaaredongtor mare Rligenrciegtigees.

Th i i I t Q- i j
inder skt e, M6 URICARE UL S iol SioenikiBblGT ot HAMETR. 1
m croarray cor@igtsassentialpnef dratonsist oéahy ione dPie hgEleBlideaeqpendes.med to the

extracted RNA. In addition, expression of protein of interest was observed
usi ng i nmunohi st ochem cal techniques. 5Quantitative real time PCR 111g of

total RNA j b zanscri ption using oligo(dT) prinmer and
Super scri prpﬁféﬁ%ﬁ'{‘éggiéﬁaﬁ%&;’ Iéeﬂg?'-ti me PCR using ABI SYBR Green PCR

kit (Applied Biosystens, USA) was perforned in triplicate follow ng the
manuf acjur ey,’. rotqcol.. Jn.brief the reaction m xture.contajned 1 ng
cONA, 16 1 TViENPseREH.et MiconfpideehaiEaBs!t 15 FoN BPsSRTRR e SRNBCR
Master m X. eddieséiBh ¥ thblsarfdd dift g@ﬁ§s Vé&iRiItaREolisly, 2ithehUbesubtssifpr 10
m nutes and 40 cycles at 95C for 15 seconds, followed by 60C for 1 m nute.
A nont enpl atanassnit icocomaere ithe gesetic chasges ofidiseasas: at difigsent stagesyofof t he
reaction. | . 1 el : o £ i S 1.0 rve as
15an i nterngrlogg%n'é'ﬁldrftgjrAiFCi r?gpﬁé?zg?it%%ﬂ & hed%pppgr%rﬁéé&@% '&g&%t&

5' CCCGCAAAGESHIE BABAASCE3 VantWebl e8I SBOACAGTAAAGAATCCT3' and t he GAPDH
prinmers were 5 AAGGTGAAGGTCGGAGT3"' and 5' GAAGATGGTGATGGGATTTC3' . Fol d
changeszq n gene expression between normal and tunour sanples were 20
measur ed usjfel id &l ekptesyibh $rofies Ut NP @rk- dtermpinegd t O
the control !snn@‘EJé}(%sgﬁgF]gégfI%qu\t\]gg congJi(Fggr elg teporgﬁle signifi crant.l -

up- r egul at eand igeNes thaktmayhze fmpaitart inadrivieg NRO alevelapment aret identified.ed

1-test. Significantly altered gene expression 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



" I mmunohi st ocheni stry 25 | nmunohi st ocheni stry was performed using the
Dakocyt omati on Envi sion(r)+ Dual Link System Peroxidase (DAB) kit (Dako,
USA), according to the manufacturer's specifications. Briefly, 5 pm
sections of paraffin-enbedded tissues from specinmens included in the

m croarray analysis were 30 deparaffinized wth 2 xylene incubations at 5
m nutes each and rehydrated in graded ethanol for 3 m nutes each. The

ti ssue sect|mProgen’ inNveatien will ew bengxaiaednincevemmorgretall ysing the

mnutes in | CiF for.antig etrieval T ect | Were jn at ed
W th 1 abbi ¢ SEEEER SRl Rhiched e Ria Penes B 1RSERT ) BohntHE

Bi ol ogy, US#xarhplekaredniendadfor iikisttaten lbalyeard the pyssent doventigat iechdtan goat
anti-rabbit antibody faor &%ém nut es each at roomtenperature. The

per oxi dase 3BAWAY JAIRILWDEEES¥8ARIRS-ng di ani nobenzi di ne (DAB) as a
chronmogen. Negative controls, in which non-inmmune sera were 5 used to
replace the primary anti bodi es, were al so perforned. Tunours were graded as
FJX1- negat i MateffalsrandhMegheglss no staining in tunour cells, or the staining
intensity in tunour cells was equivalent to that observed in surroundi ng
non-mal i gnant cells; and FJX1-positive, when staining intensity in tunour
cel | s was slisgwg8AaMPIRM that in surrounding non-malignant cells. 10 Results

10 Snap frozen nasopharyngeal biopsies from 25 patients with histologically
confirmed undifferentiated NPC were included in the microarray analysis.
Controls were obtained from 3 patients, all Epstein-Barr virus encoded RNA
(EBER)-negative and with no evidence of malignancy (normal nasopharynx
epithelial cells) from 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.




" Gene expression differences between NPC and cancer-free control tissue
sanples 15 To identify genes whose transcription is de-regulated in NPC,
t he gene expression profiles of 25 NPC sanples and 3 cancer free control
sanpl es were exam ned using Affynetrix HG UL33A arrays. Pair-w se
conpari sons of gene expression in each MPC tunour with that in all three
control sanples reveal ed the significant de-regulation of 1963 genes in
five or nor 0tV@H%ﬁesth92@SMt§kpf4g§ IDisToRy T wNalysisulonestitativg reaime 8GRy

up-regul ate a eal ed
signifi cantehp I‘)>e(§]7\l’,l S lplégflg?rrrﬁgﬂ @iﬁmﬁ dzgs'ﬁ gé ?@%% %%hﬁ%ﬁonlﬁi
resul ts wergroteihiofliteckss waglstterie Usfﬂgrm&iurfdhr&o&(é?nlc‘ahtebhn&hu@%d t hat
FIX1 mRNA | evels were elevated in all 14 NPC tissue sanples anal ysed
(Figure 2). The expression of FIX1 was exam ned in 39 formalin-fixed

par af fi @-engggﬁ@tgt@@régntm pofPC and 10 non-nal i gnant nasophar yngeal
sanpl es by nmunohi stochem stry. FJX1 over-expression was detected in 43%

Ctrong and b Brtadel KN RES sbladhia RElavire FaRSTsh IRMT BN bPRRY | °

negative. Exfd Supeestript IIFdAlitrofeAOUSRA). RebRtimer BeRs uSingeB P SVBRs Brésn of
FIX1 was further. analyzed. in normal human organs using Miultiple Tissue cDNA

Panel s compPP& K (A Biesystamsii Ubéy svas pegaraed in triplicate following the
manufacturer’s protocol. In brief, the reaction mixture contained 100 ng cDNA,

10 1 uM gene-specific primers and 25 ul of 2x SYBR Green PCR Master mix.
Thermal cycling conditions were 50°C for 2 minutes, 95°C for 10 minutes and
40 cycles at 95°C for 15 seconds, followed by 60°C for 1 minute. A
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
5CCCGCAAAGGTGTCTAAAAACTYS and
5TGCTGGCACAGTAAAGAATCCT3 and the GAPDH primers were
5’AAGGTGAAGGTCGGAGT3' and 5GAAGATGGTGATGGGATTTCS3'. 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 uym 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 citrate pH 6.0 for 10 minutes in a microwave for antigen retrieval.

The sections were incubated with rabbit polyclonal anti-FJX1 antibody (1:500;



" general, FJX1 showed negligible expression in nost of the organs anal ysed
10 except for ovary, pancreas, placenta and small intestine (Figure 4),
suggesting that targeting FIX1 is highly unlikely to give rise to
life-threatening adverse events. 38 Clains 1. A nmethod for the assessnent
of nasopharyngeal carcinoma (NPC) in a B§ol ogi cal sanple obtained froma
subj ect, conprising the steps of: 5(a) determning in said biological

sanpl e t he AXPiAsSystemiseBitlogy, HSHY) efolldeedr by reepegexidaseriabglpyl polyperi ng

e 511 ATl S A ) 4, 8

wher ei n t hetefhderatue8CThe petded e reRftioAwaselslopdy uBihg digihfindberzidihet he
presence of nasopharyngeal cancerous cells. 2. A nmethod according to claim

1, wherei n EAHB) ag@E ehEegevipgative Rentrpa, EX whichs NER-IMede sera-were| n

i d bi . . : 4 4 di
o claim 1 ehoiCiiate B BRtRy A MPRaRs; oS80 peltorined: TERORF, BRrd: "
RNA | evel ofraBédlas hJXainkgatioé agheratheyapas nobstainireyinf tumosacellss wbjthet .

4. A method according to any one of clains 2 and, 3, wherein %ai d RNA | evel
20 of FJX1 $tINRg cENRitY By teoWsCelp was) Sauivalert 40 HtucPesivede Briners

conpri sing §lifoiRfiNG RBRMAlignari@ell$) Ad FIX1-poshive AN etaihiny Wiy 3n: and

tumour cells was stronger than that in surrounding non-malignant cells.
10

Results

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 NPC 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.

FJX1 is up-requlated in NPC

The microarray analysis revealed significant up-regulation of FJX1 mRNA in

25 14/25 (56%) tumours. The results 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-malignant nasopharyngeal samples by

immunohistochemistry. FJX1 over-expression was detected in 43% of the



"SEQ'ID NO. 2: 5' TGCTGGCACAGTAAAGAATCCT3' or their honol ogues in the
conpl enentary strands. 25 5. A nethod according to any one of clains 2 to
4, wherein said RNA i s nRNA 6. A nethod according to claiml,
wherein said expression |evel is the protein 30expression level of FIJX1 in
sai d biological sanple obtained fromsaBd subject. 39 7. A method
according to claim1, wherein said nmethod further conprising determ ning
prot ei n explumeursrexaavised dfl 7 rf)30)i ands eing el fovragiveak apdnfptal tobstaonganéir om

o2 P01 ey, R Rl st ontINEs oahil o1 o"ee, >

1, wherein said biological sanple is obtainable from nasopharyngeal tissue,
nasopharyngeal swab, oral nucosal tissue, 10 saliva or nouth washi ng of
sai d subj ecExpressionofhabXibin nermedvitak 9ragnsasophar yngeal carci nonma (NPC) in
a subject conprising adm nistering to said subject an anti-FJX1 anti body or
a fragnent or derivative thereof |abelled with a detectable |abel, allow ng
t he | abel | elihé exprasshardpf FdXH ogas éurther aredygedainymoresd| huenare oogenscasingand t o

[ th h | |1 .. f ti-FIX1 tibod
or a1 agreHUNEE qéraeasP A" Rbelsrormensine cEVAm om0 MApiHS S59atr b noms
(NP) her ehenardl =001 ENBAKY REUEIS ExprodsireId AibsT O b fordade Lhalaste

| abel and iS bondabl e to nasophafyngeal cancerous cel nmet hod of

t <r:| eat i ntf nagxiapfgmensady, wafeaslrma?e%‘nm)anﬂrsmalbmtesﬁme (Edgqreiﬁéil sigggesting
i ni i i ' . ectiyve . < FIX1 '
vartant or TRLigRb8 PR TN g HRREY oo BF HEL I e Hige RO st

sufficient ggenigsovoke an anti-cancer cell inmmune response in said



pati'ent. 13. Use of FJX1 pol ypeptide or a variant or fusion or fragnent
thereof in the manufacture of a nedi canent for treating nasopharyngeal
carcinoma (NPC). 30 40 15. A nethod of treating nasopharyngeal carcinona
(NPC) in a patient conprising adm nistering to said patient a nol ecul e that
nodul ates the activity of FIJX1 gene or B8s products. 516. The nethod of
treating nasopharyngeal carcinoma (NPC) in a patient according to claim 15,
wherei n sai @laimsducts are RNA or protein. 17. The method of treating
nasopharyngeal carcinoma (NPC) in a patient according to claim 15, wherein
said nol ecul e that nodul ates the activity of the 10 FJX 1 gene or its

products ista BIikethod if@thh%Gamsmerﬁid?%wphé;}iﬁgb@ﬂbarcid&naw f infa
nol ecul e that nopdul ates the activity of the FIX1 gene or its products in

t he manuf ackiglogical sampdeipbtaired froay a subige!, sgmrtisbihtheystgpalcf:car ci noma
NPC). 15 had. of | - Cl P |
(NPC) . 14 s]a?.de‘férm?ﬁl g‘ i sdid .etﬂéfogjﬂ:aﬁ'aﬁ'ﬂ%%: mi%igrq&%&? “@g@ gﬁj Q)?Her-‘ a

patient co I'sing a nisteri 0 sa I ent bo Irected to
FIX1. 2@detdsrdned geneaantd body directed to FIX1 in the manufacture of a

medi canment for treating . nasopharyngeal carcino (N PQ.  21. The use
accor di ng té’gépﬁmﬂr'@é%ﬁk&(@ﬁ”ﬂ”gai% "%l?yefep‘f%amw&m tie k"&f FeBtly or
indirectly cytefepeice agent. 2522. The use according to claim21l, wherein

said cytotoxic agent is a directly cytotoxic chenotherapeutic agent.
wherein said pre-determined gene is Four-jointed Box 1 (FJX1); and

10 wherein the difference of the expression levels may be indicative of the
presence of nasopharyngeal cancerous cells.
2. A method according to claim 1, wherein said expression level is the RNA

expression level of FJX1 in said biological sample obtained from said subject.

15 3. 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

said subject.

4. A method according to any one of claims 2 and 3, wherein said RNA level
20 of FJX1 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: 5TGCTGGCACAGTAAAGAATCCTY
or their homologues in the complementary strands.
25
5. A method according to any one of claims 2 to 4, wherein said RNA is
mRNA.

6. A method according to claim 1, wherein said expression level is the protein

30 expression level of FJX1 in said biological sample obtained from said subject.



"23. The use according to claim21, wherein said cytotoxic agent is a
directly cytotoxic polypeptide. 30 41 25. The use according to claim 21,
wherein said cytotoxic agent is a rad iosensitizer. 26. A met hod of
treati ng nasopharyngeal carcinoma (NPC) in a patient 5conprising

admi ni stering to said patient nolecul es3?hat are bound to FJX1, wherein the
mol ecul es bind to FJX1 once adm nistered. = 27. Use of nolecules that are
bound to FJIX1A methed measarding e claim 4, whereinsaid methad dathergcomprising

nasopharyng cin (N reLn,t e oY Q once
adm ni ster egé{er@g’{'ﬁ% 'E{E?e'&orggé'é S\g&% ﬁ%&r% gﬁp&‘%&gﬁhngﬁgyaég%ﬁg fé:régeine
conpri si ng ebtairessfromrsaid sgbjeat.| eoti de primer pair conprising the sequences
of SEQID NO 1 and SEQID NO. 2. 15 29. A kit for determ ning expression
| evel of FJX1 gene according to claim28, wherein said kit is an array or

chip. 5 8. A method according to claim 1, wherein said reference is normal or non-

malignant cell or tissue.

9. A method according to claim 1, wherein said biological sample is obtainable
from nasopharyngeal tissue, nasopharyngeal swab, oral mucosal tissue,
10  saliva or mouth washing of said subject.

10. A method of detecting nasopharyngeal carcinoma (NPC) in a subject
comprising administering to said subject an anti-FJX1 antibody or a fragment
or derivative thereof labelled with a detectable label, allowing the labelled
15 antibody to locate the nasopharyngeal cancerous cell and to image the

nasopharyngeal cancerous cell.

11. Use of anti-FJX1 antibody or a fragment or derivative thereof for detecting
nasopharyngeal carcinoma (NPC) wherein said anti-FJX1 antibody is labelled
20  with a detectable label and is bondable to nasopharyngeal cancerous cells.

12. A method of treating nasopharyngeal carcinoma (NPC) 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
25 amount is sufficient to provoke an anti-cancer cell immune response in said

patient.

13. Use of FJX1 polypeptide or a variant or fusion or fragment thereof in the

manufacture of a medicament for treating nasopharyngeal carcinoma (NPC).
30

14. A nasopharyngeal carcinoma (NPC) vaccine comprising FJX1 polypeptide

or variant or fragment thereof.
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15. A method of treating nasopharyngeal carcinoma (NPC) in a patient
comprising administering to said patient a molecule that modulates the activity

of FJX1 gene or its products.

16. The method of treating nasopharyngeal carcinoma (NPC) in a patient

according to claim 15, wherein said products are RNA or protein.

17. The method of treating nasopharyngeal carcinoma (NPC) in a patient
according to claim 15, wherein said molecule that modulates the activity of the
FJX 1 gene or its products is a FJX1 antisense agent, siRNA or antibody.

18. Use of a molecule that modulates the activity of the FJX1 gene or its
products in the manufacture of a medicament for treating nasopharyngeal

carcinoma (NPC).

19. A method of treating nasopharyngeal carcinoma (NPC) in a patient

comprising administering to said patient an antibody directed to FJX1.

20. Use of an antibody directed to FJX1 in the manufacture of a medicament
for treating nasopharyngeal carcinoma (NPC).

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

directly or indirectly cytotoxic agent.

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.

24. The use according to claim 21, wherein said cytotoxic agent is an agent

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



10

15

41

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

26. A method of treating nasopharyngeal carcinoma (NPC) in a patient
comprising administering to said patient molecules that are bound to FJX1,
wherein the molecules bind to FJX1 once administered.

27. Use of molecules that are bound to FJX1 in the manufacture of a
medicament for treating nasopharyngeal carcinoma (NPC), wherein the

molecules bind to FJX1 once administered.

28. A kit for determining expression level of FJX1 gene comprising at least an
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 according to claim 28,

wherein said kit is an array or chip.



