WO 03/ 062826 PCT/ GB03/ 00329 MATERI ALS AND METHODS FOR TREATI NG CANCER The
present invention relates to materials and nethods for treating cancer
based on wbha3@sfsker enti al gene 5 expression in cancer cel P€T/(RBOIRAI arly,
but not exclusively, the present invention provides materials and nethods
for diagnosing and treating nasopharyngeal carcinoma. 10 Human
nasopharyngeal ' carcinoma (NPC) arises in the surface epitheliumof the
posteri or nasopharanﬁ%&h o Ing el easee neck and

di stant netastases. gt fherdefce T certarm regrons  of

Sout heast Chi na, Southeast Asia, Taiwan, East Africa, 15 and Al aska (Marks
et al., 1998%. The peak incidence for NPC occurs at _the four%g to fifth
decade of |ifBe PHeSSPhgaPBRBLIRPCIPSatRE FPfPATRELIALSr 80dl BRE eRcer
anongst  nal 0 Lnese n [ apk LRchdengenkate of 14.3
per 100, 000 igrg?hgﬁé,c%%%%?.Eéﬁgﬁigglﬁeé %%%gggbis nns? comonl y
treated by iempzresgipadiiat cencékeecéiis.aPartiog2arihy kbust nak., 1998). The

Wrld Health O ganization (WHO) has,cl.assified NPC .i.nto_three t ries
accor di ng t o®Fh uﬁéﬁ?i@’oFg§5p%FF?8FeﬁPV8P%8ﬁn(Rﬁ?¥§d3 gﬁ??%isgg)sgaype I
refers to sguapsus ekl deapebBOABS aWhi eRecakenli ghkypditlageati ated wth
characteristic epithelial growh patterns and intra- and extra-cellul ar
keratin fil apencsnoNsn- keratinizing WHO type |1 carcinonas retain
epithelial cell shape and 30 growth patterns. WHO type |Il undifferentiated
carci nomas, on the other hand, produce no keratin and have no distinctive
gr owt hopat t egomaWHRakokaeat/ngkailngarsquameugNe€E) | acaseisnamatbenpri sed 75%
of the U. S

surface epithelium of the posterior nasopharynx and
associated with a high frequency of neck and distant
metastases. NPC has a high incidence in certain regions
of Southeast China, Southeast Asia, Taiwan, East Africa,
15 and Alaska (Marks et al., 1998). The peak incidence for
NPC occurs at the fourth to fifth decade of life. In
Singapore, NPC is the fifth most prevalent cancer amongst
males of Chinese descent having an annual incidence rate
of 14.3 per 100,000 (Chia et al., 2000). Clinically, NPC
20 is most commonly treated by ionizing radiation (Lee et

al., 1992; Marks et al., 1998).

The World Health Organization (WHO) has classified NPC
into three categories according to the degree of

25 differentiation (Marks et al., 1998). Type I refers to
squamous cell carcinomas which are highly differentiated
with characteristic epithelial growth patterns and intra-
and extra-cellular keratin filaments. Non-keratinizing
WHO type II carcinomas retain epithelial cell shape and

30 growth patterns. WHO type III undifferentiated
carcinomas, on the other hand, produce no keratin and-
have no distinctive growth pattern. WHO-I keratinizing

squamous cell carcinoma comprised 75% of the U.S.



1 WD 03/062826 PCT/ GB03/00329 nasopharyngeal carcinonma cases and were
found nost in U S -born, non-H spanic whites. WHO- I non-keratinizing and
VWHO- | 11 uwoioBfeaseat i at ed carci nonas of the nasopharynx cecpréeadoizbe

remai ni ng 25% of NPC and were 5 nore conmon in Asians. Cinically, Asians
were reported to have the highest proportion of radioresponsive WHO I |

nonkeratinizing and VHO-11] undi fferentjated rci f sophar ynx
and better suﬂ% ;}PaEW%% arison ' vo" %\Srelscaanr-? nvgérjlp%gﬁéu%% %—hglgpg]ﬁi c and

nonjHiSpaniC_UWEIéﬁbrﬂl[ﬂﬁﬁkmiﬁbéﬁﬁbEWMﬁﬁé§I nudreT I ofiothleetessnizing
radi oresponsi ve Kkertinizing squanmous cell carcinonmas of the nasopharynx.

The 5-year reindiWROSHIYivadifbereebrted - b e85 fot thpe

nonker at i ni zi i f i ' %{l‘fﬁ ot 0 d 37%
for the ker at% ng&%i%&fﬁ%%ﬁaﬁ%g O, %(9)%583.8%;62?‘% ﬁ@%;‘)rl?f?/?rus ’
(tEBVI) @igggmmféiﬁmmasraltad Aoides. cl ©bahcakbpci s vanwi vardPCPMit¢dangur a
et al., ; en et al., 1998). The WHO type Il.and 111 _ NPC 20
reported to bef aké%Y)%i%@%th?%S*EW‘?%?JéH?%nS./PIJﬁa%?fl%%nsﬂreaﬂ§8ﬁ$eﬁgc

patients, they,heveselevaieg 496 wind-10A uh@velsrémt i hec&BYaytiabngapsi d
antigen (VCA) as well as the diffuse conponent of_ the early antigen (Zong

et al., 19920f Stigelnasopharynooayd bateont $@sYivaht iRnES RATRSPRE25 WHO
type | well-differ eﬂ‘lm%fﬁc%g% CLAGMRE A Po SLitl | 25, EBYsp 3501 RAL LY OF (1 €5

as that of the control popu i ONsS an not appear ave a speci al
associmafi on wiid 1IERY thafectsbast Funtiber nof ethavl essl aadsdudspsnshoged t hat

EBV genones were clearly denonstrable in the maligpapt 30 epithelial
tumour cells ¥Erainizhpr@es WRTPYPeSCOt RPESLINOMAS 3 %ne nasgpﬁarynx.

The 5~year relative survival was reported to be 65% for
the nonkeratinizing and undifferentiated carcinomas of
the nasopharynx and 37% for the keratinizing variety

15 (Marks et al., 1998).

Epstein-Barr virus (EBV) has been demonstrated to be
closely associated with NPC (Mutirangura et al., 1998;
Chen et al., 1998). The WHO type II and III NPC have been

20 reported to be associated with EBV infection. In WHO type
IT and III NPC patients, they have elevated IgG and IghA
levels to the EBV viral capsid antigen (VCA) as well as
the diffuse component of the early antigen (Zong et al.,
1992; Sigel et al., 1994). In contrast, patients with the

25 WHO type I well-differentiated carcinomas have similar EBV
serologic profiles as that of the control populations and
did not appear to have a special association with EBV
infection. Furthermore, molecular studies showed that EBV
genomes were clearly demonstrable in the malignant

30 epithelial tumour cells of all three WHO types of NPC.
Northern blot analysis also demonstrated the expression of
EBV gene products involved in the latent and lytic cycles

in biopsies obtained from NPC patients (Busson et al.,



Nort hern bl ot analysis al so denonstrated the expression of EBV gene
products involved in the latent and Iytic cycles in biopsies obtained from
NPC pat i ewDI30&s8260n et al ., 2 WO 03/062826 PCT/ GB03/ 00329CTADB2)0329
Nevert hel ess, direct evidence to show that EBV being the etiol ogical agent
for NPC has been difficult and has yet to be established. 5 Another

| npor t ant feai[é'é of M\%J}n%el%%ts,t Pﬁr’épg %‘x}%%ée 86Cs Q%réﬁ%J?rﬂ:%\?d
hlstopathologlca y by a heavy I"trat ron of Ron- ma |gnan | ' ynphocyt es.
A signi fi cantbepti®pdid it cifodiese agemufornfiPCt hakedebynphocytebt (dinds)
have been shown to be T cells (Huang et al., 1999). The 10 production of
certain cyt okidesydy thde enuEd nsgrd- contrlbute to tumour growt h during
t he devel opment of NPC (Huang et al., 1999-'Tang et al., 2001). NPC
carcinogenesis possibly reflects the accunulation of 15 nultiple genetic,
dietary? and AmwthereﬂmnqxtaanﬂﬁeaHWHﬂ ofaNPEr $st hbahothal NP@ncwhowss of

2000) | Ext oS & AT AT Ahal ek T RE A G kr J6 SpiRG And compar ati ve

genom ¢ hybri thzat a0 {EEF sidithes iEhihen 19khpRBcgtes . 200151 fiangi €inal .
2001) have suggested that NPC arises as a nultistep process. CGenome-w de

studi es by aH’JF@Q)lfnyp?fth%ﬁ@%th’ﬁ\?’élrdépéétlééaﬁ?@hEYWEHEGEﬁE‘F%s (BfLsheneti ¢

abnormal i ties, 1 nd in NRG. This

dat a suggestedga%e presence gﬁpf 5 a p%%gﬁtﬁgﬁaﬁgcgge gtedigg%nur suppressor

gene(s)0to a preduoaniat dﬁﬂhbﬁiammem@tbhenEASBEIAhgeaeTIEsImr@mbd (Lo et

al ., 2001). The correlatio onDt erne tio wth | os f

RASSF1A gene &Xpresdith ‘R/%nc ﬂﬁ?wgépgﬁél}g tRY! BLv8Toptbh SP54%eC
(Huang et al., 1999}~ Tang et al., 2001).

NPC carcinogenesis possibly reflects the accumulation of
15 multiple genetic, dietary, and viral-related events that
alters the normal functions of oncogenes and tumour
suppressor genes (Gray and Collins, 2000; Williams, 2000).
Extensive molecular analyses including karyotyping and
comparative genomic hybridization (CGH) studies (Chien et
20 al., 2001; Fang et al., 2001) have suggested that NPC
arises as a multistep process. Genome-wide studies by
allelotyping and CGH have detected high frequencies of
genetic abnormalities on chromosomes 3p, 9p, 1llg, 1l2q,
13g, and 1l4g in NPC. This data suggested the presence of
25 a potential NPC-related tumour suppressor gene(s) to a
region at 3p21.3 where the RASSF1A gene is located (Lo et
al., 2001). The correlation of promoter hypermethylation
with loss of RASSF1A gene expression was recently reported
in NPC cells (Lo et al., 2001). Dietary exposures were
30 found to play a role in the overall altered risk of
developing specific histologic subsets of NPC. The risk
of nonkeratinizing and undifferentiated tumours of the

nasopharynx was increased in frequent consumers of



in NPC cells (Lo et al., 2001). Dietary exposures were 30 found to play a
role in the overall altered risk of devel oping specific histologic subsets
of NPC. TWe osioeds26 of nonkerati ni zi ng and undi fferenti at ed PCOGRIBHO2D t he
nasopharynx was increased in frequent consunmers of 3 WO 03/062826

PCT/ GB03/ 00329 preserved neats containing high levels of Nnitroso

conpounds ( Farraow %tet lniéa 1998() 'ta-lzr,'?ﬁn{%/%iisg%f leq]ieffsero%nﬁ\]i_q}. d squanmous cel |

car ci noma, bd&tt ot ot hér- 2 hi sto ogic peés, was significantly reduced in 5
i ndi vi dual s Wdndpouricam (FaEid ake (1Fgr nowset. alThe ¥988) .of This associ ation
was nar kedly stronger anong non-snokers _and fornmer snokers than anong

current smokéds feraydwtad sguanoigose L lFGritdivtife, P4t &S SEEBV anti body

to early  anijiganang ¥idale£apsidl Anklioanaeng f@uddo e 10 el evated in

patients with non-keratinizing and undifferentiated carcinomas of the
nasophdr ynx heriedsiuale uiitthe nst teimitnh €5 6 ndmatkieb ddiaes car e tc aripar Afl%8 )bet ween

N

Zi'hg squarous

cel | carcinomgy alorrhe dnasephardinh andridheurelaatd walokemey e Fadiar esponsi ve
nonkeratini zing and undifferenti ated carci nomas of the nasopharynx have

not been studiled shPA%nmt ikEIiREIET o Hitraso Afnd&Ys Eatd Ry Fe &anlar

di fferences hetveen kel tinlzl ng SQUATOUS Lol |, Gal GRS Phpd he

nasophar ynx t?aan\cgte(fehe nonkelra%l ni zi ng an&i@(r;e i fferentiat e§ car ci nomas of

t he nagophar whevathel pireseiti drbeentidns reav-éesraplioyied ngDNAd mi cr oarrays to

identify genes that m gch,t ofentially be invol ved in the carcinogenesis

of human NPCUnfhdferentiated carcincomas o the nasopharynx whereas
the titers of these antibodies are comparable between the
controls and patients with the keratinizing variety
(Neel, 1985 and 1986). However, the molecular basis

15 between the kertinizing squamous cell carcinomas of the

nasopharynx and the relatively more radioresponsive
nonkeratinizing and undifferentiated carcinomas of the

nasopharynx have not been studied systematically.

20 To try to understand the molecular differences between
kertinizing squamous cell carcinomas of the nasopharynx
and the nonkeratinizing and undifferentiated carcinomas of
the nasopharynx, the present inventors have employed cDNA
microarrays to identify genes that might potentially be

25 involved in the carcinogenesis of human NPC. The
inventors have determined a small number of genes that are
differentially expressed in undifferentiated and
differentiated human NPC. Specifically, the inventors have
found that fifteen genes were differentially up-regulated

30 in the undifferentiated CNE-2 NPC cells, while six gene
were specifically up-regulated in the well differentiated

HK1 cells.



inventors have determ ned a snmall nunber of genes that are differentially
expressed in undifferentiated and differentiated human NPC. Specifically,
t he i nverworos/obegee found that fifteen genes were differemCiraiBog/00329
up-regulated 30 in the undifferentiated CNE-2 NPC cells, while six gene
were specifically up-regulated in the well di fferenti ated HK1 cells. 4 WO

03/ 062826 P 03/ 90329 of . ificall
up- rogul al e’ Tha diFar AACrared SRunare NPC el T P he R 2 15 the

human i npri ntdeyglganel HIO tHenteesttenghy i a9 hsmanomP@xm:e_‘ss]edqei ICNERe
wel |l -differentiated human HK1L NPC 5 cel |l s. rthern blot and. in situ
hybri di zat i orf drfa t;}’seeé‘u%ns&%é}ﬁﬁtrlﬁ@dg?ﬁﬁt Nf HISt GERRE +3I%r dhigl v S

expressed in pdheandidder ant 't?&fee%e@&lEdnghiHH@HtNg)&a&eﬂmméﬁnI‘?KPUNPd‘Ot in
the well-differentiated HK1I human NPC cell line. Furthernore, the inventors

have dénonst reled .t hatortdern0 blegulatli on 6ﬂtuhbym9dgw@l@&pare@suaﬂ$ in the

wel | - different |at ed uman Hlﬁl NP% Cﬁlllé coul d bg 1|:nr(ilu essed
hyponet hyl at i afé ﬁet & %?oﬁo%%r F % % ie T ventor s

bel i eve that tmeoemm_tﬂﬁé@ﬂtqrat@a geRe 2 ﬁﬁﬁgﬂtEPCr@@an§lrﬁ@Ybﬁﬁ1QTcﬁf are be an
i nportant epigenetic 15 event that plays a role in the differentiation of

hunman NPC célfiss %T%ﬁqr%ﬁtﬁfjl #al hempenPRgeetli kprented genes.
Thus, at its h n erials and
H]Hséagnoy 5 ana—,hte 9 Rt BRG hQ\f-ﬁ &éﬂ@n?f?%%?%f%%%g C{@ip

nmet hods for treating nasopharyngea The
i nventi®n furndmrlatprmlocﬁeihreeﬂi@dseob sgpeenshgnfion dgerwslbr ther apeuti c

targets that Jﬁ%%erenf?% e ﬂdﬁ%nt%%ﬁtﬁﬁﬁt Eldla nfglgeoinduced by the
hypomethylation of CpG sites of the H19 promoter region.
The inventors believe that hypermethylation of gene
promoter regions may therefore be an important epigenetic
15 event that plays a role in the differentiation of human
NPC cells and the transcriptional silencing of imprinted

genes.

Thus, at its most general, the present invention provides
20 materials and methods for diagnosing and treating
nasopharyngeal carcinoma (NPC). The invention further
provides methods of screening for agents or therapeutic
targets that may be used in the treatment or diagnosis of

nasopharyngeal carcinoma.

25
Knowledge of the differential expression of certain genes
in the different types of NPC, provides for the first time
a tool for diagnosing NPC or a risk of NPC. This
diagnosis may be independent of histology studies or may
30 be used to complement histology studies.

Further and very importantly, the knowledge of

differential gene expression enables diagnosis of the type



nasopharyngeal carcinoma. 25 Know edge of the differential expression of
certain genes in the different types of NPC, provides for the first tine

a tool fowodBaesesi ng NPC or a risk of NPC. This di agnosiPSTraB03/0€329

i ndependent of histology studies or may 30 be used to conpl enent hi stol ogy
studies. Further and very inportantly, the know edge of differential gene

expressi on enabhas. diaQnes) s 81 LerL¥Pens YD.03(p02826, PCTLCEA3/ 0329 of

NPC, thus ensuring that the appropriate tre grven. i rst
aspect of theyiresent invention, there is 5 provided a nmethod for
determ ning the presence or risk of a NPCin a patient conprising the
steps of (a) obtaining expression products froma nasopharyngeal cel

obtained froma patieit SypRectedpb phakbRg Phvehtibsk hehving a NPC 10
(b) contacting said expression products with a binding nenbers capabl e of

bi ndi ngp t 0 exprasigiash pmsddetds fogodegsponding theopecoenaerer geims of
identified i%lRﬁQ%%J}; %&Se&&)cget%ggknin héhgtgrgsggce or risk of NPCin
said 15 patien ased & Thé bin@?ng of'9t hie expr%55|on products fromsaid
nasopharyngeal cel{a)l opthe mngy expreseibhngirbguctenbess. aThe presence or
up-regul ation of an expression _product ma 20 be determ ned by conparing

t he presence HSIRbAEIYSRA h&eldx pPESSREH %F@Iau%tp%%%m*he‘duweeﬁﬁ%@ el |

under test widlhy;dose fif 9nan ArpLepLakeysentrol cell. ldeally, the

10 (b) contacting said expression products with a
binding members capable of binding to expression products
corresponding to one or more genes identified in Table 1;
and

(c) determining the presence or risk of NPC in said

15 patient based on the binding of the expression products

from said nasopharyngeal cell to the one or more binding

members.

The presence or up-regulation of an expression product may

20 be determined by comparing the presence or level of the
expression product obtained from the cell under test with
those from an appropriate control cell. Ideally, the
control cell would be a “normal”, i.e. non-cancerous
epithelial cell from the nasopharynx. These cells could

25 also be obtained from the patient under examination.
Normal epithelial cells from other parts of the body could
also be used. An alternative to the analysis of a control
cell is the production of expression standards that could
be used as a control to compare with the expression level

30 or pattern from the cell under test. Such standards may be
produced by analysing a collection of samples to determine

a “standard” expression level or pattern of one or more



control cell would be a "normal", i.e. non-cancerous epithelial cell from
t he nasopharynx. These cells could 25 al so be obtained fromthe patient
under exawDrawesae Normal epithelial cells from other paPC3/GHo3vibody
could also be used. An alternative to the analysis of a control «cell is
t he production of expression standards that could be used as a control to

compare with bheagxpL ees! ohd.phele 3% Ol tie! B LEalLLAC, gebl Undsfafest.
Such standards may be produced by analysing a collection of sanples to
determ ne a bstawdard"” expression level or pattern of one or nore 6 WO
03/ 062826 PCT/ GB03/00329 products in normal cells. This is discussed in
nore detail below. As nentioned above, the nethod according to the first 5

aspect of theaknyentiohed Sathide ORe RRItHGULRELY-asHt €d +hersetassifying a
nasopharyngeal sanple as normal or nalignant, but also classifying the
particubar typerett NPG-haOLmaiEidm ienacdmesdiyneatrtichéahyestioed provi des

a method for t 1L0jhg. the type of NPC _e.qg. differentiated or
undifferentiafgg %@g%éﬂﬁﬁﬁ%?uftﬁ%%%ﬁﬁﬁﬁéPgﬁﬁﬁagﬁ?P&S ?ggﬁ?ﬁ?ﬁ %&pression of
at | east one geheghsient idutedlder clallsa hingSthhepaxpreashontprOdbiet may be
a transcribed _nucleic acid sequence or the expressed pol ypeptide. The
transcri bed MEeieic acid sequence may be RNA, nRNA or cDNA produced from
nMRNA. 20 The bi ndi ng nmenber may a conpl enentary nucl eic acid

10 Thus, in one embodiment, the invention provides a method
for determining the type of NPC, e.g. differentiated or
undifferentiated by detecting the differentially up-
regulated expression of at least one gene identified in
Table 1.

15
The expression product may be a transcribed nucleic acid
sequence or the expressed polypeptide. The transcribed
nucleic acid sequence may be RNA, mRNA or cDNA produced
from mRNA.

20
The binding member may a complementary nucleic acid
sequence which is capable of specifically binding to the
transcribed nucleic acid under suitable hybridisation
conditions.

25
Where the expression product is the expressed protein, the
binding member is preferably an antibody or a molecule
comprising an antibody binding domain specific for said
expressed polypeptide.

30
The binding member may be labelled for detection purposes

using standard procedures known in the art.



sequence which is capable of specifically binding to the transcribed
nucl ei ¢ acid under suitable hybridisation conditions. 25 Were the
expressi owopsoesed i s the expressed protein, the bindi ngPoERIB/00R9
preferably an anti body or a nolecule conprising an antibody binding donain
specific for said expressed polypeptide. 30 The bindi ng nenber may be

| abel | ed for I pur.poses ..usi t andar d.pracedures kngwn in the
art. 7 WO 03/g§é§§%é§£%7gﬁ%ﬁﬁﬁﬁgﬁﬁmq3%% §%éﬁﬁy$l§ﬁ§ Pnaiﬁalf nber is fixed
to a solid ssppesoit. Thehexemssd Qo addeics smay yt haBnbBeppsseddoyesr the

solid support, thereby bringing theminto contact with the binding nmenber.
The solid suppd®ts ygb%u%p@rrta@@%w ®Eengdng. themi érbecepetart deitiheads

(Lynx); of [lBRe pARUf@Seddld NaneASR 10l Reads, eagh BLNdi ggapenber may be

fixed to an individual and cont ac t he Xpressron products in

solutioh. 10 Fhefapresentqgi rventorss dugee ssuceesbbablby (Uger) a ouciebce-aci d
m croarray co I Si ng pl.urality of .nucleic_acid, seguences fixed to a
solid supporth C?)%szrhgt}?ﬁcqaeﬁ% Offacge&dsséqﬁéﬁﬁeglpéb 8sBREPRG IB%Y)r]%essed_
genes, over thexedl €60 Iraydidihe Wy ehhe tenekheake ANtExpression profile
15 characteristic of NPC and furthernore, the type of NPC. Various nethods

exi st in the @rPredyicletRieduRtfy irexgoreddioan profiles for particul ar gene
sets and these can be applied to the present invention. For exanple, bead
20 based approaches (Lynx) or nol ecul ar bar-codes (Surroned)

10 The present inventors have successfully used a nucleic

acid microarray comprising a plurality of nucleic acid
sequences fixed to a solid support. By passing nucleic
acid sequences representing expressed genes, over the
microarray, they were able to create an expression profile

15 characteristic of NPC and furthermore, the type of NPC.

Various methods exist in the art for determining
expression profiles for particular gene sets and these can
be applied to the present invention. For example, bead-
20 based approaches (Lynx) or molecular bar-codes (Surromed)
are known techniques. In these cases, each binding member
is attached to a bead or "bar-code" that is individually
readable and free-floating to ease contact with the
expression products. The binding of the binding members
25 to the expression products (targets) is achieved in
solution, after which the tagged beads or bar-codes are

passed through a device (e.g. a flow-cytometer) and read.

A further known method of determining expression profiles

30 is instrumentation developed by Illumina, namely, fibre-
optics. In this case, each binding member is attached to
a specific "address" at the end of a fibre-optic cable.

Binding of the expression product to the binding member



are known techniques. In these cases, each binding nenber is attached to a
bead or "bar-code" that is individually readable and free-floating to ease
cont act vWwOh30b826 expr essi on products. The bindi ng of thePbirrcgioagoirenber s
25 to the expression products (targets) is achieved in solution, after

whi ch the tagged beads or bar-codes are passed through a device (e.g. a

flow cytoneter). and,read. --A further wn _ne of _det er m ni pressi on
profil es 30iW§¥rﬁﬁ$ﬁﬁ%ﬁialﬁgﬁe 8&8Fo%§§“8§’|%$3%?n%§ %%%%¥§&£?%ﬁ%£-

optics. In thisricasest aach Jyhed Rgdrebenhel $intéachetct@abBe specific
"address" at the end of a fibre-optic cable. Binding of the expression

product to the binding menber 8 WO 03/062826 PCT/ GB03/00329 may induce a
f1 uorescent gﬂgﬁ]g%e&éﬂtcflﬂv%nbc%@la%@tﬁgrapregyagg gtptbeepthet; end of the

fibre-optic The present invention further provides a nucleic acid 5
m cro-dfray forcmetearmaynifing tdetepresengetbe prskente NPC rihsk ant iNR{ virdual ,

conprising a soljd support housing.a lurali,ty of nucleic. acid sequences,
sai d nucleic %i@d%véﬁﬁ@ke§%rﬁglggp§bﬁ8?6fl gﬁ%?ﬁ CAPESA i ng to
expressi on prOduetisi«3f ENeuRILTR acdanesqdantif i edid middidablea-ild The
classification of the sanple will lead to the diagnosis of NPC and or the
cl assi ficati crer@fEendns NRENY waPkélengifveraal f1Fgpl ¥ aP1Hding g densi ty

nucl ei ¢ acl d SEQUANGRS, UAIN oI5 oGBNG, OhooLT gohuc! palides: o, T xed
onto very small, i'scr &t e areas or spots of "a solid support. The solid
support0i s ofterliea Im crivscapiacssglfdsantdbdeodr thenpabpbaeviil | tead twoat ed

with a substrate (or chi,ps).. The nucl eic. . aci se nces are | i d (or
pri nt ed) USLEnq #ﬁﬂ@fSi% %f NPC and or the c assggfcatfon ofq:ea%ﬁ£§ (

in the individual.

Typically, high density nucleic acid sequences, usually
15 cDNA or oligonucleotides, are fixed onto very small,
discrete areas or spots of a solid support. The solid
support is often a microscopic glass side or a membrane
filter, coated with a substrate (or chips). The nucleic
acid sequences are delivered (or printed), usually by a
20 robotic system, onto the coated solid support and then

immobilized or fixed to the support.

In a preferred embodiment, the expression products derived
from the sample are labelled, typically using a

25 fluorescent label, and then contacted with the immobilized
nucleic acid sequences. Following hybridization, the
fluorescent markers are detected using a detector, such as

a high resolution laser scanner.

30 A binding profile indicating a pattern of gene expression
(expression profile) is obtained by analysing the signal
emitted from each discrete spot with digital imaging

software. The pattern of gene expression of the



20 robotic system onto the coated solid support and then inmobilized or
fixed to the support. In a preferred enbodi nent, the expression products
derived Wopmoni62ses sanpl e are | abelled, typically using a PETGRIs0EREeNt
| abel , and then contacted with the immbilized nucleic acid sequences.
Fol I owi ng hybridi zation, the fluorescent nmarkers are detected using a

detector, such_as .a hi resol utiaon . laser scanner. 30.A binding_profile
indicating a %%E?%%%F%ﬁggéﬁﬂmg%%f§§§F%F“—% XSPQQEFSH H%ﬁ?i%g?kigfo%tained
by anal ysing thecsbgnal . e endd tabddngaghodiiser €remspohownkh digstal
imaging software. The pattern of gene expression of the 9 WO 03/ 062826
PCT/ GB03/ 0032%amkdlker f ¢e i f &gt ie lc amalyéd sbe conpared with that of a
control (i.e. an expression profile froma normal tissue sanple) for
differential analysis. 5 As nmentioned above, the control or standard, may
be one &r noRe meoprEssedmiprcf, [Ee poedrodsby stdgddrtlp hey bhasaeteri stic

of normal or malignant cells. These one or, re.expression profiles may be
retrievably sT%?%de%ﬁF%Ps%ﬁﬁefﬁfgf ieY Qﬁ?vﬂngqngHégﬁﬁaﬁasg? However, it is

al so 10 possi gh&rd&rd Mt SOIUCEE n G Jr A6 hRatassay spr 0grEYE €one | Hr Ot her
words, the test sanple nmay be z§%jked" with one or nore "synthetic tunour”

or "synt heti cnobe nefpreesdnTe sy o dent Sewrrtiegabart sherednerots to be
conpar ed wi t h%{‘?e EXPLESH! 0D séae]%’te'osf of cfa*%%]b%%ge.“ o%évégenikfigrélé{;‘ the
test sanple. St microarrays utilize two flaorophores, fyprcalrly, the
nost coomonl yposeibid uos ophoreiiay e Qshtgrneentehahaebsseycpratédmype and Cy5
(red channel excitation). The object , .

In other wdrds, the 'test sample may be "spiked" with one

or more "synthetic tumour" or "synthetic normal”

expression products which can act as controls to be

compared with the expression levels of the genetic

15 identifiers in the test sample.

Most microarrays utilize two fluorophores, typically, the
most commonly used fluorophores are Cy3 (green channel
excitation) and Cy5 (red channel excitation). The object

20 of the micro-array image analysis is to extract
hybridization signals from each expression product.
Signals are measured as absolute intensities for a given
target (essentially for arrays hybridized to a single
sample) or as ratios of two expression products, (e.g.

25 sample and control) with different fluorescent labels,
representing two separate treatments to be compared with

one probe as an internal control.

The micro-array in accordance with the present invention
30 preferably comprises a plurality of discrete spots, each

spot containing one or more oligonucleotides and each spot

representing a different binding member for an expression

product of a gene selected from Table 1.

10



20 of the mcro-array imge analysis is to extract
from each expression product.

hybri di zati on signals
Signals are neasured as absolute intensities

for a gi wepo3mensget (essentially for arrays hybridi zed t oprPaTgiBghes29sanpl e)
of two expression products, (e.g. 25 sanple and control) with

or as ratios

different fluorescent |abels, representing two separate treatnments to be

conpared with one probe as an internal control. The mcro-array in
accordance with the present invention 30 preferably conprises a plurality

of discrete spots, seachd spodcicont ailrd ngremeatorinvene iohi, gohuekedki des and

each spot reggﬁiggtingtﬁﬁg#ffer nt bi ndi ng nmenber for an exEression

product of a

a second aspeghaphictbe: PELSEHt WHY &Mt i Dha ANQRE S

gfle P T B LA FrWE* D3 662896 PBET

. &B03/ 00329
eowirdg@ca peifod of

In

creating an expression profile characteristic of Ngg or a particular type
of NPC, 5sai d ms§thedhednpohpii®i ng (a) obtai ning expression products froma

NPC cel | obt ai ned ,from atient (b) contactin ai expr essi.on oduct s
with a plurality 6?5 RErRIh %%% eSSl%ﬂe?%%ﬂgbékg?F@gﬁi@ic 563

bi ndrng mne capa 1

expressi on progugineof fone Hrpdmientgenes identified in Table 1; (c)
determ ning the binding of said expression products with the binding

menbers so as to ctBate SANtRRptRIsFIH B IR

cell. 15 Thepiaventionof usilern proviles apuehel ¢raghd (RNA 91y, cDNA)

expression profile database conprising expression

10

15

20

25

30

binding to expression products of one or more genes
identified in Table 1;

(c) determining the binding of said expression
products with the binding members so as to create an

expression profile characteristic of the NPC cell.

The invention further provides a nucleic acid (RNA or
cDNA) expression profile database comprising expression
data characteristic of a NPC or type of NPC, said data
being obtained from analysis of a plurality of
oligonucleotide microarrays showing nucleic acid
distribution characteristic of NPC or a type of NPC, for

use in diagnosis.

The present invention further provides a diagnostic tool
for diagnosing a NPC or type of NPC comprising an
oligonucleotide microarray, said microarray having a solid
support housing a plurality of oligonucleotide sequences,
said oligonucleotides individually comprising nucleic acid
sequence capable of specifically binding to expressed
nucleic acid of a plurality of genes identified in Table

1.

11
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data characteristic of a NPC or type of NPC, said data being obtained from
analysis of a plurality of 20 oligonucl eotide m croarrays show ng nucl eic
acid di swoiobisisehr characteristic of NPC or a type of NPCPCT®@B0306R9i n

di agnosis. The present invention further provides a diagnostic tool 25 for
di agnosing a NPC or type of NPC conprising an oligonucleotide mcroarray,

said mcroarr havi.ng, a sol i d ort _h i al | of .
ol i gonucl eot ilgye asgc\(%lulenceass,pecétaioésgllpﬁ ggﬁﬁ?:%elj%t ?%‘é%rlﬂn |Vi%%ﬁ ylscorrpri si ng
nucl ei ¢ aci d prsegurit e capalflos oktepechihgathy braskmge t or expresse dE0
nucleic acid of a plurality of genes identified in Table 1. 11 WO

03/ 062826 PCHGE0FITOIEY-caln samPhier d Sadpekit of OHPEL PIS et OFHIVENTIVIE there

is provided.a ki r mnj t t in a
bi ol ogi cal sabrarlp elfngfsgtlie |r% c@g%r%igsei ?g gﬁgﬁgfgga%%wﬁ?ﬁ%? g&r?eﬂrrbers

capabl & of spegifds=ldry diiaddiatg offo car Brempresgenas pideiuct fofd oire or nore
genes identif] i Tabl e 1, and.,a detection_neans.. The bjol ogical, sanpl e
is pref erabli/ﬁgeﬁ Ir]l’eﬂ”rda@t _delgteggélogb{n?,?n?he %Iﬁ%a% OB ECDH nscﬁ'rﬁagle?’relrﬁ)ers
(antibody 10 hidwdingdoriins <t Rkelei c acid sequences) in the kit is

fixed to a solid support. The detection neans is preferably a | abel
(radi oactive or dye e.g. fluorescent dye) that detects when a binding

e s ol SRLERS S BEOLUGtpal, TISIAEED, fond i o v
to an 10 binding domains or nucleic acid sequences) in the kit is
fixed to a solid support. The detection means is
preferably a label (radiocactive or dye e.g. fluorescent
dye) that detects when a binding member has bound to an
expression product.
15
Preferably, the one or more binding members include a
binding member capable of specifically binding to an
expression product of H19 or CDKNIC. Both of these genes
serve as convenient markers for undifferentiated human
20 NPC. As H19 does not produce a protein product, the
expression product will be mRNA. In the case of CDKNIC,

the expression product can be mRNA or the resulting

protein product.

25 As mentioned above, type II and type III undifferentiated
NPC are more responsive to radiotherapy and consequently
there is a better survival rate in patients suffering from
these types of NPC. The present inventors have determined
a number of genes that are up-regulated in

30 undifferentiated NPC as opposed to differentiated, type I
NPC (see Table 1). These genes include H19 and CDKNIC.

12



expression product of H19 or COKNIC. Both of these genes serve as
conveni ent markers for undifferentiated human 20 NPC. As H19 does not
produce awproaneases product, the expression product w ||l beCrRBA3/00329t he
case of CDKNIC, the expression product can be nRNA or the resulting
protein product. 25 As nentioned above, type Il and type |11

undi fferenti ated ; NG, ae, L. TRIAGNY YR LontadioLherapy agd gonsequent !y

there is a bettéer survival Tate in patients suffering from ypes of
NPC. The presemnit i awenior sediaMe: detier rayped I difisthentabtganeslibatis are
up-regulated in 30 undifferentiated NPC as opposed to differentiated, type
| NPC (see TabPesqy.tan&diienedbiivdiadud tiPs dhdoEDkKRE. 112) P H57 062826
PCT/ GB03/ OOSZQSe%hfaaﬂ,wep)tprs have further determ ned a nunmber of genes
that are up-regulated in type | differentiated cells as opposed to

undi ffeventiated (type Il or type Ill) cells (see Table 1). 5 Not only

does the knowl edge of this differential ession_lead to extrenely
useful di agn\(l)&ﬁ corr‘r]g‘fh S t %tkrﬁwrlﬁO&? ﬁ%giﬁlﬁésdﬁg\fﬁﬁﬁwi’)%hes in the
treatnent of ociffespaddti cad@rdty chene1whieh rhas dhadnbititedetreas ment 10
success in the past. The inventors have surprisingl gaf ound that the

promoter regPdh bF 3hE HIPOGHERS inSrhisgrpaseeRy Lat €8S hrearreer ept i at ed
cells whereasyie TELIVI ALLOM | SRR Lhithent3 5aBP15R0LER LPeatment
undi fferenti ated EEZ% S. e |§r'1v tors have urt%er sﬁown t hat
denet hyd at i onswécéds sim ethopdseads to the expression of the H1L9 gene in
differentiated cells.
The inventors have surpriéingly found that the promoter
region of the H19 gene is highly methylated in
differentiated cells whereas no methylation is seen in the
15 same region in undifferentiated cells. The inventors have

further shown that demethylation of this region leads to

the expression of the H19 gene in differentiated cells.

This exciting discovery provides a way to change the
20 differential expression of genes characteristic of
different types of NPC and render the cells more

susceptible to treatment, e.g. radiotherapy.

Thus, in a fourth aspect of the invention there is

25 provided a method of treating a patient with or at risk
from NPC comprising administering a demethylation agent,
e.g. 5’aza-2'-deoxycytidine, in association with a cancer

treatment, e.g. chemo or radiotherapy.

30 The invention also provides the use of a demethylation
agent for preparing a medicament for treating
nasopharyngeal carcinoma in association with chemo or

radiotherapy.

13



This exciting discovery provides a way to change the 20 differenti al
expression of genes characteristic of different types of NPC and render

t he cel | swomsme28sasceptible to treatnent, e.g. radiotherapgI/GBuas)320n a
fourth aspect of the invention there is 25 provided a nethod of treating a
patient wwth or at risk from NPC conprising adm nistering a denethylation
agent, e.g. 5 aza-2'-deoxycytidine, in association with a cancer
treatment, e.g. cheno or radiotherapy. 30 The invention also provides the
use of a denetihyilatdreagentchier tpeepankbby 8atedhcagent {oruddeati ng
nasopharyngeal carcinoma in association with cheno or radiotherapy. 13 WO
03/ 062826 PCTFeB037503Tnt |of ityper éf 8PFed that the denmethyl ation agent is
used in the treatnent of type I NPC. 5 The inventors' findings that
differentiated and undifferentiated forns of NPC have different gene
expressi on, e€rabliesrdtedevdiopiients thaa defhedefitiatsdraedi ng for

subst ances capabl e of treati NPC and articula , Substances capabl e of
sel ectively t#ﬁéﬁéﬁﬁfegﬁ}Q$epng§WF nggggogaKﬁcgl%%%E?n?ng%p?ifth aspect,
there is provigadsas i h%a@less%@eawglégﬁeﬁ@bﬁa@cxﬁétm@amle of treating
NPC in a patient, sai d met hod conprising 15 (a) over-expressing in a cel

one or nore genEeninderfidif isedsitantabl eapabip) ofohteeting BRE diedl | with a
test substance; (), deter mkng (he eLlech) of csald Lest stpsiancg g said

cell as conpare ect of sa
10 different types of NPC.

Thus, in a fifth aspect, there is provided a method of
screening for substances capable of treating NPC in a
patient, said method comprising
15 (a) over-expressing in a cell one or more genes
identified in Table 1,
(b) contacting said cell with a test substance{
(c) determining the effect of said test substance on
sald cell as compared to the effect of said test substance
20 on a comparable cell absent of the over-expression of said
one or more genes; and
(d) identifying said test substance as a substance

capable of treating NPC.

25 The method may further comprise the step of producing a
pharmaceutical composition comprising the substance

identified in step (d).
The one or more genes may be over-expressed by inserting

30 into said cell nucleic acid capable of expressing

expression products characteristic of said genes.

14



20 on a conparable cell absent of the over-expression of said one or nore

genes; and (d) identifying said test substance as a substance capabl e of

treati ng WP@3/0&82dThe net hod may further conprise the stepPefi/gaoodezbng a

pharmaceutical conposition conprising the substance identified in step

(d). The one or nore genes may be over-expressed by inserting 30 into said

cell nucleic acid capabl e of eﬁgressing gégress'on roducts_characteristic
y‘[‘[ﬁ .

of said genesﬁEQEP' 93" 6 PEFIEBE3 6§ BEpBAdi NG DRt Rt 3tf i ng

net hod, it meyhdesPreirablins o tLheosp-gesasakaawint 8 bgeHp-regul ated in
either differentiated NPC or undifferentiated NPC. Further, depending on

t he subst ancedubiferentesated tNhfmprhengiffererabpectoNBhooEerthose genes
known i n pro?ﬁ%?%rﬁdeirgi Oéne'%ems%%léct;anc%' OngEPPLG 11y Lo 8 preferred

enbodi nment , nmore genes being expréssel 1 nclude NI C. 10 The
met hod Sy alsoefiacdhide tdheHdoeat mdpkeofiehbe kebln dnepredpeessi ng t he one
or nore genes identified in Table 1 with a denmethylation agent in

associ ati on WIN§He REFUtgufsPanéeXN{5-As an alternative to reconbinantly
produci ng a cell over- expressing one or nore genes characteristic of the
different types of NPC, a NPC cell (Type I, Il or Il1l) could be used
directly. A thougprdfisrnesulagbodiwietd, the one or more genes being

expressed include CDKNIC.

10
The method may also include the treatment of the cell
over-expressing the one or more genes identified in Table
1 with a demethylation agent in association with the test
substance.

15
As an alternative to recombinantly producing a cell over-
expressing one or more genes characteristic of the
different types of NPC, a NPC cell (Type I, II or III)
could be used directly. Although this would provide

20 valuable information concerning the effect of the test
substance, further tests may be needed to identify the

specific gene target.

Aspects and embodiments of the present invention will now
25 be illustrated, by way of example, with reference to the
accompanying figures. Further aspects and embodiments
will be apparent to those skilled in the art. All
documents mentioned in this text are incorporated herein
by reference.
30

In the figures:

15



20 val uable information concerning the effect of the test substance,
further tests nay be needed to identify the specific gene target. Aspects
and enbodwownie2sed the present invention will now 25 be PCTGRIBA0RY, by
way of exanmple, with reference to the acconpanying figures. Further
aspects and enbodi ments wll be apparent to those skilled in the art. Al
docunents neng &%ggv%n this text are incorporated herein by reference. 30
In the figures: 03/ 062826 PCT/ GB03/00329 Figure 1 Conparative

m croarray anadnysesatofveantcexpr espi aml pet seeh geuk féepeassated NPC

CNE- 2 |1 d [1- diff f t d NPC ( HK1 |
<(axper| Zre(r:]'?s ?kig%”?%legﬂn%ﬁ%f?ré&%% PTG o EERes (% Iﬁ%ﬁéfﬂe‘—f”i‘ e"&eﬁ om CNE- 2
celI's or HKl &ffféré/&%fa%@@ethé@d&ﬁ‘m QYB1 § PSLHSD- 019k &K Bk & £Lh AR $CANNI NQ)

and reference cDNA (pooled from 10 cel lines) with Cy3 (pseudo col ored
green).5Loge-to aﬁbfmr@drmm&larﬁ@IeM@W Cy5clgyss rdg T veedr ereml a2 ed

using the 10 Custer These r are rre sur rel atjve q9ene
expression in° %ﬁ% %&p@?f ni]a | e ]%endl%r er @ é‘l g%s%sd% Csc|c>)iec]tﬁrum of

graded col or srdd o r@@bﬁmwgmn@l ﬁ@&ﬁ@n@é eEmA aqﬁ@cﬁﬂédilgfi@nal@%@ll bar
shown at the _bottom (using the TreeVi ew program. Unf ortunately t hi s 15

canno]'E be repheaeht st i The BPIRRIQTP Wt ¢ I es BRIvTRFANATRI TS
t 1 t th
speci ficationy, a%{%% %%Ftéfé@ %ye%w(%\g)r%ﬂ@fo@% L@ﬂcﬁ?aﬁ%é( b & I&gpfﬁéen e

spectrum of gr ours. represents a io that is
10 Cluster program. These ratios are a measure of relative

gene expression in each experimental sample and are
displayed as a spectrum of graded colors from red through
black to green, according to a color bar shown at the
bottom (using the TreeView program). Unfortunately, this
15 cannot be represented in the block and white figures
accompanying this specification. Instead, line drawing

has been used to try to represent the spectrum of graded
colours. Red ([N) represents a Cy5:Cy3 ratio that is
higher than the median for a particular gene across

20 experimental samples. Green ([ ])or black (E&H)

represents a Cy5:Cy3 ratio that is lower than or
equivalent to the median for the gene across experimental
samples, respectively. Four gene clusters (A to D) are
represented, showing: (A) genes that are expressed at

25 higher levels in HK1l than in CNE-2 cells, (B and C) genes
that are expressed at higher levels in CNE-2 cells than

in HK1l, and (D) internal ‘house-keeping’ controcl genes.

Figure 2

30 Northern blot analysis of polyA" RNA purified from 18
different human tumor cell lines (Detroit 562, Fadu, CNE-
2, DAKIKI, Raji, WT-18, FHS-738Lu, MRC-5, A549, Hela, HT-

16



hi gher than the nedian for a particular gene across 20 experi nent al
sanples. Geen (0)or black ((r)) represents a Cy5:Cy3 ratio that is |ower
than or woudMedsesit to the median for the gene across exp@cCrraBiBa’29

sanpl es, respectively. Four gene clusters (Ato D) are represented,

showi ng: (A) genes that are expressed at 25 higher levels in HK1 than in

CNE- 2 cell s, %B 2 g) %enes that are expressed at higher levels in CNE-2
cell's than HRY488nd @Dﬂflﬁ@@ﬁﬁalBtﬁ@@seHEEeﬁﬁmgA4§ néRsl H§éres. SHPi gure

2 30 Northerno@I pbigRal ¥9i s, 0f Q%%@ét%&%léb@f’oﬁﬁ%&ﬁsﬁ}} figrent human

tunmor cell lines (Detroit 562, CNE- DAKI KI

FHS- 738Lu, NR@OSmaAﬁéﬁdeeb@ntHIniﬁgVﬁU@%b@@Z826 P€Tb68®8k®@32903ny$%ﬁ80
PA-1, HeCat, Bt-20, Hep-&, A498 and Hs67) yA+ RNA was subj ected
to el ectrophoP88Psaps 206 PéPF&ﬁdéﬁ?d@léoﬁP§lglﬁ@té@aﬁéséegéFlbﬁﬂaﬁéferred

to nyl og nenbgan p e H19 and (3-actin as described in 5
“Materials and gﬁgggﬁ EEE'QSE§E In situ hybridization of cell lines

derived from undlfferentlated NPC (CNE-2), well-differentiated NPC 10
(HK1) and cerﬁlcal cg rcinoma (HT-3) using (3-actin probe and H19 sense and
anti-sense prob88F&s-described in “Materials and Methods'. Photographs

were taken at rpnBgRif hf@@&&aazéf&%n &% EbgureifekngghtyeRykrbgi zation of
primary human tissues from nornal nasopharynx (NP) and undifferentiated

carci noma of unpéfhasepharyad NRPC(CNBr&) | abellediffobestspteilf NECT or
10 (HK1) and cervical carcinoma (HT-3) using P-actin probe

and H19 sense and anti-sense probes as described in

‘Materials and Methods’. Photographs were taken at

magnification x400.

15 Figure 4
In situ hybridization of primary human tissues from
normal nasopharynx (NP) and undifferentiated carcinoma of
the nasopharynx (NPC). DIG-labelled probes specific for
H19 or P-actin were used as described in ‘Materials and

20 Methods’. Photographs were taken at magnification x400.

Figure 5

Northern blot analysis of polyA* RNA from (A) sixteen

adult tissues (heart, brain, placenta, lung, liver,
25 skeletal muscle, kidney, pancreas, spleen, thymus,

prostate, testis, ovary, small intestine, colon and

leukocyte) and (B) five fetal tissues (heart, brain,

lung, liver, kidney) on nylon membrane (MTN Blots,

Clontech). Blots were probed for H19 and P-actin as
30 described in ‘Materials and Methods’

17



H19 or (3-actin were used as described in "Materials and 20 Methods'.
Phot ogr aphs were taken at magnification x400. Figure 5 Northern bl ot
anal ysi s wb opob282¢- RNA from (A) sixteen adult tissues (heamtGBobioedzn,

pl acenta, lung, liver, 25 skeletal nuscle, kidney, pancreas, spleen,
thymus, prostate, testis, ovary, small intestine, colon and |eukocyte) and
(B) five fet aI ti ssugs (heart, brain, lung, liver, kidney) on nylon

mermbr ane (MINFETHI®,® O ontech). Blots were probed for H19 and (3-actin as
30 descri bed N&tﬂ@é@%%’@ &@l%ﬁ:@%’ﬁ RNA 1 M0 Qﬁﬂ@r@?&?ﬁl @ﬁ@o%ww

Figure 6 Northern biot analysis of RNA from human cell Iines, CNE- 2 and
HK1, derived % raym ubich f f@enm@t@domnm%ﬁermﬂ@r@htam edeLhr ci nomas of

t he nasophary respectivel u3| n ) insulin-1ike growth
factor 2 (| &%Paﬁe&“{)ﬁa%% alr %s b& exr%ae ?p]l?ﬁl FXE nethyl ation in
the 3045Dbp regigpeadihiny, Lﬁ)siﬂ@ ;p:fcﬁb@é e_ﬂfozwaﬂ@xammﬁnuslﬂge i sathrhi t e
sequencing. The nethylation profile of the twelve CpG sites of this

regi on were afedtysed i (end f farerfi+atteih NPC cel s (CNE- 2),

wel |l -differentiated NPC cells (HK1) and HK1 cells treated with

5'-aza-2' -deoxycytidine (AzC), an inhibitor 15 of nethylation. The
occurrence ofrigidyl@ation at each CpGsite is expressed as a percentage of
t he nunber of <clones sequenced. The nunber of sequenced cl ones derived

from ONE- 2, HKie @k eoic oF R@deikly katian vigk eh® 3&B-kindreoion asdeth vel vy .

10 H19 promoter was examined using bisulphite sequencing.
The methylation profile of the twelve CpG sites of this
region were analysed in undifferentiated NPC cells (CNE-
2), well-differentiated NPC cells (HK1l) and HK1 cells
treated with 5"-aza-2’-deoxycytidine (AzC), an inhibitor

15 of methylation. The occurrence of methylation at each
CpG site is expressed as a percentage of the number of
clones sequenced. The number of sequenced clones derived
from CNE-2, HK1l and AzC-treated HK1l cells were 19, 63 and
27 respectively.

20
Figure 8
Northern blot analysis to examine H19 gene expression in
well-differentiated NPC (HK1l) and undifferentiated NPC
(CNE-2) cells, cultured for 7 days in the presence or

25 absence of 5’-aza-2’-deoxycytidine (AzC). Blot was probed
for H19 and P-actin as described in ‘Materials and
Methods’
MATERIALS AND METHODS

30 Cell lines and tissue culture

The human NPC cell lines CNE-2, and HK1l had been described
previously (Sizhong et al., 1983; Huang et al., 1983).
The CNE~-2 cells were obtained from Professor H. M. Wang

- 18



20 Figure 8 Northern bl ot analysis to exam ne HL9 gene expression in

wel |l -differentiated NPC (HK1) and undifferentiated NPC (CNE-2) cells,

cul t ur ed Woro3/fesa¢/s i n t he presence or 25 absence of PCT/GB03/00329
5'-aza-2' -deoxycytidine (AzC). Blot was probed for H19 and (3-actin as
described in "Materials and Methods'. MATERI ALS AND METHODS 30 Cel |l Iines
and tissue culture The human NPC cel | Ilnes CNE- 2, . and HK1 had _been
described pri&#6EE yESiERGRg SHNalat-3983Vn iR et off Mediggd) . The CNE-2

cells were o X r SO s VO, 82
PCT/ GB03/ 003%@L ?%%ncer@}maﬁ ?h‘égt, eﬁegj%\éﬁYa -senb%% v\%%@{lﬁf QI\/’la{lchléeal

Sci ences, Gjaml@zlwll,l Peopl &K RepubbtelmédCﬁrm)Prcﬁ‘ﬂE%@r tthe FcelHuanone HK1
was obt ai ned f r.of ess

D. P. H It f Ho
Kang) - CNE- 2 WEiA CP4PESS JB PO ¥ o LREd | SPEALT ar gl Masonds Wdeal

carci ngma  ( Jezherg etroml undi®83renthited Hids yiisa Saidaed cfal’leDdbﬁId ent with
the well-differentiated squanous carci noma of the nasopharynx (Huang et

al ., 1383_) . @imwgﬁﬁtt -y ufSB3¢el VhiiaeBKe i oydar i HEPr esdrentst udy
re obt t e 4l
\gltehgr\(/)\n sgl gteg’t tetgl %Pheg,gﬁge&'ﬁ%@rlh?%%{?%%gg uar%gldg e%éfg%r}t d%{% car g??\oma)

A549 (lung carseopherghx DAKBKL EEBYityahdgdy med | ynphobl ast) Fadu 15

(pharyngeal carcinoma), HelLa (cervical adenocarcinoma), HepQ&
(heptocel lul ar carcinoma), MCF-7 (breast adenocarcinoma), HT-3 (cervical

carcingm), K62 el dumor cell lines employed in the present

study were obtained from the American Tissue Type
Collection (ATCC) unless otherwise stated. These human
cell lines include A498 (kidney carcinoma), Ab549 (lung
carcinoma), DAKIKI (EBV-transformed lymphoblast), Fadu

15 (pharyngeal carcinoma), Hela (cervical adenocarcinoma),
HepG2 (heptocellular carcinoma), MCF-7 (breast
adenocarcinoma), HT-3 (cervical carcinoma), K562 (myeloid
leukaemia), Detroit-562 (pharynx carcinoma), Raji
(Burkitt lymphoma), WT-18 (EBV-transformed B-lymphocyte),

20 FHS-738Lu (normal lung), MRC-5 (diploid lung).
Additional cell lines employed include the SW480 (colon
adenocarcinoma), PA-1 (ovarian teratocarcinoma), HeCat
(epithelial), BT-20 (breast carcinoma) and Hs67 (normal
thymus) . All these cell lines were propagated in RPMI

25 medium (Gibco BRL, Life Technologies, Grand Island, NY)
supplemented with 10% FCS (Hyclone, Logan, UT), 0.1 mM
non-essential amino acids, 4mM L-glutamine, and 1mM

sodium pyruvate.

30 Tissue specimens
Human NPC tumor biopsies were obtained prior to treatment
from patients with informed consents at the Department of

ENT of the Singapore General Hospital. Biopsies were
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| eukaem a), Detroit-562 (pharynx carcinoma), Raji (Burkitt |ynphonma),
Wr-18 (EBV-transfornmed B-Iynphocyte), 20 FHS-738Lu (normal |ung), MRC 5

(di pl oi d Wongpe282Addi ti onal cell |ines enployed include tRreT®A30032¢0! ON
adenocarci noma), PA-1 (ovarian teratocarcinoma), HeCat (epithelial), BT-20
(breast carcinoma) and Hs67 (normal thynus). All these cell lines were

propagated in RPM 25 nmedium (G bco BRL, Life Technol ogi es, Gand Is]and,
NY)  suppl enetieRI-WEq hE2TYHACS Oiifc U9REr EBganal uThacathcre wohi@stenti al
am no aci ds, 45 4sg!d8am e bt 130 UBLRYEHVRLED HpTisus: speci mens

Human NPC tunor biopsies were obtained prior to treatnent rompatients
wi t h i nf or redtclonkent stlated hel tBepart mempuof tiENTeof wehe Shkhgapeosendener al

Hospital . Bi j 19 WD 03/ 062826, PCT/ GB03/ 00329 bt ai d, f
Dot ents untar e T Senal (Bt ey T96 00cHTRh Sof UOrSroRnht | od wi th

a cotton swabhapplddiopd tofealrioftt Riieepbbtbeswetet yaRYUr fok Ssues were
taken using Hilyard forceps under direct vision wwth a fibre-optic 5

naso- endoscopelstogicask axapimatdéorwerd §bat thord higpeyogheainekamhation
and the third. bigpsy,ohtal zaﬁ%s‘%% RSN f?{éinéﬂﬁ BES?Q%SS{&'}%( AHgpUr

bi opsi es taken from patie were | di a snap-frozen and stored in
liquid nitrogeniamts lwded ngrstdiditedy khspefpatbol agdcatotdddimghogiisd was

cel et od. overtRO0L TIAE Huhy WO 4 Bnes 1t FREyPEEGRhOHF &L | ne. - Pal o
Ato, &), IepreaesdidGiasl>ArArmddmhebyrd4¥idi stbpebndhi gene clusters
(i.e. uniqgue
cDNA microarrays
The inventors have selected over 1000 IMAGE human cDNA
clones (Incyte Genomics Inc., Palo Alto, CA), representing
15 approximately 941 distinct Unigene clusters (i.e. unigue
genes), for their spotted microarray studies. These 1000
clones form part of a pool of 18,000 clones established as
a core facility for cDNA microarray analyses at the
National Cancer Centre, Singapore. The full listing of
20 these clones will be made available on request. These
1000 clones were streaked out and individual colonies
grown overnight. Of these, 713 clones were correctly
identified and verified by PCR amplification using gene-
specific primer pairs. Each of the inserts was amplified

25 from an overnight bacterial culture, using a final
dilution of 1:1000 in a 100 pl PCR reaction. The PCR

products were concentrated, resuspended in 20 pl of 3XSSC
and then employed for printing on poly-L-lysine (Sigma
Diagnostics, St. Louis, MO)-treated glass microscope

30 slides (Fisher) using a robotic GMS 417 microarrayer
(Genetic Microsystems Inc, Woburn, MA) fitted with four

printing ring-pins (TeleChem International Inc, Sunnyvale,

CA). Housekeeping genes including GAPDH, B-actin, p-2-
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genes), for their spotted mcroarray studies. These 1000 clones form part
of a pool of 18,000 clones established as a core facility for cDNA

m croarr ayoanabaszes at the National Cancer Centre, SingaperaBoFies2dul |
listing of 20 these clones will be nade avail able on request. These 1000
clones were streaked out and individual colonies grown overnight. O

t hese, 713 cl one correctly entified and.verified by PCR
anplificati oﬁmu%lfcf%\fe ek s S5 19 51 Pdp&PngulEéEhw‘?ﬁetﬁim}%%%]ﬂf s was

anplified 25 dgonpad Lvermiditaibad@irials vkt Uhe, nyshag; aafidal o dil ution
of 1:1000 in a 100 | PCR reaction. The PCR products were concentrated,

resuspended iy 2ol it Bnssd gradd e nenghbyeantdyspei nt Faglaning

pol y-L-1ysi ne, S -trea S 1.Cr oscope
30 slides (Fi s#] SQH?J%I n[%g}?eglns&o % W%@s b%gk}?neg'r\/?é?r%ge%gﬁ(%ﬁe"‘??%gf

M crosyst ens Baih Mdrbant M%)acfel twta&darw tthrf QuB speontis Ngo I +aigy Piatse

(Tel eChem I nternational Inc, 1gﬁg%z/val e, CA Housekee&)%? genes | ncI udi ng
GAPDH, (3-actlie FEE3Y nFNRD TEiG6226 |5C1FP€B6§F06§2@

cycl ophilin and, ubi gl tj s WereysSidHd %&Jo)és $RAkEGIy @6 5‘5@%9@' CO“t VO' s for
the normalization of hybridization signals during data analysis. Follow ng

printing, theilstsaeiso el annapéﬁte@nownna boBLragahanker 5( batdt¢geagent
deconds on b TOOK Het 10 - bk Tor A 4666nA0°An AFBRSLT i ficka WTh 550 m
ultraviel et i (T@diiatdioss Ustitg acla@tnre&tlaﬂ snketel ) r ab2USNES ba5 Jddiaas CA) .
The slides were then placed in 0.2% SDS 10 (10 m nutes, wth nmagnetic
stirrer), folibveEdy Bifished) mf&r@aﬁr@aﬁé?r@w Taféf%%l%%ﬁsqfem ng to
boi I'i ng- hot water (10 minutes), blotted to remove excess liquid,
desiccated for 5 minutes in 95% ethanol and air-dried for
5 minutes in an 80°C oven.
15
cDNA microarray hybridization
The protocol accompanying the 3DNA Expression Array
Detection Kit (Genisphere Inc., Montvale, NJ) for the
synthesis of hybridization probes was used, with
20 modifications. <cDNA was synthesised by reverse

transcription using 10 pg of total RNA extracted from

human NPC cells or from 10 pg of reference RNA (pooled
from 10 cell lines) with oligo(dT) primers incorporating
either the capture sequence for the 3DNA Cy5 ‘labelling’
25 reagent (5’- CCTGTTG CTCTATTTCCCGTGCCGCTCCGGT- (dT),-3") or
the 3DNA Cy3 ‘labelling’ reagent
(5’ GGCCGACTCACTGCGCGTCTTCTGTCCCGCC—(dT)p—3"), respectively.
The 10 cell lines from which the pooled reference RNA was
generated were A498, Ab49, DAKIKI, CNE-2, Fadu, Hela,
30 HepG2, MCF-7, HT-3, and K562. cDNAs generated from each
of the test RNA samples (CNE-2 or HK1l) as well as the

reference RNA were competitively hybridized to the

microarray using a hybridization volume of 20 pl under a
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water (10 mnutes), blotted to renove excess liquid, desiccated for 5
mnutes in 95% ethanol and air-dried for 5 mnutes in an 80C oven. 15 cDNA
m cr oar r ayoheglosaselé zat i on The protocol acconpanyi ng the 3DRATE®YEO6RD 0N
Array Detection Kit (Genisphere Inc., Mntvale, NJ) for the synthesis of
hybri di zati on probes was used, with 20 nodifications. cDNA was synt hesi sed

by reverse transcription using 10 f total .RNA. extracted from human NPC
cells or froM1TY Cocg)ver%sfqulrper?@% IQIQA%( §86:kehum%?bﬁ11?€ CRIFPFT nes) wi t h

oli go(dT) primsEdiGOrRatiatd orgilt hae, t Benaaphue e SEOUSHREEn{ @it tdte 3DNA
Cy5 "labelling' 25 reagent (5 - CCTGITG CTCTATTTCCCGTGCCGCTCCGGT-(dT)n-3")
or the 3DNA 4¥%- | abelling' reagent (5
GGCCGACTCACTGCGCGTCTTCTGTCCCGCC- (dT) n-3" ), respectively. The 10 cell lines
fromwhich the pool ed reference RNA was generated were A498, A549, DAKIKI,

CNE- 2, Fadu, mHetia;hydd-ideipGE, i MCls171deHTa8heandnbb2e sDNAsigenef ated from

each of the test RNA sanples (CNE-2 or H:;lé ?Os well as the reference RNA
vere conpet i t1&BS° hybrd TPl "t ot k& SAfcr o8r FaySHsi h% YARYBTi R zati on
volume of 20 s updes énchh WeLI/NeE8RG BCILCEI3/ P0329: ghass, cpydlsd i p and

in a dark humdified chanber (TeleChém International Inc, Sunnyvale, CA)
over ni ght at 5 42@QuisPestcybrindi fanpoayshiitde WasheSSEnid| waskeseri es of

washes, starting w th 2x SSC 0.1% SDS, (2, washes, 5 . m nut each
o oo by O b 2o 2 bt O ng BR NS Bp o R I I PR GAGNene
W th 0.0 X SSQ@ye ywshess fequence, is labelled with Cy5 or Cy3 only

after the cDNA has hybridised to the microarray and the

excess unbound cDNA washed off.

Quantitation of arrays and cluster analysis

15 Hybridized arrays were scanned with a GMS 418 laser
scanner (Genetic Microsystems Inc, Woburn, MA). Images
for Cy5 and Cy3 were acquired separately using different
channels, superimposed and guantified with Imagene
software version 3.0 (BioDiscovery Inc, Los Angeles, CA).

20 Spots on the array were defined by aligning a grid of
circles over each spot on the entire array image. The
net signal for each spot was obtained by subtracting the
background signal from the average intensity within the
spot. The signal intensities obtained from both Cy5 and

25 Cy3 channels were normalized by applying a scaling factor
such that the mean Cy5:Cy3 ratio of spots across the
entire array is 1.0. Logy-transformation and centering of
the median for the Cy5:Cy3 ratio were then computed. A
hierarchical clustering algorithm was applied using

30 complete linkage clustering (Gene Cluster program,
http://rana.lbl.gov/; Eisen et al., 1998). The TreeView
program (Eisen et al., 1998) was used to visualize the

clustered data by displaying the intensity of gene
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m nut es each). The cDNA, which incorporates a fluorescent 10 dye capture
sequence, is labelled with Cy5 or Cy3 only after the cDNA has hybridised to
t he m cr oasoroapemeed t he excess unbound cDNA washed of f. QramtGroawdxm of
arrays and cluster analysis 15 Hybridized arrays were scanned with a G5
418 | aser scanner (Cenetic Mcrosystens Inc, Whburn, MA). Images for Cy5

and Cy3 were acquired separately using differen channel s, super. nposed
and quantifi SFRETI IR %(ﬁﬁﬁaer%tlgﬂ? s rgrsac%d( Bi% rs%oﬁfe%%ﬁf&rypﬁ_os
Angel es, CA).re0 3Ry idek arfapmefte: defddied hyh el Agm g 1y gritd of

circles over each spot on the entire array inmage. The net signal for each
spot was obt @aEPhypsuirgetihghhelasdeiagrbuitl st ghlsdu¥em t he aver age

intensity wthi spot... :The. si gnal j.ntensi ti ai fromboth Cy5
and 25 Cy3 ch%dn%é%%%v%lﬁpego nto}}ln%slpiéecgﬂ%yca{a%pcﬁ{;'i ngﬂogﬁsﬁ% ( n{g}? actor such that
t he mean Cy5:i@Q3ersatt i Ofhaspotiseacrioshi ddteed ént idief Berayt iy daxked
Loge-transformation and centering of the nedian for the Cy5:Cy3 ratio were
t hen conput ed?©¥es hi et cHital e XanR%r i g W% ori t hm was appl i ed using 30
conplete linkage clustering (Gene Cluster program  http://rana.lbl.gov/;
Eisen et al., 1998). The TreeView program (Ei sen et al., 1998) was used to
vi sual i ze t hdVoxthenrekddtdamalpigi spl aying the intensity of gene 22 WO

bri ght - red, AHPbuGH HACE (13 BRPORPCoroon. UORTar FARGrS SCSPRIS cannot b6
shown i the @iasdo et Whiit e fTgnras] ogiceoNMuEarHO O 4 Thrsd SREC) fi cati on.
However, the 5 intensities have been indicated by differently narked
Poly(A)" RNA was selected by using the Fast-Track mRNA
isolation kit from Invitrogen (Invitrogen Corp., San
Diego, CA). For Northern blotting analysis, polyA* RNA (5
ng) was loaded in each lane of a 1% agarose gel containing
15 0.7% formaldehyde and 5mM iodoacetamide, and subjected to
electrophoresis. RNA was transferred to Hybond-N* nylon
membrane (Amersham, Piscataway, NJ) by capillary transfer
and probed with **P-labelled H19 DNA (full-length cDNA
clone obtained from Professor Shirley Tilghman, Princeton
20 University, NJ). Probes were labelled by random hexa-
nucleotide priming using the High Prime DNA labelling kit
(Boehringer Mannheim GmbH, Mannheim, Germany) according to
manufacturer’s protocol. The filters employed for the
human and human fetal multiple tissue Northern blot were
25 purchased from Clontech Laboratories (Clontech
Laboratories Inc., Paloc Alto, CA). Hybridization signals

were quantitated using the BioRadFX PhosphorImager
(BioRad, Richmond, CA).

30 In situ hybridization

Frozen biopsy NPC tissues were sectioned to 10 pm in a
cryostat. Cell-lines (CNE-2, HKl and HT-3) were grown to

half confluence in chambers mounted on glass slides
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boxes. See, for exanple, figure 1. Northern blot analysis Total cellular
RNA was isolated using TRl zol Reagent 10 (G bco BRL, Life Technol ogi es,
Grand | shapd3oeldre Poly (A)+ RNA was sel ected by using tReTREBIBAOTIRZACK NMRNA
isolation kit fromlnvitrogen (lnvitrogen Corp., San D ego, CA). For
Northern blotting analysis, polyA+ RNA (5 ¢) was |loaded in each |ane of a
1% agar ose gel_contai ning 15 0. 7% f or mal deh i odoacet am de, and

d 5
subjected to (BRI} SPHOrESSL IdRmABRES O Qﬁ\égé’??g’a 8 I—Q‘BondN“lm nyl on

menbr ane (A”%f%ﬁﬂlﬁﬁ%@‘@@%e f@)ﬁm@épwu:ﬁrMohf-@é?éigéctﬁ‘@éj fohed with
32p_ | abelled H19 DNA (full-1eng cDNA cl one obtai ned from Professor

Shirley Til ghamedh,arPriraseton 20 lprnO@@r,swhychl\wys Pebbésedere thiel | ed by

random hexa- nucl eot | ri si.ng_t he b
(Boehri nger NHNAHE CEIF (ﬁbﬁﬂﬁ %@ér mgﬁggpacf%%?gl %NA{I&Q ﬁﬁénuf ac%ur er's
protocod . Therdd1elsy e Oy-wiffn@&mt he huams, aBdsém;rmwietaﬂmd)t; ple

ti ssue Northern bl ot were ur chased from Cl ont ech Laboratories
(Contech Laberaidriesq ﬁ‘&‘?nu PAHCAL! §, 1RAF rurlbPRd; zat Penh¥petal 29 wer e

uantitated XdP r e hnond, CA 30
q dii&%l L %Ogg);gibd qsphar |, apgen. £BLaRad: + R & ) -

In situ hybri 1 opsy NPC tissues were sectioned to 10 pmin
a cryostat. ;@eﬂ*cbx:ldam—c(c@[ﬂﬁg&telthnamdDEltE 3htnkepdyganinstibsednatit

confl uence in chanbers ass,slides, 23 03/ 06282
PCT/ GB03/ 00322 Y51 ot dﬁF@%lordéeaﬁg&Panht%kis\_r/lgéﬂm%lﬁ ‘%‘)f?rﬁ\tﬁ“.
Hybri digati onsnayerel pdsHmad winldh nReror 8di:eactt¥e-6ense sand anti-sense
H19 probe, which was |abelled by the
(Boehringer Mannheim GmbH, Mannheim, Germany). Sections
were counter-stained with haematoxylin (BDH Laboratory
Supplies, Dorset, England). Slides were viewed with the
Olympus BX51 microscope (Olympus Optical Co. Ltd., Tokyo,

15 Japan) .

Treatment with 5’/ -aza-2’-deoxycytidine
Seven cell lines (CNE-2, HK1l, Hela, Hep-G2, HT-3,
NIH:OVCAR-3 and SW480) were cultured separately for 7

20 days in RPMI (containing 10% fetal bovine serum) in the
presence or absence of 12.5 pM 5’-aza-2’-deoxycytidine
(Sigma Diagnostics, St. Louis, MO). Total RNA from these
cell lines was extracted using TRIzol Reagent (Gibco BRL,
Life Technologies, Grand Island, NY), according to

25 manufacturer’s instruction. Twenty pg of total RNA was

used for Northern blot analysis.

Bisulphite sequencing of the H19 promoter region

Genomic DNA (2 pg) was digested with Rsal at 37°C for 16h
30 and denatured by adding freshly prepared NaOH to a final

concentration of 0.3M at 42°C for 30min. The bisulphite

reaction was carried out on the denatured DNA by adding

urea/bisulphite solution and hydroquinone to final
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i ncorporation of digoxigenin (D G-I|abeled dUTP (DG RNA 5 Labelling Kit,
Hof f mann- La Roche, Basel, Switzerland), according to nmanufacturer's

i nstruct iwo93/0d18es hybri di zed di goxi geni n-1 abel ed probes wemrsRigvexbed w t h
a peroxi dase-conjugated anti-DI G anti body and subsequent enzyne-catal yzed
color reaction with 5-brono-4-chloro-3 10 indolyl phosphate and nitro bl ue

tetrazoliumsalt (Boehringer Mannhei m GrbH, Mannheim Germany). Sections
wer e count er -GUEFHEI 3 PN haehed ox§Mi m (BDH abdt a1t yre SRRPt i eslY -Dor set

Engl and). Sli Vi v%g | t L pher a ynmpus
Optical Co. Lrlﬁ?de.s,fl%%lo%r? %%%Sn)ﬁﬁga%%ﬁf \?\n%t%h g?lgaggﬁgﬁgﬁgoxycyti di ne
Seven cel | | ifuelkl (WENE-12y dHi<ia tiHedtad orHep: @5°CHT-33, selNloHd8YCARTBeand SWA80)
were cultured separately for 7 20 days in RPM (containing 10% f et al

bovi ne ser umbisiiniel prelsesrieedrD¥bsendel lofwap B 5 L ' RBdeddy &/t i di ne
(Sigma Diagnostics, St. louis, M)._ Totgal framt hes cell lines was
extracted usi4ly HJRIr;?ﬂCtRé?{gé'h]tt}( Cébi:d”}éﬁ_s, %ﬁ@%%oﬁ%i%y@%ﬁ
Island, NY), @gecordingio- 28 fanufgctler, st Nsdddicid oy Jwendys gf total
RNA was used for Northern blot analysis. Bisul phite sequencing of the H19

pronot er region Grom el DN Oy was3 (i -gas tey vdrt hirRsade #t187C for 16h 30
and denatured by addi ng freshﬁgﬁ%par ed NaOH to a final _concentration of

0.3M at 42C fRFCWYRH Thehdh el TCREAG TREARET Tar $ ¢l but?Bh e

denat ur ed f&c@f’éé@: M @Rtk SRR tecmal 4 on and hydbogyl nene to final
24 WO 03/ 0%6 P /GBOS? 00329 concentrations of 5.36M 3.44M and 0. 5nmM

respectd vel y.subjected to 94°C (3 minutes), then 35 cycles (of 94°C for
30 seconds, 58°C for 1 minute, 72°C for 30 seconds), and
ending with 72°C (6 minutes). The bisulphite-treated DNA
was then cloned and sequenced as described (Tremblay et
al., 1997). DNA sequencing was carried out using a CEQ
15 2000 capillary sequencer (Beckman Coulter Inc.,

Fullerton, CA).
RESULTS

20 The undifferentiated human NPC cell line CNE~2 and the
well-differentiated human HK1 NPC tumour cells

demonstrated unique gene expression profile

To identify human NPC-specific genes, the inventors have
25 initiated a program at the National Cancer Centre,
Singapore, to employ a library comprising 18,000 cDNA
clones for the screening of human nasopharyngeal carcinoma
clinical biopsies to link these expression profiles in the
context of clinical information. Based on their
30 preliminary data, they have chosen approximately 1000

genes for their present study.
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The reaction involves 20 cycles of 55C (15 m nutes) followed by
denaturation at 95C (30 seconds) . The bisulphite-treated DNA (5 1) was
anplifiedwby3@®6én a 5 20 | reaction with 0.5 units of APPTIGEIG/ODIMA

pol ymerase (Perkin-El mer Corp., Norwalk, CT) and using prinmers (10 M
that will anplify a 306-bp region in the HI9 pronoter: 5 -AGATAGIGG
TTTGGGAGGGAGAGGTTTTGGAT- 3" and 5' - ATCCCACCCCCTCCCTCACCCTACT CCTCA-3'. The
reaction was SN fHREASEd Ao PIRELLgsniRGEesFt 2 he?ned et eRNPbf 94C for

30 d
secon SThzegic)E g{pe?% A eche7§x98|%%\[fe§9n§?ﬁ@@&isﬂmmﬂ?q\l}?@r%lrlg Midh 72C (6

m nut es) . te-treate was then cloned and sequenced as
descri bed (Tr@aibi2ayret thal well9gi)f feDhAtsegaeniP@gocebl Tiare il autd using a

CEQ 15 2000 capil,l ar uenc Beckman_Coul t er C,, ert CA) .
Eurs 00 e i e s SO Rpea el | IS ad Fah e

wel | - dig f er erdsiatrad B tiikktNgenku NEl’:eﬁgibﬁ pHeronss r gt aghinniigue gene
expreSS| on profile To identify human C-specific genes, the inventors have

25 initiated &program &l lwenRat oghRaPfChheerPEMtiBate Y nfiifbraenaso enpl oy
a library coan_;iq{ FINY A8. 000, CONA 55'80@838&9{ ﬁ/ £ é‘iﬁ@a&f g R

nasopharyngeal ~carci nonma  “clini cal |op5|es € expression
profiles in tHiel cANiLxin elomplairiiseal tbnthermNEe:m caalsaed (Tabldel)r. 30

prelimnary data t hey have chosen appr oxi mat 1000 enes for_their
present study:? sie i P56 3456 gﬁé‘?ﬁ(ﬁgéiio%?@gec% LS Hrofi | es

nere ofg gbl | sheth G RN - 6kacted themybhesyndihd engnddpied human NPC
chemotactic protein-3 (MCP-3) (Figure 1A, Table 1). 1In
comparison, there are fifteen genes that were found
consistently to be more highly expressed in the RNA of the
undifferentiated CNE-2 cells than that of the well-

15 differentiated HK1l cells (Table 1). Some of these genes
include the H19 imprinted gene, the cyclin-dependent
kinase inhibitor 1C (CDKN1C or p57%¥%?) gene, genes that
encode protein-tyrosine kinase Flt4, Tat-interacting
protein, and cyclin D3 (Figure 1B and C, Table 1).

20
H19 gene is highly expressed in undifferentiated human NPC

cells

The specific up-regulation of the imprinted H19 gene in

25 the undifferentiated CNE-2 NPC cells is most interesting.
To examine whether the expression of H19 is unique to
human NPC cells, the inventors performed Northern blot
analysis to compare to expression of H19 in eighteen
different human tumour cell lines of diverse origins.

30 These include tumour cell lines that were derived from
human Burkitt lymphoma, pharyngeal carcinoma, cervical
carcinoma, lung carcinoma, colorectal carcinoma, ovarian

teratocarcinoma, hepatocellular carcinoma, kidney
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CNE-2 and the well-differentiated NPC cell line HKI1 and hybridized to
spotted mcroarrays. CNE-2 and HK1 cells 5 exhibited distinct gene

expr essi owopsoéiskes (Figure 1, Table 1). Six genes out ofPCrhaB03/00329
approxi mately 1000 genes studied were found to be consistently
up-regulated in the HK1 cells in conparison to the CNE-2 cells (Table 1).
These include the genes _that encode netallothionein-1, 10 human

mel anoma- ass G HHEP Nt (RFET SB3 Ca&Rd N RBRocFEE CERRADP HEEF I pF R kith- 3 (MOP- 3)

(Figure 1A T J)  CUMANLION. cbhene1ang hhfit €80 GRRRSs t hatqurs e
f ound consis?@%ﬁ¥§%?b be nore hﬁgﬁlyegxpressed in the RNA of tiﬁ?g

undi fferenti atled ENBiZicw Ihybrhian zelhdabtnovithetivel H19 50004 ec@ntd atreldy HK1
cells (Table 1)., So 0 he g S, include_the H19 i i nt ene, the
cyclin-depen&g%fk§f¥ﬁ§§£j%ﬁh%%ﬁtgﬁﬁié E&E&ﬁlgfbguﬁ%7szg?f %ﬁ%g“%%nes t hat
encode Pr ot eidedarHREMeKiinaseckl téstEat uhater aeésagdcod Dt Lo @i reyrcl i n
D3 (Figure 1B and C, Table 1). 20 H19 gene is highly expressed in

undi f f er ent i dtaste ek e P goTRecEPEBFFL@ Up-regul ation of the
inmprinted H19 gene in 25 the undifferentiated CNE-2 NPC cells is nost

interesting. To exam ne whether the expression of H19 is unique to hunman
NPC cel | s, tH&ha mpetidris periressednNorlft HéPnibl the lawedysis to conpare to

expression of HL9 in eighteen gLff nt E n_ tumour_cell |ines of .diverse
o gi ne. 30 TGS AHAE EanGiE el Fe) PRod FHAE Vs o He? | Rt T Hunan
Bur ki tio | ynphoires ; ipharpidenlz6a0el BelBicseN Figalte SAI Ci ADMRoudHiNthe
carci noma, colorectal carcinoma, ovarian teratocarcinoma, hepatocellular
carci noma, kiekmes2ion of P-actin could be detected in the CNE-2, HKI,
and HT-3 (cervical carcinoma) cells tested, the expression
of H19 could only be specifically detected in CNE-2 cells
(Figure 3). The H19 mRNA expressing cells were identified
15 by the grey-brown color staining following binding to the

non-radiocactive, digoxigenin-labelled anti-sense H19 RNA

probe (Figure 3).

To address the relevance of the expression of H19 in the

20 undifferentiated CNE-2 cells, the expression of H19 in
undifferentiated human primary NPC tissues by in situ
hybridization studies was performed. In situ
hybridization studies revealed that H19 also expressed
strongly in undifferentiated human NPC biopsies (Figure 4)

25 and not in the epithelium of chronic inflammatory tissue
biopsies that were negative for malignancy but were taken
similar conditions from the nasopharyngeal region (Figure
4). A total of seven undifferentiated human primary NPC
biopsies and three non-NPC biopsies were studied by in

30 situ hybridization and representative results were shown

in Figure 4.
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WO 03/ 062826 PCT/ GB03/00329 carcinoma, breast carcinoma, EBV-transforned
normal B | ynphocytes, fibroblast, epitheliumand the thynus (Figure 2).
Posi ti ve Wophlsioehiszat i on with the H19 probe could only be eeramosdoRor the
CNE-2 cells (Figure 2). The other 5 seventeen cell |ines tested under these
conditions did not have detectable H19 gene expression. The specific
expression of H19 in the human wundifferentiated CNE-2 NPC cell i was

al so confir mERIREIMPLYy sittu Wydriddistat AERCETGRPEs (B gdiFrEierm EﬁrBGgh

the expressi g 0f ﬁ(g)%,ggﬁa& GOLg d; ee%&@gé@&' 9 ﬁeﬁag\lﬁ%éceﬁlé%atia@qew-B

(cervical carcin s tested, the expression o cou only be
speci fical |y (d&teateed5hin. CNEHID ceblidd @litgure GpteThedHi® nRNA drpriessi ng

cells were identified 15 by the grey-hrown col por st aini foll ow bi ndi ng
to the non- rddi®ba®e? e i Yoki SgHﬁﬁl &1 gﬁ?ﬁ?gensgﬁ?—ﬁﬁe RMCE%%% e
(Figure 3). T addresst heckel evange, of pthen pxpresgi on1ekek]9 isketlbea120
undi fferentiated CNE-2 cells, the expression of H19 in wundifferentiated

human pri mar yougRE &t/ sskkgdney, i nPsnEgeakybr isHIAaN on Shylnes wRsosérft6r med.
onositu hybridlaatton, pLug essteveal fﬁﬁﬁ@iné‘w 8l a8 exphessad, 3theaal y

in undifferentiared hungn NPC Bi opsi es igure’ 4) and not int
epi t hel i um of (Rihyward ¢ 5mfl ammutier y dxpessesidn opdi esiltthatcondrde mégat | e f or

mal i gnancy but were taken simlar _conditions fromthe nasopharynge
regi on (Fi gurdetepted e N even %F%I]Effv‘e?’%ﬁtPg%eaoﬁu%éﬁgi}???/rﬁ%y%hﬁc

bi opsisgs and gdy.ge NON-INPG bi OpshLs: Ner o8 Udi 8HgbMokNtBE FelkHl kidney
hybri di zati on and representative results were shown in Figure 4. 27
(Figure 5B).

H19 is a paternally imprinted gene and is located in close
proximity to the maternally imprinted IGEF-2 gene on

15 chromosome 11pl5.5 (Feinberg, 1999). To determine if
there is a relationship between the expression of these
two genes in the undifferentiated CNE-2 cells and the
well-differentiated HK1l cells, Northern blot analyses
were performed. In contrast to H19 that is only

20 expressed in CNE-2 cells, IGF-2 is expressed in both CNE-
2 and HK1 cells (Figure 6).

The CpG dinucleotides in the promoter region of the well

differentiated HK1l NPC cells are hypermethylated

25
When the DNA sequence of the H19 was examined, one
noticeable feature is the presence of many CpG
dinucleotides in the promoter region of the H19 gene
(Figure 7). The hypo- and hyper-methylation of CpG

30 dinucleotides have been demonstrated to be an important

epigenetic event in the regulation of gene transcription.
To investigate whether methylation plays a role in the

regulation of the H19 gene in undifferentiated and well-
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WO 03/ 062826 PCT/ GB03/00329 Furthernore, it was al so determ ned, by
Northern blot analysis, that H19 is expressed in human pl acenta tissues
(Fi gure 5wP.o3paB2€oul d not be detected in RNA derived frecrmams/oo29t he
adult tissues tested. These included 5 tissues of the heart, brain, |ung,
liver, skeletal muscle, kidney, pancreas, spleen, thynus, prostate,

testis, ovary,, |1 intestine, cqlon d | eukocyte Fi gur A). The

expr essi on ofd¥§%gaﬁﬂﬁ%ﬁﬁﬁ@x¥qgaC%i%?ecggﬁ FHV?ﬂEgﬁﬁwF pgg? Iéh ver but not
ti ssues of the-dfhdet alettardni etdlathisabn, nfiot gbnbung oor-2 hend etrad ki dney
(Figure 5B). H19 is a patéernally inprinted gene and is |located in close
proximty to ¢chbelsmt éigradriic DN ivetred PuEEL2egdeheoBnCliB-¢ heohbs gird Hipl1 5. 5

(Fei nberg, 1999 To t.ermn i.f  .there is_a re i hj e he

expr essi on ofc?%lessean#j\%"egénneen%%lﬁttlﬁg S%SFPfgeP%njfﬁét gggé{l%-)lgo c%fﬁ'ggéand t he
wel | - di§ferenddsdaskdikb celinhg NoR hepn il ektaoal yseshe Wwer e pesdorared. | n
contrast to H19 that is only 20 expressed in CNE-2 cells, I1GF-2 is
expressed i n BRAPTONND DigiH HEE s@AuenCEngur eS8 WFHRI EpEP Iy FRicl eoti des in
t he pronoter i el iff i | sgare
hypernethylat%ﬁﬂgggaﬁ%%;?ﬁ%M%ﬁﬁdgg&ﬁe% eQ%F§§%g g%%magghgigﬁfaed, one

noti ceabl e feaywsines tdwl preasarce not FamgtGpGeytoauce epesddisesn t he
pronoter regiaon of _the HL9 gene

hyper - net hyl at o B Cpd B0 HiFHHRE Ei uéggz%gbggggg%pg%%%%gﬂjaﬁjeeadt%N%e an

i nportegmt  eppgenedd suayesd ﬂdutdagnrge%lils@tlFﬁmfc@ftg@@anéﬁansmé ption. To
i nvestigate whether nethylation plays a role in the
cytosines detected in the final sequencing reactions will
represent those cytosine residues that were methylated in
the native DNA sample. In comparison, all cytosine
residues that were not methylated in the original DNA
15 sample will subsequently be converted to thymine following
the bisulphite treatment. A total of twelve CpG
dinucleotides spanning 304bp of the H19 promoter region
were studied (Figure 7). Most of these CpG dinucleotides
were not methylated in the DNA purified from the CNE-2
20 cells of which H19 is strongly expressed (Figure 7). 1In
comparison, most of these CpG dinucleotides were
methylated in the genomic DNA purified from the HK1l cells
of which H19 is not expressed (Figure 7). The CpG
dinucleotides at positions -209, -189, -180, -117, and -
25 102 appear to be methylation “hot-spots” and accounted for

greater than 70% of the clones sequenced (Figure 7).
Hypomethylation of the CpG dinucleotides within the H19
promoter region correlated with the restoration of H19

30 gene expression in the well-differentiated HK1l NPC cells

To determine whether the expression of the H19 gene could

be induced by hypomethylation, the inventors have treated
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regul ation of the H19 gene in undifferentiated and well 28 WD 03/062826
PCT/ GB03/ 00329 differentiated NPC cells, the inventors conpared the
pr onot er wotohpbzseé on status of HL9 gene in CNE-2 and HK1 PceldBI3/0@2momm C
DNA were purified fromCNE-2 cells and HK1 cells and the nethyl ation
status of the H19 pronoter was 5 assessed follow ng PCR anplification of
the H19 pronpbter region and bisulfite sequencing. Sodi um bi sul phite

i nduces specitfficdiifly asld shyditdl Fhiec dgBahR AR T 6RJ 07 ISRy t DSTIEA TesT dues and
not 5-met hyl gﬁ@%ﬁé}d}gtirﬁ%ed.ue%?henﬂﬁglrefefgﬁ{%eex{:Lab@e@x% agk{ had; mwhen the

PCR-anmplifie wer e sequence ow ng bisul phite treatnment, the
cyt osi nes detfgtletviiny thedimralt sedqhenbendemebloylansngi ddent epresent t hose

cytosine residues that were nethylated in he _nat.ive sanple. In
conpari son, & I'%ﬂ@s‘iyﬁé d’l?éé fha y\%@fie%ﬁolflo ?%W?t’\ﬁ%ti n the original
DNA 15 sanpl e, il qisiiseauentdny the eanverbed, t abtihyah heahohhovwnghd he

bi sul phite treatnment. A total of twelve CpG_dinucleotides spanning 304bp
of the H19 pribrbtiaranssyii;nt aserlel beudesdctrighnet?y Ribsef ofhe Hes

di nucl eot i de ver g jnot ErgLetuh | ated in the DNA purified fromthe CNE-2 20
cells of whic ]Hféeis strongly éx'pressed (Figure 7). In conparison, nost
of these CpG di nucl eotides were nethylated in the genom c DNA purified
fromthe HK1 cells of which H19 is not expressed éFi ure 7). The CpG

di nucl eot i desTtf'pddias GfdLesso the g§: eyi‘ﬁg,e % 1RT Iﬁ(ﬁgerZS 102 appear to be

met hyl g8 i on "ot s SRats' @nsh aGLoWMLdxhekssahRaber thbam 709604 therd ones
sequenced (Figure 7). Hyponethylation of the CpG di nucl eotides within the

H19 pronot erikegicnl sorgeicatied DNA WetrkePresfoedt Foamothelgkl cells
following treatment with the demethylating agent 5’ -aza-

2’ -deoxycytidine and employed for bisulfite sequencing as
described above. 1In contrast to the CpG dinucleotides

15 that are mostly methylated in the DNA purified from the
wild type HK1 cells, the CpG dinucleotides within the HI9
promoter region of the DNA purified from the 5"-aza-2"-
deoxycytidine-treated HK1l cells are much less methylated
(Figure 7). These findings suggest that hypomethylation

20 of the H19 promoter region is correlated with the

expression of H19 gene in human NPC cells.
DISCUSSION

25 Human NPC are classified into Types I, II, and III
according to their degrees of differentiation and
keratinization (Marks et al., 1998). Type I is the
squamous cell NPC carcinomas'that are highly
differentiated and relatively less radioresponsive. Type

30 IITI undifferentiated NPC carcinomas, on the other hand,
are more radioresponsive (Neel 1985; Marks et al., 1998).
The molecular mechanism for tumor promotion and

progression in human NPC is, at best, partially
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30 gene expression in the well-differentiated HK1 NPC cells To determ ne
whet her the expression of the H19 gene could be induced by

hyponet hyweatosoees82¢ he i nventors have treated 29 WO 03/ 062@26/dE33/0&R03/ 00329
the HK1L cells with the denmethyl ating agent 5' -aza-2'- deoxycytidi ne. Wen
the RNA extracted fromHKL cells following treatment with the

demet hyl ati ng _agent, 5' -aza- 2 -deoxycytidine were, anal yzed. by Northern bl ot
5 hybr%/di zat i On %?Bo?ﬂeaﬁlEQg}b?B‘Be?ga %n%l%‘ﬁ(?ya%uweogfﬁp@ BiPr3hscri pt

coul d be deteghedyinréhenRiN0bnt beathgatedyptKdecel! sn§Figure 8). To
further address the rel evance of pronoter 10 hyponethyl ation and the

expressi on ofCakeirngegepdsin Earet HKlatetTatigenonive DNaeneieprplestédd

fromthe HK1 I I i t, W t thyl ati agent
5 Cava 2 bRy eIt O e BT LA kbR e L f T Eb e he! hg aca:
descri bged abowies davedbopmast 60 Nhe. Cok st oif| €dselegedStibat are nostly
nmethylated in the DNA purified fromthe wld type HKL cells, the CpG

di nucl eot i desaW?WW?IE% ol b ohetEFCheyilon dFSHRECHRRN buFidied $Rom t he

5' -aza-2' - degyycydidiper s eaded Getds aig suehaless, ”Fﬁhbléﬁtﬁé’e
(Figure 7). These findings suggest that hyponethylation 20 of the Hl%
pronot er regivrodssitod rehat etdon t bhame®0expf esbinmical 1 Hlde gereed nNPTman NPC

cell's. DI SCUSSI ON 25 Human, NP e classified jnto Types I, Il, and II]
according to ThelT degredrof Kg}ﬁeelfeerhﬁaatt? n and © TrATSattoh (Marks et
al ., 1098). Typeedtdss theve SENEIOEST € edhp NRfe & asONAOBSr dAdtaps ecdi ghly
differentiated and relatively |ess radioresponsive. Type
identify genes whose expression differs in well-
differentiated and undifferentiated NPC carcinoma cells.
These genes will undoubtedly be important for elucidating
human NPC carcinogenesis. From their c¢cDNA microarray
15 analyses, fifteen genes were demonstrated to be
differentially upregulated in the undifferentiated CNE-2
NPC cells, while six genes were specifically upregulated
in the well-differentiated HK1 cells (Figure 1 and Table
1).
20
One of the genes that is consistently upregulated in the
well-differentiated HK1l cells 1s metallothionein I
(FPigure 1 and Table 1). Metallothionein I encodes a
metal-binding protein that functions in cell growth,
25 repair and differentiation, and has been implicated to be
a potential marker for tumour differentiation or cell
proliferation (Hengstler et al., 2001). Furthermore,
metallothionein I also plays a protective role against
DNA damage and apoptosis induced by oxidative or external
30 stress, and has postulated to contribute towards
radiation resistance in tumour cells (Jayasurya et al.,

2000) . Other genes that were also differentially up-

regulated in HK1 cells include those encoding the
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30 I'l'l undifferentiated NPC carcinomas, on the other hand, are nore

radi oresponsive (Neel 1985; Marks et al., 1998). The nol ecul ar mechani sm
for tunorwprodmeaseon and progression in human NPC is, at I[pestGBopas2pal ly 30
WO 03/ 062826 PCT/ GB03/00329 wunderstood and there is no study on the
relationship of the differentiation status of NPC cells and

car ci nogenesi i begen, i i ca a ne of many
nechanigns IiﬁgP§€?§Ecgﬁgbggé?g£? é5$§§§% ?héMggengpégg?'o?D PC. Mbst of
t hese geneticinbibgétatri dAsantdl [GBBP+2f | ¢Eigdrbyl aasubseguent)change in the
respective gene products. In Singapore, it has been suggested that nore
than 90% of clinically detected NPC cases are poorly differentiated. In

this study, theplf, l9V@n@0&ﬁelmé}é§néh€1ﬁ§{Oiﬁt&*@&@ge&' E%%Skgﬁ‘érays to
i dentify genes whose expression differs in wel di fferentiated and

undi f f ePent i afe@eNPCr8afrERhonECB2) | snd JERSe @@@essmalthemdembtedtyabe

i nport ant for rci enesi s om their cDNA
nrgroarray 15 g%gﬁéggéygglftee l%% gk?%fgghnﬁg?+%?@% ?%'b%nd

di fferential | yenpregut atedliny Fheréltﬂtdi féiﬁraﬁln.t,l atoe )CNE-12  PRCregl] s, while
Si X genes were s eC|f|caII¥ upre ul ate in the mell-dlfferentlated HK1
cel I's (Fi gur 8194t gabFea Z%h %ﬁr%%%l@eh%%k@%xte|snﬁbh@r@tEley

upregul ated igedhe;, webd - g&;;lg feﬂ%é_{ﬂéﬁg rﬂ%}lcodge 1ﬁ§ug§%\a+§/oéhéone' n i

(Figure 1 and Table 1). Metal onei n s a netal=brnding protein

t hat flbcti onshémoleches growdte@5y epet rimndl didf Br@ntéat s otTampdethas been

I mplicat ed t%ipg, 2001). However, the up-regulation of MCP-3
expression in the HK1 NPC cells suggested that the NPC
tumor cells themselves could also contribute actively in
recruiting lymphocytes to the tumour site.

15
Fifteen genes were found to be consistently
differentially expressed at higher levels in the
undifferentiated CNE-2 cells in comparison to the well-
differentiated HK1 NPC cells (Figure 1 and Table 1). One

20 of these genes encodes protein-tyrosine kinase Flt4, a
receptor-type tyrosine kinase, with which angiogenic
vascular endothelial growth factor-C (VEGF-C) interacts
(Lee et al., 1996). Interestingly, the enhanced
expression of Flt4 in undifferentiated NPC cells concurs

25 well with the observation that Flt4 is expressed in
nondifferentiated teratocarcinoma cells but not expressed
in differentiated teratocarcinoma cells (Pajusola et al.,
1992). Another gene that is up-regulated in CNE-2 cells
is the gene that encodes the Tat-interacting protein

30 30kDa (TIP30). TIP30 is identical to CC3 that function
as a suppressor of metastasis and inhibits the metastasis

of human small cell lung carcinoma by promoting tumour

cells to undergo apoptosis (Shtivelman 1997). This is
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a potential narker for tunour differentiation or cell proliferation
(Hengstler et al., 2001) . Furthermore, netallothionein | also plays a
prot ecti weoroke2sagai nst DNA danage and apopt osi s i nduced Poy/GBoBded2p ve or
external 30 stress, and has postulated to contribute towards radiation
resi stance in tunour cells (Jayasurya et aIII 200?) Cﬁﬂer genesdthattﬁgre
al so differen |n HK1 ce ncl ude ose encodi ng

31 VE)03/0628%%%58¥7éggg;gggbgﬁlnDnocy efgﬁeﬁﬁngﬁi & o PECETRS3SIMeP- 3)
CPR2, CDK i nhicfiiatrerd 2y&rand suGhBR<3 Bk guide slvaoda]i@blt%el}netaly@%sés a GC
chemoki ne that interacts with chenokine 5 receptors CCR1, CCR2, and CCR3,
and is a chenﬁuEPFF§§P§htNM@@rH@DHdC§€£§O/¢C§eIKéaONﬁtcéﬂls 28690 nophi | s,
and dendritic cells (Fioretti et al., 1998). It has been suggested that
the characteristic | eukocyte infiltration seen in NPC tunour |esions m ght
be i ndu€ed byloterestimeiuki nés weecdemedshyathd thiitl that Hng gehksatdang et

., 2001 the up-reg ression in the HKL NPC
2e||s sugéesteggtﬁg etﬁgcﬁ%éngtgbgbﬁgeWF§e?ﬁPﬁ2§F§B 1eddlduRr§89ueAERFDUL €
actively in decrthet upgilfrepbaecybesdt enthe fiBAOBE13kt @ridn Bl 1t §5R genes
were found to_be consistently differentially expressed at higher levels in

the undiffer&aPil&t éd - CN@QEhCEﬂPsaPﬁ @Bﬁﬁéﬁl§©ﬁe§oathelmehteddatgerent|ated
L A oo LIPhERERd atEyTathey e ey 80001 o NE, BTER EECRRERY o
angi ogéfi c vascbbanmemdotbdlgahegtomenbﬁﬁtoimﬁkiﬁEﬁﬁgcaslQtpéaéhﬁal
origin-specific chromosomal modification that causes
differential expression of maternal and parental genes
(Tilghman 1999). Although a relatively small number of
genes has been reported to be imprinted, they
15 nevertheless play important roles in development and
carcinogenesis (Joyce and Schofield, 1998). Both the
CDKN1C and H19 genes have been postulated to be tumor-
suppressor genes (Hatada and Mukai, 1995). It has also
been demonstrated that CDKNIC is a potent inhibitor of
20 many Gl cyclin/Cdk complexes and a negative regulator of
cell proliferation (Matsuoka et al., 1995; Hatada et al.,
1996 & 1995).

H19 is a paternally imprinted gene with unknown function.

25 It is located in close proximity to the maternally
imprinted IGF-2 gene on chromosome 11pl5.5 (Feinberg
1999). For normal human tissues, expression of H19 could
be detected in the placenta and fetal liver tissues tested
but not expressed in the other adult and fetal tissues

30 (Figure 5). This concurs well with studies in mouse,
where the H19 gene is highly expressed in endoderm and
mesoderm tissue of mouse embryos, but is dramatically

down-regulated after birth (Brunkow and Tilghman, 1991).
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(Lee et al., 1996). Interestingly, the enhanced expression of Flt4 in
undi fferentiated NPC cells concurs 25 well with the observation that Flt4
i s expreswodsioses2condi fferentiated teratocarci noma cel | s pat/GrIB/0e32pr essed
in differentiated teratocarcinoma cells (Pajusola et al., 1992). Another
gene that is up-regulated in CNE-2 cells is the gene that encodes the
Tat-interacting protein 30 30kDa (TIP30). TIP30 is identical to CC3 that
function as a suppressor of metastasis and inhibits the netastasis of

human smal | cgf | o1 4gn €21 €h OB OY1 HF PP NG GEMdULn @@féasn@%ewgﬁégps
apoptosis (Shtivel man 1997). This is 32 WO 037062826 PCT/ GB03/ 00329

medi at ed by tweclemitct i Bewevel nurbharvesf-expassedios- ofeltheetljenesesiieh as

Bad and Siva,,_and the netastasis r r - Tl P30/ CC3 (Xi ao et
o %2000y | TR UGS Tel YRR e blETEY P ThioT i e G-t he

gene engodi Nngo&BRKNIC yerichdiddsr=entcnalll petporegetabedlyi sugfest, but
undi fferentiated CNE-2 NPC cell s (Figure 1 and Table 1). Both H19 and
CDKNI C genes @P®S IRUatRPR, Thridimesoret11pis £r&i Rbergirivgg) and both are

reported 10 t&exbﬁjha ANtED GANSSr RN 6ni MBELAKLAYahS &iRgheAkLE!

origin-specific onosonmal nodification that causes differéntial
expressi on of L9t erheéibed parzeht al lyehes Cdisighrent $999) thalsehough a

relatively small nunber of ., genes.has been reporte be. Lnprinted, they
15 hevert hel cRo BT B T Rsur (e o PEET) RCRaTGEapRERE S8 TEar TP HOgEhesi o
(Joycer@nd Schefdghkhsd98)n Bat Rralhe 1 aeDNbetantubld 9e ge8ESs hafesbeen
postul ated to be tunor- suppressor genes (Hatada and Mikai, 1995). It has

al so been dehmisty atiedn tHata IcDKNPE3)s aThsrenhavahpbfpopeep a number

of indications that genomic imprinting may be important in
human disease (Paulsen et al., 2001). It has been
reported that some patients with Beckwith-Wiedemann
15 syndrome show uniparental disomy at 11pl5 (Bliek et al.,
2001). Several studies have further demonstrated the
preferential retention of paternal alleles in embryonal
tumours such as the Wilms' tumour (Moulton et al., 1994;
Taniguchi et al., 1995) and embryonal rhabdomyosarcoma
20 (Casola et al., 1997; Zhan et al., 1994) that had
undergone loss of heterozygosity at tumour suppressor gene
loci. These observations supported nonequivalence of the
two alleles and suggesting a possible role for genomic
imprinting in tumorigenesis (Zhang et al., 1993). It has
25 also been shown that normal imprinting is relaxed, and
gene expression is biallelic in a majority of Wilms'
tumours that retain heterozygosity at this locus (Moulton
et al., 1994; Taniguchi et al., 1995). The tumour-
suppressor potential of the human H19 gene has also been
30 demonstrated. Transfection of the H19 gene into two
embryonal tumour cell lines abrogated the oncogenicity of
some of the transformed cells in soft agar and their

tumorigenicity in nude mice (Hao et al., 1993).
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20 many Gl cyclin/ Cdk conpl exes and a negative regulator of cel
proliferation (Matsuoka et al., 1995; Hatada et al., 1996 & 1995). H19 is
a pat er nawby3sjoeaseé nt ed gene with unknown function. 25 |t PC3/GRIG@03xd i n
close proximty to the maternally inprinted | G--2 gene on chronosone
11p15.5 (Feinberg 1999). For normal human tissues, expression of H19 coul d
be detected in the placenta and fetal liver tissues tested but not
expressed in the other adult and fetal tissues 30 (Figure 5). This concurs
wel | with studhes thenpuse, exphessibhepkit9eganeri shbi ghbygexpressed in
endoderm and nesoderm tissue of nouse enbryos, but is dramatically

down- r egul at eB*aR{BEApRPENCPBPARREWCSRUCTN| YRAANIIE59TFNt23t e BBAD62826

PCT/ GBO3/ 00329nq A% rREERENL L LNBUhUACEONCEL 1L 02N8sT BofiBhoihoggResTS 19

uncl ear. However, the over-expression of H19 gene In transgenic mce
caused prenatahatelihdl geyei exphess e Gowplat tdrdly dfe tsipecgddtcatlignal peri od,

strongly suggest, but . does t proye,.an inporta role for H19 durjng
devel opment a %m%??€%7%%€i%ﬁi e(%ﬁ%%ﬁ&ﬁﬁ%ﬂﬁ?ﬁ%eﬁgﬁkgﬁ? %T§§T;Nﬁ?eF?L#set
al ., 1996). Consystestawiihaidese. obsey vald eNso cbnfasmbeerorepehtgd t hat
the H19 gene is 10 re-expressed in rat vascular snooth nuscle cells after

injury (KimelPaIbiopsgsyissherevhave Bl8owbeehxaraapber inof indications
(nat 9o C LBLERLLOR. TRk eDILLAgt k) n0uHg, Shscaie Emgencer 2
syndroh® showannpareasaphdigogyaat (IRpldigBhesk (Bigake, 4) 2001}. iSevera
studies have further deqopstated the, preferential retentien of, gaternal
gene differs for the two NPC cell lines that exhibited
different degree of differentiation. More importantly,
we demonstrated that the expression of H19 could be
15 reversed by culturing the well-differentiated HKl cells
in the presence of 5’-aza-2’'-deoxycytidine (Figure 8).
Furthermore, the expression of H19 correlated with the
hypo-methylation of the CpG dinucleotides in the promoter
region of the H19 gene (Figure 7). This observation was
20 clearly demonstrated through bisulfite DNA sequencing and
is consistent with the concept that DNA methylation can

modulate gene expression (Li et al., 1993; Feil and

Khosla, 1999; Sleutels et al., 2000).

25
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tumours such as the Wlns' tunour (Moulton et al., 1994; Taniguchi et al.,
1995) and enbryonal rhabdomyosarcoma 20 (Casola et al., 1997; Zhan et al.,
1994) t hawohade28ader gone | oss of heterozygosity at tunouPCIGHRIBOEROr gene
| oci. These observati ons supported nonequi val ence of the two alleles and
suggesting a possible role for genomc inprinting in tunorigenesis (Zhang
et al., 1993) REEEESZS al so been shown that normal inprinting is

rel axed, and “~gene expression is biallelic in a mgjority of WIlns' tunours
that retain heterozygosity at this locus (Mwulton et al., 1994; Tani guch
et al., 1995). The tunour- suppressor potential of the human H19 gene has
al so been 30 BeiBhsyr¥eds FraksreckRronter vHe FaOnghad Releo AheTendryonal

tumour cell |jyoesc2beogahetbniaRICROCIAG! [ 061) ggyegée&hgbﬁgagS£ggﬁed

cells in soft agar an elr tunorigenicity 1rn nude mce
1993). 34 VK)ﬂetOEWBZﬁaFIEﬁEBoebEEQEQtey%enthhebgeneneXﬁlessndnnpattern of

the H19 gene am ned. and conpar ed_bet ween -differentiated and
undifferentia%@%Qﬁﬁﬁaﬂeﬁﬁﬁgﬁg%?g n??cﬂé§n8%n8ﬁs%¥§é£@T PREEY 5l©%ne

expr essi on cogkeu Ot ye ber speshibeal hypoﬂ@ﬂ@9§éfﬁéﬁdlh nehher uadi fhscentaited
CNE- 2 human NPC cel | s (Flggres 2, an This was al so confirned for

human  NPC bi ®ps§"¥i sstieg ér Gepgd %&s é§ réd8ed in undifferentiated NPC
cells and not in the epitheliumof 10 normal nasopharyngeal (NP) tissues
(Figure 4). It is interesting to observe that the expression of the H19
gene differs Bounkdwe MEDah@CTtE@hmhhﬂEM (havlpxbeboped edptéeseoh degree of
differentiation. N? ortantl we denonstrated that the expression of
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said patient based on the binding of the expression products fromsaid
nasophar yngeal cel (P} cahe2 @nendrsavot e ¥R TP hephedects wih mmdoer

according to gl %i%a%rﬁ'xﬁéxﬁ%&é’“‘@éﬁé&é Ner 3% SXPLESSL O PrOJUCS, Ts a
transcri bed nuclei c aci
products or one or more genes identified in Table I; and
(c) determining the presence or risk of NPC in said
patient based on the binding of the expression products
from said nasopharyngeal cell to the one or more binding

15 members.

2. A method for determining the type of nasopharyngeal
carcinoma (NPC) in an individual, comprising the steps of

(a) obtaining expression products from a

20 nasopharyngeal cell obtained from said individual
suspected of having or at risk of having NPC;

(b) contacting said expression products with one or
more binding members qapable of binding to expression
products or one or more genes identified in Table I; and

25 (c) determining the type of NPC in said patient
based on the binding of the expression products from said

nasopharyngeal cell to the one or more binding members.

3. A method according to claim 1 or claim 2 wherein the
30 expression product is a transcribed nucleic acid

sequence.

4. A method according to claim 3 wherein the

46



sequence. 4. A nethod according to claim3 wherein the 46 WO 03/062826
PCT/ G(B03/ 00329 transcribed nucleic acid sequence is RNA, nRNA or cDNA
produced Wwoomsvoet¥gé. 5. A net hod according to any one of timpeRG®ds?2g 5

cl aims wherein the binding nmenber is a nucleic acid sequence capabl e of
specifically binding to the transcribed nucl eic acid sequence. 6. A nethod
accordi ng to tramscdibedchache2cwhet @i pethencd 0l exPiksshiBRAppodalBiAi s an
expressed pohéﬁqgtid .f7. A gﬁ%hod according to claim6 wherein the binding
member is an B %@, o™ a"subst ance conprising an antibody binding
dormai n, which is capable of specifically 15 binding said expressed

pol ypeptide. 8. A method according to any one of the preceding clains
wherei n the b?ndi iy Rekbed asCrapenyeliofary et eefi BRcpREpesesng20 9. A

met hod accor ding; t i cl ai LN one or

nor e bi%ding %%9 %?sﬁggﬁg?ﬁxg © ?gngigiﬁﬂgﬂgﬁﬁp%stgsaﬁgﬁéskAﬁégghod
accordi ng t o seyuenee ofagdlai asol $pe8iftonplyshigdingi g the expression
products to solid ,su&portl 11. Awgethod of creating an expression
profile 30 chalHtTer+3¢ c"of-RPE 2ot aparercut ar type of NPC, said nethod
conprising the steps of (a) obtaining expression products froma NPC cel
obtai ned from an individual;

6. A method according to claim 1 or claim 2 wherein the
10 expression product is an expressed polypeptide.
7. A method according to claim 6 wherein the binding

member is an antibody, or a substance comprising an
antibody binding domain, which is capable of specifically

15 binding said expressed polypeptide.

8. A method according to any one of the preceding
claims wherein the binding member is labelled for
detection purposes.

20
9. A method according to any one of the preceding
claims wherein the one or more binding members are fixed

to a solid support.

25 10. A method according to any one of claims 1 to 8
comprising fixing the expression products to a solid

support.

11. A method of creating an expression profile
30 characteristic of NPC, or a particular type of NPC, said
method comprising the steps of
(a) obtaining expression products from a NPC cell

obtained from an individual;
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47 WO 03/ 062826 PCT/ GB03/00329 (b) contacting said expression products
with a plurality of binding nmenbers capable of specifically binding to
expressi owopsoeses s of one or nore genes identified in Tabr&GH3/08320C)
determ ning the binding of said expression products with the binding
menbers so as to cflehterpaCeipy eszldrerpEFFF O HRFACECEF Vit o the NPC

cell. 12. A . ' S fiLe Dot ¢
P or 5 parT TP £l BB RS Ot S ERiag 541 o
obt ai ni ng expsisdinog Poodketssitom prMicel df amed expnessi gengs oducts from

a normal nasopharyngeal .cell. 15 (b) contacting said expression products
of said NPC %?Iilgjaﬁjdegapa terhalfcel | respectively with a plurality of

bi ndi ngs menbers capapl g 0f rrPeLhd 1 €8 | yi b NSl NGr t 921 @XPLEBSEHIoRT oduct s of
one or nore genes identified in “Table I; 20" (c) conparing the expression
profile of therddGieelvithanthe Welmdimgl nembers apel o) tdeceeaiaiay an

expression profile characteristi of the. NPC cell.. 2 . t hod

acbording b CFATRT AT0 BET ol B 1T T RS e Sk pPaEER B bhuct s a
transcri bed nucleic acid sequence. 14. A nethod according to claim13
wherein the 30 transcribed nucleic acid sequence is RNA, pnRNA or cDNA

produced fromARNA 1ethod et hetraktRy RhgCTR: aPs  ohePBPitiains 11 to 14

10 characteristic of NPC, or a particular type of NPC, said

method comprising the steps of

(a) obtaining expression products from a NPC cell
and expression products from a normal nasopharyngeal
cell;

15 (b) contacting said expression products of said NPC
cell and said normal cell respectively with a plurality
of binding members capable of specifically binding to
expression products of one or more genes identified in
Table I;

20 (c) comparing the expression profile of the NPC cell
and the normal cell; and

(d) determining an expression profile characteristic

of the NPC cell.

25 13. A method according to claim 11 or claim 12 wherein
the expression product is a transcribed nucleic acid

seguence.

14. A method according to claim 13 wherein the
30 transcribed nucleic acid sequence is RNA, mRNA or cDNA

produced from mRNA.

15. A method according to any one of claims 11 to 14
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48 WD 03/ 062826 PCT/ GB03/ 00329 wherein the binding nenber is a nucleic
aci d sequence capable of specifically binding to the transcribed nucleic
aci d sequwp®a/062826.6. A net hod according to claim 1l or cl 2ZCMGE)3MHRP ei n
the expression product is an expressed pol ypeptide. 17. A nethod according
to claim 16 Wwezsin ttHee Brinviing mesMirar §ss aanUhke o BCibrsFURIbE ance

conprising an_ 10 .anti bod [ neli d s Whi i pecifically
bi ndi ng said(%yﬁyggéégpﬁérg%%p i éﬂyggﬁﬂkjﬁggﬁgéhg%cor |ﬁ§:§%xﬁny one of
clainms 11 to rhifcistherstid theqidmed ng nenber is | abelled for detection 15

purposes. 19. A nethod according to any one of clains any one of 11 to 18
wherein the one or nore binding nenbers are fixed to a solid support. 20

20. A reethod pecording f Oy aye one f & alimbind b A& 1 4 ther,eonpid sing
fixing the expression products to a solid support. 25 21. A diagnostic
reagent conprilss nerprsosioh suppbidt ors dro aspeds sl fuodedbanteldst. nor e

bi ndi ng nmenbers capable of specifically binding to an expression product
of one or nore genes identified in Table I. 30 22. A diagnostic reagent
according to ©fai m 2deyhied eldcotdin@ne afl Nk el diwkh gl metensi ididlgide a
bi ndi ng menber capabl e of specifically binding to an expressi on product
of H19 or CDRMIGCRg\GDFUEIBIY PCON @GBIBPHZPYe comprising an

10 antibody binding domain, which is capable of specifically

binding said expressed polypeptide.

18. A method according to any one of claims 11 to 17
wherein the binding member is labelled for detection

15 purposes.

19. A method according to any one of claims any one of
11 to 18 wherein the one or more binding members are
fixed to a solid support.

20
20. A method according to any one of claims 11 to 18
further comprising fixing the expression products to a

solid support.

25 21. A diagnostic reagent comprising a solid support on
to which is fixed one or more binding members capable of
specifically binding to an expression product of one or

more genes identified in Table I.

30 22. A diagnostic reagent according to claim 21 wherein
the one or more binding members include a binding member
capable of specifically binding to an expression product

of H19 or CDKNIC.

49



23. A diagnostic reagent according to claim?21 or claim 22 wherein the
expression products are nRNA or the resulting protein product. 5 24. AKkit
f or det erwionisng2s2be presence or type of NPC in a biol ogi cadT/cBoBmog9 said
kit conprising a diagnostic reagent according to any one of clains 21 to
23 and a detection neans. 10 25. A kit according to claim 24 wherein the
bi ol ogical sanple is cell extract. 26. A kit according to claim 24 or

claim25 whergin t ; detect i prcte ' .| abel d‘.#gt s.hen a
bi ndi ng rrerrb%r' hap!smabloagtfﬁl tolecgm e resgi;scodnosrpcflooq?}ct. . %g%gofqac il
denet hyl at i or22agérdrdim tidies prapaysaticon pfoductredicanesNA far threeati ng an
individual with aor at ri sg 20 froog}élNPC, said treatnent being in association
with a secord® t SHEhtPTSBICyse according to claim 27 wherein the
second £ancer treatnent is cheno or radiotherapy. 25 29. Use according to
claim27 or claim?28 wherein the denethylation agent is .
5'aza-2' - deoXfoyt iAdikig. 30: dedeeraticordi ridia eraserore of Wied st 2%PG o9
wherein 30 the.NRPC i.s type |.. 31. A pet.hod for treating,.an individual with
or ot risk o R oA IS af o v g S 1 G 50 Wo
03/ 062826 PCHERB3H 0D rJeretity laty anagentcliaimgssucitad i2m ard h a second
cancer treatnpent.

detection means.

10
25. A kit according to claim 24 wherein the biological

sample is cell extract.

26. A kit according to claim 24 or claim 25 wherein the
15 detection means is a label that detects when a binding

member has bound to an expression product.

27. Use of a demethylation agent in the preparation of a
medicament for treating an individual with or at risk
20 from NPC, said treatment being in association with a

second cancer treatment.

28. Use according to claim 27 wherein the second cancer
treatment is chemo or radiotherapy.

25
29. Use according to claim 27 or claim 28 wherein the

demethylation agent is 5'aza-2'-deoxycytidine.

30. Use according to any one of claims 27 to 29 wherein

30 the NPC is type I.

31. A method for treating an individual with or at risk

from NPC comprising administering to said individual a
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32. A nethod according to claim31 wherein the second 5 cancer treatnent
is chenmo or radiotherapy. 33. A nethod according to claim31 or claim 32
wherein wWoeosdezeet hyl ati on agent is 5" aza-2'-deoxycyti di ne@CTIGB®BMI32A et hod
according to any one of clainms 31 to 33 wherein the NPCis type |I. 35 A
met hod of screening for substances capable of treating NPCin an

i ndi vi dual saddmﬁbhhbdtéonpaGShhgin158Gayi@VEQHeNptés€iﬁgcpndacaeberone or
nore genes gent fleﬁfln Table I; (b) contacting said cell with a test
subst ance; ning the effect of said test substance on said cel
as conpared to the effect of said test 20 substance on a conparable cel
absent of the over- expression of said one or nore genes; and (d)

identifying safd tRstheshpdt aneerdsng §9b§%éﬁ@e3lcﬁbﬁﬁﬁéno?h?réﬁFPﬁé NPC. 25

36. A mothod agqordingotonghpl M 35uher SN LhLoPREL gy, MTOTe genes are

over - expresse y Inserting into sal nucl el c d capabl e of
expr essi ng expreSS|on products characterlstic of said genes. 30 37. A

nmet hod accor dj to ¢ m, 35 or lal 36 e sai d_one_gr re,genes
ore up- rooul atad 15 GPERGHoREPAFENPe. ChIThG; baPBesba8n ped) a5 F 50325
38. A net hod @ﬁ@oa@lm@ghwaﬁhahnaéén@rlgl 8 gy 362 Whge sk Pcysakgdnene or nore
genes are up-regulated 1n undifferentiated NPC. 5 39. A nethod according to

cl aim 38 wherein the one or nore genes include H19 and CDKNI C
10 34. A method according to any one of claims 31 to 33

wherein the NPC is type I.

35. A method of screening for substances capable of
treating NPC in an individual said method comprising
15 (a) over-expressing in a cell one or more genes
identified in Table I;
(b) contacting said cell with a test substance;
(c) determining the effect of said test substance
on said cell as compared to the effect of said test
20 substance on a comparable cell absent of the over-
expression of said one or more genes; and
(d) identifying said test substance as a substance

capable of treating NPC.

25 36. A method according to claim 35 wherein the one or
more genes are over-expressed by inserting into said cell
nucleic acid capable of expressing expression products

characteristic of said genes.
30 37. A method according to claim 35 or claim 36 wherein

said one or more genes are up-regulated in differentiated

NPC.
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40. A nethod according to any one of clains 35 to 39 further conprising
treating the cell over-expressing the 10 one or nore genes identified in
Tabl e | wwdwo3ae2stenet hyl ati on agent. 41. A net hod accor di IrCTV@B@GI@san 35
wherein the cell over-expressing one or nore genes identified in Table |
15 is an NPC cell. 42. A nmethod accordi n% to any one of clainms 35 to 41
further conpBi8si ng Fmsdhsdegcsorgiadutionglaiphabnacegiiaddl 3o vhgasiiti on

compri sing the ;3uRslAnee ddentidieed il 3heRe?atdl 192

undifferentiated NPC.

5 39. A method according to claim 38 wherein the one or

more genes include H19 and CDKNIC.

40. A method according to any one of claims 35 to 39
further comprising treating the cell over-expressing the
10 one or more genes identified in Table I with a

demethylation agent.

41. A method according to claim 35 wherein the cell
over-expressing one or more genes identified in Table I

15 is an NPC cell.

42. A method according to any one of claims 35 to 41
further comprising the step of producing a pharmaceutical
composition comprising the substance identified in step

20 (d) .
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