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METHODS AND KI TS FOR DI AGNCSI S, PROGNOSI S OR

MONI TORI NG OF EPSTEI N- BARRVI RUS ( EBV) - ASSOCI ATED
WQANMBHRIIEE ELD OF THE | NVENTI ON The present i nveariconr008/000230

generally relates to nmethods and kits for diagnosis,

prognosi s _or ni ' f |

Dy vdas A ERISE G iR oS PRQS QS OR Nt HifRovG oF
sequenCEPSTW-BMvmbggbhy/)-ASS@cmvEmmcm at es

to methods and kits for diagnosis, prognosis or

moni toring of an Epstein-Barr virus (EBV)-associated

cancer by detecti ate Yo ¥ !4. Rg an EBV DNA

sequence in urine; RCR ' NVENTI ON

Eask %kéheﬁalhﬁzemidnugen(eﬁBY)reiaﬁes ao uixtigndstand skits Lfnndlagnoms prognosis
her pésvirus that was flgigudlscovere i n

or mORWOHRE IHE HPERA AT BRIKGIT B JeFE I Py i AT g oS associated
DNA s%#g&%g%‘ WMbieYs eé@l}{a oflftﬁﬁtlh%tlbﬁ r&h&9 tb uikbdsGnldEkits for diagnosis,

ASSOCT at e nasophar yngeal carcinoma
pro gno(siﬁl%@)monitbnhgsf e EpsteineBarr viras (RED-aBvcigfesh erreer By dgjecting and/or

et ect nmost all NPC tissues collected in
quantlf%m&%e‘fﬁg\’é}[ﬂ CREER Y™ . ntervirol ogy. 36(2):91-8
(1993); Dickens et al., J din Pathol. 45(5):396-7

(1992) ). Cbn3|stent mnth t hese results we have
dermnstrated 2% ‘ QRATHRINUENJIEY i n t he

Sgil} fi rr%?r@s KEBWI O%Egh@%%é%&%agﬁé?és%&&%aﬁwﬁ iy discovered

in ass@‘élﬁl:&ﬁf Wﬁ@lsthe59(1ﬁ§canl faR8-of ]B@rkﬁﬁ@)lyl)lphmnae@\lér Subkgguently, EBV
mfectl'af R e B T LG

g&%‘ﬁ&tn &%r‘thﬁi th%lEBV%eh&hE c6i b6 Qletdctdtin almost all NPC tissues
1614-9 (2002)), is valuable for predicti

collectadem SbhthandChn@e(th@n fet eb, Itarvirelagy. 3G(Z: 8|(§/993) ks et al,, J
v,
cun T TR TP, 8 e [ b e 98O
EBV ]}‘)F’JlfA( l@?ﬁgg kgi@tﬁcéﬂe}(ql i ggci’rpla(shqeidof%‘yabf NHg pitidsaehut aily 7% of healthy
an ast car no t
subjects at aanp¢h @ﬁ@e?(’%{%ﬁaﬂp@? Lo ¢k 8k @atl%’ %(‘iﬁqﬁgt?glh(w”) )-
Moreot\m' Sthe? ‘1&7%1*%; %?acﬁn | EBYS M rﬁ&fsufeheelfil%f %@fo‘r@ (L®%et BPCCancer Res.

Is‘are rvely ris ree procedure, it still
60(24):@873@&1 (2400) arut afrex iterymdnd (6han einels. J NetleWancer Inst. 94(21):1614-9

et ec nd/ ot tifi
conn oSSR BETES R0 Y sy oo
EBV %?NAEi aRS HSES FhenRofdetdbae anat mdaaorinl ol oter EBIV-assomated
the art. Accordingly, there is_a_need for eﬁ)(eié%oi) (?rb d
maligudnciss,rfat examplestyniphomgi (hghneail.s Br phbgmstqls! 1 -46 (2000) ) an.
gastncn(?arm}lgl{qa b & alE%{lnaéﬁl%gf ﬁése‘;(ﬁ"’}@?@ 932001) ).
Although this plasma test is useful for the detection of NPC and is a relatively risk

free procedure, it still causes pain and anxiety in patients. However, detection and/or
quantification of short EBV associated nucleic acid sequences in a urine sample, as well as
uses thereof, have not been disclosed in the art. Accordingly, there is a need for develop an

alternative test for diagnosis, prognosis, and/or monitoring of EBV-associated cancers.

SUMMARY OF THE INVENTION
We surprisingly find that the circulating cell-free Epstein-Barr virus (EBV) DNA can

pass through the kidney barrier and be detected in urine as a tumor marker for NPC and other

EBV-associated malignancies.
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SUMVARY OF THE | NVENTI ON We surprisingly find that the

circulating cell-free Epstein-Barr virus (EBV) DNA can
woasws/hirough t he ki dney barrier and be det ect edTiaN2008/000230

urine as a tunor marker for NPC and ot her '

EBV- associ at mal i gnanci es. i Accot.di to a fi.r

F Assoriy I h oy anesd DS Bresrs ANVRhiSh (el s Brbtifidd 2 ethod for
diagno$B 0P a8 EBY-asbdgiRa Thiicep in ANinERYhAS STRITAsREd canptsesi N an

I ndi vidual . The net hod conprises: (a) obtaining a

ur(@ebtaining aarimesamplicfromdneindiyidual,#8d (b) detecting an

EBV. SQCI =Y i j e
i eIy et adilbic A R EGdn WA Albpre,
nuchezéifi 1heieseac ofiche iIEBY hmsacidterk nseleisl acid negijuencesin the urine
that the individual js suffering f an .
samplegYicates et MeaRAFkELS Sulging HPRGUER U SREiie! STt of
t h&co%‘fcﬁﬁgm LdYARA 5;*\»?%@12 oftthE g{?esélﬁ iVRvibAate i§Bidvatbdfmethod for
prognosi of “an EBV- assoCi ted cancer in an )
prognasischeindiBY -assbiemtedetahoet io enpndividsal. The methodicampgses:

ur sanple fromthe.indjviduak: .. (b) detecting an
Eéje’{]gtétglgg'gaac UHPSTEIPSS go%%b%m%évd%%arlﬁgﬁi n the urine
sa@)h&ectm%@mvtah@cm@smm afid tdimefB\inabs odnadantple,
nucl eic acid sequence in the urine sanple .indicates. a

powherpinothsoriessnes of Hae BERY aassesidted ancleitn agifl scapense e urine
ir . X 4l ion, there is
i oo Rl B SsBg on, et
cafcetding tan thindiaspedtiaf theTiresentinventiany ipre $eprovidg)l a method for

.. obt ai urine sanples fromthe individual at. .
monitefiyg 5y BHY -4SHeRAPLTACS: TGl d B e Coemtsiees
qu@pbbihinPuiit ERYIATRRE (# iadivitual & diffeehitige goRes and n
the urine sanples, wherein the presence or_ an . )
i n@ aletasting andlor epantifyireEin Fb @ssckEth pu¢leiccacid sgquence in the
e Sgayence in the urine sanples indicates the
“HHC%W§S?ession of the EBV-associated cancer, and the

abghaeR @i pref@rtensead ihausked dévdlhef HBVERYS assoatatad nucleic acid

nucl ei c acid sequence in the urine i ndi cat es
sequenqeen ey iranesiapipl N IRECERg PAA BRIy ﬁﬁgﬁh%?ﬁw?lﬁt_eg canicer, and the
absenée:)(ggd ciég?ea@é@@%l%?%e %Vtﬁ&cﬁé@hﬂﬁlaé adill Qedined }Eﬂ 126 urine samples

I's performed during the time course o
indicatesdh regrassibo pof thedEBPB\issossabesi Gineet. cancer, and t he

RS S5 GTOR B 5 IR S8R s e

the tith®Bourse of a treatment for the EBV-associated cancer, and the absence or a decreased

level of the EBV associated nucleic acid sequence in the urine samples indicates the
effectiveness of the treatment.

In preferred embodiments of the present invention, the methods described above
further comprise the step of analyzing the size of the EBV associated nucleic acid sequence in
the urine samples to eliminate false positive cases. In these cases, the EBV associated nucleic
acid sequence detected and/or quantified in the urine samples may not be derived from the
circulating EBV associated nucleic acid fragments and is relatively intact.

In preferred embodiments of the present invention, the EBV associated nucleic acid
sequence described above is derived from at least one DNA fragment of the BamHI-W region
of the EBV genome or at least one RNA transcript thereof. Preferably, the DNA fragment or
the RNA transcript is less than 180 nucleotides.

According to a fourth aspect of the present invention, there is provided a kit for
2
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effectiveness of the treatnment. In preferred
enbodi nents of the present invention, the nethods

WO #17éd above further conprise the step of PAAAINA8AY0230
the size of the EBV associated nucleic acid sequence

in the ur s to.elijmnate fal se si.tive )

diagnasiy %fspf%fh"S{Shoéséar%‘Zé‘ém%aﬁéf QRSP 48 2B BIAgel g 16F eormprisgs:
seglueRgeutiefe Q:kﬁ‘ﬁ’ct Blei b bl £ekiddbabipe H#bhNRe 2 individual; and
sanpl es may not erived fromthe circulatin

asBbai weeyl HoH| @F cdeéﬁﬁilngfanaﬁﬁé’nﬂgsoalﬁtﬁdl Bualeif aacids eeqpence in the
t pr. 0 sent
extracl e} At oBic waloRif e SERRY, R il "L APRF B s ot primers for
ampll@agatllé&sdomdaﬁ:w@mrﬁ ofl eifel Bt - Woregiin dfeBSEBVNEnbNA.
fregrre of t BanRl - W.r egi on of . t he. EBV genone or
gor %ﬁ%ﬁ%ﬁ Bf the BFRSBR:, inppRios almry is tH’i‘éVlElJP@\a kit for
ithi meEBvoat wa U et uaf The
o I‘?%]eotl dessS Ac<e:or5§|1 n ﬁltrhglqg&?%durat 1 az(gé%?ﬁo t he
pr ®seplurality ef firso npits fmreetracsthgrmuodmd acidrdm a urine sample from the
di_agnosi s or prognosis of an EBV-associ ated cancer
1nd1v1cfluar1 %I ndi vidual. The kit conprises: a) a first unit
f 0115) S>pﬂﬁr@ﬁﬁyl WsdRbRd @infts 36 GotbdtRIP BdWri QRNEAHEY 8n THW associated
t he individyual ; and b% a second unit for detecting an
nucleig-pgid sequsaraide sutperdnudeig agléqwbﬁr@@ thp seqend elmtrcampelees at least
one pIL S hcRTRE embIRAEL B IS o RARRICH Y e PR eBlog, o the BBV
genonfer agnent of the BamHl - Wregion of the EBV genone.

[ ct. of th nt t
A oélge; 5935%:16%6‘ 8gléooah o pﬁj& klg@ﬁpqr p}%{@s pllegﬁ\iln% r}nxlfé)nrt]lon further
comprﬁ‘éé/a ASPiee f(ﬁto%@alﬁﬁ? ‘é%nb Rar@plel st Wh Hé@iduaine Kit
conprises: a) a plurality of first units for

exior spep¢ sgbadimestse pE te breséntoimyention; tiee EBVDkssobiatat tumdeic acid

JEIO!;I a it econd units for
describ b%bg@%%d?’gogéﬂan&#&%lﬁm %hso@%%' associ at ed nucl ei c
acﬁnckoﬂﬁqﬁefe&edlembbhﬁn@ﬁd 6Btk gflesebCineemtions thé, EBWek&ciated cancer
t he seconFI unj t co rlses at | east one pair gﬁﬂ&ﬁi ner s
is 2 ngsgpharyngea Wﬁ@wg’@ 4ot agrBralriglreerll mphreagailynphoma) or a
gastrid %gfc‘?ﬁblﬁ’zf i embRY p3 %@ﬂﬁf erhBb@EnwR EhE r]ﬁ]ﬁ* ?aﬂédm&hcer is a
the kit according to the present I’nventi on
nasopll?@mealsmmaord&w ce for obtaining a uri ne sarrpl e from
resent

iSSP e ple D TR sEaR Sl PECTES Sois ApbHER P Gy ordinary

skill i@ ey &t ifforNfs fI11dwah$ Aesceiptes ioTRRAS Preférted &nﬁwfmeh@ &fotﬁg present
preferred enbodi ments of the present invention,

1nventgg\¢12g§1§5@b%ﬁnes@owar@@@ idescribed by way of illustration.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the plasma EBV DNA concentrations in NPC patients according to
the detectability of urine EBV DNA; and
Figure 2 shows correlation between the plasma EBV DNA and the urine EBV DNA
levels in NPC patients with detectable urine EBV DNA, in which (a): the urine EBV DNA

concentrations are expressed in copies/mL of urine and (b): the urine EBV DNA

concentrations are expressed in copies/mmol of creatinine in the urine.

DETAILED DESCRIPTION OF THE INVENTION

Unless defined otherwise, all technical and scientific terms used herein have the

3
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i s a nasopharyngeal carcinoma (NPC), a

natural -killer-cell |ynphoma (NK-|ynphona) or a
WQ2e9/e4d2ar ci noma. I n nore preferred enbodi met@BCN2U4000230

EBV- associ ated cancer is a nasopharyngeal carcinoma

JAdvant ages qf th resent | nti.on will,. QNE _NDLe

meanifg SRR g deraleog S g e P L 4 ot Yol Ry T belones.
f oA adcABedfsoRe] Bk indihéds dffBe presdng invedtienbarbeBdso Aagnose or
the present invention that have been shown and

prognestisate iah &iB Yyissegiatest canceny seehaes easoptErygcalDaseirpmy (BRCOHN these
i ; [ . .
vy AL MR 1065, e RURAE g 3 AORAEP s acction s

quantiﬁ&ttﬁmltoa' fah |EH\Kt/) DNA u@cjﬂ&ﬁcdﬁﬁi\t’hﬂﬁﬁﬁle santpld-isgherep faineds

correl atjon between the plasnma EBV DNA and th rine ..

EBY msod %&&@mﬁn&p@% PEApatedicERCE R &L fughyidual i e disclosed.
The nieBdMhprisBs WahS Bf (zg)dbtiiﬁﬁgéﬁdr{éesagl%}és% the individual at different

concentrations are expresseéd in copies/nL of urine and
time poin)s; andhé)ietentingEBM/ONfuant fisemian BBVIAN Aatequance iie satiniersamples.

.-Copi es/ of creatlni in the urine. DETAILED .
A difgRReipTeievel SHEE AN AR Wiy Sormabeiscused os an
indicafidn of e el dapmamcbiihe BBM-Ads6cihiled BBndet tbr Rea@pIR, the\Resence or an
) t heneani nge conmonl y understood by a person_skilled in
increagadeledliofithe WhVc RN/ sequence it the e samples indicajesstheinsegression of
the El?&b-%/ viat eca%&h%tl%fab%memrﬁscfe@feahéa\/%g | FEBBVBNA sequence
used to di agnose orf prognosticate an -assocl at ed
in the uaine sampky dhdiastes drorzigeasyiog edlthe EBd-amsowiatetiiR@cer] This method is
. these ods, a.urinpe le is first obtai.ned f .
particRfFY AP b PosARing HBS FUCELYSHBH Shd) BratEighi et o i Grpssociated
canceiof an EBV DNA sequence in the urine sanple is then

performed. A nmethod for nonitoring an EBV-associ ated .
cabwaighithe siepiafdibdivingl a iEneasamepleliom Srwedividial ppinsbled in the
o Lses step s . .
s BT BYEP oo AL BBPABLSR O s is o
necessdBt GbineGasd3pinonhigh @ uring sagpiyhdsBYeiDbfiamed ireadantd) for example,
the urine sanples. A difference in the levels of the
at a sapplmpREnteiaquence in the urine sanples is used as an

ic: o Lﬂé‘@i‘e}r@@ eﬁfboh{frlge[ngs? Yﬁw 8ROGRh RqubhitiaRY, 3880 ‘E’B"’\z BNA sequence

r. For exa € presence or an | ncrease .
in thel|vrinel sanipld bempibiés DA stepg wér(E)k extractihg DINAn&omathp lugine sample; (2)

ampiiylie B BB, ERVR" SRhEHE R e et AREvhR T gpigoting andror
quantiBBYs DA EEY IDNA Requéntdie sanpl es indicates the
:rggr ession of the EBV-associ ated cancer. This nethod

pasad; eueing thy eypeessipn {'or EBYSBAKY srguenee” apfercioi a/iagent of the
EpsteiﬁfBa?r %ﬁ'&saéﬂﬁ\'}')t gén%&n%&@%ﬂ?&%@&lkﬁ{ ﬁﬂnber AJ507799) and typically is a

product of the genome DNA degradation. In particular, the EBV DNA sequence according to

the present invention comprises at least one fragment of the BamHI-W region of the EBV
genome. The BamHI-W region used herein refers to a repeating BamHI-W restriction
fragment of the EBV genome as disclosed in Jones et al., Nucleic Acids Res. 11:3919-3937
(1983).

It is understood that a longer DNA sequence will pass through the kidney barrier at a
lower rate. Thus, in order to increase the sensitivity of the detection, the size of the selected
EBV DNA sequence according to the present invention is no more than 180 bp. Preferably,
the size of the target DNA sequence according to the present invention is no more than 76 bp.

As used herein, the term “amplifying” or “amplification” means the production of
4
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cancer. Though the step of obtaining a urine sanple
fromthe individual is included in the nethods

W9y L42d above, it will be appreciated by tHYSKCN2008/000230
skilled in the art that this step IS not necessary in

addltlogg]tn%pgpggofs the ;&/W stpgll?engg-(l |1se ge | eﬁgrhga;ﬂgcf Sﬂbusing polymerase

chain r6&%o8or ofter RicBhSIb IS wllkadiviER i arf. Wit PERC t1i®PoRible to amplify
quantification of an EBV DNA secl,ence in the urine

a singlg zapy of en AR Y $B¥A sheuasre s adevel that ean be cletentgd inyrsevprghdifferent
e.urine sanple; (2) anplifying the EBV DNA sequence
methoéolr?%%g{'he extracted DNA; and (3) detecting and/or
ﬂllﬂlatp'réﬁe'rrﬁ@ ethribe diamgnit iof itlﬁﬁmEBMoDl\Hne%qﬂ@) @ad st%@ By e carried out
erein, the expres an EBV uence" fer
by realstimeagaptifatiye HGR (EOE&?BP nAgaised t?lzswn gé e quanitative

PCR” Qr%gggﬁ@ﬁ” ERES R er}naﬁa@%segrlawﬂeqeantﬁﬁeué %B‘u@a@'rhé{mto?m% of the
pro t t he genone DNA degradati on ticular
Pngre$smf EBvo1oRiAnie @@Remaetnan dotiis ﬁgsttm, inhasldpiamsters pair of amplification

pnmer% tui/\(;:slégqo éﬁ@?%}i}ﬁ%ﬁeﬂf S menm W&E’é’] %rr?be is also

includeds Qﬁlel"ﬁﬁ&'e&ehﬁﬁﬁ‘é Serb@s s heBgstdr 16 gBRAN J \&hd ast émﬁ;‘élbﬂ pectra is
fragment of the EBV genone as djsclosed in Jones

quenchgfl by angeensd Quosescant dysde.g1 TAYRA). 3ywingthoegynsion pha§e of PCR, the
5 o 4501080 0l B0 IRAPMYACUEDER AL rBRES: o o probe

thus rdeMg tio front rthasmehdter sewds rdsultingyinotin t ineredst mtﬂlmnescence The

ﬂuorestf:%g:e?}!ﬁ i]%ﬁ‘élg{lseh HS é]?&eqlltggtfeg arﬁg\l/ﬂgltl\llgntspﬁ gs:rﬂ%gi %t%r%i‘rjlie Qge Eu%ount of

the origh8f tehpRkyDNAe size of the target DNA sequence
accordumdg to the present invention is no nore than 76
bt isAsundisdouraesshich thatdepléivhsubjastsl may pergsiopplly carry EBV DNA in
urine. gag‘gif’deeg to > ﬁl] aQeEg{%E%@se Egsmg\:;,]egcga%g% &H@ n‘?eq e(r%lglrogq tﬁg %l'esent invention
furtherCiaclnded smqi ofIShalgyimo tnermzeasetmrmv IDNACsquQénoerpreiehEin the urine
technol ogies well known in the art. Wth PCR, it is
sampl $ossible to anplify a single copy of an EBV DNA
e hEside b \&diith d
Q?# glﬁlgn?%%gﬁ%n 6?%6 %&1@?}?}%% érrtg?t\ﬁ%n%?rrg% of is carrie
out bytthe dmmeret PCR, assdys ast@POR pssaysl Thespagsadys uaeeamalmome@f different

. ut by real -t] uantltatlv

sizes. fgiaged o Giger (LVF, sHGEce uis QuaNg £ RJRopbfFieh AF 8 lower rate 2

much loRePebcen@hfs: of ﬁleaﬁﬁmtamﬁba&ﬁﬂp&au&hﬁlmw&muﬁa Sfter the same
optical nonitoring of the progress of a fl uor%‘%enl c

amplifjoairon eyales when laggertineplippns are used: Hdwptargpored’ @R gasays 6F Q-PCR
assays ?ﬁgét Jg' a?ha}tEB%NA sequence using amplicons of different sizes (e.g., 59 bp and 76

bp) give similar amounts of the final amplification products, the EBV DNA sequence present

in the urine may not come from the circulating EBV DNA passed through the kidney barrier.
Elimination of these cases renders the methods of the present invention higher reliability for
the diégnosis, prognosis or monitoring of NPC and other EBV-associated malignancies.

Alternatively, we can conveniently analyze whether an EBV genome fragment of
more than 180 bp is present in the urine sample. As a DNA fragment of more than 180 bp is
difficult to pass through the kidney barrier, the presence of an EBV genome fragment of more
than 180 bp in the urine sample can be used to exclude the individual from a patient with an
EBV-associated cancer.

As described previously, the plasma EBV DNA concentration can be used to
5
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primers used in conventional PCR, a dual-1|abel ed
fl uorogeni c hybridization probe is also included. One

WG00%HEsPent dye serves as a reporter (e.g. FARAGL/CNERES/000230
its em ssion spectra is quenched by a second

. fluorescent, dye (e.Jg. ri he extension . .
dingndsho BEoeipSRess o HBSHTor, SPK ahd o EBYSASeRHbH, Fabfhenigs. 1 i
disclodddAn Red ?m@meﬁﬁslam tHen®isl LRV RireldtioMbeReechtBY Blasma and the

thus releasing it fromthe quencher and resulting in

urine BRVi A¥peepnisentiationgore feceplesna FRY PNAo Fercenisation eantheegptermined
A a | .
by quiifffing rT G BV DR ERiob i, Pl 402 n 200 i he opneontration
of an IBBV @MMA sequence inewdsr shard bedellbitadltdnyatveltp etht aissyin plasma for
. occasionally.carry EBV.DNA i n yrine order to_. )
dingneiEppiogRe eSO MPRRTHENEC gl CHEEEB Ve peofiaicA adigancies.
U NECRGRE M tHePYERht BPerdtidn! R prdsBid STV PN Rfsequence in a urine
anal yzing the“size of the EBV DNA sequence present in

sample Hfeonyramendividpalecan be swsaé asndrodidiestion, of law BRY¥Fassoaiaged cancer,

. of the. sjze.of EBV. seqguepce i.s carfied out. by ..

inchudfie gt Be T SRei ik Aconhle Gibe Bresbiliptition, e

presends 6f STBBVCOND s¥quéhdefif b @ifihe SAAFIS frode 6@ ifevidud] @B 8Tso bBlised as a
sequence passes_through the kidney barrier_at a | ower

poor pregnestiafagios BT ppEBY -awAciated canqenngfor the pradiggion of the likelihood of
overal SRYIVE! GALLRIABE AHUAE inthlibudpe obtained after the same
anpl i en

I cation cycles arger anplicons are used.
| fWhen the kwele oPCR &B\aysequoence) MCEeasisiay soft an gmtlividpahnwith an

EBV. sequen using anplicons .of different size
EBV-gegoaiited 5iyh i SIOREb by SopaHoess bty the 7 &F BF 1R reflets the
develdphidat otHB chides abdrRalRY, Bdlitcased ReelEBYn Plka$i8f 68 MeSrogression of

present in the urine may not come fromthe circul ating

the capqy Thedrgulsefdhe levebogn ERY deduensy il &re yéne cap)alyel brausedio assess
. t f
e el NESEFRSERuISP U5 B W THABHE, ol EEBEREL o o e

level qitlgBBY BNA sefendeoinithgusiic Sdiipleiwa gbditindication of the effectiveness
EBV- associ ated nal i gnancies. Alternatively, we can
of the Fga{isht-ent | y anal yze whether an EBV genone fragment of

%@Ytﬂﬁﬂ id ﬁQm?cP absveHs 8 §Mstiatlvé CH: PF EBV R Seiatdd né leic acid.

. ragnment of nore than 180 bp is lcult to pas
It is wellkoonyh ta theskoliskdly irbthe aitdhat thdre areratbarigpesaff naclefeRivids, e.g. RNA

. - genone_ f.ragnment re than 180 bp.in the. urine
which SR R diR? S, Y Y BeErtalle Pre AT SPTRO i methods for
diagndSi} pRIphoik tahd oY@ SETORB WLREb AL BlinceAScHBSTind Bétecting EBV

.previously, the plasm EBV DNA concentration can be
associgfed RN AdFusyrrssEnstaindgogicoded small Bibhi EHERIAT aawdne sample of a

h anoéxiﬂ ¢ EBV-associ ated malignancies. It is disclosed in
aman e%rgr esent invention that there is a good correlation
beFhee piesthie iptemtion alsol fehimres a kit for diagnosis or prognosis of an

EBV-associated cancer in an individual. This kit comprises a) a first unit for extracting DNA
from a urine sample; and b) a second unit for detecting and/or quantifying an EBV DNA
sequence in the extracted DNA, wherein the second unit comprises at least one pair of primers
for amplifying at least one fragment of the BamHI-W region of the EBV genome. The present
invention also features a kit for monitoring an EBV-associated cancer in an individual. This
kit comprises a) a plurality of first units for extracting DNA from a urine sample; and b) a
plurality of second units for detecting and/or quantifying an EBV DNA sequence in the
extracted DNA, wherein the second unit comprises at least one pair of primers for amplifying

at least one fragment of the BamHI-W region of the EBV genome.
6
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urine EBV DNA concentrations, i.e. the plasma EBV DNA
concentration can be determ ned by quantifying the

wareosaoHBY DNA concentration. Therefore, the aBEBENR@SB/000230
the concentration of an EBV DNA sequence in urine is

an-excel | ent ternative tg the assay in_p for ..
i 5 el aioRORh Yk s oREaBiRL e | e PRBRAS, jgPEntion. further
compfd & [deHBY f@ssnsiniices urins isgapRat@s anAadioidiiahdf tiesitddethe kits may
present i nventi fn, t he presence of an EBV DI\lA,seguenc,e
also qoppgisg ARStRICUARFIO8 UsHgniherkifsndivpicatinl the Speand wukat de kits further
i . b ) : _ . . _
compfE A0 R 3 QRTR Skaf MIRKR S ABARLAR IR ALa) @nentioned
abovep thedatstprefiarablyt ¢aamprisehprinre Sermmeplobnaof dEEvreDNSze= foe excample, the
. .0n uri.ne.sanple.from.an i ndivi . .can al so sed
its ingludp $Byf O PRRRECr ek Mt R RiuGiP 2 d§o b ¥hd another
pair of pARRFs foPRMpliRingd HEEBVESNAtdegierRE of N@bp.i kel i hood of
overal | survival or recurrence for the individual.
Whdhe kiteactarding toftheypresay invsgptionder manitoring g EBVodssegiated cancer
. D ndi vi . - - . : | ‘
s parpigftalfy 18ty fbn SSoPiE e RRRESE pF At b BV ossociated
cancet, 8 tiskeatstiaproe atdeofeasddde sl 0f dic. EBX X Alsbyuenadiin the éias egnple can
level (is an i ndi'a%a i on of th& progr essi on of the
be usqdasprindigsiion; gidhgietftctivaaess of e PMMLEBY sequence in
the iy bppherit RS killed HEGE oHALAIBERIE eIcBSrd?ﬂg ®Ghé YRE&H $nvention
- of a treatment for the EBV-associated cancer. The _
can alahp benssd to detzcclaapentifyendiB b RN A sequ@ucONA worprempée by using a
in the.urine.sanple js a od jndj ion of the,.. .
reversgtpdptfule il PR, hfip etk (RIERCR ety B, Ry tspg pamtitative
revers®S trafisckibtasé tgodisase chai eeRfiorBQ-RISPCR At Rshy) Uk fhé  diagnosis,
acid. It is well-known to those of skill in the art
prognpgig or peaitering of ay BRY -asseraaicd eangpicingpdndividgal. e g. RNA
oA L BE SRRLPEE b P ey bl iy G55 LELAY oy of
limitattoni t ori ng of EBV-associ ated cancers conpri sing
detecting EBV associ ated RNA, such as Epstein-Barr
encoded snmall RNA (EBER) in a urine sanple of a human
subj ect. The present inyeAMPLES SO features a kit for
di agnosi S or prognosis OF an EBV-associated cancer in
an4f AR ipatients, ashwell R$ 70dwajihy serrad jsubjeetsy weraumgcruitedr DNA was

) . ; b

first EhC8E BORRI wid Sl P, RS gy g BREea DNA was

then aagilified fer EBVIDISE Aaxingpqiaattaidreatific iR tdigetBahe BambiltW region
i ses_at |l east one pair_of prinmers for anplifying

(Lo 1§§)9n$5%§9 beERY genasnt 2 fescrbedlrRN. Wregi on of the EBV

genome. The present

Extraction of the DNA fragsments from urine and plasma

Ten milliliters of urine were collected from each study subject into an
EDTA-containing tube. The urine samples were centrifuged at 1,600 g for 10 minutes at 4°C.
The supernatant was filtered with a 0.45 pm filter to remove any remaining cells. DNA was
extracted from the urine sample using the Wizard Plus Miniprep DNA Purification Kit
(Promega, Madison, WI). The filtered supernatant was mixed thoroughly with 15 mL 6M
guanidine isothiocyanate (GITC). One milliliter of resin suspension of the DNA purification
kit was added to each sample and the mixture was mixed thoroughly on a roller-mixer for 2
hours at room temperature. The urine-resin mixture was then passed through the minicolumn

provided in the kit using a 30 mL syringe. Two milliliters of wash solution were then passed
7
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invention also features a kit for nonitoring an

EBV- associ ated cancer in an individual. This kit
waooemsrpses a) a plurality of first units for eRCT/ENR008800230

DNA froma urine sanple; and b) a plurality of second

throughhe Smin®ohéeh. eftlel lRfhaBRAY Yasil st WadBledRd E)H{gf fugati
gsHe uence in the extract edaﬁ)NA wher ei net he Secon (fjer?lm gaton.

gaisrojiters dIf) wave asklied tof ther miniealumor faxntblei elptioy of DNA
ﬁagnéﬁ | east one fragnent of the BanH -Wegi on of the EBV
genone In preferred enbodi nents, the kits according to

t hEh@edeidt for axtereting DNA rﬁalgﬁi’entsd’mm plema iRN6WR i M art, e.g., the

methogley pelag & Ak nilmﬁe@rag%nwﬁ%i & (GfgninR idespribaldhy Lo ot al,
Cance'r'SRébg 31‘68t7§ =81 TyR0os! Enyb epl§§ﬁ“é%§’mgf& twak flz!}@e%écf From the

further nprises a probe ssay. In or
patlellt%acebrdmmm @tabhdlddairgwcm sn tha/m‘t d&seampim twene einbre:baweZ,O°C until
prinmers for

furtl Bocklife "R R A SRS BT e es okl PR oG0P Blood Kt
(Qlagﬁ*f HildeAPGSmi=) adiig tHeyTb[tg)daaﬂd By B S8R r@éonﬁﬁalded by the

and anot her alr tﬁrlrrers for anplifying an
manuii@ﬁwegeédem af 6@ -3¢ IébOf polasma samplss Avergused ph@NA extractlon per

columh! eﬁf‘entexhav Qﬁ%hﬁn vJaQr dm%l?e{d' ?Qr He Ec%}éu?a%%gc H?t t?xg target DNA
cancer iIs particularly use or ‘assessi ng

concertidtnt Avitmd ehutioh vahinieaf $ent whotisedno ERY ﬂnSSIINAEﬁ(ﬁd the extraction

cancer, as the absence or a decreased | evel of the EBV

col sequence in the urine sanple can be used as an

i ndi cation of the effectiveness of the treatnent. It

I s apparent to those skllled in the art that the kits
Detectipy i he BV DINA mentsin al so be used to

S L g B DR BTG R o

both tm’gamg the Mnmn\N(IREroB@RXhﬁBBWg@bnﬁ TERaAmplidR sizes for the two PCR
quantitati ve r ever S%g ranscri ptase pol ymerase chain
assaysr S%eei dR (b RPAPER) bRssApe P’Bmefsh ased aéﬁo@%, 6 bp assay were

5° CC@AQ%R@II@&%?@R@#@ hng of BV- a sjf)om atq@ocancer in and

an 1 ndivi ol | owi ng exanpl es are provi ded by
5’-TCRANGFAGOTEEE CEGAGG @I’ y(SEQJIthtJo b¥). ithe plimbisnigedt foorthe 59 bp

assay Cobieol Ly erPSCACREATTA AL AR (8T, i Mo 3) and

5"-TCEXAIGEA 6¢ T DT GAGBGANY sggam&osmg%usfe@éerﬁ fobes used for the
subj ects, and the extract DNA was then anplified for

76 EBV DRR using q@dntitativé9real -tih® PCR targsseyng the were

5N ACApION (RSB AL gt IRERLSTSIT R 3. 5

5’-(FAM)-QA GOOGRICTSMGGG-(MGB)-3’ (SEQ ID No. 6), respectively. The PCR

reactions were set up in a reaction volume of 50 pL. Each reaction contained 5 pL of 10X

buffer A; 300 nM of each of the amplification primers; 25 nM of the corresponding
fluorescent probe; 4 mM MgCl,; 200 pM each of dATP, dCTP, and dGTP, 400 uM dUTP;
1.25 units of AmpliTaq Gold; and 0.5 unit of AmpErase uracil N-glycosylase. Ten microliters
of extracted urine DNA were used as a template. An identical thermal profile was used for
both PCR systems and was 50°C for 2 min, 95°C for 10 min, followed by 40 cycles of 95°C
for 15s and 56°C for 1 min. A calibration curve was run in parallel with each analysis, using
DNA extracted from the EBV-positive cell line, Namalwa, as a standard. Namalwa is a
diploid cell line that contains two integrated EBV genomes per cell. Each sample was

analyzed in duplicate and the mean value was taken for analysis.
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Ten mlliliters of urine were collected from each

study subject into an EDTA-containing tube. The urine
weoeanpliesizaer e centrifuged at 1,600 g for 10 m RATEN268/000230

40C. The supernatant was filtered with a 0.45 mMm

f It 6@{‘,}& t% P%V any Pﬁﬁl‘[ﬁ%ﬁ%egg lg%( resg-e)ﬁwé \AW@(‘;oanrcgmﬁtion per unit
VOIMMO!ﬂ upihepfobRikartblle] dop o8I0 Gritfé, lor (CEPRQEQEB.S d\@(ﬁnﬁqnper\rthé amount of

The f||tered super nat ant was m X d hor ou wi th 15
anothefi{ SUBRIPRATaH HichBIiNG SEFPlC iPaRATE( @ﬁ% 191} joffj the urine, for

examp?é J{gggs Iﬂm%t‘ﬁﬁ&@:ﬁhﬁﬂe of the DNA puri f| catl on kit was

o each sanple and the m xture was m xed
thoroughly on a roller-mxer for 2 hours at room

The teEoerat Ir e h ! esi nm Xt ._the_ ? rker for
NPC "L syringe. Tvvo mlliliters of wash sol ution vvere then

—  passedt hrough the m nicolum. The renmai ni ng. was

s EBYi DNAvaeas cdeasestabde iy 18 G3Vof andeA? Kﬁ@%@amn@rﬁarrmt@ from NPC

patlen{.% &Plr{gﬁ[g 2{5 bi Ololn g ;b% 6%%% » 158 é)?}%tg\?eg)?%?e %?thf&xgpﬁét%on rate for

the 596t hay iimdicdbbdtat slgiten DNA rmasteplilesam merekieadity filtereti éhrough the

. g. h h Bl Ki t
e PG E AT e A, B SBT3 PR e, tho EBV
DNA gﬁf‘ﬁ? efERd if Arddet AEfEnS éla@%g%plésrﬁ&ﬁ'lﬁfc pﬁﬁé&ﬁ%s shown in
es were harvested fromthe patients according to
Table és#hl(m %hpldsrpa stroples SiomNPRepatients cThbe slatepledgisingraather the 59 bp

ey B B8 i ARG R SRS E RSy ey

increa§dIha gekitivity SFEBV @¥obRIudRIdELid B&ectidnood and body
fluid protocol" as recommended by the manufacturer. A

total of 400-800 | of the plasm sanples were used for
DNA exigehl of 18 NATRUNC Hifent
docurmsiiag 1t ofe BREca| iR of e EESNATRG Bitone
concent r at i ousing\thiei 59adp aaldbibprasvgisunme of 50 n1 was
used to etute the DNAfrom {fhe extracti on_col um.

Det ecti on and quantification of the EBV S agnent s

The concentration of urine E%Mmsg%ermg}mmgaﬁve
- two real-tine PCR-assays—botrh—+target+ng—therBarH—W

59|oEBW DNAL he ERVimggqositiee Tte arrpl i220n sizes for tHe
two PCR assays J€ 706 b a d 59 The pr|imers usgd

for®the 76 bp a %n\?%art - g&é’T CCACACC- S
S| ] (,TTA GCCTGICCGAGEG B SE D
7688 Ty DRR, o e s ¢ > ore

% orl t he '—';Ql hp assay were

5' - {9RGAGGCACACACTAGAGARA=S |(SEQ | BINO. 3) And 3

U

70 healthy subjects were also analyzed as controls. EBV DNA was detectable in the
plasma of 3 (4%) subjects using the 76 bp assay (Table 2). Their plasma EBV DNA
concentrations were 13 copies/mL, 17 copies/mL and 22 copies/mL. These levels were
relatively low when compared with the plasma EBV DNA levels of the 44 NPC patients
(median: 950 copies/mL). EBV DNA was not detectable in the urine of these three control

subjects.
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5' - TCTTAGGACCTGICCGAGGG S' (SEQ I D NO. 4). The
fluorescent probes used for the 76 bp and 59 b assasys
WORISEL04122 ( EAN) - CACACACTACACACACCCACCCOGTCTC- ( TRQ%&)NZSO 7000230

(SEQ ID NO. 5) and 5' - (FAM - CACCCGICTCAGEG (M3B) - 3'

. . i vel P i
orenih 2 PR abdioh FARS St vty ThSA i NPl RenB R o
cont ai nagafhyitomiol d@fediyi il th%i593§QEBMm§A%§{y of the

on

anpt-ficatton priners—R25naMof—the corresponding -

fl uorescent probe; 4 nijM MyEPEpabers mv eddérliby camired subjects
dCTP, and dGI P, Pé‘é{{?v‘{m" dUTP; 1235 uni ts]of Anpli Taq
Usak gpvans0. 5unit of AnpFrase®firacil N gl ycosyl dse

Ten m crolitdprsNegatiextract ed upne DNA yere usedg@s a
tenptate—AT Tdenttcat—thermat—profii
both PCR systens and was 5Q0C for 2 mn, 950C for 10
Elimiﬁtﬂm &qlaisgﬁﬁti%cé&scyd es of 950C for 15s and 560C
: tion curve was run in parall el
Wi $urpesioglyaBBVYBNs\ was detgctabIa ie xie addeeof fiwcolivalthe subjects with no
V- posi ti c line, Namalwa, as t andar d.

detectRQogas 8V PRI # 44 150N Aol 30 o e and 1,280,000
copiesiit.egr at ed EBV genones per cell. Each sanple was

anal yzed in duplicate and the nean val ue was taken for _
anbliege tvio e spemied woredhirthdranalyzedewitBQ rBMAinna RCBarssays targeting

R N T -

EBV INAndontantiagond foe tlesze tnd stije@nwthaelativblyticanseantudingtiBe two assays.
o correct for the concentration of the

For thg iféﬁg?rsgugfécgxfi%ﬁmnélec%%Ve@Nﬁnﬁ?ncsm%tr@awﬂﬁrﬁéﬁi qqpéesymL and 243
copiesﬁﬁﬁstﬁﬂl‘gleché’ F76tpearl £ Y bg;as%%{ ﬂﬁ%&k%@e\lfyw&g% SubRE the urine

a useful clinrcal mark
EBV I¥NAewersl,220,0001piasded. sadd,073,(®0%dpiasimheaissgrthé @6 bbranch 180 bp

sy SSRBEHG LIS ke SHEBuRRE P BBERP R by A using
both tiid 89 BPaditha 96 5@}5 ab§ik. Ctit fedidnatro HOEdn@EntFNON WIs®B38% Urine EBV
e nore readily filtered thr?\%gjﬂ t he kidney barrier

ar
DNA wiag npedeieqtelle de tha,uine ofi thendd itisngmusing the BRA bp assays. The
. i , e i. .
o QST AT DA REX B RS s i e v
differephaine] PAR Batlye sdggedts that 3G B I BNK&nSl&ﬁiﬂﬁﬁ&etédt(gmnNﬁéir urine were
. pat.ients. can be detected usi i.ither the 59 bp assa
relativEfy i SRS EoraR ik P 7 LUK, (e PR afipe obfie NPC
patienfsNEné oGl EXFIGRIOL WEMd bHE A SlesdRE 0 RS Ectl il Particles in the urine
sensitivity of EBV associated nucleic acid detection.

of the tremeantrp] suthectsiwhichtmaynbe weseltedoffomacies HBA repigation. IH@nostically,
the sizB3F LR BBV DNA can be included in the analysis to increase the specificity of urine

EBV DNA analysis.

Correlation between plasma and urine EBV DNA concentrations

The plasma EBV DNA concentrations of the NPC patients were analyzed using the
76 bp real-time PCR assay. The median plasma EBV DNA concentrations for the patients
with detectable and undetectable urine EBV DNA were 2054 copies/mL and 511 copies/mL,
respectively (p<0.0001, Mann-Whitney test). The plasma EBV DNA concentrations were
statistically significantly higher in patients with detectable urine EBV DNA. The results are
shown in Figure 1.

For those patients with detectable urine EBV DNA, we have investigated if there is -
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using the 59 bp and 76 bp assays 70 heal thy subjects

were al so anal yzed as controls. EBV DNA was detectable
wonodshe4ipkasnma of 3 (4% subjects using the 76POP/Ca@®N00230

(Tabl e 2) Their pl asma EBV DNA concentrations mere 13

BB ey 0 R AR S0 SR S e s o

signifiobift pazitBlescodfeldiion batvdRGEhe pldseatand (uiRe BBV I29A concentrations (r =
copi es/nL). EBV DNA was not detectable_ in the urine of

0.6844 e SDG0  BeaEmpt pRsrelafin; Eiguse FalpAes the urmecopeenttation 9f EBV DNA
I
oo b 8Py MEBRERN P o MBS BpRdad B concenttion

of EBM DiNAustithothe aifiné absenpreton bf ereetisne afil expressed ghy nrifBEBV DNA

was det.e tab t he_urine of two health
conceggiclt i, IETHAG! QEEUEinS0 B SORLIE LBYABRA eV espethe plasna and
urine EBY EDNAAtdoRPerthti Sk’ bEQIM&ES hiBre FOmInedBUWHMAOthe urine EBV DNA
copi es/mL. These two urine sanples were further
concenfgfiops arproremiected with the yrineRTratudrsgonceniragions (rg= 01748, p < 0.0001,

he EBV genone with anplicon sizes
Spean%?:m%rr ﬁ&gﬁ%gﬁ% The urine EBV DNA concentrations
for these two subjects were relatively constant using
t he { WO assays, For the forner subject the urine EBV
The prgsence ok Lk 3 B NAgimthewyine sample being 4 useful indication of
|es/nL US|ng the 76 bp and 180 bp assays
Eﬂ%ﬂ#%%pectlvely For the latter subject, the urine EBV
DNAftge remédi2e Goldno upopl & sherthgrid of 1165734 OTRC qapieats /hatl developed

Sl n the ectivel
clinicll3htPrcbpE. A0 Bl Tt PRI BRVER i biford geatment. 1n
contraEtB\rioEb\lAflﬂlid DY phiddns it BRleleptaBRAHREER G ]bNAélﬁz‘icﬁ}zléveglgﬁﬂ clinical
medi an drop_ in concentration was 93.5% Urine EBV

relapssxa/és RefiengevithdsisciableqimngeER Vi RN Aohad; %elgmzﬁcmpity pighrieplpgma EBV
DNA Ié%bﬁd‘{%‘&g]e%d bt 3RRE¥BY Epﬁ\ E% aﬁgdn + %ﬁ% Sl Warker for

centrations
post-trgginmgpt tsuevivalp becdufe rie id kﬁowada AR @EsmytsEBUgMSleVé‘laﬂs a poor

prognf U FrE R iRt FRRERE LR RBIMGAL | PR L RPHUSERY Eilrence in

survwﬁpﬁtﬁﬁilﬁﬁty‘ \ﬁoﬁlb Bedtihd\RoRS p%ﬂﬁnéﬂ?@ﬂlﬁ%é fllcase HBllow up, duration.
possi bl e “expl anati on woul d be the presence of intact

Vi Itahoqblérheu @ndeeﬂwqd thhtawmlﬂ rtlee wiventinn hasobesnrdesaibed in conjunction
with tﬁ’éjﬁ)e%tg | estr. gnrfﬁé(reg Itl%ea 1%1 ersgrﬁrp]g%%élf Vrﬁ?rr%g%%g{}lsgm and not

hnnuhamxbeofﬂﬁhndaﬁmnn t he anaIyS|s to increase the
specificity of urine EBV DNA anal ysi s.

’J.- .-

All of the above U.S. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and non-patent publications referred
to in this specification and/or listed in the Application Data Sheet, are incorporated herein by

reference, in their entirety.
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Correl ati on between plasma and uri ne EBV DNA
concentrations The plasma EBV DNA concentrati ons of

WORES/NbE22pat i ent s were anal yzed using the 76 Bj§T/CN2008/000230
real -tinme PCR assay. The nedi an pl asma EBV DNA

concentrations for the patj ea%g gﬁg det ect abl e and
undet ect abl e uri ne EBV copi es/nL and 511
COGhﬁﬁ/ATIC L& syems, i ze] B, CR0 1009 lat aNE(loewplasﬁt@/Eﬁﬁéih)Bm virus

pJ as EBV oncentratio were statistically
DNA g gtl f9a5e pitgHad OFWY@QtfP%W£& ?ttﬁt%‘itl@epla%mqa} ¢areinoma. J

Natl(ﬁﬁbér%%%@l? 16859l ts are shown in Figure 1. For those
patients wth detectable urine EBV DNA we have

i B |C§atW8na| VN, Helien, X aFyu, MMt 41 GRODDeleetion ofEpstein-Barr
TR VedPMAo [ ‘][j}gﬁ S
virus g% ni flugglﬁi p03| F%e cor rﬂe:lﬁzr}tjt?yle g{ngﬁb%t%énh he ZedltﬂAﬁ Iffervirology;
36(2): Fr% urine EBV DNA concentrations (r = O 684, p <

0. r
coﬁ%g#tlsr’ Z?Fsg{@v%o@ %k&é can” lgdng;q ett e @%@ps‘t’&h Harr virus
DNA [y shespharyngealt aascindmas (i €hinesawpativave irc dfongcE eap. the€lin Pathol;
45(5): g4 pe concentration of EBV DNA with the urine
concentration of creatinine and expressed the urine

%n%mﬁ)amblﬁr[fﬁm GE. i(h983) Clesteradniepeat esatpiionicee in THeegenome of '

EpsteB et L KR SR Rt B R om nent. when the

urLeneKﬂ:,mhdﬂ\lA,YSg nCleant VAY ) Solsisong B, etoalr (E‘ZﬂOG)ﬂ Quhﬁﬂi’taﬁ‘t"@analyms of

creu gl TR RIS HERK: 005 i 3 B30 ot

1ymphordmn1egdaamet Brf] TR ADIAL 1101)1239-46. i ne sanpl e bei ng a

e L OB, R S e S R o BBl avotecutr

progn@dt1b£ﬁcﬁ1a| ofr @asypheR®eeal Alchreiddghad Hiatquantitatie arfdBisRC oD tRculating

rine befor treatment. | n contrast, none
EpStelﬁT%%\é‘“?ﬂglﬂgt Fgﬂ?eé%st (MR8 abl e uri ne EBV DNA had

deve | vpEs! ChanT0EE, I I@WSQeuﬁ’é Pratde et @ 99dY Ouantitative analysis of
detect abl e ur.ine_EBV DNA’had signifi cant 'y hi gher

cell-frgg EpmigneRyr Drgvs) BOwA ¢n pl@smas 0§>m§eltté dwith tasephapeges\carcinoma.

CancePRs; S%B):21 §Rope served as a prognostic marker for
post - treat ment survival, because it is known a high

pl 1@ nEMEB\Clorga Wy aY e, | EK,aCb@m rLYr elg#lo£2003) f(at:qulﬁtlngoEpstem-Barr
I

i IASSA SESH Bl R, Lo RS 0P
nore promnent wth the increase in foI | ow up
duration. It should be understood that while the
i nventi on has been described in conjunction with the
detail ed description thereof, the foregoing
description is intended to illustrate and not
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limt the scope of the invention. AU of the above U. S
patents, U. S. patent application publications, U S

weoav@n4iappl i cati ons, foreign patents, forei gnPOACAN2008/000230
appl i cations and non-patent publications referred to

in this specification andip gsted in the Application
Dat a Sheet, are |ncorpora‘l‘e%ﬂg'ere| n by reference, in

t hbi A raethpd @PfydlmmEQHSm-BM@WE&EBVWSOZ@é@d @mceer in an
et al. (2002) Plasma Epstein-Barr virus DNA
lndm&bgla Exgugl di sease after radi ot heradgy for
unth) bbleimsng & wrieeisanzde ploar thedadivideals eidoma. J Nat |

308 Bl b ¥ ock gl RER cedlency ilne e SR

vi wheregethenmresence @$ dlph FBM getaiencea fIC th@omtrleb yample ghdigates that the
[ d| at terV| rol oqy: 36(2):91-8. D ckens,
mdm@%\ %‘%?Pévad%l EBY %SSO%Etegéﬁ‘géré? OW et al. (1992)

Epste| n-Barr virus DNA in nasopharyngeal carci nomas

A hRBS0 BT ET G i Bes i B ol
CJ () extestting peatlekesi®oasthe Drihd gangﬁe;orre of
Eg t2§ @pﬁ&%r.r ‘Eﬂe{_ ' a%%g#%cfwc‘fe}gaﬂg gé’gue%e (gléllgtg% Se)):;’tracted nucleic
acidsﬁﬁg@@ﬁmgjant itati ve analysis of circulating cell-free
tein-Barr_viru %5% DNA Ie els jn patients with
ER0S g5t amyﬁﬁ Spg;}ars apeleic aid spqyenshmt ol
11I (1):239-46. Lo, YMD, Chan, ATC, Chan, LYS Leung,
et al. (2000). Mol ecul.ar prognostl cation
na%oia Fippdatcoerting i fdaiBy Lowhen dei E%Va%?aw%qe@ nggleic acid is
DNACircul ating Epstein-Barr virus DNA. Cancer Res;
60(24):6878-81. Lo, YMD, Chan, LYS, Lo, KW Leung, SF,
et al. (1999) Quantitative anal ysis of cell-free
Epg! ?h@ “hahéd \ébédfamg% Claif &S Whefin RRY F@V %sé@cfakbd nucleic acid
nasopharyngeal carcinona. Cancer Res;59(6)
sequenes, is YRy e at lgwst oxg fragrientpithe BQmHIéN rggion pﬁﬁ'@;@BV genome.
Crculating Epstel n-Barr virus DNA in the serum of
patients with gastric carcinoma. Cin Cancer Res;7(7):
18567k GeihioNBctordingniet Gladn fdo whereiy thesatdeast oae fragment 1s less than
180m'1:'ﬁ§3t%eg.' Barr virus (EBV)-associ ated cancer in an

6. The method according to Claim 1, further comprising the step of analyzing
whether an EBV genome fragment of more than 180 nucleotides is present in the urine sample,
wherein the presence of an EBV genome fragment of more than 180 nucleotides in the urine

sample indicates that the individual is not suffering from an EBV-associated cancer.

7. The method according to Claim 1, wherein two fragments of the BamHI-W region
are quantified in step (b), wherein the two fragments are of different sizes and both are less
than 180 nucleotides, and wherein substantially equal levels of the two fragments in the urine

sample indicates that the individual is not suffering from an EBV-associated cancer.

8. The method according to Claim 1, wherein a polymerase chain reaction (PCR)
assay, a reverse transcriptase polymerase chain reaction (RT-PCR) assay, a real-time
quantitative polymerase chain reaction (Q-PCR) assay, or a real-time quantitative reverse

transcriptase polymerase chain reaction (Q-RT-PCR) assay is performed in step (b).
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i ndi vi dual conprising: (a) obtaining a urine sanple

fromthe individual; and (b) detecting an EBV
W98/¢04at2ed nucl ei ¢ aci d sequence in the uri nePESEANI088/000230
~wherein the presence of the EBV sequence in the urine

sanpl e indicates that the individual is suffering from

an EBV-associ ated cancer. 2. The nethod according to

Cl @i NTHe méinol Qicdfbréffn% Ro (Ninf @ WHdr&if % paimb ) priniérs a6¢d ROthe PCR or
nucleic acid fromthe urine sanp

le; (b2) anplifyin
QPCR fisagste 380ef AOBHUNREPE SOy BESESTENLR NPoaHSER D NO. 2
and SE@IDagd e aSESIID ROI 4 sanpl e; and (b3) detecting the
anplified EBV associ ated nucleic acid sequence. 3. The
met hod according to Claim1, wherein the EBV
asfp iR trdny %c%hﬁn%?d g}]a'irﬁ DWheretn 2 épc?oerﬂ%@ @fthe dQ-PCR assay has

according to alm erei'n the \/ associ ate
a DNA srquenee foYRQ Sodidrcer SEQIPNQ&d from at | east one
fragnent of the BanmHl -Wregion of the EBV genone. 5.
The nethod according to Claim4, wherein the at | east
onkl. f Flzegmethod scdoading tthaplafi80l, wledreint thd B Veassaiged cancer is a

' Cl aj ; Lt her .S}

nasop i GRH AL TPEh e bt ol 15 R Plac R b roma) or a
gastrim@r@nemnan 180 nucl eotides is present in the urine

sanpl e, wherein the presence of an EBV genone fragnent

of nore than 180 nucl eotides in the urine sanple

| NH3.cAt esethdihit fot hgropmebis/icduah EBVrwkocatéd edanner fiti o aindividual

EBV- associ ated cancer. 7. The nmethod according to
COMPIME'Mm 1, wherein two fragnments of the BanH - Wregi on

ar@) q?nagﬁrggf 4 afiné ﬁhnqile&oﬁbt(}jle éﬂﬂiﬁiﬂﬁﬂnar}me t\/\ﬁ fraggents

ar Lffer si ze n oth.are | ess an 1

B erering EHY aieiis IR poif Sraenge Bbe pipe gl

t hehérata fHeafidBdics dMthkMEBVT afR6cis@amlueldindtidaésy@eiddain the urine

the.individual is _no%i chggf)eri ng. from an EBV-associ at ed
sample ypicafes agpoor REpghatih SHtha Aty @riegialed Censitm 1, wherein a

pol ymerase chain reaction (PCR) assay, a reverse

transcri ptase pol ynerase chain reaction (RT-PCR). .
askhylhegmethad agcordling fq felaig d 2, whersin, therneoe peegiopis comprises low

likelihb8@6F bRiall QPR o8 gRYecufen@ O MeibdiPRIUgUant i tative
reverse transcri pt ase poI yner ase chai n reaction

(Q RT-PCR) assay is performed in step (b).9. The
me{ ) qqle%ﬁtg{)% %ERlcg)g?iﬁg% 1B 12, WREEh & ERY} hssBEiaRli dRleRe acid is

used int
DNA.

15. The method according to Claim 12, wherein step (b) comprises:

(b1) extracting nucleic acid from the urine sample;

(b2) amplifying the EBV associated nucleic acid sequence from the extracted nucleic
acid; and

(b3) detecting the amplified EBV associated nucleic acid sequence.

16. The method according to Claim 12, wherein the EBV associated nucleic acid

sequence is derived from at least one fragment of the BamHI-W region of the EBV genome.

17. The method according to Claim 16, wherein the at least one fragment is less than
180 nucleotides.
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Q PCR assay are selected fromthe group consisting of
NO. 1 and SEQ ID NO 2; and SEQ ID
WOZ@E%JI“ 2NO. 4. 10. The method according to g@a(ljljfnc@gs/ooozso
wherein a probe used in the Q PCR assay has a DNA

i:?% %%:%g%Ptg i'é%go'r@g&@') gﬁa&}ong} Z?\I/Eﬁleelrrééi)ln r%qi%mé‘r]a'se érllﬁa?n reaction (PCR)

assay,EB\kessise ciratsedptase potymaase ohksn preactyomg €RT-RER Ciasayp a real-time

( NPC) natural -.killer-ce homa .| ympho . or
auanstgyE) popRRist Aitureeiod AGRERTA Fop 1D HFS RESGRALTE roverse
transcEEpMsapclomicttise dhain Feetion (Q-RT-POR) wisdy il pecformped &1 step (b)A)

obtaining a urine sanple fromthe individual; and (b)

detecting an EBV associ ated nucleic acid sequence in

t h@.%e{tﬁgtﬁ@d‘ﬂ}:@rdﬂ&@&b aﬂ'lﬁhﬂ g \ﬁllidi‘_éiﬁrtf iPbf pﬁﬁleﬁa}ée? in the PCR,
. ASS e n el C acCl sequenc I n e urine sanpl e
RT-PER Rk or O REGCR avwinass legfeq Kem ERR/SHUR sepsisting of SEQ ID NO.
1 and SBQCEY NO13; anthSEQEDNOT. REkPSEOND NO. £ ai m 12, wherein

t he poor prognosis conprises low |likelihood of overal
survival or high recurrence for the individual. 14.

Thep meih A A Rkdife 19 (Fhidl T8 1 wheldheaChidbt NBeERY the Q-PCR or
I d DNA. 15. The net hod

assocl ated nucleic acid 1s .
Q-RTHEZbrwry ot DY peduence afipEQII) NQ. Spor(BQ H3 AP Pses:
(bl') extracting nucleic acid fromthe urine sanple;
(b2) anmplifying the EBV associ ated nucleic acid )
sefucHeenfcthng adserding tadilaich Adcwhersim thed EBYhapsoeigled cancer is a

' . ichi ed K CLAat | eGrrac
nasopfiEyfEl MrinETRIC), BOnRE AARRRER, Sihear 5K AFhioms) or o
gastnogreeiaomat he EBV associ ated nucl ei c acid sequence is

derived fromat |east one fragnent of the BanH -W

regi on of the EBV genone. 17. The nmethod according to
Cl 28. A fisthodifer monitorives @t EB ¥eassootated Eanagnmaran individaskcomprising:

th 30.nucl-eotides.18. .The .neth ccording to. Claim
1200 PR SRRt A8 i B TRM AL ABRRRRRAT phEuHM |
r efbg rdetecting randfor pivasefying umEBM essdeddted nedeici aid sequence in the
. S(Caflgj-lPCR) assay, a real-tine quantitative pol ynerase
unne 'H> r eact i on (QPCR), or areal-time quantitative
r ewBers® the presence or an increased level of the EBV associated nucleic acid

sequence in the urine samples indicates the progression of the EBV-associated cancer, and the
absence or a decreased level of the EBV associated nucleic acid sequence in the urine samples

indicates the regression of the EBV-associated cancer.

23. The method according to Claim 22 wherein step (b) comprises:

(b1) extracting nucleic acid from the urine sample;

(b2) amplifying the EBV associated nucleic acid sequence from the extracted nucleic
acid; and

(b3) detecting and/or quantifying the amplified EBV associated nucleic acid

sequence.

24. The method according to Claim 22, wherein step (a) is performed during the
treatment of the EBV-associated cancer, and the absence or a decreased level of the EBV
associated nucleic acid sequence in the urine samples indicates the effectiveness of the
treatment.
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transcri ptase pol ynerase chain reaction (Q RT-PCR
assay is perfornmed in step (b). 19. The net hod

WY IWIRg to Caim 18, wherein a pair of pri mGRECNNEH000230
in the PCR, RT-PCR, Q PCR or Q RT-PCR assay are

selected fromthe_ group _consisting Q ID NO 1 an

SE&- 1The N’e‘ft{‘%? a%ﬁ?adi%E@ Cisimc22, hen @E& f@@p%ed 2@91690 acid is
DNA.The nethod according to Claim18, wherein a probe used

in the QPCR or QRT-PCR assay has a DNA sequence of

SEQID NO. 5 or SEQ ID NO 6. 21. The nethod according

t 0] BleMdBiod UeeERidE TN€1RV2SAReARE FFAN G8doclafednycleic acid
nasopharyn carcinoma (NPC), a natural-killer-cell

eal

sequewmgmﬂﬁexa%ﬂ@asymﬁsme%p hedmytl- W regioni o sheEBYgenpme.

nmet hod for nonitoring an EBV-associ ated cancer in an

i ndi vi dual conprising: (a) obtaining urine sanples

f r Tk endthefl sdcarding tot Chiirhi 265 wherein tge aplsiasttone feagthepbis less than
180nﬁ5%§§$§n9 and/ or quantifying an EBV associ ated nucl eic

acli d sequence in the urine sanples; wherein the

presence or an increased |evel of the EBV associ ated

nu, Lc acid,sequen Q.1 ULyl | es indicates..

e BB Rabe BFRRERe it 2 DPSe AR i ERon PR
assay,absenemse oramcigtasee pobandraseebhaihh fchetidiBYREASCR) atad, a real-time

nucleic acid seguence. in ri ne sanpl es..i ndi cat.es.
auantfife el Batc, FEGH SPidionnpt BORI -GS 3 ChrabHE 3Rk RTve roverse
transcriptakosblageakelchitgn teacidb(QRRIZPER P ashy isiceforfuibd in step (b).

conprises: (bl) extracting nucleic acid fromthe urine

sanple; (b2) anplifying the EBV associated nucleic

ackgl THrahehee atddinghe Glahi 28;tviibréiucd pdi€ ofptishersadd in the PCR,

3 ecti /or quantifyi the anplifi.ed EBV
RT-PCRAGHCR GO EEY oty drSiripres O AhE iR chunifuee of SEQ D NO,
1 and 8EQADINQI2{ sHdJED M. 3ReT SEQ IDN¢D. 4.2) is perfornmed

during the treatnent of the EBV-associ ated cancer, and

t he absence or a decreased |level of the EBV associ at ed

nugd efife ARIHDISEIBRNRE tb TTIHRE 28! WherchR MPhRbe IvREd GAHURS Q-PCR or
e effectiveness of the treatnent.25. The nethod

t h
Q-RTF dorrnas DV Ansaguonce ofpEQRI NG S aEQER HNQ.4t ed

nucleic acid i s DNA.

31. The method according to Claim 22, wherein the EBV-associated cancer is a
naso eal carcinoma , a mnatural-killer-ce oma - oma) or a
pharyngeal i (NPC) 1-kill 11 lymph (NK-lymphoma)

gastric carcinoma.

32. A kit for diagnosis or prognosis of an EBV-associated cancer in an individual
comprising:

a) a first unit for extracting nucleic acid from a urine sample from the individual; and

b) a second unit for detecting an EBV associated nucleic acid sequence in the
extracted nucleic acid, wherein the second unit comprises at least one pair of primers for

amplifying at least one fragment of the BamHI-W region of the EBV genome.
33. The kit according to Claim 32, wherein the EBV associated nucleic acid is DNA.

34. The kit according to Claim 32, wherein at least one fragment of the BamHI-W

region of the EBV genome is less than 180 nucleotides.
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26. The nethod according to Caim22, wherein the EBV
associ ated nucl eic acid sequence conprises at | east

WS AHAPhent of the BanHl - Wregi on of the EBW&ENINES/000230
27. The nethod according to Claim 26, wherein the at

l e one fragment is Jess than, 180 nycl eoti des. 28.
THD: (RO AR 9 dflalan SHapiipisy figreep PEISE §oteqied fom the
group b@igting@ISHQPID NBR) akb SBY, IDANOS L EAFESEQAMSKO. BtadSEQ ID NO.
pol ymerase chain reaction (RT- PCRS assay, a real-tine
4. quantitative polynmerase chain reaction (Q PCR) assay,
or areal-tinme quantitative reverse transcriptase
pol ynerase chain reaction (Q RT-PCR) assay is i
pe?ré/ dbak apeprdingjo (Him 32 whergin he s5eenchenbfuthsgcqraprises a probe
havinggl BNR @gﬂéa%rf@mqﬁ) R&).'s RfsHY iRIGeused in the PCR
T- PCR, PCR or RT- PCR assay are selected fromthe
group consisting of SEQID NO. 1 and SEQ ID NO. 2; and

aE’? ) :lge?l? atcgo%'q% ﬁ%&?&% arein a p?%;glgg g?teeg’g? rflort %béalmng a urine
samplerP@RndndiQidREl. PCR assay has a DNA sequence of SEQ I D

NO. 5 or SEQID NO 6. 31. The nmethod according to

Cl aim 22, wherein the EBV-associ ated cancer is a

na¥opHaw Wity eadordiag cton éitsin{ NRC)wheseinather EBVicadsbeiptedetdncer is a

K-1yr ) | G..C I no
nasopliaH AR Ratelonky (PR s RE O By BB SIE Bcdiggpcin) or o
gastricocmn@roma.n an i ndi vidual conprising: a) a first unit

for extracting nucleic acid froma urine sanple from

the individual; and b) a second unit for detecting an

EB. askio forataitonng lar iEB\aassdcimtedwande in an ididvidud] cambesing:

nucgl ei.c i d,. -wherein the second . unit. ri ses at

| 1 PR, 8F s s o Xirap B Hiclpe i oy 4 e femplg from the
individuag@nt of the BwH -Wregi on of the EBV genone. 33.

The Ki ccordi n o Claim32,. wherein the. EBV .

235 Pl creame Seite R ebigsing S0 or ity B s gssociated

nucleié Qci@'séc{%éh@@i,n thé ek RadleBhudl@@ aéid OWRerbaBEB&on@ funitRemprises at least
BanHl - Wregi on of .the EBV genone is |ess than_ 180,

e 0]
one paifal RERFLY ARpliFying ilpash ede fragmenttaf the BrmtEoW sRRiopaf the EBV
genondeNe pair of primers selected fromthe group consisting
of SEQID NO 1 and SEQID NO. 2; and SEQ ID NO 3 and
SEQ ID NO. 4. 36. The kit according to Caim 32,

WY, €48 kithecct@m@ne ciitht 39, WHeRES tHe UV 28831 REC acid is DNA.

41. The kit according to Claim 39, wherein at least one fragment of the BamHI-W
region of the EBV genome is less than 180 nucleotides.

42. The kit according to Claim 39, wherein the at least one pair of primers are
selected from the group consisting of SEQ ID NO. 1 and SEQ ID NO. 2; and SEQ ID NO. 3
and SEQ ID NO. 4.

43. The kit according to Claim 39, wherein the second unit further comprises a probe
having a DNA sequence of SEQ ID NO. 5 or SEQ ID NO.6.

44. The kit according to Claim 39, further comprising a device for obtaining a urine

sample from an individual.
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havi ng a DNA sequence of SEQ ID NO 5 or SEQ I D NO 6.
37. The kit according to Caim 32, further conprising

wa 20@vioee2f or obtai ning a urine sanple from anPCT/CN2008/000230
i ndividual. 38. The kit according to Caim 32, wherein

th -associ ated canger i s a nasopharyngeal | .
ca %Fﬁgﬁglﬂf ﬁf—"@rfimg at-ufEl -3§'r |Whsreig efhe %? Rejpgiated cancer is a
nasophidageatacoiymo r(NPYAS! hhtbrat Rl oM Blymplomd (K- {Rbhoma) or a
.monitoring an EBV-associ ated cancer in an individua
BastriG GRENOWANS: a) a plurality of first units for
extracting nucleic acid froma urine sanple fromthe
i ndividual; and b) a plurality of second units for
detecting and/ or quantifying an EBV associ ated nucleic
acid sequence in the extracted nucleic acid, wherein
the second unit conprises at | east one pair of priners
for anplifying at |east one fragnent of the BanHl -W
regi on of the EBV genonme. 40. The kit according to
G aim 39, wherein the EBV associated nucleic acid is
DNA. 41. The kit according to Caim 39, wherein at
| east one fragnent of the anHl -Wregion of the EBV
genone is |less than 180 nucl eotides. 42. The kit
according to Claim39, wherein the at |east one pair
of prinmers are selected fromthe group consisting of
SEQ DD NO. 1 and SEQ ID NO 2; and SEQ ID NO. 3 and
SEQ ID NO. 4. 43. The kit according to Caim 39,
wherein the second unit further conprises a probe
havi ng aDNA sequence of SEQ ID NO. 5 or SEQ I D NO 6.
44. The kit according to Caim 39, further conprising
a device for obtaining a urine sanple from an
i ndi vi dual . 45. The kit according to Caim 39, wherein
t he EBV associ ated cancer is a nasopharyngea
carcinoma (NPC), a natural-killer-cell |ynphona
(NK-1 ynphoma) or a gastric carci noma
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