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Met hod of early diagnosis of Epstein-Barr
virus-rel ated cancer and respective reagents and kits
wo2@s@7@f7t he i nvention [0001] The invention rBCEBE306/000401

met hods of di agnosi ng cancet associated with Epstein-

Barr virus infection in subjects. The invention

Miett d Z&ieat Hedif St Ris o st P Bafrr Vi@isGeted Qaderfld F&ective

gene expression profiling of certain nolecul ar

bi omarkers rel at ed t o repgents sndkits virus rel at ed

cancers. The invention further relates to reagents and

kits for perform ng nmethods of the invention.

Background of the ingFri 6fothe[iRAdionThe Epstein-Barr

virus (EBV) is a |ynphotropic human Herpes virus_that )
[00043 t apThesnesntion relpishp mathede of diagnesing epneerpsseriated/with Epstein-

i.nfection often.li I.G1: i N
Barr o Sbfs i i, Py VB Lftd0F Ylrmmbtion of the gene load
and thBgefekkpressior prdglihy 0P beedin nidleduddri biemaikssrdiated to Epstein-Barr

_infectious nnnonuclepsiémélwb. After the primary_ EBV X

virus related icapeers el hei mnyentioar Wribeis relafes e repggalsi A Kigfor performing

! reted via the saliva. Li addition, the
nwﬂV?éﬁéﬁﬁgﬂ%é éﬁtly present in about 1 in 10,000 human

peri phery B cells. In rare cases, an EBV infection can

lead to the so-called X-linked | ynphoproliferative

syndrome ( XLP- syndaskeyougd ‘gﬁﬁﬁaﬁ'%yﬂ’ar ome, which is

rr t fat et : S i

i VN AR A e o S
estattlisbesa difidlong dprahet i lonchitihwed opo FHRY viafdction EBten Th@symptomatic.

B-cel.ls in which th irus.|ate .persists have the,. ..
Howgugath 1adp s FtsG Rk At ool by i8Rt tet R i fumitng
lymphepiolif@atiVé @i@ader, Hfedions dHbmsRdiepsis! (IfB! alfieonthofprimary EBV

these cells is normally suppressed by a functional ]
infec_zti@m thie airus npagsists yinjthe \prg@lsxm-@névlé rlife ong@gg@t@f via the saliva. In
s TBE PRI SASERRL k3 SIOULRABLPRTH 6 1o

casedjlad, EB VidnfeBiVor edreleb@ b Beowldafleditlikal lyfrphapreliferative syndrome
uncontrol |l ed and thus cause a.B cell | ynphoma. [0$041)
(XLipyggndrgmeh ps ymnegie pxngramae, Sy i perrelated with pigeas defeghon the X
chroffddohomortal i ze an infected cell, the virus is
strongly associated with. a nunber of human nal i gnant
[0008] s orTher BB Ve sapzeilenti weddwidehinghalidut é¥5%6 of thaadulERopulation is

ant i bo iles and an.increased circul ati \/ .
seropasyie IoBEDYgdbe Freat pEishat FoR B B AT M dRas iy t
devel SPTHRS 1R HRRIaRSREEEIR R RN dultuld) SvifeRMs| the \1BFeguRiddOp@liferation of

associated with Burkitt |ynphoma, nasopharyngeal

these aellsi in anemaliyP)ppeaseedstyl & Vanojiogalagetiutas imeyunndr viyoatlowever, in

| ower extent al so, as I at Q Ki n.
case 1 Sf chm ety et TARRALT P SORAC S en TR Birygpe orgen
trandpl@tHRBCbT iae linfecte®f wilBVHIV) tHee EBM-tifegyd & dehe mHopeoliferate
mal i gnanci es has not heen conpl etely el uci dated yet.
uncompotie] andathisp paisy Adeeal! lpapbomam (NPC) shows a worl d

o0 PR R AR AR S e i
cell, the virus is strongly associated with a number of human malignant disorders,
characterized by high titers of anti-EBV antibody profiles and an increased circulating
EBV DNA level. Besides the above mentioned B cell lymphomas in immune-suppressed
patients, the EBV is very strongly associated with Burkitt lymphoma, nasopharyngeal

carcinoma (NPC) and salivary gland cancer and to a lower extent also associated to
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per 105 inhabitants per year) and the nost comon in

Sout hern China (app. 42 cases per 105 inhabitants per
wQe@sp7@nt Sout h East Asia, including SingaporBCT/sHemg6/000401

Kong, Vietnam and Indonesia2 It is also comon in

North Africa, while it is conparably rare in other
Hodgnummﬁﬁorﬁ& 6r-cél G mpREmAD and E5asiRALAAD AMRIADRY HWNer, the

pronounced, uneven distribution of the cancer
Spe%fl? 1§10 ERY de dhe cdplogy of enabave malignbaciesohas iniede sompletely
elucﬁdﬁ‘?ed | -docunent ed associ ation with Epstein Barr
‘EBV) acting on genetically susceptible
[OOQJEquI HNhsapharynped) 0Ghremoaid| @IPC)Etshewe Iy fv@&f@rv%dgaxfery uneven
i nc Ieée the |ife _style, such as the consunption of
geograplyieal distributiqny NP is the secoad anese pemmonHembain Greenland (31 cases

per mhﬁéﬁiﬁﬁts ﬁé?q'eglﬁ NGl 'the I-n% mﬁgxh&gg %151%0&7‘?1%? Irgallptpa cases per

somatic epi gene
10° inhelloitemss per y&ela]t) fandrSoathhPase Asiay it s Sm@@;b‘&%& AP K Ghg, Vietnam,
igﬁ)n]lli eople, NPC.is the nost conmon
and Jonijaelty Al CREReR 18 OVt Aiee, rwlgh: ﬁrl@\scamemblyanmgl other
i nci dence
oo (5 B8\ 018301 G SUTh ndBEL PSR o
of th @ncﬁm strateghy eugmtsrc&nfﬂnhm;intdbﬁbllmﬂﬁt@@ Be&d@@iﬂeVﬁell documented
ul at ﬁ ng.on@ﬁ& i sl and of Sul awnesi .
assoli gt Ruh HpSteun e 9ira3 (D) sqbeion senetond Sossepi ngulations.
[OOUGJWDVEWQ?'%BI@CE&H& IH%S%n gfd%\fﬁ'é ﬁfét go{lr%h TSR & conbumptlon

femal™ ration o ons
of nﬁ%@mmes welsylt dshaand @¥taof herbhl nhiedigihes, ea:hd‘rgdanegﬁ FagbBsincluding

8 a |l es of ,undi fferenti ated NPC,
mhela{yagp a%tsl0 ah%’sﬂng 1SRG TABESS i n situ and in

[00073t adhdhdcnekiaswita BRIy %@ﬁ%ﬂtﬁh%f@ﬁ%llggl pegple, NPC

detected. Six EBV genes are known to be express
s thermgst; gmynon @aenege-thraat ENA D ttaines vallp highspvalanddPEnong native

oy 0S80 SRS ISAREY 6 O S

Extragnelgi|high maénca nedast fedentlys dsduasentddi ﬁdnﬁﬁ/eaﬁbp@%@ﬁ§ N¥ing on the

al ol l owup data from 74 cases of
181&“8??5 Vt’EI"?‘a S%ﬂgyalﬁzggq Pyl Npe, éYPchlS Higtrapst a)m@fa‘emétlmreimong

man @ﬁrﬂ’ af;".sxhé(s% lpYevialtaP atnb/E; # fé}ﬁzgést H‘{%J/fen%&jra 10 g £i4, sonstituting

In"addition, Tt was

TCSPQNQXEIMQ@%dtS% of all dlagm@hd mahgmrd;espl astic epi t hel i al
i n_any nor mal

o A S e
in mBatti¢ tisbuTBBYTRNIASRRANLGN pRRAR A HGMESRE %1% %‘éhes are

seven to nine year ‘ol d” chi | dren i n equatori al
knowang iestpsFerkia. thistummor. 989 Qﬁthtdqureteamcbaprasseﬁunwﬁ(t LMPI can

vans kPS8 RSP IS Do e Bl A A VRS ot
1985yhiucdt al.s 1998)nahdphas andlaaTHddYas 4 bebbifo, CaRRM a@é%lfbfw-up data

cases_are associated with the E [0010] In al
from ?48 {cAvs ey B s sbpwed dhai IszMé’éeBOSa’frh‘(P M@r@wd%astcuaaéobre more

- r B can. be
expal DR e PO RaRiy ot 08 P B oRy Tty B s aipgn tha
EBV pnfottomwaspuesemtrin afldr gﬂ-gﬁdb apgylaﬁl‘c repithel] eancamddhvisie NPC
vi.ral geno ' [001 1] However, the

butn ge L thi% cel | nucl eus.
PURBPY yeradepithehiy %3 fitses 9t parmal gdults. - st ep process so
[0009]hat TRY Bhrkit KASESmAEIE ﬁ%}{ AEM% E&lcﬂ:ﬁcéa% g?&ﬁ & to nine

factor in the eventslead {0 mal
year old children in equatorial Africa and New Gumea About 98% of these endemic

Burkitt lymphomas show Epstein-Barr viruses in the transformed cells. In the sporadic
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clear that the virus-related tunor devel opnent and
progression is a nmultistep process also involving
wae@sndary cellul ar events. In this process, bPCTSGEN&800401
(genetic and epigenetic) and environnental factors
(including EBV) play a decisive role. In recent years,
formt $FRHE Buskitt NHBRSh A GV R GERGRd PesoREhALAl iAGdhRatabbil€25% of the
i nactivation of tunor suppresSor genes (TSGs) and the
casepaeiassaciatad with thediénes is a key elenent in the

t hqgepesi devel o nt of cer. ..Thes enes
00,08 SR e PR R B8 ReR bt BREEh iR s ugpence of
the VieRYrbteirAPBR OB icen beUddMiorsi¥asi BBN10hgy Bed fduadttdrbe a DNA

response genes. [0012] In recent years, particul arl

bindingj pyetsén imparteah dersthglang-tramr mpigieaangs @ﬁﬁh@rviﬁlé\génmwén the cell

and progression have cone into the focus of interest.

flﬁ013] Epi geneti c change happens to the nodifications

[0010] gaeN®BVdver, TR BincHgehesid Baltbught folte @NRT-step PRicessi salthat even in
itsel f. Epigenetic changes are also inheritable via

casey ferediBV gpgms tobe am pesepiiah facker in i pYeaft leading to matighaney. it is

" ol odi . , andi i
ctea 8 A SRR PLAPOU GO b1y prpges e
invoBiing' estbhddry |cellelar eferits. dnghisi prodeascoth @eheso{gehdtat and epigenetic)
regul at es_how genes are_expressed. .These chani snms .
and gpgronpiepial 43018 fﬂéﬁqgs EB_P{Bt ﬁgFﬂa‘!"e d%\?gfelbb?fs?& Y& there 1s
. 4 i Ok G
nr GBS L s SR ORE U SRR 5 e g (1560
and theswtiv@ion efiahcpeetieatis b key gledrentrsthepathelgenesss and development of

cont.ributing factors in. autoi ne di sea i ng. .
cancf QeSS ARG P ecHSaeens BVt &Y atanag. DNA Bdni repai
apoiBi ) YirAdr iRVasidieaRISii et f200dr ARforkBIeA@ i n re-nodel i ng,

ronoter hypernethyl ati on has been the nost detail ed,
[002]udiledresamet yoursd pedicalarki apigewsiiancbangedrandhgheir role in tumor

nactivation of. tunor su e eS 1. cancer.
develhiicat B9 PSR YT S s R Aol SR dat e ¢ urror
[00 T3] PPrEsisétectic @RQSze Muppbive the nvalifieitidns Wi dameict mbterial instead of
ysS,. such as apoptosis, DNA damage .repai

pat hways, s ) ARy . cell
the gepotématerialigselh dipigsnsc clgsees #e ﬁbptnéwné%bl%nwaéé? Pf%jl division, and

play%é%gh?nt‘éé{eﬁ?} llﬁg%rlby O@ﬁ%}o@é %&"I‘ QfE Béthoé?’si 88 Bnditions. Research

nor suppressor genes was

has §osquibat tpigedesiermedhanismBPE[i0O A5]"extya'dsyaref DiAscriptional control

that ‘neﬁmt hyésgltlclﬁggﬁéﬁsé %? %gﬁr%%s‘%ﬂ: T%g %ﬁ%&é@? 81%: cn% cclngponents in the

nornb%l ALCHOSHEAELR! RHN AL &1l NBpiGeRtRABhbHRAitRE haYd B&nMBund to be

y a famly of cytosine (Dl\ﬁ\- 5) - met hyl tr ansf er ases.

causBhivfe rfactbngl at | ancarc caenstia dissgdere xaidu pedieiric syndppmes as well as
anyeo I des. ang.has agg eorggnt contributing role in

contrigRhne atiOLy 10 SH FFITES gg%?%% {88 and the silencing of

[0014Peahmehe MRNéfigdnrtit Roerde RS nh&Rlafign, \Bedasylatt@nand chromatin
hyper net hyl ation of G islands over the entire genone

re-modpling gramotet kypesmethylgHen s/ frenithe mewt defalsdis and could be a
. ma| i I £S. .. Besi . he (si cd t .

0008, #3005 S lor MR i e, Promoter

hypérfietylaioh 6Okeown drheandidate enancsupplessqe geddscinF@vVed in various

| at ency prograns in the tupor [1s. Methylatiaon of
fondggrental inagvasiid Seelh (2| %lwpgéﬁesplﬁ«gy denage B %mﬁy gpvppent and
miglta]BSn,C%lef'euR?BrtE& aaﬁsefno E%& Pt ihOPbhs BpdsY 0f8RREIC For example,
a ns, such as the of

teratio chronosone 3p | oss )
aberat enetnygosi diurabOrpprassarggehesemasiorquehil e gosermiedyin NPC.
identified in the early stages of NPC, even prior to
EBV

nucl
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| atent infection, and expand clonally thereafter (Chan
et al., 2000). A study has shown that patients
wa@tdosiozdoe by squanous |ung cell carci noma canP@ESG2006/000401

di agnosed by the determ nat#on of the abnorma
nmet hyl ati on of tunor suppressor genes pi 6 and

[00185- MRS BN A endhWiafi®i By bt dovarhe ideidaeMf DNA, in which a
sputum 35 nonths prior to clinical diagnosis, [001 8],

methiygb gtowp noiansfesred fenm - adenerylettzionine; te firesCwi RAsHisn of cytosine by a

J.nval venent ervical .| h_nod di ]
ramily' TR, TRRER SRR VAT h B TRARY peuy gomost
exclistveP ¥ €pG Al ebiQIR\VRE  halah Embbiddht COMriblitilPEd1o 8 iHRegulation of
were found to have the invol venent of regional |ynph

generpagiesssion arl the salericingef iepeat clemsntsdr §1%8OREt ast asi s at

. 10 . Sl it ol e ie . '
0, T 808G L S B i
mettBAHGChhedibtype At BBVt assd P ImAUghaditd. Bestlieaghosilendiig of tumor

NPC requires a biopsy fromthe primary tungﬁﬁsite or
supprgssersgease PN maipdatiinsma) alsa layndaPosadide g ihe ggtptenance of

h . N e .
secf RS 530 BBl G \PRISL b g vir and el
genep aldyahisbenavavéd mihthe celhilar-tERYfolAANGA | gA ant i body

i.ters than healthy EBV carriers, and el evated anti bod )
[0017]; & rlsniFisic PUERHOBH (P £ B SWPTBRORE M Lot o8 neleFS2h gosiy

(LOBY, HRO8En HordieqRattlyentstifidtii 1R dRBTsvages of RPEY ERMprior to EBV
carci noma, and thisnethod has been used for risk
latenp irefdétinm], amd $xpand hlonpldp tHeataifton(Chantet gh-3096). de pivdy daseshown that

.the o etection rate and high rat f fal si.tive .
pariqnoyp e i ot hieesd arandvartefoer el Gy aRe hditfinacion
of tH3abnbREeA Wi 60ttt tsupfressot kentsqilicnad B/ iyl paniie-DNA

may be useful for prognostic nonitoring, but the EBV
metiyirariséorase (MGMTD inspastimi 35 morths priopjatclisivekdiagnasisNeC

w egatiyve duye to -t r..apoptosi s or .
t0o{c’ Jip BB ef e e o aRE RSB emens ot sopicgl bymon
nodd Adidth@apaisheidene prisneOthdrR\Vo T éathest. Thegervival iriteiis 509t - 80%.

sufficient, because the initiation of tupors involves
Howienet, nsirethen ABY e NBE aghients wezsgfavnd have the invobyegent of regional
S T . St .
tymfff BEEST B 0%, T B TS i Beblas oPiChiBe B 1hRpsis. The
earlYEBMgnediatied maoc ictor, an aplatd diaphasis dPACadvassetuaffeet the effect of
met hod woul d greatly help in the diagnosis of these
treatgigibers, the choi ce of subsequent therapy and the

al | Ofj fd Ld 4 | ird or site or
o0 L Cde Bl YENPE, RHRats  biopey oy Rflibry W
metStasesaioy thefhisthpatholvgingli assesproo3ind Temopstegiontof EBM mvobigment by

. provides .a pethod di agnosi ng Epstein-Barr virus

m S’F“E}@\(?)“ é@g%fg’gtﬁe 'i:]g cer by determning the EBV gene

[002072d Aﬂﬁo@ﬁm@@%sm&w@e highée hnteEBSEE ARV OATBAestibady titers than
bi'omar kers of, tTor example, viral as well as cellular

healthyi BBY canvdars and cevplet dartiberdy: Hisseean bg fomd|prias tg qmpetsef clinical
aspect , i hyenid [ d .

oy el B by A i ot s e

useds f?) &kt prediotigar fozithe popllated anligh-ihcidtrgi ed, thaipl eetection rate
fromsaid subject, determning in said biologica

and Bighgpte of kadsenpstiive reults prakethis giqthcéaffwad\varrte&eo &ne

[0021] It has been speculated that the circulating EBV DNA value may be useful for

prognostic monitoring, but the EBV DNA level in the blood is even in patients with NPC

low or negative due to tumor apoptosis or necrosis.



10

15

20

25

30

| oad by determ ning the EBNAI (Epstein-Barr nucl ear
antigen 1) gene |oad and the expression | evel of at
wo e@s7@ne gene sel ected fromthe group consi SPCTIEGZN6/000401
the Epstein-Barr virus gene3LMPl (| atent menbrane
protein 1) and the cellul ar genes RASSFlI (ras
[0022] s odinioktaitlyd GiihbigH BBV Vs leffentidlHOR th€pathkpeaiesis off EBV-related
fork-head associ ated and ring finger) and DAPK (death
cancgiSs dt i et spiisieat nbecanses g)e, ngwa.lc)@oﬁ{) Aoy welves multiple other
. r &1 | | 5,40 ai b j
etolf ISR AL w TR ATRHe Mt EHE P T TR ol SRt need for o
methdbfod teadibgrokis tof ¢heredtrhyodages of BB V-releted caorwerst frepagdadar NPC, as
| oad of EBNAI and the expressjon |eve of at | east ,
suchy omgipdswold geathe st Phithe § < et sRioctim i echoice of

sobsGHP (ER0Y) ] I8 Glnletit P O Pbatib TR g Mihet by the
metlbdtprovidedbly thegresentpavediono a ref erence. [0026] I n one
speci fic enbodi nent of the invention, the expression
| evel s of LMPI and RASSF|I A are determ ned. Optionally,
the expression | evelysnRhrfbfmeanténtionDAPK may al so be
~determ ned. [0027] The exXpression |evel of the above
[0023]di cHice graventkisvenjiomeprovides be mkthast of wagnosing tEpstein-Barr virus

i geneti,c status. of said ge In.this connection
@B e BB rcar Ry ik RERES: erfaot fu SR ipisSdap tevel of
cert:3€ 1S eEASHloMarléerBf, aftd &ARIPLd, Sviel apawdll asllc@llular origin that are
i nterest, because a hypernethyl ated pronoter region of
relatedhtseangetes | eads to a decreased or
npl.et e i . g ' J , .
(00ZP, R S 6 RS s & LR BB Bon o
virud-Feeged ganer [in ol waliject, Mbmeaviag, colleetingeh iblagicaln sabple ubom said
of the EBV gene LMPl is alsao of major inferest,

f .
S“bj?fécﬁ?}\%@l’&wgl n @@éelgolpgjca]asaﬁnl]g}p dhe, amgugt qct‘.%xﬁz VRptem-Barr virus gene
load! 6?%%&%%h§@hé GNP B (%Egt?&gg&%ﬁl&%gp{aﬁg%% N ¢eh@90ad and the

been associated wth t vel opnmen
exprpssomyr lesdli it 1ch @08 jgedthsel entechirbmatthe grosp avumstong dfitee Epstein-Barr

virogr e PSSR pe e i) D i SFGrIe: SEpsaRASSF! (s
assobABofl AIbBlalH RakilPNAT! EPFR (ChdiRpoiaaRyithefoflahédde fssObitell Nand ring
formof nmultipl'e nethylation specific PCR ( MVSP)

fing¢m 0@ DAPFor(deasirtasenamied mpteir kinpsehgad ovorapreing the determined
exo b B P T VR P e e oo

accoun e changes

[0028] nukl &Rt diesdimbhtest Mk Shdthed ef thecalemtivh, (Heogerieload of EBNA1
conversion of unnethylated cytosines to uraciles

sSQ
and theaexmrersiondovee Ak af kas M 8erss detidfan Huee Bvlqsesg?@teeffrom the
eroffp bl b 7 PER R o Behe TAAE Tha R STLELNAR: RASSEL
CHHR\N#nd PAIPAt &d daternimed iafid edmparedisacderansanpl e vi a PCR,

i gonucl eotide pringrs sujted for.thi,s purpose may b
toodhed hspe shse Cu%g?ﬁlgﬁm( g‘féﬁ{féjwifmone#? 5@&&%@‘@1@ of Lmp1
and RUSIING FR! {Bdmiredt BptibRNS thO Bx T8I dnORPAS D€ CHII 8h&bS DAPK

essentially of or consist ‘of the nucl eotide sequence

maysaso HeodefdrmimedSEQ | D NO 1 or SEQ ID NO 3, whereas

It e downst r,ea nt | sens rimers may conprise. . .
1002 P EbEirRRTERTY! B b VBB B S PR delmined vi
the SpRERHRNE StafiB lof ££4 igBndsNInSBER connection the promoter hypermethylation of the
tumor suppressor genes RASSF1A, CHFR and DAPK is of particular interest, because a

hypermethylated promoter region of these genes leads to a decreased or completely
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IDNO 2 or SEQID NGO 4. [0031] To determ ne the

nmet hyl ati on status of each of LMPI, RASSFI A, CHFR and
w@2K/ (e ch can occur together or individual | B¢T/EG2006/000401

bi ol ogi cal sanple or the DNA&, which has been isol ated

and purified fromsuch a sanple, via methylation

aboh%cé)fﬁré‘ssﬁ%f el e @R GERE a8l &hELto Bflofy bIMBHeS tunhoresuppressor
for the nethyl at ed or  the unnet hyl at ed endi ng

functom @ﬁibes@g@@@ pecdiunt@t Moireqvien ihe mgthyation St’cl%@ @%the gene LMP1

at er
s i Bl b leesb el PRPTCnaR oo AoBE AT ap B Mpggrition
factofsh@ndl TBTBERRY hdpeshisv and aids Béenl Nﬁbcmd/ Withatuﬁfdr”@éve&?ment and
for the nethylated variant of at |east one of RASSH
progigssiaFR and DAPK nay, for exanpl e, be utilized.
te t 0 [ ri .
100284 ST3Bh ARt HYSEE ROl s 9805 BF el EPAR R v

meth{BEBS Speifit POR i(MESP) Elnpiri &t Jex peditelite déteeaihatibr gep, hige MSP can
nmet hyl ated or_unmet hyl ated vari ant_of the target gene.

be caried %Riéllil fqr@rﬁm‘HFIPWéFethﬂ@U%WCﬁ'@rPeCWW\)er the rare
[OOZPxen{I Q{neanot of'tthg Mm&hod N gl%nﬁ’lVEI?h(Qle tﬁgtlﬁ'ﬁﬁ&g used to

ternatlve two sets
deterﬁilm@duwﬁlBabtged@ Icpxarcﬁ meysbe aegigsal toftaker interacémmt tthe changes of

% v]%rl ant of t& ene and .t he .ot her (rina
nucl%fie% gHter, RSUHAETRIPSIted0h %ﬁ?n"%\?/n 0L ﬂaﬂ agtesipes to
uracifdd) ?(Pﬁ{aQWEBV SR 10dPls ﬁ&@ﬁ&l&ﬁmn&&'ﬁ %@H}; N3 hfe"i‘ﬁ}}lﬁ’tfbrpipemﬁc

gene nethylation in a sanple by Cor rol ating th
PCRdMS@dt ed si gnal s for the unnethylated and the

th d Ex . t
1003PF . S SmiEr &t BrAiRnd HyF ARG ENAIagetbShiear the DNA
isolafe@ 9l Yurified %&ﬂ AldnYa SdmpslE vEOPSRS bll%fﬂubl'é@hdwgﬂ]ﬁ@fsl si@ed for this
sequences set forth in SEQ ID NO! and 7

purpefsInasehmvsed ehtapleyinstredny (sepse)mutrngss Sragryvg) ow&ﬂgﬁ mefhod of the

mveanmn m%)? %%m&g%a bé%sgé? %es{éﬁ#xﬁ r}{ %f 8¢ c%%@? ?gﬁhdgucg%ptlldF %8% ce set
forthEK Sm)j Wy QMSB@H_DTN(CBIE wherae ):ulthblermjvmsfreatm (ant1sense) pnmers

unnet hyl ated LMPI . may conpri se, consi st essenti al Ify
may oMBT P eSpsialy OF Boparit ebig aneleatidsseayence et fhrth in SEQ

IDN%EQJr@EQ?Dﬁl(ﬁQd 8. Exenpl ary downstream (antisense)
primers for nethylated LMPl may conprise, consi st

[003d%se ﬂt0| @dtd:r;nmrf thermetbylatien stafust dfecani of EMP IJ R ARSERCcEHFR and

oArElhE Rt b b REch EFSTBASR R BB o

whicHRYs 6QHRENIHCd akPPRiSdd RSRAOEN Abdny @fv@fnef\}gl‘aﬁio%tsp@sﬁﬁb PER, for
nucl eoti de sequence set forth |n

each [gBng\one et of BEH@erdiKofor thamethysed othm@mmﬁlylﬁemg eponding

on 1B lePhoe B R B St BERRRGMF Y B TRLE Kgpcers, may be

used O B ainebrARKexmb1 € B3THULES @ case) A rBlier 66SRR ﬁ:haﬁ‘bﬂlﬂetﬁflla&ﬂ variant
consi st of the nucl eotide sequence set forth in SE

of L Mbl apd/or gprimepseyder the metyldedvamntef atdoast prepfeRASY 19 "CHFR

o FORIR PR Aty A CRRAERAE ol WETSH St

primenabg theeanployedl| B«ythosfetso of cdigeinsdleatidet franeiw ofsese | ael antisense
t f | D E 12
primAg DA (YR el iaicgmeant of the rgel gene. The

additional primer for each gene may cover the rare event of a gene variation of the gene to

be detected. In still another alternative two sets of oligonucleotide primers, one set of

primer for the methylated variant of the gene and the other primer set for the unmethylated
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ID NO 18 or SEQ ID NO 20, respectively. Exenplary

downstream (anti sense) priners for unnethyl ated
WRABSPIA77 CHFR and DAPK may conprise, consi st PCT/SG2006/000401

essentially of or consist of the nucleotide sequence

set forth in SEQID NO 26, SEQID NO 28 and SEQ ID

varlaﬁpmagpbe efpRAel S@thyan bHRS&h dievd, %ﬁé}@aﬂﬁlﬂe, the qulah€fication of

t he eterm ned expression levels or the e enetic
gene me&hﬂgtm mt heanye B cedelging dej detestadpugnads wanethylated and
the g}ﬁrq Iﬁ%}l&l\@ ti ssue, such as normal epithelial

meEP her reference tissue. Thus, said

[0032%# e E&eﬁl laky Stﬁeaﬁﬁ(lseh@R RGeS Ger muﬁeﬁlyﬁsademensye domprise,
non- E V- ected cel such as non-EBV i nfected
consigipyssediailyjof oEResist v herruriop it sanpacen setdanh éf BROD NO: 5 and

7 SR AAPLRATIENS) WThER.k VT ) FAPLBbh, o
essen®iMBYPL 61 consBLOf the huctl@étldewfatflmbﬂ getffm@lmfﬁﬁ;E@W NOf2xti on

or an EBV-rel ated cancer .or a non- EBV i nfect e(ii ﬁ‘il
[0038] ne Exemglary rdaymsticam nfatisage)e prmeet ifar waethylgtpg LMP1 may
comlfi Eeéo%gfgtr gsgl;%ﬁa rbf%g\c’m;\ﬁét%tf% W@é dlte' g@ﬁg?&asggfdﬂh in SEQ ID
NO: @ and e Iaxepqﬂaryl dmrnstrmmcﬂantlieﬁ%?ﬂ)mﬁbﬁ for abhethylotdd LMP1 may

sanpl e can be t her ass tlLy, or the .
compE Bt TGRSR i sPESIaT (B nGrueaOle® 36k R SEQ ID
NO: #pd subsequently subjected to the invented nethod. In
one enbodi nent the isolated and purified DNA is
[003elanorﬁxcmm UpSO3B] (STQuS@anmerSt f@@ Iqafébflateyl BAStSﬁéA CHFR and
0 I SQ
DAPFRY Forbtiss i enae i ek ean oL g ARG LS Ga R Set for
in SEIMO. NCBhps)rCQEQrml N@ene, SBY eNany 3ss SEPI® NO: 15, and SEQ ID
housekee(g dggne for exanple actin or

NO: gy eergi 3-18h é@f’fﬁ’ﬁéttveéﬁé hij¥emaR]aiya gpstyeamp(tignse) primers for

o S B S 1 Sty e vt

of the auglestid, sequdirt sét fok emBSEQ Iy NGT: 261 SEQ)rm ND: 87 ahh§EQ ID NO:
nucl eoti de sequence set forth in SEQID NO 2 1

29, 1¢spefis€ly-and SEQ ID NO 22 (antisense). [0040] The

[0038}D) %Plt;)rb?y wo%g’@éa?a@ mﬁ@gﬁgkﬁ?h&eﬁbfo?'n@&ﬁylg&@mﬂ@ CHFR
a mamal ; for exanple, but not limted a human

and IDABEemag cosipris@ odngstcnss@tlaﬂy of p@@ms]lstldf It nucdeatide sequence set

fort 8 SRE) R halisc vl B KD PRSET NOh A8 SH AT BRE Ty pa s

ID Na-€1 8ot SEQMD &b: 200 rédpe@ively. \iRhpIRS dolvaktreXa (@dtiBeris8) primers

i mrune- suppressed patients, Burkitt |ynphonas,
for um@ﬂu@atg@%&ﬁﬁ é?ﬁ]&Ram@ E%Ka@aﬁ CPBIDRSE, consist essentially of or

cons%? ﬁf) gm %%Eg? Eé seqlﬁgﬁr;%%gggo% oD g?i}\l&)a% yﬁlﬁh‘pﬁg%o 28 and SEQ

ID NA: BS; @Spémwalgred | ynphomas, T-cell |ynphomas, such as
|l ethal midline gt;r anul oma, gast ri ¢ adenaqcar.ci nonma
[

[0036{; orﬁk@s@f@w % Wi S Etﬁﬁ?@%‘% éapﬁ:é%lp% TP 48 theiepigeneti

saruf 3638 LOR LAPES, S PR Pl Yo, sy g no

epithERAl- ¢edlsabe ding asthar ﬂefe‘m}ceeus,suesfhwd Isatdardfﬁen@enme can be non-
di scl.osed in t ve n he e it s

cancifp i SR AOBOLR, AtHon TOL BN e B Sh i RoR i Fafested epithelial

cells Bufﬂ%' fekerbyBPRARan Eiffer %@m&@ﬁoﬁl@th@ %ﬁbj%?.(@ﬂh@f’rﬁolbﬁ@hl sample is
However, they may still di agnosed according to the

collentetlHoomafr frone anyvesher @deqbgte woiticez fargexanpla tahegbject not suffering

from an EBV infection or an EBV-related cancer or a non-EBV infected cell line, e.g. a
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mar ker genes di scl osed herein. [0042] In another
aspect, the present invention relates to
w@bkdiogomect eoti de primers conprising, consisti NBCT/SG2006/000401

essentially of or consistin§ of the nucleotide
sequence of SEQ I D Nos: 1-30. [0043] In yet another

non-BBVERFectddEpiicRRICEH Hikky ltck@itiveR! ah BV QelatedBhiief tiffue or cell
modi fying a DNA nol ecul e, wherein the DNA nolecule is

line, frexempleche MagabvaBLivell ligei asp@visiea positiyetcoritoli n a

illed,lLiquidt ith th >
10037 B i et et C i GO AR s Bl 2t ARG RS in
the sktiflelcas Bk idoMdePaRl N5 Hiddaad SulbequaiilysaBjeetet ty thrulieeddadethod.
to the follow ng nodification and purification steps

In ong embodisegrd Hreipplated 2od putiBed DNB isegeneraisdPNpgt i on of t he

awi-ngs 4 kRvent | Al | t.ter, . .
10038} e SFstr ¢ ot of eCRo R PIVAL S BeltBl e o, pan atso
makeMiRrofARASIMAEHE thd fre®ndd tn@hb@n ofiat ddntrbEgd@nThis Fohtrélzene may

exanples and the drawings in mhich:,[00459 Fiqure 1
be aggyiableaheusckarpinge 461%) for tgxapplavartn Mreglyrsspldslyde-3-phosphat
LI ring the obtained results with those of
ddq%#o§§%égng%$ﬁﬁﬁ% bi ol ogi cal sanple used is the Namal wa
[0030%! | If ithee comttrol EfMe o Sdctin \aad Bihe kdetdrndiyatiolnommthoéd | ik RGRiesuitable
. expressing, EBNAI, and LIVPl that cont gi ns 0{1e ,3opy of
primeraayoFHEisoNRISist csentially oh ar Gpnsiw of the mislegtitapugnoe set forth

in sﬁecg( mﬂ (‘%_ﬁrgg)l %@'xb%@: ﬁo{)ahﬁgénis@n (ATCO), for

'S were subjected to MVSP or single
[004REP ikt hsupjeictriines bisybegicdl i sampler ist bletained i foah edayrhe ke mammal, for

nes, The .obtai ned PCR fragnents re then anal yzed
exanfe it n Al Gk Bitatts ROty 261 Q08 S BtS £ 1 om MVGP |
[004?!] EOSHRAB PO NSt aM@1ck CofORB VEFelile B ichfideds MBI, cann@iagdised Gising the

e
at reaction condition of MVSP is optimal for each
methgéred thedressri imentjon aglisledbetharecunidénited, 3o Braelhdymphomas, for

Dy i mers. [ 0046] Figure he.r [ ] f :
exanffid o blmyac et Bt HRER: LkBRY pling e endemic and
sporddi@tfoflfManséghatgeile caefidhiak V(NBCRT sdiVel: diaidalcagcer, Hodgkin

cells were used as a reference by sem -quantitative

lymphompy pesteansplint Eaurlomes) AdBSzaserdafed banphamasn Togelk lygphomas,

h j . e iL,n - .S i,n ad :
s QLSRRI 0 0G0 L85 DR oMo i
immiNanaippeeses [patientd s as ewdlhlas y cattainitedigun duraqs) isech tas oral hairy

o5 AT RRR 5 P S5 nb RSP Ve s
maﬂdgg geg{:tb VEscfRbd & thépr&Ent'YPr@l%ti@ﬂﬂh&;f e @ tbe Qflagnbadadsy \Qgﬁxagaé Suitable

ed marker genes could be cleafrly denonstrated.
subs§tad4i7¢ nrirgus.BEkitt lymphenmas sfor exarpls, dhnai eradessyL MRBHHowever,

from.kno NPC cell l.ines., C 5 designates a,nhude .
they o SRS Soppib D e dhstios” Kied TR o] Yl ing s other
markieP Sérek igscloBed hésMal non-expressing cell line as

confirmed by Western Bl ot and i munost ai ni ng anal ysi s.

[0042he Arsanothes gspretndlpapresentnpeeriiqn relptsado @iqnpelgpfide primers

s\ PR 4T R, By or s

Nos:das@f fin NPCs. 5FB, 9FB and

[0043] In yet another aspect, the present invention relates to a method of modifying a
DNA molecule, wherein the DNA molecule is denatured, mixed with liquid agarose,

pipetted in a chilled liquid to form agarose beads, with the agarose beads containing the
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18FB i ndi cate bi opsy sanples from NPCs, whereas 56
par., 58 par., 60 par., 63 par. indicate paraffin NPC
wa@ 2ploa®77 C15 i ndi cates sanple from a nude m cRCHRGLINGG00401
an LMPl expressing NPC and B O indicates a negative
control .[0049] Figure 5 shows a conparison of MVSP
denafl{'%%djbf\ﬁk {ﬂ%léﬁﬁ%@, @%r@ifnfct]h@ rd¥iiting ABROLESbdRR hre sUBSURRS ghbjected

sanpl es (brush). 5 1ndrcates sanple froma nude
to thefdwheamodification MRl pwkinaties staps (AP paragrapla il Seelow).
i ndicates a Namal wa cell sanple (EBV positive Burkitt
| ymphonma cel |l 1ine expressing EBNAI and LMPI). H20

i ndi cates a vat egyjepitscpiptiodf thd BvdRgsr i ption of the
i nvention [0050] One object of the preSent invention

[00443 t Ther bwiedtiomnwidlartey beitergmodarsteodinwithr tederents do tide| detailed

f.or various EBV-rel ated. tunors...[ Q051] Ln .order to
descriigns JieR fwSERL ¢ BRUBET A, PO GRE Fratlsy and the
draw@igsORiveHiBh:ni ng the tunor-specific nethylation patterns

of a sanple. The sanple may be col |l ected from bod )
[0045] ui Figuratl demensteies e faaabipity pbMpliiplges MSR by dirgpily gemparing

m 4 cer I HhNe.: b r. \

the Bl SRFAHSAE R0 OBt iRt Mg B AR ARAP G is the Namalwa
cell 1itx)tah BRAS osigive [Burkittf 1y ephoas eplh finy rgp@bsie@ EBINYoIand LMP1 that

(NPC) patients. However, detectign using a bl ood )
contaipimsne o8y s EBYo&sryne RNAPe esllgrndswhigh ganype giptained from

; ) rat i Ri ' -
m RIS IREA OB AT SIS0, TSk oy
MMSR pr aiigleoMSPewith painckrpspecdicnfoofthedindicated marker gemes Thearbtained

terials that can _be obtai ned by non-invasiyve od
PCRa_nﬁagmﬂgf “_éar%a%?waé%eﬂd% 38{9Ept9 i oLk éfl&f@fé'z?f"?li B from
MMEP |48 bodsh¥BdiaR RE RAE Nrork REIOMIIUliAdicRBS SaOfeablitn ¥&Rition of

investigated in order to set up a panel of biomarkers,
MM#Ricoptivzal forecagh gend ord margmdll g gedvsedthaedmphtatioroarers prirgers.

oo, P AAS o B P e R R s o

samSadMbeFenidiStrite M EsenBNO it of VEVISB. NaAludi dells weré wae aglh Agerence
genes and cel lul ar genes that are significant

|
by sermaaBaFiNe SHRRREQndDF EESY DA kpdns by Rpelughmpeh b hpwsckeeping
t he. it hel i
gone, {GooR TR ERL kIR DAPA | Ranqd LoREPbfding B38E nBfiber of

anal§Aed Nz wat tvlRe whak Geerialdy Idillved aaddapplied ftorMMSBRer Aislshown in the
..quality control), which can be used fqr the early .

pictii e SUBHTGD Ty NP Fofiif Gk o tp rrell Tt 10 BRY, pozative

cells"@ted WIMEP B584tio 4aindd Bf allfée[eﬁedaﬁlﬁﬁ%? E%eh&e could be clearly

present 1nvention s directed to a netho
demdastigtedsi ng Epstein-Barr virus-related cancer in a

bj ect omprisin | lLecti Lol.ogical s € .1 1:
100410 Saira SR et RolRstihr gy Fugisa KBy R S tines. c15
desi SR £nidiemaneUbtarifl ahTOMEP SkpieBsiBANPCY iT666- OB EB¥positive,

determ ning the EBNAl gene | oad and the expression

but LMP| nert-expressings eelb Hae ge rronfanucbe dVestem Blpé agd gigpnunostaining

consd, st i 0 | . VI e
w7090 o BRPAS R B ! EiS S8 B A0 DB
in CtHendEBNAT in€thoexpr essi on |l evel s of said genes in said

bi ol ogi cal sanple with a_reference.[0055] The neth

[ d
[0048] ¢ Hagymve QB MNSE ypsuktairem biepsyi ad paseffin NECs. S¥E, 9FB and
| ' : r b N a
BTG, AR, b YRl (TS50 0 . 6 s
indicutes paraffinf WRCdamples. C15 indicates sample from a nude mice bearing an LMP1

expressing NPC and H,O indicates a negative control.
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a nasopharyngeal swab/brush. However, the biol ogica
sanple may as well be blood or a tissue sanple. [0056]
wab@sBB¥7T el at ed cancer may be any mal i gnancy PCT/SG2006/000401
associ ated with Epstein-BarlO virus infection. It may
t hus i nclude nasopharyngeal carcinoma (NPC)5 Burkitt
[004BY P e 5Ssabwy afc)bn@hﬂﬂﬂl SENDISP fultdbetgicern phiy D NIE, samples
ot her cell nphomas_occurring in i mune-suppressed

(par-pand blhl@% NPﬁ‘offarrml%snﬁbr@hthlérlnéwa@ﬁ gampleEgN3 gInade arire hearing an
n ar
LMP‘;TUC ress ltqﬁ 4 lgfimﬁlg&% rﬁ{aﬁg%a]tbo n%ﬁ%énaazwg ek AMW positive
Burk&dfyihqﬂ‘@ﬁfal delllims exprebsiry BB ILMPIl)TﬁImemdlqams aseel control.
subj ects. Al so enconpassed are benign tunors
associated with EBV, for exanple oral hairy
| eukopl akia. [ di nent, the
nmet hod of the 9%\%& dl@)ensgﬁ tlﬁég’meﬁ)@}é% e di agnosi s of
[0058IPC ICDneaob]Hbtj aeCthe pAR&A] inTheidBi4 gepeovideadni sarly diagnostic and
deLern1 E#gptlon of a suitable narker gene, for
Progaosiif Ous W3y the copy number of said
[005% ne I.f)%'ic}e? &} Llchnf;\%r this k ShB YnveRflbi Hﬁﬂieb ta%éﬂ’x@d B%tenmmng
cal cul ate the gene load the obta ned result may
the tumm}ap@cﬁ(t methytatibe mattem,s dfor seaxdeplies san@e imay be coJulttched from

bodyaithitce elesh e FEA] B e R T TG tac@aients, wine
froml Blﬁ@derWﬂ' ﬁbstht% A8EdrViatichtis Oﬁicﬁnﬁ%ﬁiﬁﬂyﬁg’d'ak istvib | ARAOWE washing
and a single copy of the EBV genone per cel

ﬂuld[mg}asmmmgp@ cancinerh (NP Ca pitients. dlowper edeieignrusing a blood

50§ RAVBRCRh RT3 3000 508" i Dfper non

specilictsi @lal . THangRo®alfivasie tsexﬁf-qfﬁdﬂ/c‘dﬁxﬂe%vﬁlﬁ&@dﬁ d)iaﬂhefeﬁprebéil@i level
vi rus nai ntenance and al so may be i nportant for grovvth

and ppigeafodr didierenh neAtkert g prateeiely that (Afphe Optaacd ¥ noggigvasive

methtohs bifa fnV AL XL nd DS BlIbgAt 1 On, segregalion, and
ranscriptiondl activation of |atent Epstein-Barr

[0052] r udn ganidhmsisataredappvarcts ther mm@gkanﬂiasm radC¥BEi wgs anvestigated in

ordef e S AR S o ARG P B’ Bagnoss and e
monﬁ&ﬁ&ﬁéﬁtﬁé h@&n}éﬁb’efﬁ@i%é}%mvc@f oteins. Accordingly,

I's a gene which’is expressed in essentially
[0053}er 3P1E®mg thisearpeehch ét Wasisipasinglydhundstheying MBCsamples there are

ene..l oad, which corre
sovelef aSB A ST SR Esparo L S Bppdble) Bhhe' Senificanty
chan%éw GR' theRSeXRbdsions 1dveEiifi KPOdewfyartd tiethashasial enopharyngeal
ence nmay be nonitored _during therapy. [0060] In case
epithelismpmryRlesg Baed) apitesenfindipgs, @rpag 1&9 fos6 guetksrithegEeys from
e VoS OLRUBISHS, BE AL LENRD, TP L0 for e
eaﬂ}SﬁteétmhtolﬁtumoﬁdrenmteS efifredtmemndfficiencyyabeetuped. The

i gonucl eoti de prinmersdi scl osed by .the prese
[Ooﬁ/f&verﬁh%n ¢ dELATFTe hhErEERAIGENRR b Hreefdats anfpedrod of

diagh Y 1 HRteif BT Shru8PdRRE ! &k @A é’rsu%%%fs' §$m{91f1s111§ ecollectmg a

nuc eotl e sequences set forth in
biologitah s8Bflel pIGsid: subjeaty eﬂe&rmepmgseswd hiplegisil rselanme 11he @mount of

the %%gﬁi’g r‘lmr‘rg rgsége ?ogﬂﬁy% 1mBg| %@ﬁ%@%@&f and | t‘ﬁe egpressmn

leve LR 1 &RBH Sgeny @élbé’c@& &oﬁf‘ﬂiefg!'r&ﬂi%bi%n@é of {he Fpd@IEBhIrdrus gene
sequences set forth in S 8{
LMP1 and the cellular genes RASSF1A, CHFR and DAPK, and comparing the determined

expression levels of said genes in said biological sample with a reference.
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NGs.: 1-4 are also contenplated by the present
i nvention. [0061] The expression |evels of the marker
w@ews®7dokPl , RASSFI A, CHFR and DAPK may be detRCTYBQHEH6/000401
by any suitable nmethod knowdl by skilled person. Such
nmet hods may i nclude Northern Blot, Western Bl ot and
[oosarcl gihe ra&thél 8NMkiihiendbh @NtyipRAENYIAHRY, out O a esadN RivEMAanner,
(transcription nmedi ated anplification) and PCR. In one

for exsmhygleli byewsingds 4 bielogivabsanipe 2 bodidy 8pidgsurhtas snasilywgshing fluid or

for exanple the hyl ation.st,at.u f
a nasp By S EPR P RRt PR eBoRof R BRI GHR: Spold G20 SR G865 or o
tissuéldn@s1gl ned by use of any suitable method, such as for
exanpl e, but not limted to, nethylation-sensjtive

| DNA
[0056L st ThetERY:-related rencer mpayhlys aey syeligpacyiasocilRd with Bpsieip-Barr

. prebes d [ Ll i - :
iS5 05 B e AR 08 b oo,
salivét@eﬁlﬁﬁ@&ﬁi’dinétﬁal,eﬂbﬂgl@n i1$mbhemSBthee @ rveljuismphomas occurring in
) Met hyl ati on specific PCR (NSP) is a bisulfite ) )
immnensPprIsen prisel, Porxeplmiignan agan; trnsplegfgiion andify infection

Lati P i o :
T
aden&¥hcindinadMlgivmyesarcontedinamare-supprdsied sibgedtsDARo(ddpompassed are

.hecessary. . To achiev. iscrimnation fo t.hyl at ed
bemWﬂg}p’(g{l @ﬂth[%ﬁ fgﬁ e ﬁfqﬁ :]i‘é‘lry Eeb‘;‘f)ﬁk‘[a'e ast one
[005i9jmlt Elg eogﬁ' ERenDEAY AR JiIRAR, Ble ARSI TIGHE! htiBhSs used for the

First, DNAis nodified with sodiumbisulfite
diagransth qfNRC iredsubjéve treat nent of DNA with bisulfite

00 A T ST e T SERPSHA e o
exarPHARBN AE Sinll etk MBYng AW RBBY huitdbeh o ASte g&imp& e for ER@mple by

utilized prinmer pairs are designed to detect the
semitquaniétative §C8n Taicleulats thy [zanetpad the phtaingd resylt anay b canppared to

respective c I Nt ary POS L i ' r
o et AT LAITRL L 0P AU LB lphlifspr o
A spe@fiv exirBpletfor sich cblys Raé Ngmalwacall lirid) evhichsip detivadefrom a human
conmpl ementary position (U priner). Then, PCR reactions
Burkf bymyehomsy gdchag aspigleviopy ioféhe KRV 2eaprae oFr @ﬁﬁr i mer
[0058]! | -EB‘%@dﬁ? ¢Sk %bx%%l}ibﬁ !f&%ﬂsféga-h%.ﬂ%'tfiegﬁéﬂﬁg%ﬂd/ A idused in the
pai r 1 ndicates nethylation and unnet hyl ati on,
contéxe syfethiti predent 1 v@06@] tBdssigede ahsigagd encrsling bad i pwotein. The gene

specific PCR reaction, several .such reactjons wth
brodRqlaP BT (G LARE o PGS BYHOWAEDGR AGS Alsn 1 be Rnportant for

WIS "R AR atd inYary &9 1 ! Becagky i iRadvolved in th
810 arrpt{ai%i eda®cﬁ¥ﬁ?§%@s‘ a}r,e qil,rg??)ncgﬁﬁsshakﬁ e, V\}hi c\rf]o |V% e
replication, ssgnegationcaniddranscripfiapgraspyatismeoidatenidipstris Bgrr, viigg @gnomes

ass is called multipl th i cj fd s
and RREpoifal oo, BV A pRAL TS TG ST prosen in
implidatednab hydfhfchesn Gdlatat's evdnts epier @lquésteriigt 1@en esgutacryb roteins.

eval uated in a single reaction. Therefore, this .
Accordingba EBNAY it & gemnihich ds exasessd | egwnialbpeety ERY infected cell

i 1l . L fi ot i o
t § 085 SRRl g 21T 58 S0 e i
courédhsnl proghysiesSEBVi-mlatddocantére ak iwadlr 4sathieiz a¢ridencyofo Betastasize and

| ynphocytes by EBV and is expressed in nost of the
hencﬂﬁ@’%"ﬁ“@@%%‘? ﬂa“@@?/y'associ ated tunors. It is a

[0068]" €Ch a8 BRIEPTAFBNAC12004n & HebdbarkfE id B&edMAY ¥Rlany suitable

nucleic acid amplification method, for example a PCR technique, the oligonucleotide

primers set forth in the present invention may be used. The oligonucleotide primers



10

15

20

25

30

and proliferation of latently infected cells.
I nvestigation of deletion nmutants has shown that the
wo cansn®@nbr ane as well as the signaling domai nPGF/SGH®6/000401
LMPl protein are necessarylfor its transforning
properties. The LMPI protein has a nol ecul ar wei ght of
dlscl@sﬁ@ X iR bedsintb vihitora sl deferdfife @8 BBNACI ¢8nd Q6@ inval Bample
he N-term nal 186 am no acids form ng the
commwarp@n@msamlaaw dion comst o d1eCriclNiA APABOEES 46t fosth in SEQ ID

Nos PSS B O, FAPELGRI ) BBALADS SOOI, s s

ID Negt ops agdngeedeekeniing Sd[tiwﬂstrbmﬁp ir€ g aniisensd) apnmem aViereover,
the nmultinerization. The nmultinerization of thz VP

complereenss, ngrieaicd Fagpenidohiths nflﬁlsﬁwq BRINENGsS gt & EQ ID
cons conpl ex. Al though

NOs. Eg a%‘léglgénéé@%%lgﬁﬁ d é ggréﬁ l’t]iglrls of the tunor

[006MECT Qhe Sexbpstion leecle pifothe(ﬁhﬂ&eR)geﬁeeﬁ[MPl sRAS8Fts, CHFR and

DAPogebnasicmpngb e aunpitapfronsied kopin by SKEl aprmpauch methods
may gfcgtpée?lﬁgx@lgeﬁﬁﬁ gr\g ?]t IFI@F@Bi ]m@l)mc"\ﬁcfu!ﬂ ﬁﬁcﬁfont @@nmques for

proteins interact wt
examptECTMA (tepn$&Agtiob, madiatdd am;bhﬁpatmlamim Rh Pne wbndlment of the
ng of these proteins t i,cal
inverigh. (R ABTREBERC NERD OF G g S LA Ptk 71/ apgrker genes s
deterfliidgner nore, the Jak- STAT pat hvvay as well as the MAP
Ki nases p38 JNK and ERK becone activated. Via these
[0062] gndhe mgetlpsdamystus WeR be defigained fhy 1@% pﬁ @8y iSeitablg method, such

acti vat.i o and S kers
as for| gxamply, @5? ’aﬂlg{hé%élgh'S% I\Cf? oS R  SEymes,

methpfaﬁbﬁ” s@aecﬁi@cﬂucﬂ&c Bedid , pr&6ds Xazah dnétﬁﬂatldnmpeduﬁc tputyiaadaye chain
viral gr otein of EBV for whi ch a direct oncogenic
reactipat QviBP k| Parteularbe wsefehdors earateg Ouhdho PESAY) (pventige) is the MSP
[ &5
e
for tl@kem@pl of BNATHF nietlotatione Forth MSR expershet,udigohutld®ide primer

pairs QGG 400 BRENTAR Dovotid i pmeoh B r pemptsia ey ) are
neceésgxppngw h&8kve ABchiMR lllati%hofo?'lﬂetﬁ%ﬂﬁfeﬂsﬁkp ﬁnin%th‘}&%’é&ldm in each

t1ssues, as t hose norma do not contain the
prim&Rir g heaseonopf frenpain) rmqmayew cmeEB\;mwf EpBeites jagpsigelded. First,

DN ARG <Rt Bshfs trRded UES st o i bisuse

convests 8l ufingthy$dt@NEftbEARCE)itd ukdtgeslisaghaSinstedf of Watson—Cnck base-
EBV- associ at ed mal i gnanci es. | 0067 The ﬁr esence or

pairingiiht guaflos;mﬁe@;lh@x BOW [DRPI Wige h@er@alﬁ%é‘\ dieailigetipyigaer pairs

th t [

are dg? %dntﬁcqepe% ﬁ%‘?&ﬂgeﬂ % f g’%clgfn\@rg&lgﬁa% @50@0 & avmg agG at the respective

comﬁ&ﬁaeﬁl‘ht}abdsytlmf (Mirpringdi bs thengrgoef rdgien wuhltmnwtlﬂ,éated C’s that have
sequence set forth jn SEQ 1D NO 5 or ;111(‘ strea U

beens@wéljtechﬁ@ %Ed’y BaKigeatb 8t (i RFPEFE: H‘FP]&%%%Ye}’OSm‘m (

i, 54, L SRR el G ps b | s

Sucdessfill ymiphﬁcpmm efromi é\/Ia palel lanrl/ar Uumeir sudigatess goethylation and
encoded RASSFI A, which acts through inhibition of
unme @a@?’§e%1?8§%e%rogre53| on of the cell cycle. The

[0063?‘55’:]%6&&%5 ats@idle BR&YPARA sPEIAE PER Rhfitbrl Geviche stretbreadtldns with

bi'nding protein Nore-1, consistent with its role as a
differeng alrnws roduliffersnt trgathearhe performed swgineously, as long as the

obta 0 t L2 g%&ﬁ{ ﬁ%lgﬂlel(lt% Oalcr)e2 bls&]ﬂé:qu%%?e %981? il e B9 hchieved by
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frequency with which RASSFI A is inactivated by
pronoter nethylation it has been deduced that it plays
w@200897600T e i n the devel opnent of many pri mar yPOIIRE06/000401
tunors. However, the nechanli3sm of RASSFI A action
remai ns yet unknown. RASSF|I A al so associates with
toetsdre Stchhassaberncglkawmultiaé hbh§lation specific PCR
apprgﬂrgagégl ati énéfszﬁgssentl al 5)f or RASSFI Atr?o rred?at e | tps
(MMgpPowt h i nhi bi tory effects. Overexpression of RASSFl A

1006 SToE iRE LS P 151 A L GERLHRH S MR SLERS o
gened'l dah OBl RyAIatRE 108 @n%lBQsﬁjﬁaﬂ RASBFIrd ks alppoash tredidee DNA
mtotic spindle and bl ocks activated Ras-induced

requigementifont sapeplps and grimer conpstiden dubieCR mphlifiselaRn o
Li .
10063] . ol R PR RIRY (elope Hgld prb AP RGH ety gosentil or

the ifhfoializdione fBolybobi7ed byBB¥ruhdiotesntdsal irymbﬁt df tige NPCs and in
mai nt enance of genom c stabili t%/gé‘é s et al

seversh RBSH-asesiated dwnau: Ha 2 dirssigpree Aharghirobial for the survival

O e e e ——
the trananaiﬁbhmb at inell Spbke sighalidgCRmdin bf ﬂleringPll |}:gmnundre até¢adsary for
primers conprj si nsi st j ess ntia
its BRI RE FPPBTicE AP KT 61 108 Gaaicen By Gel) of3peszimeety 62
kDa Qagld]l'l‘ I(S%pﬁlﬁlﬁ)a%ld@?&?g)e)wﬁ{‘%esmeﬁﬂﬁp 1860arRio lakids forming the
wnstream anti sens as well as conpl enents,
transvrmbianes demdinf arad) e Cstethizak @00 a[rmwoa}mcts—lﬁ@rmng the cytoplasmic

aint Wwth fork-head associ at nd r|n nger
signIBERBRPL TR FORBERLE, CLOa (OB ah 1 CeBrpf L kogions
conn%@t@@l e sho@"fggi) rSpicHy HEY Medikie Ahd MBBERerdMAtoh. hﬁldﬁﬁmﬂmenzatlon of
onponent in new mtotic checkpoint that acts at

the WB@) rmgt@mariaadsemdwnéﬁﬁlynﬁ%dgaeé rhidisgte grroppfitutively activated

si@%l%f%%?n%ﬁg{ %1@0&%%?%%8@%%3% Béxgiﬂ%lggkcg ﬁlcee %n ?f%%linﬁr necrosis
factdRITe@pes (TNF-R family is0scactepy.MH1esHapsi mhn}rrﬁmb’amasl rimilarities with

toensure the integrity of .the genonme and the fide
thesqproiging: 8p depy ML lategaéb&aaais.%wmm Pe@liBE r%%m%dl 3 (AR 1)

withG @broftéfﬂscﬁl'e Reﬁﬂﬁ&ip +t@m9 %%Pwitﬁsxhé‘lgﬂingt"[}RAﬁl 2,3

condition that predisposes to neoplastic
and S;"ERAD(D am Rih Epeh binding qfithepe gustieins thChERninebal nen-panonical

NFR § AU RRFrY S BTG OROR e e Bea Tl hWaY as well as the
MAP 'kﬁ'ﬁag@ssp%' fNKSanfdrEa@KngcBﬁﬁe deMri&s l’\lﬁﬁttﬁgse's'i’grﬁﬂﬂggathways LMP1

ancers, nostly ow ng to hypernethyl ati on of
mdupewhetnepressﬁgl mﬁactlﬁatmngandfadhasmm mladcptﬁr, sudmsdES4hMiE class IT, CD

. GO SRt S S Pt B A8 e
the %@%5 vl—erpoprot-EﬁY QifaE@V afor WRRA3) BW éh%@éﬁ}: IZ&en’ual has been

Yu et al. (2005) Nature Genetics 37(4):40
demmnm&)d 'A@ortihglyn LR enbrestioredas deen Heunst dz gayeral EBV-related

i nvent i er met. hyI at i opn of n
matighiie: ool hielont AR PROAY Pl o8l iqehafisceithls fom the
methiflationZ ktaghs Obf QMVIRIL| BOtied @nipethyRikeE f(ﬂﬁprfomdﬂgl many EBV-related

consi sting essentially of or consisting o

canqeife | b MBI sl@ai?éh d copstiptiye]sHeKpressed ﬁa)rC%@aS(tu Bt ¥R, protein
expl% c?ne) ntgg&?d Sres, 8 R seJn%r%le A8 hbf BRtain tlée EBV genome,

as ‘conp variants an
or nélﬁ-agﬁm[geﬂldiaﬁfecteﬁ@ﬁﬁ%]s \meﬁ’tﬁn(ldéﬂl s typwally eteylated.
protein kinase) is a cellular tunor suppressor. DAPK
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is a Ca2+/ Cal nodul i n-dependent, cytoskel et al
associ ated protein ki nase whose expression is
WO pBioc@red in the sensitivity of cells to apoptD8GL06/000401
effects of TNFa and Interferldn-g. Deletion of the
Cal nodul i n- bi nding domain results in a constitutively
[0086] | Vecobidiiply, Whé Methyliog sROiseITith€ LMP106ne i€6f 188k sighificance in
contrast, the catalytically inactive nutant exerts a
the disgnosis et FRYAssariated makignaneigsiuci ng cyt ot oxi ci ty and
te ced ceH
10087 *Thi Mttt r ahBl O Siop SRR LORTES G o A behtined by

methpldtith cgleiflce UNER @MVSRNd elhlpl@fngl el RlosuclEotidep rﬁﬁﬁér@ Ncomprising,
correlate with high rates of netastasis. A hig

conpitng rssenfially of SREPSISHBEOF fheamclspide swuﬁnw@s@éfmp@m ID NO:5
or PYQFRISR, 'WARH T KERY O WD ob QbR EHlall ECEED, g5 well as

anéles head neck cancers her so
umﬂﬂﬂmﬂﬁmvandﬁshnmﬁﬁghhusﬂbﬁmﬁ used as a tunor marker in

[OOL &L@?@Fﬁ% I@gar; aspgc{;:% ggg]g)?nagr[ g%gl& T %lgm@gzlg a czallular tumor
ﬁﬂ@&%@'éﬁ%ﬁ@ dob tﬁﬁs?l‘:ifﬁe% iR P8, pgﬁfﬁgﬁ?@ of. the G1/S phase

yper met hyl atfon o APK gene c
pro gmwam@ﬁme aellaryckepdbe RASTUTR proitdin hias heal slgmnu’ml bﬁﬂ itel¢he Ras-

GTE i PRI SR OGHEBH, Hih et Ee o el Te8Hkesr of the Ras
prot@fonggéénle QO BPegaugshll §2002) S@ﬁk%%kn@@‘iFﬁﬁ@Sl Q3b@5 Fr&% the high

20 (downstream antisense as well "as conpl’enen
freq@amqYamtia whithf Ré@@@rmslst hwectwted Ea@omb}nommnmﬂxymuony;t has been

di d f.th |
deay o8 HVRE BRI 1t 2 PRISRPRT oo PR dpnials aipen tumors.

Howé\@f,othe DABKh @ 87€ S RYSYEDE R 16 '}@ﬂaﬁlﬁpﬁeft&hﬁdnbfwﬁr RIABSF1A also
addition to the above, If the net hyl ated as well as

assqcpiesuwite taigroiuiades andritdias bege shown thritthismsprsiptipatis essential for
M§Slgl'?@¥§m%&ﬁﬁt£'fs Bkt nﬁ}beft%;? &fe@%t @v@te%@retsggn of k%[@SF?A promotes

gene net In a Sa
the fletnation nﬁstnlﬂt: hyikcattetohldsViRhereasd ﬂbﬁl@nan@ﬁﬁgatﬁfte fragment of RASSF1A

entially of or consist of the nucleotide sequence
desighfizggmicpotipu st%ﬁN%eca@e(Puﬁ%W%%iqca g5t fhemaogppindle and
blodk@ A atéd KﬁQ%ﬁeH%ﬁbmﬁNﬂsﬁﬁﬂ% it QT alld'Geen 1rgy11cated to effect

determ nati on of unnethyl ated SSH A, CHFR an
gen@mmtqimlutwﬁhus, hiads presepily sspmed rhmtsRA%SE;bh iplagk layrolef indhe control

ot bSle P05 450 bR AT S0 SelfrepSish beoBmltybiliy (vos
et aﬁ(ﬂbogﬁ@h@;ﬂb@ea@ﬁ 64:4844-aps50)30, res pect ively

downstream antisense), may be utilized. [0075]
[00G3L or b ¢np erBbediaentefithe prqserﬁn@vmﬁbndpmwerthv@emthﬁd@non of the

RA@éFlth geﬂené/aﬁr%g (?fﬁerhﬁnﬁ 1?%%&1%&5’[9 n pegfﬁ?fﬂt'!lg g“lfg g%%gonucleoude

gené Foad an

pringens ogapsihd/Rions{sGHg Gﬂ;sehﬁallid@ﬂ b &fhs1st1hg ofehdyticlbatiile sequence of
ressor gene RASSFI A

SEQ@S\@ §;EEE§P§§QM% g%#ghumn%gilf’é Eﬁ@ﬂ@ 10;q% Zﬁévwwt@@moa@nsense)
as vﬁaﬁlaafs léémgfeg[ gd-gé alq f m T@%g&gfssor genes CHFR and

term I n one enbodi nent
[00?01]e deH# Rn(@]aetqkpmnb fwithh ﬁor];s;émad lassodiatedd ahd eingx finges B iion cellular

level is carrjed.out b fo nmpl e P.or. MVISP
fumor $uf suppressor 1nvolve<§j in cell cgllcle coritrol. {DH% is an ubl\ljc%.utm ligase and the key
component in a new mitotic checkpoint that acts at prophase and delays chromosome
condensation in response to mitotic stress (Scolnick and Halazonetis (2000) Nature

406(6794):430-5). The cell cycle progression is monitored by checkpoint mechanisms to
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[0079] Prior to the determ nation step, the DNA may be
i solated and purified fromthe biological sanple, and
WO b@ns/0%wh] ected to the respective determ nati oPCT/SG2006/000401
techni que. The isol ated andlSpurified DNA may contain
both viral and cellular DNA and nay be genom c DNA.

ensuftthé aibRityef edenand aRd Se0fdlity bsistarathedigatidNpafation. Failure of
genom ¢ DNA froma sanple are known to the Skl 'l ed

such ﬁbﬁ@f@ﬁl%ﬁ@%p@%mﬁ@ﬁs iPegenemig m@ta‘m{wﬂascaqngtt}ogﬁhgq»medlsposes cells
to neg#)gae 1& F}i%pmgtrlon %gm%x%nﬁlrb%ra?s\(&l | @R s %eg}%h o b%; hrl-eeqmred for

ave a check reference

delayif® bﬂi}ﬂﬁdseahlﬂlmﬁarof:elmu allitoygh IGHFR $s sbifhiiteustn expressed i yoormal
out the determ nation of the expression |evel or_the
tissugspNA)  i§erfEequently adewmregulatederid Y Pe PHRESNT MAFHY yowing to

r
rop{SEEURLE G 4R (AT, BRRER it of gy soghages
canceolst lokbf egprgsiom dhie CHFR ga&c(ﬂhhimﬂa at ah (RedHt thrwgeneszs

2316 Tebprets Frgotsd s QG ParslogCHBTRLE L] iyl ghidoby Narre

GendicPM(apuBRap@L i on indicates that the DNA preparation
IS O quality (purity) that is not suitable for
[007d3r r yi pge embodinent Dﬁ@wcpresent mmmm gaseetehleypermethylation of the

CoCEGid 90 SR Sk B 1S B o

prlmells' QPRI Eblgs?stﬁ@' é§§’ér§1af19 lof o %oﬂﬁitﬁ‘fgt dfOfhe Qﬁlcfé@ﬁdié" séﬁ@h‘nce of
onpri se, COﬂSlSt essenti al |y or consi st of

SEQnH@IM@@t 1lae0rsééu(elp§fe®n:gesens@r and |SE@F_IQ Nosnc ot 16 (downstream

. (u rea sens d._SE ream
antisGifR o 580 BB Rl AR vl MR SRR S0
[0071227 ageEaPE (aéaelﬁ a§ocialdd0F et Rinatd) s e\callwlat ivdiorahippregsor. DAPK
tained results, the expression |evel of the selected

is a mvsalr@@ﬁbg-dﬁwds@t, swiepkalelal 4ssodiated pEti@danasyhgse expression
is m%pqlscgt{ejzg ﬁnﬁtefwgp ef%ell{) ltc?’ %ﬁ?pt?tc %gfgﬁg rbtf Ic’gigﬁtg r%yﬁ;lélteargeron-y.

Deletibg obitel Glﬂlhl@@{hhrﬁalﬁﬂin% do]i’ﬁ&n te iRy BINCeonINytiOElyGictiad Butant with a
fromthe subject the biological sanple was collected

more ek rcymﬁwemf&ct sl teapirests dig @étalys&la%lw dBaqtiyg | oHipnt exerts a
domlnalsits Hg%atl% RO t@&#cuﬁé’ Q:gzﬁ]ot&[l?l a{’xg {pggttegt%% Tell dé froh{! %terferon—y

eél

mdué‘éﬂr éeﬂ | deatH. QIABK%&}@E@&OQH@ deqecmiyniost i&lﬁh&ﬁdﬁiﬂbﬁ‘cmainue and B-cell
conpared to the reference sanple, the expression |evel

leukegpia; pad géiﬁ‘é levels o exnIessian ¢qsrakate Ayithohigh ratey, f metastasis. A high
ﬁeqx@eéﬁ%ﬁ? & ?l?aéss%ﬁﬁ{edg)?@teﬁf iRge (Wﬁpﬂ(ﬁgﬁﬁﬁg hg%e ﬁl&&ﬁl@n has been

ared erence sanple,” ‘depend
noted iroBagll adlighanvids, bendaihd tneek saicerst s q:;hmesoh{i 0083}, and it has thus

th| cont ext he | evel .of .LMPl protejn express
beenri5pd g5.h NG, m@%ﬁéﬂdgolgwl%@qtvmrléﬁﬁﬁﬁlgs fednd el 4003) Cancer
Resea;@,tggs79§4 bbsg)LMPI _gene. In the unnethylated form

found in several EBV-rel ated cancers, the LMPl protein

[0073 cdnsne tembpdmilejlt of Precprseat ifvenidem pramsoter hyparmeihylation of the

DAPE{ %t&ﬁ!%gane gléﬁrged:qzsgl,a;ﬁlﬁ dlﬂl@g{ynsérgﬁﬁﬁé@g d%{hiz%ﬂg %1|1gonucleot1de
priméfesodiphis cbﬂiﬂ. f@@e&faﬂfﬂﬂf Q) doSisibtitfyl 6@4hkeYnucleotide sequence of

nmet h Iat 008 Contrary to the viral onco

SEQL WP NOr b s e$BQI H) NOAG (atspipias SenseyandsSFASER| XOs.18 or 20

B e e T S

[0073] nesAdditioradly] {rc ahdhert disbqiimemt the mebylated fohe of the LMP1 gene
and the unmethylated forms of the RASSF1A, CHFR and/or DAPK genes may be
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expression of these genes is decreased or abolished,
and the gene products can no |onger be found in the
wa@tdosot@d’ cel | s. Accordingly, mssing or reduckdr/SG2006/000401
RASSFI A, CHFR and/ or DAPK plfot ei n expression is found
in many cancers. [0085] As already stated above, the
deterBRi&] keRehtagyohen dedigibn toethebybemifitics artinflatedieas well as the
obtained results with a reference with a de &g
%?Ff‘é? gymine the

umnezjbyiéted deran o5 gpneis deteaninied dofingiapals ganchq gory
extent 'olr%e%a% F%«é@é%ﬁ{]:h eg sa?ﬁg}e{g?ﬂﬂﬁale) ebﬁr‘}ilingré Ich ge%grghn%rﬁgkz lated LMP1

compiidk] emisd edsemtialiyeof d@e:onammﬂ the Innclpamdd segharce sehfomthnin SEQ ID
bei ng. [0087] In one enbodi ment, | es ar.e

NO: g5} Abrtteams crsPi) LS LI MGG (G BERHE, FRbgfase). For the
deterfrlﬂﬁﬁ)%d o an%thgﬁt)eldSRAggﬁ Au@-ﬁ? /01a PT@ Y26 4% comprise,

chém ca sequent y’ anpl rret hyI ation
consﬁhéss&ﬁtlﬂlymﬂ @t doasistsqicthe fucleP@HR sdquem@kse‘aforth in SEQ ID NOs: 25,

l ereaction.  This desi [ bl e 1o reduce .
27, apfintesprne st GBstHaE Sehr 8 SRR {Pr N 267 @P&%&FS@WGW
(dowggt?iaﬁg aﬁ%n@éﬁ[’}n'aifbgﬁhh%ﬂ In this enbodi ment, an actin

can be used as an internal DNA quality control.
[0075hnalAvsonkng o @mwaltreyeusednas:nﬂoodumm ¢he tpthaosly ef drepinvention is
. rKi conditj,o efor m. - quantit
dreo 14 AP HenFRAT B ShBl 5oL e AR GEHAR S e E

oncoDBfe relpat ed genes can then be eval uated for early

etection /prognosis. This method is a sinple and
[0076}asilb| addiiégn, t the baethglation rstafug |afnihe agellufas ofumos r uppressor gene

od. descri bed here may not only have a
RAS@E?36%¢% e?%gmglgbn05|s but also may for nonitoring
[0077!16‘ @Akl ithOmetgntion stabss b céllidarmemboshppeassor genes CHFR

enerate a newcriteria for tunor classification froma

PEcupype plse deteryipethi ng the way to a host of

no #200 oY ARG BT AREHE ek level
[007%? r aﬁg%hg%m%kccor?i?ﬂr? et%%agﬁ?é’gu t obt al ned fre ol?rﬁetssl%on eve
is camﬁifmndbpﬁ’deéonaxmpIaMﬁPmMM@Pused i n devel oping a

00 5L 5 S BELIL S, BBRNe BE R SR o e

biol l%ﬁli)feman'dn&%ﬂtéuﬁ cled @ HRCIRFedii9e r&@&ﬁl’iﬁa‘hoﬁofechmque The
arryi ng out the nethod of the invention. Such

1solategaag1dm1mfaﬂlréi\wm@ cuttan rhotiavnr@randfceﬂwer PéHeandgyy df genomic

and/ t e S |on ny.o
oS RSB AT LB PLadp DS b Fhamvc o
knowiPko @S ﬁﬁﬂémpé}ﬁoﬂ hed @Re gor pe’ifbrﬂlﬁngfm i@ddioar ardngurification are
expression |evel of a gene selected fromthe group of
commppiallyredmla  CHFR and DAPK by neans of a nucleic
[OOB%ﬁ! d Iﬁ@hér: th hidbd £ Qhécﬁ%ﬁﬂérﬂé‘ﬁef@éﬁc@?thgi g Q&)‘I’&t&@ PINAIS of quality
prinmers. lhese priners nay conprise, consi
that BShefidien!tb yba@fr oﬁtr the detitainatibn bﬁ therexptesgidm m'ese:quhe BRMNA1 gene
set forth in I D Nos. 1-20, and 2%% 1
load & APERheBERS, g e ORI A5HrERme Bitehle 00p68§6fﬂ*’15 are a
housgfcéégct 0 LA ARREleepinBe cBL3EN 1'0511’3’9@ ICQHSﬂtﬁthG gene that is

to a kit for carrying out tHhe nethod
transcriberhtti relativelyo@nstanielepely i cellnfoz ek imopleaictn, ¢beq1tlnroe§APDH

The Sipspes of Subnp prERGoRDE 8as I B RACh hgariiop ghaicatls fat the DNA

prep%h@ﬁ Nk ifNg qﬁﬁlﬁy EEM‘A@? MBatl Bakht JuahblexerRh@yiAY out the diagnostic
determ ning the NAlI'“ gene | oad, and at
method described here.
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| east one reagent for determning the expression |evel
of a marker gene, said marker gene being selected from
wo b@s@B¥7gene LMPI and the cellul ar genes RASSFMCESGINNG/R0401
and DAPK. [0091] The kit of l¥he invention may further
i nclude reagents for the determ nation of the
[008%Jor ebsicase th‘e a)ntmﬂ ereade agineand| @92dtedMin@ivh method is a PCR

teeh Ryt oTigpheidsnule e0ietolor s defashap Y acti may otmprise consis
esseBLAIGPOLS @AkisOSr BE nIBERRI s e&@?ﬁy 1’&981 BtNggﬁ (Hgstream

mayconpri se, consists essen Oor consist 0
sensgh @nd)SEQh@ NG 22 (davastresg misase); et \nfdﬂratsfborrrpléﬂf@té Rariants and
& as well as conplenents, variants and
ag@FﬁEﬁ@ﬁF ‘thereof. [0093] Accordingly, in one

[00&2IPOdFsYeiRE cvARatit 615“Hl%cbﬂfellﬁe(i:R‘:‘é@l“t%ﬁ e eﬂ)ressmn ]tevel of tPe selected

ol'i gonucl eotide prinmer pair for t det’'er m na
markdyegeBBNAlay deneonijmact @)mjr@fcreheﬁaé[thmreéerémd ﬂney bpmiormil tissue, i.e.

T e T
The PéRIenct BR94Urightidlé Hopnak |sMbJeéthﬁe %idloﬁ@él s%Bfé"\lv%ecollegted from or

further reagents, for exanple buffers, solfvents
any eiheneishls sogroegaiches h@aiﬂwftlswﬁefoamme@sr donar ev etltwred bells. If the

expetidlt TE} 52 el BOBIAD S8BTl 48 heron St cpredetermined
thredheidrialan ccompials & ¢k tef@ehdeedaiple, Ay Qexpf'@sﬁ@'lé@l‘" dfS%he gene is

[0096% Fragnment” with respect to nucleic
Consg%‘%dstogt& altegad- tThe gxprawsipmdevel cas gigher dydacreesed oo redugéd eompared
to thd 'ré’f‘éfbln@éj E'&L‘Beﬁcﬁ%@gﬁﬁﬁaﬁé&éﬁa{% fghéope? E%e%f Qr

exa el ¢ acl

[008&]r e Inutﬂnisecantetﬂstlat let/dda)erMPlap'tdfeﬁl{ eﬁpre%ﬁd‘(, &))r eRdmsle Sdepends
rpart IS preferred that

h f [l .l th
sronefg, 535 the GRS aRUS LB ANIF baeng. nienbrstinted foranound in
sevetdl EBV - Qélﬁ‘ﬂeﬂ tcﬁné?:ﬁ's taner L | gbt%ﬁgfs Qoﬁ?tft&ﬁé@y c%pr@sseﬂi.rincc%ﬁﬁast, 1o

of ollgonucleotlde prinme for nuclerc
LMPdnBIq“tfrm capfession gy éungl nagngnals(hpaldfye rtalsmqs, hich @aelnengally EBV

f bl t
genogy elfegra a%f ‘gﬁérfa{qé? L rﬁ?@?@ﬁ%?%ggls ]%'] @%feélr m
[0084] ar I@b’iitrary\ﬂtb hhé &P ehcdgen® UNIRI Ct}@%é]!ﬁllarrlﬁflf‘o? Supfressor genes

chem cally nodified nucleic acids, for exanple
SS&L R &?@El%jft?@idf PAFKn aigl esuelly sonstituvel ynexpressedrinchainal (healthy)

28y SREEIGATLE AL S0 BU SRASS SR SRR i, o

exprbﬂsxmm ithést gleﬁesps dé@edsedlot 4tallishdik afiditheldedd Blddipts @fn I1J51 ®onger be
id nolecule is retained. Thus

|
tounf g FEASIEA SHae AL RN HISTBE 85 186URA JASTBLATEHFR andlor
DAPEOprofezh @Xﬁ}egﬁ&{@%ﬁﬁdﬁqgm%%n&kef erably 95% nucl eoti de

sequence identity wth original nucleic acid. The
[00&5318 e Aualady staiedraboeg thengdnedeadamyy bé dethanined by abyarison of the

urrin t andard base al so
oS G R0 o el st b ot S5y e
cell i@&ﬁlarceﬁthn% ReittPa8&hinet BV BER 108B 588 aONath G aRRkRAS Phat e

ackbone and may alter tRe properties of the nucleic

[008§lu d 1?h9| sHhiecs, the. Gologicah semplsetst coltectads fistramidyi by. mammal, in

part1&199,]9 &pgégh mentary" relates to the property of a
AUC] &1 ¢ ac | ecul e to base-pair

[0087] In one embodiment, NPC samples are obtained from brush or mouth-washing,

being from elapsed tumor cells, and tumor DNAs are modified by chemicals and
subsequently amplified by methylation and unmethylation specific PCR through a single
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wi t h anot her nucleic acid nolecule via canoni cal
Wat son- Crick base pairs. Accordingly, a "conplenent"”
w0 2008/0mwct ei ¢ acid that can hybridize with a gP@ERG2006/000401
nucleotide sequence Vi a Vﬂt@%n-crick base pairs.
[0099] A "gene" is a part of the genom c DNA, encoding
react{odl mldO@ésygiﬁfst alﬂe 14 QEOIDMA aheoupt i Preciduiagiplesi Ahdaprimer
product of exsreSS|on .and c npri ses the

competifing dpripg P ion.jIndhis gpb nt, 75 agtin magkericga be used as
. , |

R T TR

workénd enididorgens] heferatios doi beni-quBhttyexqited Soo EE\e\mﬂA daa[d The

. be determned in the present i nv ntion v%?{ sw t
eXPHELIAB O FPEEY, Of NPC‘eiﬁlﬁ%ﬂegeneﬁ SANGREh O earfy dGiection
/pro %ﬂ% Esﬁ{lk AR ggn@f@hbfe'v(;ﬁlﬂo% WREd e{‘@ﬁm&ﬂ ?{W(Bratory
echni‘ques to determne the presence or anount
[0088peciTheaneaRbid deSdribedtpreesmy awt belyehaverny value dobthe diagnosis, but

slso R HOTRGERS HPE Dy oLt MGUER 1P BPpY fi4g, Eenerate a now-
crltexll RhaH ahibgﬁca'tlm r@ﬁoﬁcﬁ%'ﬂ%&sof)?&{xﬂ £ hd RaY o LY. host of

niques. As disclosed in the present invention,
1nnomtp'|eeélsgmstlb,e\pe¢veuavme ang othblepdltme@tratyglaet élcmndmmythe results

o R RSB, ARELGYBe Toel iBBEe Y B o

prevértive %Wat‘égy Yo R padin-BaR0ORnSXkRERI] canbgseas an
unmet hyl at ed pronoter region indicates that the fgene
p

[0089] i An@netber aspeelx Hrecproecnt invhetiqheigrdicectst tageageniatippparrying out

e B TRSFLu8nfof S5ER l  BAEAhlyg e' de houd o
EBNWgs#Ryér fak @kpteﬁzgoﬁ ﬂ)d‘v@I ef ay @{e @&Lmlbmsmm &II@ER fand DAPK.
PCR (DNA fragnment). [00102] "Epigenetic st aé ?
EXGIHBlé’a’ meagents ekl dot deirsaining db¢ ggrdeoloadefb(FRNAT and/or the
exprgg@f %rlle@él of %En@§e?eété31§5ﬂ1 ér@u['yra@LMﬁ 'R@lSlSPq AV '(ﬁwIFK‘ and DAPK
Ao pray can S nportant role physi ol ogi ¢al and
by nmaﬁmmymlmb emdcahpld‘madon teohmqu«fmag bealigonudetiani |p$1mers These

provi de an.extra f transcri t| naI 0
primprigiaY GGRPHELEHoN SORELIG e %&ﬁ?‘&%p FagfEoRAd Sequences set

fort'BCSBOI BINA! §- 1) hﬁd 9@300&'@&[‘ %th%nipﬂblﬁélﬁs NAEERE and fragments
devel opnent and growth of cells. Anbng t he epi genetic
thereofient s such as net hyl ation, deacetylation and

romat | nodel i n Lont er
oo, T sbl oGThatesrt i BRI S o bSaR G hyfher Bhrving ou
the RkthoBNFF TRt Rivk@idOHerRs, theeptebiRit €hventidhadles features a kit for the
predom nantl}/ to the rret hyl ati on of the 5-position of
dlag%%b‘o atgsl caneRl clneét Fubiest,t RAMPHEDE b [atls PBY dgagent for
detetln[i} Egﬁné%xﬁqf)% Cf’ dll G 13@%1%@&’(@%@1?#&?}1? ?Hﬁﬁ@? ﬁéﬁ%ui%ad, and at
leastpfrﬁ:rfeﬁ@ht fcﬂ'giemmmﬁmg Iﬂleeeo@ms&onflexteh io§ ag&arkel gdnes sad marker gene

belng?;pn]géqg lg?otr{? gb%%ﬁi/ lggr?e{( ih@qese lgq)é gle es ké‘éggii%r %hFR and

DAMENe product that is involved in the control of

cellular proliferation or apoptosis. In case such a
[OOQ;;Hne The kitvétledinventiansmay figthen imfudmresgerits fatche detgrmination of
‘Taf f undanental control nechani smthat woul d

theei’l‘B’feIsf%}P?)(?Fﬁ’e Berg° #&%ul ate cell growth, cell

[00gz]o! ithest ERBo@imeRP GRS llﬁveaﬂs!ntmesfeagmg cbibesddoin the kit are
prevent cellular transformation. Accordingly

oligtmyskeotides; ipreferady nelisenpelpefidst primenrpaiisppraed scéwog‘éﬁiecgldes may
ar e
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frequently found in tunors.[00105] An "oncogene" is a
gene that pronotes cellular transformation. Such an
wor@sgame’ may be of viral origin or may ori gi nEBCESGZOM00401
a constitutively activated X¥ellul ar proto-oncogene,
for exanple by an activating nutation. Nunmerous viral
comfikeOgRBRE e3sutialry bfibBtongisbbLargnumegd tiesmithantidbeedquences set forth
. dimplicated to play a major role, in tg devel ogme&%ﬂ and
in Sﬁﬁ”ﬁa A% A0 8§ ek g8 epmplemsntypyariagis fad, enfsdheredld i n
1009317 HESEHel) MUe Bibodifiedt B8 i fnlel i Pl 3%0ldhudicotide
primempar felthe deteteihbticroof thierHBMA b gand pad land at heast ser fisther primer
. the expression "gene | oad" refers to the amoynt of a
pair fox; the et@@h@?ﬁ@b%?éﬁ%ﬁawswﬂ% AEp ke gaApclete from LMP1,
i Apl sanple. This anpbunt can be
Msggééfgnﬂﬁgdﬁgggﬁxf?ét ively, i.e. by determining if it is
[0094] ghexdditeapally, the &it maweconprine fubther géagentseffer @rample buffers,

sanmpl e, or quantitatjvely, e.g. by calculating the . .
solvazi Pl SABEROUBRS e OISO fof| FECPRET Ry IeSRbaPols h Ahcldle acid
polyfefa8& 6F £BEAI it Wesl&hiBI6@. copy nunber. Determ nation

of the gene | oad as used herein al so includes '

[0098%t echs fag as mot piated artberwive, Hisstermeand exprgssinn wsedrhezgin have the

foll EBNAl . QOver the last years viral DNA |l oad was found to
OLOFIGMEYBYE pr ognost i cat or for subsequent cli ni cal

[OOQL?E entgrdghititeividl respe®06) mMic Gejds eelabes2@/B: ah@01 &7] shortened

The invention illustratively described herein ma .
versigng @b Biyebaugieetide) seadence Jush faggwhsdndndafny %P@H’érﬂuclﬂc acids

e ; L ati C limitati : it
i R g TS S 57 PSSP
their "fokb Migtls tv@iterpart. T isustefegred that dindsaifragm@its heve a saffadidnt ength to

.read_ expansi velé;v% and without limtation, Additionally,
retaip fhe fuprtiRnaliyPdRp UL ENENCE df ot Gaet of olgpayelepiads primers for
e 5 ARG S BRI g inels LA B b0t o
prefezalfy eskehsi 12, mbstgeferabdiynag leasy 1 Boudleadldent s of t he

at ures shgwn. and scribed or, portions. thergof ut ..
roo0s7§ ™} RSBy Fiat: WAE FORERARL RSt Tt Bhas grgnicalty modified
nucl@OSBidR] Eorb:tddigle bhskboneRtodified REclbRVANS R mh@tedethcleic acids,
~Thus, 1t shoul'd be understood that although the

derivgd dsamita gineenedleniideassqhensn. Sheaiutdngainay c@peis® 98¢ opynore base

referre di_nmen ORLt.| f eat S
suboffb bRk SRR Sy TSl B GRRonkBN Y B ortpel e aeid
moldchRr i@ irbtafied eThusl iitS| srsReredaiathevirtmo shaes hiolday 10)0Se 80, more

skilled in the art, and that. such nodjficatj og%eand .
orgginal nucleic

D

prefesally 80; BIS: REPETRRIN 9P toRusdeatige seaumpemidentipevyh
acid! esoa.'sgﬁeﬁgﬂgfuﬁeg Pgaglgg]lglﬁlie diPot tﬂ? ﬁg&taglsrec{&gﬁrrég%&nd?rdtbﬁges A, G,

escri roa generi ca ch o
T, Craad Ad et msy elso éschadedothabigsee The chemicpl mydiffcatibn ngy occur at the

wi.thin the generjc qisclosure_also formpart _ of the,.
basey HirorEab Ao @ PRCAGRLY; REHERE Ad ToBb BT RGRopfties of the
nucléil?%cihqﬁﬁeédlaré.g\ﬂgﬁm RspePb isGtadilitpegat i ve limtation

removi ng any subj ect ‘'matter fromthe genus, regardless '
[0098] wHiEtomplementaryt relaties txthie peapertsitod ninatleicsacapmeleciigdp byse-pair

ool SR ST BB LR RSO .

“contfléthoi’ Ag aiduklésd hall ithg E@xaPraFeatith hNBvél Audidotidetseligence via
to be understood that the exanples are of illustrative
Watgoir GaekebasaPgirand shoul d not be construed to be

[OOdd] mty ngenteh % 2paP6f @t g[eﬁ]c?mﬁr[ﬁ%g%ncioﬁf‘ﬁ%%} 2Polypeptide.
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Exanpl es [00110] CNEl, CNE2, TW3, C666-1 and HONE
NPC cell lines were used in this study. Cells were
w@e@s7@r7 37C in | MDM nediumwith 10% fetal caP¢T/S€2006mM00401
and antibiotics, except for200666-1, which was cul tured
according to conditions specified by Cheung et al.
[0010Che g “etpression (k8ARXY” int. prdducCadcgene &3()13}81(112 ]md.Zﬁ)npnses the

01 11]  Nanal EBV t
transtagplion FEGH gy DL ERNA LT 2416 HNSHOR IO APRpeptide.
[00192&)“@9 re‘é’%)ﬁ%\/elg Q8058 1’%1 P&hteS & t%xe ckf8Qila ée?rle is transcribed. The

grafrt mce (nude mce wt human NPC) were
exprasiioailenad chn bendBermiRed Buwapresenh stvientidrebGasy au@bRomsﬂlpdology,

for efz%gp alv[ae 9§§J%ﬁgwggf ‘gsa l o f ! amgé%at holﬁfgq%YIOX eorrlofthe%qmown

R al d riEom Eib
SR 8 SR BB o

may alsd Heair{ednmmnmhyt daterniininglthe plesérme afthe erroded profeionfpr example

t he 8. cas are paired sa les with b.l / par a
by WPCOh BT Ie e CamproL B0 T RpeO AL Sia et known
techii§ied, A9 |dis€f€fs&ijmutﬁg ?feséﬁtﬁﬁ@éiﬂloﬁnﬁféteﬁﬁﬁhﬁoﬂ\deﬁvbl ddtb also be directly
cocai ne solution. To obtain these sanples

detergunech by bevabhating fhe ¢pigenelics staiseof AsganeeBrameter diypermethylation
1ndlcP%g % agh na arless (1%\”15‘%/611 aﬁ.l_ 15RY %? t il %5111 tlnn%ye)ﬁ?c e\ghereas an

asop ar gea he" Ot t Oh - &wab Was

unmétﬂil@teﬁ%r&ﬁd’%f adgidd Hicatgahdithe ghee POBLepsst & e)qji!éissed The degree
| at eral ~nasopharyngeal walls. Upon exit, the cotton
of mefhylgfionin ﬁplton@tfatsg SroBecilimagastis ZprralaisdoviErive geRaermrsion level,

oL RSOR RS AP BLALASIAT AR A RSt ron

(DNAeﬂdgeieﬂt)were stored in 400u| TE buffer (10 MM Tris 1

EDIA, pH.7.0) at -8Q ti] furthe
0018 o Qﬁatgeg%twsta%ﬁiasaﬁ i et 13 OGSk 68 egpdic material
that YR SHEGitAble T BULEE Hlv?s%ﬂ ,3inQiphg & RIRPSLORHIETE ﬁ'ﬂan;bRIAysmloglcal

protei nase K (Invitrogen, Carlsbad, CA) and th
and pathpplotsedogita qonéltlphs @p@mﬁtmrmﬁdﬁmsg@mmem H@dra" layer of

oS5 ol Rt L0, 155, GRS g oms

criticdPESmpatRtsf ih GRERorhdal Hbeklbsndit bh® @RYwtH B ictlld. Wik Gif the $Pigenetic
Upon thawi ng the bi opsies were honbgeni zed and treated

events tsycl Eapumedivlationt Heassplationyand prlsempati ste-wodeling, promoter
hype%%gfa?ﬁgﬁgs be%ﬁ'iﬁesrggg defkd §Rfkied. NOurs at 560C. Hi gh

ul-ar wel enom C was obt ai ned by
[0010Ghv éMétbylathorﬁhﬁfrf@)NAhheﬂlp]faﬁbm andsedt leagin Irelates rppeddntinantly to

00117 mth [ Ile
the i8R PRBRSAR LSRR (O ABPFIERRdsGhg Ry be lustered
in glggﬁzg i@?ﬂed[ ep& léﬁhd@wn{ém@@rgéﬁé 'tlﬁhssﬁa‘hti@sns‘@ﬁét ggéet@y@osmes

I con” et hod Four sections of a formalin I xed
primaily ipghepfdnmteniogitded ibienps § ofithik gend, Whekae ss unimeghylated gene

re subje t o, DNA extraction. To tubes containin
laCks}Iﬁgsepeé‘Mﬂ?&ﬁﬁégﬁqs@ﬁgﬁfﬁﬁem 0. 5% Tvveeﬁ-Zg was a:JIdIedg
[00108§ tAbgsneLEprR&Ealsede@thriRAE ??odu@t 8EPE iheslvd@idrine control

on a Ther mal cler and then cool ed down to 550C. The
of ceflalar peotiferagian jon agaptesis. dm cpei weh vede ifewitated, todosd itofunction or

is de:l'e(%ed the cell loses a fundamental control mechanism that would normally help to
regulate cell growth, cell proliferation or apoptosis and thus contribute to prevent cellular
transformation. Accordingly, loss-of-function mutations of tumor suppressor genes are

frequently found in tumors.
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ng/ M proteinase K were added to the tubes and
i ncubated for 3 hours at 550C, with gentle shaking
we@syideeur . The di gested sgl utions were heat eRCT/SGER®0401
for 10 min with 100 M 5% @lel ex- 100 and suspended in
Tris- EDTA. The suspended sol utions were gently shaken
[00165 wni I“shcogede”c entr gdnegthlt qiromﬁteSO&bglutamrtrdrﬁfonnauoﬂ hSuch an

rubes rethe l.aced on i.ce a t he wax wa
oncoRRRBRYBR of SMBLORBRGE GBEY SHETHEEn Ao ity 1 2¢ty dsbesiiular

r GGt

P rOtOZ(glﬁP %%éhg% 't Re t ugfbg & ﬁ &%%gﬁ%g?% centri éugléal At OBenes and

cellulhd pﬁﬁ@gnéagendﬁhave |’meanninlﬂh>eted pp ptayphiasier vals in the dieeelepment and
% n}%{l Ten mM sanples were used for the PCR assay.

Progresgion, 1 @hCH- (2002) J. dinical M crobiol ogy 40(11):

[001 6@?6‘@%19@)0%{ Q9%3&Y inTife PRERAMINNENTINE rélBREDY Bl @Py number of a
status of the targeted genes, the bisulfite

certaimogtin ioc gtnwmne, jn pm@duﬂnalethwars?‘é Igﬁgdrmb,yn ol for edl]- contammg sample

In ot %rc\g/[)? NG %{ptglgs% Igc%g()? %[’\’I ?etéf? go Al&qo fagl'g‘lﬁgtxapa certaln gene for

exampfd & E@Qﬁ%m@@@NAi Ninbj i@l 015%1({\% ARPE TINA MRSt can be

denat ured by |ncubat| on in OH for 15 m nutes

deterpinegl7p@litatively, he- >beyoﬂamrmmmg\mf i i higes, equap e oopweethan thpt of a

poi Nt agar ose. I 0S t
referiitp Copie S APt BB HEp b 1€ P llhBE [l gone of
interd3€B4 ¢ w@?a@éoﬁmﬁﬂih B Iiiefall@nbd’ldithlambﬁhle(ﬂ by hvmbéli DbtewRination of the

added iquots of 200 mM 5Mbisulfite solution (2.5M
gene dedi asrishe Letsis P inclidesefReling ORISR B RIFHERET a gene such as

[ 0] T. r t
e S90R B Bl VSR AL OB roestaor o
subsasmeet cﬂ;mmapeszbntw(Teqat dli @0&6)1@?%0&1@@10@56 212ﬁj of TE buffer
I d by a desul f.onatjon_st i.n 500 f.0.2 M .
ooty he minepn it el desgibo MrsriBanay phi=b bpPradesd in the
abserf‘b@doft RENCIUReR: Gi EIembhi¥ hﬁlnt‘éf'@n BEnRntigAehd, aldt - sg%@f\?méa?%] disclosed

The bisulfite treated DNA was subjected to PCR
hereipr Thmes; $orf dxamipian ghet feams Seogurisingtetinglhdingbr'cepeininfacetPGrall be

e SRR ARG RGO PR R PSR E pes

here1hrl§w@|b&ﬁnw§%ﬂ et iefifis PFi d¥BErsptioneshd Aot BE lidGRtbAAGAd @iere is no
[00121] Twenty-five m of bisulfite sequencing PCR

intenfig@de it uéfb ﬁf sheleterng ang cxpropsieny of @éclthheata@a gy alegts of the

T 00 BB Ly SORAR U A2 P onB v

modllﬂiﬁatﬁomfaré\@pkmﬁlacmﬂhh the( fopt iof dhBimeytive mﬂun&b Sk, it should be

Cycl.e conditions as fo 95C
undergip i fé@%tn s RaEpeB) insontioy ias Seck SHERECALY digglosed b preferred
embcrct%% %gd %?Eoﬂa@ FeafiRes ﬁﬁﬁ?ﬂ&tloﬁ Reld %éﬁ&d‘rp&f tﬁQ 1@%&@61@%mbod1ed
products were purified using QA quick
therefix hemot idtsoloked n(aQI by eesort@hao dyothose skilled lﬁh’@aemmr ighilediat such
PCR. pr odyct . cl oned. u5|n the,TA.Cl oni
oA AR A S T GF e A P Bt A\é&fccfp Sy eptien
[00108Y Uﬁ%‘étlﬁ{/&ﬁmﬁ HaS GRETBEWAbEP BRoadlyl MR %ﬂéﬁ@zﬁl ér€in. Each of the
sequenced using M3 R primer with an ABI 310
narrog@eq SReRies a@m{lbge@g Wm@dhﬂmgtwhm @@g@@péhsclosure also form
uenC| d Qs r:

SE0esnge B SRRl B SR ER BhGEP B S n b il proviso
or ndg‘dtﬁfeh ﬁm@tﬁﬁ@ﬁi Féiﬁox@ﬁg atrpsibjécy ineftet iy R dedls, abtardless of whether
t oSi ne resi dues at._ngn-CpG sites. [00122] PCR priner
or n0§ ised mafgriel i sppeificiilycesited hesfint he genes EBNAI

unmet hyl at ed
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LMPI, net hyl ated RASSFI A, net hyl ated CHFR, nethyl at ed

DAPK and Actin, and the expected PCR product sizes are
wageomsardozed in Table 1. For the PCR reaction, PCTBGZNG6/000401

bi sul fite-nmodified DNA wer @2added in a final volume of

25 m of PCR m xture containing Ix PCR buffer, 1.5 nM
[00108)C @the]:&@atpmlandfademtged @cﬁxbmimbmnm @il bedopteosphsehefrom the

100 of each ut i.ze nd one un;j
folloyijpgii ﬁr\éﬁra@@p GXTPPIS cgg @Eh%to aq\qu examples are
of 111{1&&%1%@15.3 P@EF?%% aﬁ%gﬁam@ RolVBS cQﬁsrtlfu%H glgmggxg th@'sc nojﬁ of the

m nut e y 34 cycl es at 940 seco
presehhiavapeal f i ¢ anneal i ng tenperature 55C for 45 seconds,

and 72C for 90 seconds. Each reaction included a

positive nethylation control (Namalwa cell DNA, one

EBV genonme per cell), a pg &ﬁble&’e nmet hyl ati on control

(normal nasopharyngeal epithelial tissue), and a water
[001H0Fn ENHintGN)]EZ TVEB, £1666H] cansl H@ﬁ@b?ﬁ’l@/@@b lings ®efe used in this

a ose el ectr o nd .st ai ned w ef hidi um
study, R ofiie a%égﬂ” gph it i el GpL i and
antibfofies, re@c@éﬁidféﬁ idy6bL 1, Ywitbh &8 duRGeldt caidthe to cond1t1ons S%Jemﬁed by -
sem -quantitativel'y evaluated for EBV | oad wit

Cheupg ppalr (Swrng ot NalhQPWe/1é el Lanees 83(dRéri@fte for one

100157PY NBnefFp IR B REY Sidtve BPhotd ol B HREMlPANAL ana
LMPZ2,; shd ablagnin %oﬁe/aépgedﬂm éemo@éwpmapémem agnosi s and

prognosi s NPC : Y: NPC, N. no NPC 5-3 can bhe
[00132hg X@gwaﬁ§ INFEicednudromiceuyigh a bumap NsS ¥ phinedeipm Dr. P.
NPC, but not in nornmal
B“SSQ’S% iigo%lS%ere ore it appears to be essenti al

[001fi8]} GJBEHQJRG Bmgpkas frone gathblogg-vari fiblPOIPC pklients 3Sxymesaed NPC
in nore than 60% of NPC.. A sanp]e.pqsjtiv r h

and. P QATMEN BSONATY ISR SPIBR oh b ofs GRSt §M@p@kﬂ&ﬁt fpd HMU

(ethléag%g?lg%ﬁ ab %y312T§togklﬁﬂB0§§/e&Prpaﬁd" l@bai- Mrhnfe@at @ﬁna) for this

, It requires positive EBNAl plus positive from
studyeAtroeg tidm A8 dapbsadre gpaRABSEIPAesowith bidpsyrpafaffiaNEE and brush/swab
FR/ DAPK. Accordingly, the criterion for the
Sagnosis of NPCis the detectability of EBNAl plus

[00184] h&IPCObrush/ERiaBY Ivadre Golidbted uhBérhstirfice hnBUASHEWAHOT % cocaine
met hyl at ed CHFR/ DAPK. [00126] The result from 98

solutmt Ehebfaigriless aampéﬁsOwgonémshsmmdcﬂt@kﬁ wistsLinperiedSpforte left and

s SRR, BT3B0E5 404 4 BB BLagBRUN i v

was ﬂhél@fntaw be\&admine@ againkithe pbsheaamdllitemi hasophargzhgeamm Upon
tection nethod is about 90 % (Tabl e The,
exit, stb%qu%tpwpykﬂglﬂédbﬁ \Abserked ipatorigl s Wﬁnéﬁ?rrféslnc%ﬁﬂécon@ tube

conte%ggggh‘gl. {4 %n{i’ g@ilf'te?l\sé?el Hn)actgsgﬁég&\égntﬁ?gg%gg ? %g%sgs%r 10min.
Cell Beltys yepmastafeti in 4000t Férouifet (Bhvadl lellsslhuNbEIHAg\ﬂﬂh 7.8y at -80°C
until %& pf%tAa}’fe%ggcﬁfsé{y, %’tleaellbs le\g ma erla‘le S\’rvlat's %g)ﬁ(ed and washed in TE buffer
containing 0.5%SDS/50pug/ml proteinase K (Invitrogen, Carlsbad, CA) and the DNA
extracted via the phenol/chloroform (CH3Cl) method.

[00115] Mouth washing was collected at morning with 20ml of 0.9% NacCl, twice.

samplg

[00116] NPC biopsy tissues were snap frozen in liquid nitrogen until further use. Upon

thawing the biopsies were homogenized and treated with TE buffer containing 50pg/ml
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EBNA1 87/91 95.6 76/82 92.7 0 O LMP1 57/91 62.6 48/82

58.5 0 0 RASSF1A 71/91 78.0 52/82 63.4 1/34 2.9 CHFR
WQ@00887637 5 25/ 47 53.2 0 0 DAPK 55/91 60.4 45/B21/582006/000401

2/ 34 6[00127] Hence, the pr¥sent invention provides

for the first time a highly specific, highly

protéi®dds | K i (ssitr6ien; iCudbad/ eCARtn0d Homirs tah é6€@.r Hyglﬂ e Sweight
of EBV-rel ated cancers, such_as )1 eal
genogre DNYbIaS eptainged by conyentigps pherd] Cgfoa ngaﬁ ethanol extraction.

[001":19 Urdiohid PI\;’A?(‘)&)?? el ?\L?odcéigﬁaregsgl B 9185 %Utr?c%c? bg conventional

rising ecting a sanpl e
phensﬂblﬁoﬁ)tﬁmrembthoab) determining in sai d bi ol ogi cal

o G o e bt A A T 3o
formafy $ixe@bn i)allfaﬁ?ra Em%@cﬁi&%@pgzevluﬁﬁ &l it eR8bE B8, '19 Rared subﬁected to

ConS|st|ng 0 pstein-Barr virus gene LM
DNA ekiradtion. @ertebesRABERhiAg tﬁHl-ﬁ'a’rafﬁni sBARns alfd K. 5% Tween—20 was

w00 O TRENIR0 e kel e X 5521 0 25 3, 2B vt an

thenl%sleﬁeriomdto%soei i vhax Fenidiner ncﬁm[dnsbm ‘dosdlhésttﬂoﬁgz ul of 10
and purifying the DNA from said biol ogical sanp

mg/rpk pmtemaae K) wers.adderbtonthe indgs afid gicabatedforiuues at 5t5ﬁ@ with gentle

i sol at 4.~ Th 0
shakifE aH B of i B S & e Bl (o v THBPET i g 5%
Chel%%-ﬂ()@sa‘ﬁﬂ%‘ﬁsﬁe‘ﬁﬂ@d ih THHEABTA TRE shped@ddebdTufionOwbiegently shaken

i genetic status of at |east one gene selected from

dstchap gpnteirast ot i1AG00E ferhtS miat Bienubey Wexg thew plpeed on ice and

|
the “'F%’P a8 B diioSfddh HodeRRte (Mj%ﬁhvﬁée R RARE (PASC fa 100 wl
chlogiibige Wekd addddaivhifie Ig&nﬂlﬂ’l agitaingyfhattioes. Thattuses GereTdwmtrifuged at

10 59@%?%21%%3%3%% HBRFT PN P I GO ORI PR Sartples were
used(f%@a PCR asthE ?i&gﬂ% &) di @971509[ &fz@bﬂ’o@)g?%?ﬂ?‘ 1986h8992).

atlonseC| i's mul tiple methylation
[OO‘BIISQCFI’O aiet%ﬁﬁr(el\/lklﬁP)netBylaffdre smmh @tﬂ the ctatrghtﬂb genesan@ae bisulfite

modffi5u%h oSSR gl PRSP ShnR EUSH TR B Giocor of
A1e)@ﬁ@er%§$a A Glell heetmﬁt(mm)m%@naas Res. @4@!4’)*5364 5066). In brief,

further corigrly ng determ ning the ei(ﬁres& on | evel of
500 wgencmdm? Dap denagured fhy umbhmn adsdMINggH o dAynippies at 37°C,

of. ¢ furt r
then é%?é%%l aw I lunl'leso fla a} éoﬁﬁ gpeﬁt t a% sg]c’féﬂn?a%afcgg/DNA mixture
was piitte@ b @hiMNa \inatal toyl tolibnn'ﬁlgeroﬁebb@ﬁ Becpbelidngad placed in an

mdrgilé%ltl :P@%eo@e\ﬁvgglrl %xlfenad%e(rll %ﬂcsp(leoktse g? !2{)](9 u? gl(]/lebml?lﬁgcjes so(%utlon (2.5M sodium
metabisulfite, Sigma; 100mM hydroquinone, Sigma; pH 5.0). The reaction mixture was
then incubated in darkness for 16 hours at 50°C. Treatments were stopped by equilibration
against 1ml of TE buffer followed by a desulfonation step in 500 ul of 0.2 M NaOH.
Finally, the beads were washed with 1ml of H,O, and then used directly in the PCR
reactions.

[00120] The bisulfite treated DNA was subjected to PCR with primers flanking the
targeted methylation-specific PCR regions. The sequences of forward and reverse primers

are listed in Table 1.



12. The method according to claim11l, wherein actin
and/ or gl yceral dehyde- 3- phosphat dehydrogenase ( GAPDH)

w0 g008ea@7as cont r ol

gene.

any one of clains 1-12, whe&¥ein the Epstein-B arr
virusrel ated cancer is selected fromthe group
Tablé:ﬂ mﬁjctebtldlgsdifuel&eamdth'ﬁ cﬂl@bhudlgﬂ’t‘ﬂb@mrs mﬂrbm ttei RGR reaction

13. The met hod accorPCT§G2006/000401

I l Ur\l Ifly [S
MarkePgén% b%%h%%ége%mﬁesuppreélmégﬁh%‘ém'dm%ﬂﬁw midl Pé:R product
gr anul| A% E8PEiPEBRas, conpr §?Vﬁ@e’ﬁ'ﬁ'§%’ﬁ%%{Wﬁqeal size bp
EBNAﬁgr ci NowRA dSWREA ceaalrt Ve g0l ROE Gl CITRAMRAT ATdCAyast ri ¢ 129
adenog [ conmas
Leiam, ﬁﬁﬁ?ﬁ@ S%?tq) %E) net h ﬁrcmﬁ{sg% I}IOrLZ any one of
cl ai m AGGTHT ANBAT/ETAS ABBTE@ ETAHTE TAS GSC TICS TAGITRE 130
tissug TGfI:':_p(sEH']BNnSQ§ hod accor df/(tg(stsolmnt}%)one of cl ailns
Unmefhyaig | 9@9 FRETALES &rTA éf*G F’(@és C‘?W CoiAd &?ﬁ%‘F ERACR 149
EMPTpr i men 7T Whre(SEQID NG®B) f i r st prA@@AC(ﬁE@mN@éS t he
muc eﬂ@@%ﬁ%&%&% PRl SR I R R 1o R S 750
I D NO or variants, and tragnents
t her eafSEhE NOHe second pri nef 558%?'9%5 t he nucl eotli de
Methy&&qyeﬁmmmom\bmosﬁmd ;Qé@%mm/#&%) éTlhor 169
varian ements an r ereo e
RASFRIG hodit(§aﬁcc'gr i ng to _any one %Eglrglﬁrrg(ﬂl 15, wherei
det er g1 nge tbeces peesssraid evet ad AdAddc coped ses |t he 169
use of \afs,| east two ol i gonuc @gbl,lgjﬁoﬁ)g)l rrers wher eiin
the filrst nrl nreriarmrl ses the nucl de cnmlnnma set
Methyjatset h |iGTT SECATATANDAT SGEIGTSEQ $TS MO TAA T6F GREAMYAGS 213
cHFRCONPI ¢reamcysEmio Noeiagnent s t heseafip aoda)t he second
nrl nmer -conprises thenucleoti g{_g_g_eq_u_@n_g_e set forth iln
SEQ | DTRETTGTATTOSPBAIGSNGT 8| BiA ATHIGTARES A GRPICERert s 27
and fragﬂel(ﬂ!zﬁmhlenepf 17. TheG(m")dloae)cor ding to |any
e | SPORAGPRT CRO AT Padh | R CTar AR JERRAE Vo127
DAPKOI i gOIJI@a(%Ftﬁ Pae: 1[3}| mers, V\heré?q’lcﬂ%Qf"P F'Qﬂs)prl msr
COTpPT SEUUEIK QD225
NO. 9 ?raﬁélé qﬁ LP?I\fa)%%kfl g;r vari an?ms&irzco'&r%) enen[FsC%ch
fragndLﬁ?@'P t'8bf and the sel FPA¥r conpri ses tlhe
BS-AdlﬂnlEJ) C INgc thgdaTargteneaTSEt AfOr It hcAmA?AEQTIdaTN@r AdRTEE SEQ 184
j [ conp gment s
ther gﬁfﬁgxﬁ(sﬁgﬁé 20(’1 arrn?wélggr}%ﬁé ne of cldins
Methylate® 7, | WAETES FATHRASAR GRGGGT h aCTeTx@Tpoe@g.cem Che¢ef C66 CHFR'9
Lvp1CONPr i 380 bhe: 255€ of at | eas| (skwop Rbizgpnucl eot i de
prineds wherein the first p Lner r‘orrnrJ ses the
Unmetlete § IGCES TG 8RA EAGET Cor t hCTAAGHBA ADAMAC CRA A6A SEQ 169
RASS[:J{_)\ I\IOH (SEm IoNovazg) i ant' s, conpl p@entsNard) f ragment s
here a_n_d_t_h_g_s_e_g_g_n_d_pLFppe conpr ises-the nucleotiide
Unme@wqte@maéegee T CARA CERGTD| ALY CAUAMACTRQAIAGANGA 16 21
cHFRON Vvariisat s Noeompl ement s and) fSEagmraizs) t her eof . 19.
TFhe fhnrl :\nr\nrrhnn to :\n\/ bne-—of ¢clains-1-18
Unme{fpiaied i ATHETEFAR HEAGT TRET@K pr PSS S/ TIAVIC A0R ADABRA 221
DAPKCONDT || g3 T{$ER ID8IO: 29) at | eas CCHO (IHA IgooUID) eot | de

hr: asaValad

wharain tha fi rcot
vurretrT o ir CIifTe 11 1T JC

TeT

7

[00121] Twenty-five pl of bisulfite sequencing PCR reaction contained 20 ng of

bisulfite treated DNA as template, 10 pmol of each primer, 100 pmol of each
deoxynucleoside triphosphate, 10x PCR buffer, and 1 unit of AmpliTag Gold (Applied

Biosystems, Foster City, CA). Cycle conditions were as follows: 95°C for 10 minutes,
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primer conprises the nucl eotide sequence set forth in
SEQID NGO 17 or SEQ ID NO 19 or variants,
waeorploageent s and fragments thereof and the secP@TSG2006/000401
primer conprises the nucl ed®i de sequence set forth in
SEQ ID NO 18 or SEQID NO 20 or variants,
followedrply 3% nycdesand94iCadnedt secohds, 55°C £0.45Tdeeomdst bhodl 72°C for 90

secondhe Poprhtedicti i, prified itien Q1A wuibbriorloPxiganin K (Ghagen
Chats$wii, Ié&ﬁﬁ@f gﬁﬁiﬁeﬁfgéﬁ brodsdt WHO PidedORisd 8 1T Cloning Kit

primers, t first prinmer conprises the
(InvitmogeneCoipdeatmag Garlsmds €A )f ollowing theEQambadti@er’8 récapnmendations.

. variants, conpl enent fragmenis t d the
Five Rupmie Rerea TEatL Rrehtor B en A 00 BRGS stfncer and a
Big H{¥ tf@rnﬁiﬁatgg%.'ODC?@ S%au&kin\gamtac}léﬁmlie@ PR SERB! BosédCity, CA).
fragnents thereot.2 1. The method according to any one
The ofmpletipmef1bigdfitenhenveistont has bicolfioged &y Sargpresence of substituted

selected fromthe grou si sting of nasopharyngea
thym BfalﬁBﬂPHHG\% “ﬁ%?tngﬁéfpgg&tﬁsﬂ uid. 22. The nethod
[001 EE:EQP@H"ﬁh'Ih@r FMeRRE v&zﬁgicm hii spcific 2dr thelie R FBNAE, unmethylated
]

subject is a manmal . . The method according to claim
LMP2omethiyéated RAYRE 1dumatialated FiRnmetiylatedsPAFK apbActin, and the
r.esul obt al n by the anyrQ laj
expel SCHS UL BB Y BN b Vit Lo, 2 i o
bisulfifeahadiied DN & twetd adiedfinf fiasvelumeBsi a5 Vi 6{UBCR ehiatveslcontaining
ncer. 25. An oligonucleotjde having a nucleotide

d
Ix Péﬁm&% &8 Melel2 £ Hraneel s sagl deayniedlertidedephasghate, 10] pmol
of eaéggpié%d imdr A o@unif%fégmp@giﬁc@&ﬂg(ﬁ%gli%Ejﬁfeég%tc’ams, Branchburg,

Do

n-Barr virus-re er in
NJ). conprising at | east one reagent for determning the
ene |.oad.and at |east. one_r ent, for
100138] o PR A B Fro der BRI ops i 10k 1D anditesn ligaed by 34
cycles 8t 4efbr BOQBINAS (BE PRI OMDbAINgN8mPErahh€ 5 5 1R 4B sBinds, and
virus gene LMPI and the cellular genes RASSFI A, CHFR
72°Cdind 9DAgondy. EaThecdction astustediampsitiyeahethylnt2@n cdnimol damalwa cell

co iskng a reagent for deterpmining th ne
DNAg SR EES) Bhciud B, o Pepli FEBVRE SBoi ARGl mpsopharymgeal
epithaledl @issliegN Ohnld® Whisi Blaglb c@i{troz.Ml\m?ﬁﬁﬁctﬁ Rerd @ayesd by Ro§ agarose
the detection of the EBNAI gene | oad, the expression
gel elestrephospsinand gawed 3rith eidaims braspidedAH temexnsemgpisUpere repeated

i St - - Bar :
to evEAR, i oy o ThE it Mo R hucifed B EBV
DNAdxad esthi compaev@l tooNamalwafcetlens e refereacafor onneopy ofiBBY genome
ol i gonucl eotide prinmers. 29. The kit according to
pet cgllaim 28, wherein the one or nore ol i gonucl eoti de
[001 E% TS ARG the SRRAISE yiBRISE Bld @bt depicRid if qARE St Of
any one of the nucl eot’i de” sequences set forth in SEQ
I D NGs.:1-30.30. A nethod of nodifying a DNA nol ecul e,
wherein the DNA nol ecule is denatured, mxed with
l'iquid agarose, pipetted in a chilled liquid to form
agar ose beads, wth the agarose beads containing the
denat ured DNA nol ecul es, wherein the resulting agarose
beads are subsequently subjected to the follow ng
nodi fication and purification steps. Sequence |isting
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<110> I nnogene Kal bi otech <120> Met hod of early
di agnosi s of Epstein-Barr virus-rel ated cancer and

WO e@poTdorve reagents and kits <130> P101733 <1BOESGM06/000401
<170> Patentln version 3.326210> 1 <211> 30 <212> DNA
<213> Artificial <220> <223> EBNAI A igonucl eoti de
PrTakter2. (E\aml)on{dﬂﬁe earlsatgmﬁt@g Rg@egmststdgtPC

gttagttat 30 <210>2 5idghbstic28 <2125 DNA<213>

Artificial <22 >_EBNA| geruCl eot Pddictei ner
(anti sengeer<400> Zé%‘ {WBP% ¢t t o atveat attca aaataatc 28

<210> B <211> 25 212> DNWRCRI1BRZ Act|figi gl <2208
<223> EBNAlI dji gonucl eot i der | mer Bense? <4(D0vauﬂz
ggottpaggyAat q,gagjt', oretrt 125 7\“10/ # TFﬁ‘]"_'[ >24—<212>
DNeBV<213> Artilfircial <2203

LMP1 [+ ]|+ | * + +

RASSF1A + + *

Cellutar

CHFR + + +
genes

DAPK + + *

Determination® YIY]Y|]Y]Y|]Y|N|N]|N
Degree* 55 5/5/43(2|]0|O0|5{4/3]|2

§:Y: NPC, N: no NPC;
*: 5-3 can be diagnosed as NPC, 2: not sure; 0: ho NPC

[00125] EBV EBNAI1 gene exists in all NPC, but not in normal epithelial cells.
Therefore it appears to be essential for diagnosing or predicting an NPC. LMP1 is
expressed in more than 60% of NPC. A sample positive for both EBNA1 and LMP1 leads
to the diagnosis of an NPC with 100% certainty. To diagnose NPC in a LMP1 negative
sample, it requires positive EBNA1 plus positive from either of methylated RASSF1A or
both methylated CHFR/DAPK. Accordingly, the criterion for the diagnosis of NPC is the
detectability of EBNA1 plus either of unmethylated LMP1, methylated RASSFI1A or
methylated CHFR/DAPK.

[00126] The result from 98 matched NPC with biopsy and swab/brush/mouth-washing,
35 unmatched NPC biopsies and 34 normal control samples showed that detection rate of
cancer is 92 % from swab samples so that the specificity of the MMSP detection method is
about 90 % (Table 3). The sensitivity is equivalent to 2 cells from 10° cells and the false

positive and negative are less than 5%.

Table 3. MMSP results in matched NPC samples

Genes NPC Biopsy/paraffin section | NPC Swab/brush/mouth-washing Normal

No. cases/total % | No. casesf/total % | No. cases/total %
EBNA1 87/91 95.6 | 76/82 927 {0
LMP1 57/91 62.6 | 48/82 585 |0
RASSF1A 71/91 78.0 | 52/82 63.4 | 1/34 2.9
CHFR 38/58 65.5 | 25/47 53.2 |0
DAPK 55/91 60.4 | 45/82 54.9 | 2/34




<223> EBNAI digonucleotide Prinmer (antisense) <400>
4t actcctacc cctcctactc ctac 24 <210> 5 <211> 27 <212>
wORAsAZD3> Artificial <220> <223> U LMPI PCT/SG2006/000401
A i gonucl eotide Prinmer (sedde) <400> 5 gaggt agt at
gggtatagat tttttga 27 <210> 6 <211> 26 <212> DNA <213>
[00127] | Hefitenlthe2&nt ¥R20torl bioMdes @rithyoficst kiomwtd highrspaefic, highly
(antisense) <400> 6 catttcctat tacac caccac 26
sensitége, on7ngasive-msthod fpy therprl gipgnosg P% %ﬁ\?ﬁ@la@émcm such as
> i gonucl eotide Prinmer (sense) <400> 7
nasoﬁiﬁg%é’tiltgg%ﬁgﬁg’é‘aggt aatgt g 21 <210> 8 <211> 21 <212> DNA
<213> Artificial <220> <223> U-LMPI A i gonucl eoti de
Primer (antisense) <400> 8 tttctacttc ccctttctat g 21
<210> 9 ,
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<211> 18 <212> DNA <213> Artificial <220> <223>
M RASFFI A d i gonucl eotide Prinmer (sense) <400>
wQ@a@gntdorygcg agagcgeg 18 <210> 10 <211> 18 <21pcT/Bi#006/000401

<213> Artificial <220> <2228 M RASFFI A O i gonucl eoti de

Primer (antisense) <400> 10 gctaacaaac gcgaaccg 18
Clai:10> 11 <211> 16 <212> DNA <213> Artificial <220>

<223> M RASFFI A A i gonucl eotide Prinmer (sense) <400>

11 gttttgcgag agcgcg 16 <210> 12 <211> 18 <212> DNA

PR A P 9 BT A OB

@1 02olletting 4 bivl@Gica2ddpledidin s@ilidubjlett | ficial <220>

(b) determining in said biological sample the amount of the Epstein-Barr virus gene
load by determining the EBNA1 gene load and the expression level of at least one gene
selected from the group consisting of the Epstein-Barr virus gene LMP1 and the cellular
genes RASSF1A, CHFR and DAP; and

(¢) comparing the determined expression levels of said genes in said biological

sample with a reference.

2.  The method of claim 1, further comprising isolating and purifying the DNA from

said biological sample prior to b).

3.  The method of claim 2, wherein the isolated and purified DNA is genomic DNA.

4.  The method according to any one of claims 1-3, wherein the expression level is
determined by determining the epigenetic status of at least one gene selected from the
group consisting of the Epstein-Barr virus gene LMP1 and the cellular genes RASSFIA,
CHFR and DAP.

5.  The method according to claim 4, wherein the epigenetic status is the methylation

status.

6. The method according to claim 5, wherein the methylation status is determined by

methylation specific PCR (MSP).

7.  The method according to claim 6, wherein the methylation specific PCR is multiple
methylation specific PCR (MMSP).

8.  The method according to any one of claims 1-7, further comprising determining the

gene load of EBNA1 and the expression level of LMP1 and RASSF1A.
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<223> M CHFR d i gonucl eotide Priner (sense) <400> 13
gttttaatat aatatggcgt cgatc 25 <210> 14 <211> 20 <212>
wORasaZD3> Artificial <220> <223> M CHFR PCT/SG2006/000401
d i gonucl eotide Priner (antid9%ense) <400> 14ct caact aat

ccgcgaaacg 20 <210> 15 <211> 25 <212> DNA <213>

9.  AHelrhéthb@hccordhg todZdrs, MufitrRofdprigpi el @@ idifiethBrek fRksion
(sense) <400> 15 taattgtatt cgaaagggtt tttac 25 <210>
level p§ snd/gr RAPP> DNA <213> Artificial <220> <223>
M CHFR d i gonucl eotide Priner (antisense) <400> 16
ttaat cctaa ccaaacgact teg 23 <210> 17 <211> 23 <212>
10. OB methde advokdifig & @ly ord B zlain? 89, Mr®PKomprising determining the
A igonucleotide Prinmer (sense) <400> 17 gaggat agtc
eXProgeian é@@b of a gepiro} geneasgcoptyol for the sample DNA quality.

11. The method according to claim 10, wherein a housekeeping gene is used as control

gene.

12. The method according to claim 11, wherein actin and/or glyceraldehyde-3-phosphat
dehydrogenase (GAPDH) is used as control gene.

13. The method according to any one of claims 1-12, wherein the Epstein-Barr virus-
related cancer is selected from the group consisting of B and T cell lymphomas,
comprising Burkitt lymphoma, Hodgkin lymphoma, lymphomas associated with immune-
suppression, and lethal midline granuloma; carcinomas, comprising nasopharyngeal
carcinoma (NPC), salivary gland carcinoma, and gastric adenocarcinoma; and sarcomas,

comprising leiomyosarcoma.

14. The method according to any one of claims 1-13, wherein the reference in c) is

normal tissue.

15. The method according to any one of claims 1-14, wherein determining the gene load
of EBNA1 comprises the use of at least two oligonucleotide primers, wherein the first
primer comprises the nucleotide sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 3 or
variants, complements and fragments thereof and the second primer comprises the
nucleotide sequence set forth in SEQ ID NO: 2 or SEQ ID NO: 4 or variants, complements
and fragments thereof.

16. The method according to any one of claims 1-15, wherein determining the expression
level of LMP1 comprises the use of at least two oligonucleotide primers, wherein the first
primer comprises the nucleotide sequence set forth in SEQ ID NO: 5 or SEQ ID NO: 7 or

variants, complements and fragments thereof and the second primer comprises the
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<211> 26 <212> DNA <213> Artificial <220> <223> M DAPK

A igonucleotide Prinmer (antisense) <400> 18 caact aaaaa
wat@aar@ana aacgca 26 <210> 19 <211> 18 <212> BIES€ANEB00401

Artificial <220> <223> M DARK A i gonucl eotide Priner

(sense) <400> 19cggtagggtt tggggtcg 18 <210> 20 <211>

nuclebfd& Qﬁ%ﬂ@%ﬁ forthdn SNQ 1D NO: & or SFRY D T’ZFP oA, complements
A1 gonucl eotide Primer (antisense) <400> 20 aaacctccca

and fragmentpathengoR0 <210> 21 <211> 27 <212> DNA <213>
Artificial <220> <223> BS-Actin Aigonucleotide Prinmer
(sense) <400> 21 aagttaagtt ttgtttttat ttttttt 27

17. <EhkQretBed sctbiding b adlohe dPMAIRL 138, Rhédeld ddt@minidgd @e expression
level of RASFF1A comprises the use of at least two oligonucleotide primers, wherein the
first primer comprises the nucleotide sequence set forth in SEQ ID NO: 9 or SEQ ID NO:
11 or variants, complements and fragments thereof and the second primer comprises the
nucleotide sequence set forth in SEQ ID NO: 10 or SEQ ID NO: 12 or variants,

complements and fragments thereof.

18. The method according to any one of claims 1-17, wherein determining the expression
level of CHFR comprises the use of at least two oligonucleotide primers, wherein the first

primer comprises the nucleotide sequence set forth in SEQ ID NO: 13 or SEQ ID NO: 15

_or variants, complements and fragments thereof and the second primer comprises the

nucleotide sequence set forth in SEQ ID NO: 14 or SEQ ID NO: 16 or variants,

complements and fragments thereof.

19. The method according to any one of claims 1-18, wherein determining the expression
level of DAPK comprises the use of at least two oligonucleotide primers, wherein the first
primer comprises the nucleotide sequence set forth in SEQ ID NO: 17 or SEQ ID NO: 19
or variants, complements and fragments thereof and the second primer comprises the
nucleotide sequence set forth in SEQ ID NO: 18 or SEQ ID NO: 20 or variants,

complements and fragments thereof.

20. The method according any one of claims 12-19, wherein determining the expression
level of actin as a control gene comprises the use of at least two oligonucleotide primers,
wherein the first primer comprises the nucleotide sequence set forth in SEQ ID NO: 21 or
variants, complements and fragments thereof and the second primer comprises the
nucleotide sequence set forth in SEQ ID NO: 22 or variants, complements and fragments

thereof.
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<223> BS-Actin Adigonucleotide Priner (antisense)

<400> 22 caataatctc cttctacatc ctatc 25 <210> 23 <211>
WQ@0Q008A16d>7 DNA <213> Artificial <220> <223> M LRPI/SG2006/000401

A i gonucl eotide priner (senle) <400> 23 aatttgtata

aagaggcgcg 20 <210> 24 <211> 21 <212> DNA <213>

21. Aid héthb@hccordRe to eNrleldiths Pl20gaheRiedt bitdogtd ¥Bfple is a
(anti sense) <400> 24cttctacttc atcacccgcc g 21 <210>

selecksl o the groupparistigiaf agsppharxngdal PEata Moyl grashing 3md body

ﬂ_uidU-RASSFIA A igonucl eotide prinmer (sense) <400> 25
ggggttttgt gagagtgtg 19 <210> 26 <211> 21 <212> DNA

<213> Artificial <220> <223> U RASSFI A d i gonucl eoti de

primer (antisense) <400> 26 ctaacaaaca, caaaccaaac a 21
22. <Pleguethgd according to any one of claims 1-21, wherein the subject is a mammal.

23. The method according to claim 22, wherein the subject is human.

24. Use of the results obtained by the method of any one of claims 1-23 for the

development of a preventive or therapeutic strategy for Epstein-Barr virus-related cancer.

25. An oligonucleotide having a nucleotide sequence selected from group of sequences
set forth in SEQ ID NO: 1-30.

26. A kit for diagnosing an Epstein-Barr virus-related cancer in a subject, comprising at
least one reagent for determining the EBNA1 gene load and at least one reagent for
determining the expression level of at least one gene selected from the group consisting of

the Epstein-Barr virus gene LMP1 and the cellular genes RASSF1A, CHFR and DAP.

27. The kit according to claim 26, further comprising a reagent for determining the gene

expression level of a reference gene.

28. The kit according to claim 26 or 27, wherein the reagents for the detection of the
EBNA1 gene load, the expression level of at least one gene selected from the group
consisting of the Epstein-Barr virus gene LMP1 and the cellular genes RASSF1A, CHFR
and DAP and/or the expression level of a reference gene are one or more oligonucleotide

primers.

29. The kit according to claim 28, wherein the one or more oligonucleotide primers
comprise, consist essentially of or consist of any one of the nucleotide sequences set forth

in SEQ ID NOs.:1-30.



<211> 21 <212> DNA <213> Artificial <220> <223> U CHFR
A igonucl eotide priner (sense) <400> 27 ttgtggttagt
wQa@anT®mayut g 21 <210> 2 8 <211> 21 <212> DNA R21/S62006/000401
Artificial <220> <223> U-CHRR d i gonucl eoti de pri nmer
(anti sense) <400> 28 atccccaaaa ctacaacaac a 21 <210>
30. 28 nfetiotPofdRodiBing s DNA méledale vhbreirtha DNA Albtectl?id denatured,
U- DAPK Qi gonucl eotide prinmer (sense) <400> )
mixed geith Hquid agarosegpigetied ing ehilipd ligd tepfops aggrosphepds,pwith the
agarcé% ﬂbé%dﬁ%ggr%ziﬂ% gle'%lreﬁét{uleﬁ' [%L[frr%ozlg&l <s,2 %ﬁ%&g tg'g‘?&ultingaatg[arose

primer (anti sense fccc ac
bead$ 8238B&Q0ENtBOBRCci2B to the following modification and purification steps.



