WD 2008/ 104122PCT/ CN2008/ 000230 METHODS AND KI TS FOR DI AGNOSI S, PROGNOCSI S
OR MONI TORI NG OF EPSTEIN- BARR VI RUS ( EBV) - ASSOCI ATED CANCER FI ELD OF THE
| NVENTI ON The present invention generally relates to nethods and
kKits for i ' prognosis or nonitoring of a cancer in an individual
by det ect‘?ﬁ%g%?\ly%% quanti fying tunor-associ at ed DNA sBgl/ENWE0008 o
specifically, this invention relates to nethods and kits for diagnosis,
prognosi s or MATHGDE AND ETTaFORNBIAGNOBES, PROGNESIEBR)MasEoORANEedT ancer

by detecting and/ i Ly i rine. 10
BACKGROUND OF THﬁﬁﬁéﬁ%&ﬁ%@%@%@Wﬁ@@%& i s a ubiquitous
human her pesvirus that was first discovered in association wth the
African formof Burldtt's |y ._Subsequently, EBV infection is

al so found to be strongly &sgel AEPMENEOM har yngeal car ci noma ( NPC) .
155 It has BRepsRaWN sl oLAe.IEBY 880 TRt A8 @@tf@p&iggmgza, ﬁo@&ﬁs al |
NPC tissues collected in Séuthern China (then et al., Intenirolog,y.

36( 2) 0o m@itonon ey & cpiask éthen andivival by datdciinpandior quan§fiilg BOBTAs{OLeR) ) .

Consi te. M t , : n hat .. EBV n be
det ecf‘%ﬁ isﬁéﬁ%e%e Sio azﬁﬁﬂ%?ﬁu éig'g/b %&lﬁ%\%’gﬁ :glg%ts 3‘3 E‘%ﬁgﬁ}a@@iﬁ% %‘F cﬁ%o% 1%’y

subj egtrognasis ar mogioringvesian GpsieenBaa viren{HBO-eso@dted cAtaadordeReting and/or
59(6):118£ 913%%%%9%1\1) 20 Mor.eover, the level of plasma EBV DNA, neasured
ei t he BEFYFE ePTa} SCABES IR 60( 24) : 6878-81 (2000) ) or after
treatment (Chan et al, J Natl Cancer Inst. 94(21):1614-9 (2002)), is

val uabl e for predicting e overall and disease-free survival. Simlarly,
circulating FBV DNA i s ZfE&GRQAIND QR THIINVIR on and nonitoring of

ot her EBV- aE%sﬂéih%*a%’viﬁ%' (Emgri@a 8Biquil Al HEHATRESes i ERROWRs GhLlisBivedls » Br |
Haematol . 111(1):239-46 (2000) ) and 25gastric carcinoma (Lo et al., din
Cancefll Respciafiory \wiflgdge P\ifiogp 19rmy of Burkitt's Aymplsueh (Bh). sSyhiseanently.eEBVi s

usef ulk - ' a4 S i L rocedur e,
ot T e Bst RSt SR gl aitillod 514R nhithAlyifiel odbiblpop DR ancl or
qaant i fi cat Itdwas bferstiomn EBRMhaJIC iganeue pucheiicteeted th sienpaert B tssaeur i ne

sanpl I S _usgs thereq ve .not b di sc d.n the, art

Accor PUBRAE Soutal E8a CRETRL . BRI Sl 3T HS0P0 it & &

\o/l\ie agnﬁ&ﬁngqtmﬂ.lo@qﬁm?,-z ﬁmﬁ?@t : . o "sm]:z iwith mfesdflﬁlk:m? m’Eaaé ?émﬁﬁéﬂwdsmgtSUNmRY
su g i nd that e circu n -free Epstein-Barr virus

( EBV) %ﬁi\f}h c%%é% gf”fﬁffggdﬁl, s, plagmy ﬁ@%%'ag%@fcme% bag?’él@t@@ of Retifhe as a

t unor sifédte it bonudiPlowddedicbafatidh (EBVetasis QCAREE R {84 d(GPRIFBLES(1999) ).

According to a first aspect, there is provided an Epstein-Barr virus (EBVY)

288 oc MArERY R [RF Ml 98 PiFsTRJERY, deNAomegsEed sitherrhefaredLe ot abi Gamss Resor
Progngaie).647sa8) EBYES S F AL HoSRIREEICHA AT Raba ég&'er P es2s 11 fg1g.gmet hod

conprises detecting the EBV associated nucleic acid sequence I'n an urine
sanpl E082))1 Healuabievipriprericting Sreedvisrallhandpiiessenec afrvivile SEBlryequedais n t he

uri negRTRLea | Rdigat h €L 004 Vi |, ] Uf feri f :
EBV- a]szgoci ét@%dﬂc%‘geﬁﬁ%r%g %gogét%?fgén%%?én ol?to?ﬁ% %B?/{Lg%s%%maag%am%eéincer,
and swizbgiEBvics Ssoeiaatpdd Ipmph@nt (It edals Byuciaendtel. hi (hl38-4h@00080and

nycl eot i des. . I ne enbodi 5 r nt di sclosure provides a
%t ho o‘%“aﬁlﬁ%gr°set&‘?’ QH“E%%%&QZ%&I&%%@Q@% n an individual. The
met hod conpAlisegh thia)pl@Biaaiesti 0 @sefulUfor Be: Sasiiot df NI bdBisi eiafivelyaksk and

(b) dgt ecti ng an . EBVY associ at.ed nucl ei c aci d, sequence in_the urine sanple,
ee procedure, it still causes pain and anmxiety mn patienis. However, detection and/or

ha el atf

quantification of short EBV associated mucleic acid sequences in a urine sample, as well as
uses thereof, have not been disclesed mn the art. Accordingly, there is a need for develop an

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

SUMMARY
We surprisingly find that the circulating celi-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
35  EBV-associated malighancies.



wherein the presence of the EBV associated nucleic acid sequence in the
urine sanple indicates that the individual is suffering from an

EBV- associ at ed cancer. I n one enbodi nent, the present disclosure
provi des a nmethod for prognosis of an EBV-associ ated cancer in an
i ndi vi dual . The net hod conpri ses: (a) obtaining a urine sanple from

t he indi vi dualAccatihg to a(fyst depeest thage @n pERibeds 50 dpakiadBanucingl ol d
sequence in {[ he %r.i nedsan?I €. wher.ei n thg 1;tgr sence of the EBV associated
nucl ei ¢ “SOFAeL SYdan A8 SHUPHE o ¥hd" Sampied Phiipearser Brogusl PrBdidsi s of
t he EBV-agssiaeil aired it anidividual, wherein Aeondtitbdngmpiise@ dStanthe EBFestaciatddere i s
provi ded an Epstein-Barr vi.rus B\). assocj ated nucl el c aci e nce for
use in a u?rl%f: ﬁlgl O Fohit Sp?ensgfm;or% ‘%‘:%{}e 5’21%‘*@1%61?’ gee 31?1‘30@?53{1% %ﬁgq j%‘Illg?vi dual ,
wher ei n stdvenagst tedirioo spipicsdicaet thatthnipdiailddlas suffadng fréry ian R RaskBMied
associ at ' I d. RRE ad iyl 0 I t he .individugl, said
EBV assggllgglp §§£ ﬁ‘t"g P%%oqu)?g}éseq G%Sﬁ%céalfleidscaﬁcgls’ %"Drgrjsglt %\asf%cﬁateﬁl uer Iglgtaflges;
wher ei n sedvenqgisswenuethar 188musleptidesased | evel of the EBV associ ated nucleic
aci d sequencey, ..t i Walell -1 h Loaression of .the
EBVassoci at edmcghrlecéé&??ﬂ{aﬂrl\%%ttﬁégma%%%z rd]i:sgﬂ %lﬁgé% é(%:eF’ gggeéh %5% g%ofS]Stqﬁém EBV
associ atiV-nssotieicd cackedinsadudndeaal. Thé methud corepdsappl es i ndi cates the
regr essi on Of(j’égs@%&%‘%ﬁ%&iﬂ%ﬁ) d (%g Cefeiéﬁii""r?ﬂﬁ]ff“&irl n one enbodi nent, the
present disclgsure’ frofTe ing an EBV-associ ated
cancer 1n an (Uf')@bﬁébtﬂigadn;Eﬁ-‘hﬁss@'@ﬁaf&ﬁ%u@l@%’&id%@&dencc in the urine safhpldbt @i ni ng
urine sanples fromthe individual at different tine points; and
(b) t ﬁet ect | ngWQPFGjﬂothe qcﬁamqequi%li&ﬁ{ @Bﬁp&igﬂg@e@qlm @Qldrﬁ@tqlle@ﬁ_tlra&iedmgqluencle
in e ULl hRe iR L 1 i.ncreased | eve
of the EB\ﬂgsuzom asﬁgzgﬂheu%?lglldg aacig(:ﬁfg}\%’srglﬁuencgIli ?%W%gocggrt?(ﬁ%ng%hpl es indicates
Ej he progressi ﬂnm;eﬁuﬁéinggg{mlmsﬁnaﬂhglosmmfm)!videam_ch(;etﬂmé faﬂ}&egtﬁ_eisoif ﬁﬁ. .
ecreas evel. o e . .assQqci nuclei c aci d sequence in e urine
sanpl ejs%%ndfl%gg‘fl t_§d f’ﬂ‘é’errlgg"Pé‘%cEY@Halgﬁet Wgt%%‘é?ﬁ'_ﬁ%r%%i ated cancer. I'n
a speci fic enpydbtamite DiridehampRt Raf 1findidRuE: &¢d osure, step (a) is
performed duri n% the tinme course of a treatnment for the EBV-associ ated
cancer, and t {3 dateetingae BV assgelated ageldiclagidsequsnog indheminesssnipls at ed nucl ei ¢
aci d sequenceyhfeihfe Yid st eav ndi G f i e t he
treatment. © I%Bprse grred e%igﬂo |Jr)r°gﬁ%(§ﬁ% Q?ﬁglhpsrg s%%‘fd?%éﬁogur e, the
met hods sangle indiaates atpoveprogndsiserf thoBEBViaseodidie! @hep. of anal yzi ng t he size of
t he EBV associated nucleic acid s ence in the urine, | es i mnate
false posi t1 vACtRuRg 16 o sotnad e pa T R pPugtl el b Gindfimur et Aci d
sequenc essogdietiedicand sauergt fortubd in@dndtivd tibrendilibritg 28 EBW-Bsochiay ciRbr ike

derived fromth ircul ati EBV associ at ed nucl ei.c .acid agnents and i s
ol at v AR ksl thé ol GaierfSs ey SR o PRV
di scl osuowdsic tdid s&Bvhcass moina seblesuc di dndinddudl, seig UEBN assdased ntbde atidve i s

deri ved I f.ra of BanHl W r eqi. on of EBV
genons. R Roe RSB ool SRERh of pri e SER BT ARl 1A

f r agmenesseniatedhruckRiAacid sequancd pt the girine ssmplésandidBS thel plogetsiches, the EBV-

Accor dl Rodifecodnl! thaAfie Gfidence ] Bechcisdl1BW) 8P ey bshBluehAAAOLE OF
prognosi s of an EBV-associ ated cancer or nonitoring an -assocl at ed
cancer $equepge int wing sagiples gidisaies the geereggionpofitherBRV-apngotatddgancet r act i ng nucl ei ¢
acid froma [ ] I iqndi vi ” ad -unit for
detecting an /odr]ll%(fﬁlg)ntl §/I|{’ng gltr?g%é\(}%giso\é%rg%ﬁ%@%&%ﬁ?@fggﬁ%@%g‘%%ce in

t he ext EB¥tasdoanated eincerdu aal indiiduadi Thetthethedkommputisani t conpri ses at | east one
pair of prinmers for anplifying at | east one fragnment of the BanH -Wregion
of the EBV genone, and said at | east one fragnent of the BarnBl-Wregion
of the EBV genone is |l ess than 180 nucl eotides. In one enbodi ment, the
present disclosure provides a kit for diagnosis or prognosis of an

EBV- associ ated cancer in an individual. The kit conprises: a) a
first unit for extracting nucleic acid froma urine sanple fromthe
i ndi vi dual ; and b) a second unit for detecting an EBV associ at ed

nucl ei ¢ acid sequence in the extract2d nucleic acid, wherein the second
unit conprises at |l east one pair of prinmers for anplifying at |east one
fragnent of the BanH -Wregi on of the EBV genone.



I n one enbodi nent, the present disclosure provides a kit for nonitoring an

EBV- associ ated cancer in an individual. The kit conprises: a) a
plurality of first units for extracting a nucleic acid froma urine sanple
fromthe individual; and b) a plurality of second units for

detecting and/ or quantifying an EBV associ ated nucl eic acid sequence in
the extract ed(d)wbladiing s&mecimnmemm”thé elivaeD arditeieht @AEPsiheesmaat | east one
pair of prinmers for anplify at | east _one fragnment of the BamH -Wregion
of the EBV gekRjistecting andforlqwalaﬁfémlsraéfl?é?r\f SEFogitsE A figlacid 5eusace e or di ng
to the prpseRhpid sclosure further conprises a device for obtaining a urine
sanple from an i ndi vi dual . In sone enbodi nents of the present

di scl osure, théelﬁwhasps@emcat@chnnmeﬂeeﬂed legil @f thesEB V resbcidtolmiclac BNA. | n

ot her enhodi msnt ments of the
ot esent SRR s vrbrSrB indigiseabe arodiee T IS ERY ST e

car ci normad (LH‘dH(B)senca of atdgtradsell ildvebof helHB V mpbiam nﬁMEG-ahmrmqlﬁnﬁaa irOthe &
gastric carcinons, re preferred errbodl nents, the EBV-associ ated
cancer (UEing s B%HQWﬁgg‘ reggession o6 the E Vassoc‘am&é‘?ﬁeéges of the present

di scl osure W k] 5 RGC AR RUENAR BRERhethOd QﬁﬁleQﬁscﬁfsﬁiﬂe”?rE Bk bérfdrﬂm&lhe art
fromthe follow ng description of the preferred nts of the present
di scl osuieng thettinkasparsseé a tishiownt @mﬁlec@ﬁﬁmmtddwam Eéiﬁ thd dbggriceat ton.
BRI EF I the ma EBV
oRA conarer e g Tk VA puglsicariRt ot TEQPE bR FrPG or ur ne
EBV DNA;inditues the effectlﬁrgstrcﬁ’tﬁe sbomentcor rel ati on between the pI asma EBV DNA

and the urine, EBV.DNA | s in_NPC w th detectabl ri ne EBV
DNA, in whi ch %r)fferrﬁﬁsmﬁ?f}e W@ersf/tw&%%@&iq% th meethgds M%‘%ﬂei n

copi es/ ot difiphSe Msbhlof izl e FERVoPHR EONCERLEALIQNBICR! SigxPr essed
in copies/mmol of creatinine in the urine. DETAILED DESCRI PTI ON OF THE

| NVENT| Sriuengceisisthel srineamplesieralimieate flse pasitiviai coses. hlrﬂiemqaeenft theilBY er ns
used hergj e / 2 nj myonl y
under st 008 Q%{;a\éﬁﬁ%{rlsaghdvigﬂg%gg 8 919&%% %I%;TII ‘ﬁ}‘% 88%19%1 ﬁ%ﬂeﬁ%ﬁl olll'lm bel ongs.
As descibk biedvabibua,thd biecuteing didV afsotiaedpiuekanicid fmgﬁént@md:arrehavdﬁed to

di agnose_or prognosticate an EBV-associated cancer, such as nasopharyngeal
car ci nond? ‘(tNPC) In these nethods, a urine sanple is first obtained from

an i ndi vi dual mepdfeiie eﬂl@bﬁﬁfeh@,rbf@wﬁﬁgen% didRRlrk fthe BBVOs s@fiatdd niRMc DNA
sequence in the urine sanple is then performed. A nmet hod for

noni t or i2fig seapepedesedsdiahpveds damvasfrom apleasteae PNAuEpsment of g AHrdEl osed.

The net f .(a) |-e

i ndi vi dtﬁﬁﬁeéeﬁgkfﬁefﬁgﬁ géf?lﬁrr?g %.oflﬁnl%%’t)t(ﬁégh? &%M@Etﬁ%g%f ﬁg;eré)[mﬁuantl fying
an EBV IDMA@guemtmetherRNheraumrlpelsslwmﬂlemslSOAnudlletbticE:Bence in the |evels of

t he EBV DNA s uence.in es. I.s used.as an 10 indication of

t he devel opre ("05?1"5 fed g%%eaéggc&r}ﬁg?éﬁ oXjied o k“lfiﬁrrdweg}?%ﬁ’rsp?ré’mgf‘?fég ¥EBsence or
an i ncr esyedsdcianee kamoér o henitdig Mva&mamecanaerﬁm mt[ma@l SRS al}ﬁ.ldl cates

the pro f the EBY-associat.ed c er, ence a

T oo BT PRl B iy Sk AR RO B AR e o Ty M B DS erarba es t ne

r egr essifodetedting hsl/dBvamtfsecindiBAtassizcdmucldib bdd saqidnodinitle qaaddddeutiac | y

useful for
acid,

EBV- associ’a
fragment of the BamHI-W region of the EBV genome, and said at least one fragment of the

ege‘ians ik ':;lg:omr| t?mtego];n%ﬁéels \ételeas% {S)neolgalraoftp%%%rts or ampfh%fmg at least one

BamHI-W region of the EBV genome is less than 180 nucleotides.

In one embodiment, the present disclosure provides a kit for

2a



15cancer. Though the step of obtaining a urine sanple fromthe

i ndi vidual is included in the nethods descri bed above, it wll be
appreciated by those skilled in the art that this step is not necessary in
sone cases, in which the urine sanple has been obtained in advance, for
exanple, at a sanpling center. 20In preferred enbodi ments, the detection
or quantjfication of an . EB uence i.n the.uri e conprises the
ot e oI TR aRos A T BRRBIV PSS (ks e g g :%; OMRPRTG ¢ he EBV
DNA sequence #xafinst st pmawﬂe@n@mm@aedékpgyun@t Iaﬁuﬂoﬁvqmahtlfylng
t he anpbhaied EBV DNA sequence As used herein, the expression "an EBV DNA

sequence” ref = -\ genone
( Genbank accessi§ %%ng m@% ({9?1 and SER?&E IFhCE?‘{éE%H S%‘ﬂ%ﬁé:efﬁo °the
genome BREHERUS éctﬁ‘%‘ilww eFPIp e See nit ¢ QERIHREPTREEDIO8i ng t o
the pr egmpilf)ﬂmgﬂEMasmnecfmgpmn‘e@EthaBamHééft’ regh@ dflﬂaﬁgﬁﬁﬁtgemmt he BanHI - W
regi on of thenpFERY gRBOdMent NBe BrdtEAt WSISBOPrdSRY NRF &b nloRites

repeat i r| G e EBV genone as |scI osed in
Jones e{ﬁ} a\F gg;l’g‘f\'l‘Jﬁ%‘ilel cgl,s&m 1&&9*&@1@9&;@%0%@ 1983) is
under st ood th@)ta%lwaawgﬂéfr W@é‘é{ﬁﬁé@“\m llluctf'afs%cl ﬁrpwglmewemmecfm barri er
at a | owerindizideal; dildis, in order to increase the sensitivity of the

detecti on, th@) a’sf)lﬁf%h%f ofts*éé‘mﬁlq{rﬁ@tf&‘he@ééfn%&f‘cﬂﬁﬂ fg %ﬁ%@\ﬂh&%@m&t@dt he
present invent ze of th

P get BRACE R aHuh el PR R ket #ld SRR S ShoReSie 1S, e
bp. 35Adeagis@y paErodipAmerhor @Ephyiagg) lfcarsy prgyfragment ghiei fardllt Wosgion®lns t he
product it ERY gceMine2008/ 104122PCT/ CN2008/ 000230 addi ti onal copies of the
EBV DNA Sequeﬂh@e(j}{}gfe ed %Bgﬁlﬂehy t if é&grd?l'rtg toUfid s&l@ ld}ﬁgﬁglﬁ'é ?ul‘a‘l}?' In

reacti on or .ot | es we t he
bossi bl EOTBTISERARETSS rgﬁﬁgﬂ%gww Btk B RS ence 1o & | evel that
can be det ect bisobye esehedimagnteiof the present discloswol thg EBY. asseainted proddientiéd

enbodi mgsdcribéd iHee iTIVEAL Iddthertdighodinedhtd, 2)is RN@L step (3) are carried out by

real -ti nme qua tinme
quantitative %&gtn?et ?%%gg%b%dms Oﬁﬁle;ﬁ-g& iE HgEBQ{]gasgélgé?nuous
opt i cal SHSAT tdi RYOBRaryIHEa Fi‘fﬁF‘@g’é‘ Q-1 @ ﬁ’ BhGRg “In this
syst em lympladuh) ©i agastoc gangmiomaoin mnys préfecrad emhogmientsy @e FBSHaisnciated

convent icanet isRERsophativadal babpbed. fi uorogeni c hybridi zation probe is also

10 i ncl uded. (e, | Fj:;%@ro?%ﬁgggdes NE4RALUES (AP, BeebRRILOE bl LBM prand it

em ssi on spec
Dur i ng Pﬁl%naé&ﬁ]élﬂslpd}ﬁﬁ ik Ao Be Fh@?‘“ngﬁ’és%lput)% of thegyrglsty @‘éd“é’@’f“ﬁ?f ty of
Taq DNAtipgiryweer disdosnrethuidsve heenrsbpon ad déscobed thewgr aibysttshors el easing it
fromthe quencher and resulting in an increase in fluorescence. The
fluorescence is then ysec . 'on process and
determ ne the_anmount ¢ : is found
in our resear Eiguiehashoms dhe PJ?S@"HEP EAMC%@H@}%MQP%BWGW@NA in
urine. kothekldectabitityedfiurina&By DhNesend al se positive cases, the methods of

the present 'ﬁ ts %&w&ﬁ%oh%{vb&mﬂ faeﬁa@fsvamwaﬁmet&ee%w of the

EBV DNA in t urin I ments, the
anal yo P%Z% SiehandNES tienth o' ?fsgaﬁ%hﬁé’ PR 47 ST B 5
mor e  PCRBAS DA corrceirabiors as%egxemﬁb@ecmé% ofigene gl (Woths winediBY er ent

si zes.  BeCAUSReRTdtiONYSe chPids@aguentie/ pasbelcrédiinineghtteheinki dney barrier at
a | over rate, a much |ower concentration of the final anplification
product will be obtaj @Cyd es when | arger

anpl i cons are used. Dy e
Uniess defined otherw1se all technlcal and smentlﬁc terms used herein have the




25 assays targeting an EBV DNA sequence using anplicons of different sizes
(e.g., 59 bp and 76 bp) give simlar amounts of the final anplification
products, the EBV DNA sequence present in the urine may not cone fromthe
circul atiyg 25B8NedNA passed through the kidney bather. paiidif@lb2s Of these
cases renders the nethods of the present invention higher reliability for
t he di agnosis, prognosis or nonitoring of NPC and ot her EBV-associ at ed

mal i gnameniag comBOnKundemniavd bekpersoe sidhed wdhs/ashioavhiclythisiayeption itletdser an

EBV genone fragnen I n.180.0bp I R th ' e. As
a DNA fragrreﬁf () n{r’l%‘?%o?%a{:ﬁe %Eﬁm%spo?@e%ﬁsﬁt%ﬁﬁ{% p}s?susﬁggo(gg%l%%ﬂ ki dney
bat her prdghestiotie :arERY-afsoaintcER¥nge ok af hasgnemymgoil caonmomH@PDSD thpsd n t he

uri ne sanple can. be used.t xcl ude. the individ f tient. with an
AV R R R R R R A
congenfyhigitifiefidhdT ah EBVSPN A @qbench) #0084 S22 REMPYPRRR000230 di agnose,
prognosticate or npnitor. NPC and ot her EBV-associ ated. nnt%%{;a%%ifzes. It is
di scl osed i n/rpRRgsHREERpPiterRgM FBH-sstegiatad fapeer ikaingiyirakis are disclosr

bet weerht heti) siiprRdsttiiCotifa) BBl BN SHAHIR I ihORdividuaPat diffBreR asma
EBV DNA concentration %gﬂr? bfé{ra?]let er m ned béé/ uanti fying. ltvﬁlél uzr‘i ne IEBV DNA
concenfifmgmoss; arh ey defeeting andor gyanifying an 1Y RPHACsHIgnse Indhe srgstsagplespy DNA

sequenge gis Ltk Be mleS108: DEGRL FRRE DA %Eﬂ%&&vﬁ 0 i€ ARBRY il sl &SR for

di agnosi ng, prognosticating or nonitori NPC and ot her” EBV- associ at ed
mallp gnansiidadien of the develgpmoant of thy BBV aksocigted serner. iley exaninde the presepeegietice of

i oalTORea) P Wi B2 JAA Bgh R ol Pl ARG i BRcpSiR e 5 2

EBV- as steciBY essoccatdatmccAcadrtie ngsehee ¢ihedpraseiitvel nd drt EBY D Ascq@@npr esence

of an EBY DNA sequence..in urine sa an.i.ndi vi dugl, . can.al so be
o ed ol Hegbie SRR Scdes il ref s e EBV RS il il T BB 39, °F
predi cpirtibuiafly thefl ifdrehdsbaig of o¥etiatiecss of \4i trediment foe canr EBWessdotated he

~individual . When the |l evel of an FBI/ sequence in the urine of an
i nd?Pvi 8%Fwi t h an EBV-associ ated cancer is followed for a period of tine,

the trend of Thdvenldeyabp bebbeRfSs b Eind SubiflY FoaP ERThdiRItuAINE BARRENN the

Ceneral ly, an increased |level is an indication of the é]ggr_essi on of the

cancer meiods dessRbrdyboypdt Wil e apgirecigiedhy/thopttkalirddnthe fisRerigRoh) so be

used t QeRSHASH: shik€ chleh 66 WIENRS Srifd setndid BAWRBNSbhiREd hhavERY-BSsasim ed
cancer. The "absence or a decreased | evel of the EBV DNA sequence in the

uri ne Shagswlipg ceptgood i ndication of the effectiveness of the treatnent. :
20EBV DNA i s; . Ll ' i ?ﬁi‘?ﬁm f- j.ated _
nucl ei ¢ aci ?ﬁ%@ﬁg@%ﬁ@%ﬁgﬁ% ggﬁéﬁ%cgng&ro st<| |§f%h%§g;ft’@§%g@etaﬁir e are
ot her iny{hesrok sampleetorpaisesithe seny. of A ewiricting 2NA daww Gicatrsn: ssiotphe; KBV,

Accor di . i in-.e i h fo i j- nosi s
and ot e ingy Bsr EREUD R TERLREE Mol A SO, Ging LT MR a0
associ gty Athe splifias EBENIDEArsef@nce.encoded small RNA (EBER) in a urine
sanple of a 25 h n.sybject. . . ; present jnvention also f.eatures a
Tt or i aghbued T ot Fkession“an FRbG UM S38Ree L (G 1o & ot o TR

i nds vi Epﬂﬁ}l-B-Bﬁi ﬁg&gib(SEBwq @ﬁ&ﬁg%G&_)baﬁl%: Bédegﬁorumhﬁbér(xﬁm/ Paid @gi_cfﬁlﬂﬂﬁisfer om EBV
urine sanpl e;. an a.second unit_for detectin nd/ or quantifying an
DA < BB 1 Henne FUTA deBactius, InmEaIs (o S0 DOHTIES Sesoptina s a

| east @RGrBRhY in9bntidhi JMBIpEisdDall Rhst B! fdoticROoRihe | RAHI-WNReloh a@BOERY t he

BanHl - Wregi on of the FIRV genone. The present invention_also features a
kit fogerepisi (ldei Rgridir WEBORIn srefl altarin cisfiEe o jan repsatingd PorblidY . restHpiko; ¢t
conpri g R 18! deh¥m'as ik Rhed B Johed O'a) SXLERR AL RN 1f 13018 8034 | nE
sanpl e; an%)rt())? a%#urég%%ﬁ%lyasdf sec%ngf-un?'{s or dlgt ect?sng and/ or
quaht i §iBRg an EBV DNA sequence in the extracted DNA, wherein the second
unit conpri I f Lher sy f | fyi st one
Fragnent of T RePgePaE i RioRaL DIl bRty o8l AR L dthey Baffer w52

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.

35 . As used herein, the term “amplifying” or “amplification™ means the produciion of
4



6 WO 2008/ 104122PCT/ CN2008/ 000230 In preferred embodi nents, the
kits according to the present invention further conprise a device for
obtaining a urine sanple froman individual. If desired, the kits may al so
conprise ons for using the kits. Typically, nit of

t he kits‘*gi@)égﬁ%onprlses a probe for a Q PCR assay. P or g@&%ﬁ
elimnate the fal se positive cases nentioned 5 above, the kits preferably

conpr i s&iifisralespies ¢ff the BBV DdIFs s@tfuelicl dnérie g@nesal];/eﬁmdﬁa’fut exapgpobmerdse Kkits

i nclude a pair of | s.for anpif e, of bp and
anot hefiayiepction o ﬁ’r‘?\‘éfeg ofoeies el kg "&ﬁ/’d @Pé\gﬂg’éﬁﬁgwﬁsgﬁ?ﬁo ]]%O

The Ki 4 sm&leQogl rag ah GENNBNX esfBhicel 10\WE1B¥d] @it bt bérastbdied bygevaral different

EBV- assocl at ed cancer is particularly useful for assessing the

ef f ect oghadelegist a treatnent for an EBV-associ ated 10 cancer, as the
absgnce or %%&ﬁﬁé&@mb%ﬁienpéfﬂl%@ﬁ}ém% SHAUPAREsti (D hes dihiciEoan| e

can be used as ‘an I ndication of the effectiveness of the treatnent.

It is bppealtime quntittze PSR (QRERN Ashesed heroith fhe toim [eplstime aBAMFTCt o t he
Presenpe R“V?”‘du?@RG Wt 30 ﬂib%%’as&? ofl §5 EontRNGMObptRHARohidriRNoARY RNA

sequencé in a urine sanple using a reverse transcri ptase pol ynerase
chai n pegssi ofa ARTORIR) P@Bsta«gcﬁ@n o thisalysternni @d@mllw atpeire! pEIHEESIOE

trartscriptase, pol ynaer.a Ercltig t ]gg) r;
di agnogﬁngg p“rs(e)d NNEN OIF?g ri %ﬁa&i&i eieﬁ "ass | ad&%a chgr8 5§ tﬁ‘ﬂgn
i N@é vi thohkded. One fluorddeentf dyfel mwaagpseaxwmnit@s{egr EAM)Dﬂmdlletsl emyssmyspgcftra is

| | ustrat | b NPC
bt | enPEnc R sho S b Riraty ARG Ve MM TR P p e o PR HEn e
first exiorJcéxedudléRmattivifycofanal m\aspaymamﬂ €savies dina iebmes’ljqucﬂhesyroh@d t he

extracted DNA was then arrpllf ed f VDNAusm itative real-tinme
PCR ta%ét?ﬁ@‘?%ét EQMR (e ARFRSHPT, AT E g9 e {1 d’f‘%r ]th YERYEnoE, as
descri hegteRRBh@Vs titen 155 kA fobtr BF aipafiEINGn iprgsERidsdddriifeltht RRoamtchipl asm
Ten mlliliters of urine were collected fromeach study subject into an
EDIR- chsoaekeHsopl#eDNMe urine sanples were centrifuged at 1,600 g for 10

mnutes at 4 fiRG SR E@Eﬁr@ﬁ RBedlth| 5@ Mhy SocBsiGhali§ cufp EB'V' DRA ih0

renove any renainin was 30 extracted fromthe urine sanple

u3| ng wtiee. Wt peded t@bﬁ@mmﬁﬁhpaee@sgmmm Fen 4he BysthrAt of Brearegal Iverioson,
TREmE: h&ﬁd%%s?ééoﬁf %giaa:&fg q&@%z%%% EEOTHNE ey dht Bredeht - aNgiani di ne

|soth| ocyanate ['Tter of resin sugpenm on of the DNA
purifismaplon kit was added to each sanple and the m xture was m xed

LP?‘%QU?QIS% B a L:‘)L,‘ %s%ﬁgﬁe%élﬁgﬁﬁga%% {tﬁe mnico uﬁ%gng%mproﬁided I n
t he Ki butu:gn ey ar Borer IR agﬁaymgeQ -AUR arsalys. |’ﬂhesaeassa3@fusmml1smnsmﬂtbﬁﬁeraa§r e then
passed .7

sizes. Because a longer DNA sequence passes’ through the kidney barrier at a lower rate, a

much lower concentration of the final amplification product will be obtained after the same

amplification cycles when larger amplicons are used. If two or more PCR assays or Q-PCR

25  assays targeting an EBV DNA sequence using amplicons of different sizes (¢.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.

30 Alternatively, we can conveniently analyze VWhether 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 io exclude the individual from a patient with an
EBV-associated cancer.

35 As described previously, the plasma EBV DNA concentration can be used fo
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WO 2008/ 104122PCT/ CN2008/ 000230 t hrough the m ni col um. The remai ni ng wash
solution was cleared by a brief centrifugation. One hundred mcroliters
H20 were added to the minicolum for the elution of DNA fragnents. The

met hod for extracting DNA fragnents fromplasma is k rt, e.g.,
the 5 metWOPEPH<ing a Q Aanp Blood Kit (Q agen, nﬁéﬂ(}ﬁ{aﬁ/@&ﬁﬁ
described by Lo et al., Cancer Res. 60(24):6878-81 (2000) I n br| ef

pl asma GRAHNE Hro¥baicaR! YL hdstof MR Lhe ARl BBV Sasfetidd hiAfgdanciest Abisi shed
protocols in the art. The sanples were stored at - 20C untj| further

pr oc es siisslpsedinhs prspanpinyspiorsthrhes inmmeoodorsieheybewpaghe plappa A BE00d Ki t
(Q agerﬁngbg " N C@Jnea:@aho i BOnd pﬁsmgtg@dpmdcoae%a&%ﬁ B RtRgleq as

reconmen e 10 nmanuf acture A total of 400-800 ptl of the plasm
sanpl edyvwerdifpige thef wmeHgyY é)NAmmqemmtper Thasetoren the By dwaibe cenvorifiionas

el it onraaring IR SRGH, B uPle § o B B, b B R L o

col umm dizpBosbed, gmtgnostuca:mg axumxﬁﬁoﬁjlg:biPC(and ofhet BBV EBYpcdid maflggmrﬁss

The concentratio rine ine

assays both gﬁw&g{‘ ko tlﬁF Rresgbr]f‘i“fefl \r%al o%ﬁ%foqltaﬁ%gé}é@qﬁ%%ue%ce 1"I:‘hem"ﬁlrrpl i con

si zes fsaipit higoth vem EﬁRuama;aﬁ ened 76 hrpmdlchtﬁﬁ dfpan M-msoommi wsmdr,f or the
5'

CCACCACACC- and 20
o R 000 S0 Ber Koon) ASCHRET ) HERSRGPS™ FE 50 bp
assigy ws@noé of mmmme@m%eamﬁsmﬂ & iNGividah andlso be used as a
5' - TCTI AGGAGCTGICCGAGEE 3" (SEQ ED No. 4) he flu rescent BE L%sed for
t he 76 PBYY BIPgROslae fgﬁtoxéggaé:yFSB goclated cancer, and or the pre ctlon of the hke od o
(FAWMM&WM@@(TA MRA) - 3" (SEQ I D No. 5) and 25
- ( FAM - CACCCGTCTCAGGG ( MGB) - (SEQ I D No. 6), respectl ve The PCR
reactl ons weWaes ghe LﬂSVqanfaa?*eEE% SFAUGRSE Uie thst UBEe F  anpidiyi
cont ai ;. éssc}ﬂ’be@fcaﬂc@(mbféf}lt}%d /%m -§9£th M e SRE MRl of iR ﬁvalxeﬁéc&a&feon

prinmers; 25 nMof the correspondi ng uorescent probe; 4 nmv MyCl2; 200 p, M
eadh ofdewmmena@ﬂ the cangp @@mﬂy,@g@rwaww@w is an ipdicainntod thfpragrAssianiq Gol d:

and 05 fp
extracte u?e?ne%d\;\aﬁg%ééj%géei fas a te %ﬂggé?mﬁwaﬁggda?é%egfﬁgﬁs%roﬂ |l e
was usdit ¢ffactivapets cﬂ"@?trss;mbmr@r Mﬂﬁgsmeﬁdmn@%rrﬂhﬁ aggecfoop degreaded,
foI | o 0 95¢C. f n ar;

Fve RSP ACERYEDRE, R i 2 afne sl B SeoRandie®gler BRSO e
EBV- posftheweatorhi. | i ne, Namal wa, as a standard. Namalwa is a dipl oi d cel |

that c two i rat enones ||l . .Each sanpl.e was 35
andyzed i HOQISA R TR HA TS SO TILR | Greogas et i
2008/ 1044 R2PEROKENROBSEQTQRFON the art that Thde ateauticr typeobf ueRiddckis, £@\RNMA can
be expr ed as a.concent on pe nit voJume of .urine, for
oD SO e s he BB Kb ingli b 5 e Fp Dy BRSO Rer
subst agendst, pRemUsL B mﬁﬁbﬁngit 8f BBVIREIcid@T cdnligrs COMpRITAE a&tbamgqisvhe
urine, for exanple copies/mnol of creatinine. 5 The presence qr the |evel

of EBVAsAcifted R¥A.nuch aﬁﬁmétewﬁg eppoged pmall {4 .(’%%ER}Tﬁlr % &Fng gpmNpes a
EBYs; DNy g sfdflcect abl e in 10 (23% and 22 (50% urine sanples from NPC
patients using the 76 bp and 59 bp assays, respectively (Table 1 The
hi gher det ecTheomrasatte ifVeRtAD alsee [BYIHp aakTafPri figrosise T (HeAIOSROPE 82 DNA
mol ecu ggsv BL841B] G631 éghélbfdﬁﬁr’?ﬂs kﬂ%&ﬂ?ﬁs&s*& Fa gy dhakhetin grmkze

det ect In the urine: nsistent Wt previ ous results, e EBV DNA
can beﬁd@t 2 utine samplg) misk) alskconf unlidop Heterimgsmdfor apardtifpng NP(EB)‘étDI‘ézht s. As

h ahl. tect ed
SO TP oD\, RV AR AARS ALk 9af BFpheAC! ot o
t hao si fe aniphfyn@ dtdeagetnef frapgrean of thepeh -V exgidibofithe FB Y Sendrhe ’&epmsentw ty of

EBV aSSOCIt%tnea onfégiluleels % @f %‘% Iggzﬁt%ﬁ}lé A ERV- associated cancer in an individual. This

kit comprises a) a phurality of first units for extracting DNA from a urine sample; and b) a
plurality of second units for detecting and/or guantifying an EBV DNA sequence in the
extracted DNA, wherein the second unit comprises at least one pair of primers for amplifying

35  atleast one fragment of the BamHI-W region of the EBV genome.
6



Tabl e 1: The detection rates of urine EBV DNA in NPC patients using the 59
bp and 76 bp assays Plasna EBV DNA positive EBV DNA negative 59 bp EBV
DNA assay Urine positive 22 0 Urine negative 19 3 76 bp EBV DNA assay

Urine posghl¥indda: : PCT/CN2008/000230

In preferred embodiments, the kits according to the present invention further
comprise a device for obtaining a wrine sample from an individual. If desired, the kits may
also comprise instructions for using the kits. Typically, the second wmit of the kits further
comprises a probe for a Q-PCR assay. In order to eliminate the false positive cases mentioned

5  above, the kits preferably comprise primers for amplicons of different sizes. For example, the
kits include a pair of primers for amplifying an EBV DNA sequence of 180 bp and another
pair of ﬁﬁmers for amplifying an EBV DNA sequence of 76 bp.

The kit according to the present invention for monitoring an EBV-associated cancer
is particularly useful for assessing the effectiveness of a treatment for an EBV-associated

10  cancer, as the absence or a decreased level of the EBV DNA sequence in the urine sample can
be used as an indication of the effectiveness of the treatment.

It is apparent to those skilled in the art that the kits according to the present invention
. caﬁ also be used to detect and/or quantify an EBV RNA sequence in a urine sample by using a
reverse {ranscriptase polymerase chain reaction (RT-PCR) assay or a real-time quantitative

15 reverse transcriptase polymerase chain reaction (Q-RT-PCR) assay, for the diagnosis,
prognosis or monitoring of an EBV-associated cancer in an indtvidual.

The following examples are provided by way of illustration only and not by way of
limitation.

20 . ‘ i EXAMPLES .

44 NPC patients, as well as 70 healthy coﬁtrbl subjécts, were recruited. DNA was
first extracted from wrine and plasma samples from the subjects, and the extracted DNA was
then amplified for EBV DNA using quantitative real-time PCR targeting the BamHI-W region
(Lo 1999 et al.) of the EBV genome, as described below. '

25

Extraction of the DNA fragments from urire and plasma

Ten milliliters of urine were collected from each study subject inte am
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

30  extracted from the urine sample using the Wizard Plus Miniprep DNA Purification Kit
(Promega, Madison, WI). The filtered superpatant 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 2 roller-mixer for 2
hours at room temperature. The urine-resin mixture was then passed through the minicolumn

35  provided in the kit using a 30 mL syringe. Two milliliters of wash solution were then passed
7



O Uine negative 31 3 2070 healthy subjects were al so anal yzed as
controls. EBV DNA was detectable in the plasma of 3 (4% subjects using
the 76 bp assay (Table 2). Their plasna EBV DNA concentrations were 13

copi es/ 1dsrBRb£s/ ML and 22 copies/nL. These | evel syeEeobgloatsbvel y | ow
when corrpm?ﬁa(r)edosvm&?%ﬁt he plasma EBV DNA | evel s of the 44 NPC patients

(medi an;_ 950..copi es{ ml.) . EBV. DNA was, not ..de able.in.the uri.pne of these
oo dsardne3ReRREn TEiastine s AhufehAtcBeE p Bl o HiifiEegin e
det ect iCne hwideRi aficruliterse HEBVWENAadded NBCiipamimetismanids baldiitioncon iNpd -

subj ects using the 59 bp EBV DNA assay NPC patients Healthy control
subj ect@8WFHFe EBV DNA Positive 22 2

The method for extracting DNA fragments from plasma is known in the art, e.g., the

5 method by using a QIAamp Blood Kit (Qiagen, Hilden, Germany)} described by Lo et al,,
‘Cancer Res. 60(24):6878-81 (2000). In brief, plasma samples were harvested from the
patients according to established protocols in the art. The samples were stored at - 20°C until

further processing. DNA from plasma samples was exiracted using a QIAamp Blood Kit
(Qiagen, Hilden, Germany) using the “blood and body fluid protocol” as recommended by the
10  manufacturer. A total of 400-800 pl of the plasma samples were used for DNA extraction per
column. The exact amount was documented for the calculation of the targest DNA
concentration. A final elution voiume of 50 pi was used to elute the DNA from the extraction

column,

15  Detection and guantification of the EBY DNA fragments'
The concentration of urine EBV DNA was determined by two real-time PCR assays
both targeting the BamHI-W region of the EBV genome. The amplicon sizes for the two PCR

assays were 76 bp and 59 bp. The primers used for the 76 bp assay were
5’-CCCAACACTCCACCACACC-3’ {(SEQ D NO. D) and

20  5’ TCTTAGGAGCTGTCCGAGGG-3’ (SEQ ID Ne. 2).- The primers used for the 59 bp
Cassay were 5-CCCAGGCACACACTACACACA-? (SEQ ID  No. 3) and

. 5. TCTTAGGAGCTGTCCGAGGG-3’ (SEQ ID No 4). The fiuorescent proBes used for the

76 . o bp : and- 59 bp assays were
53’-(FAM)}-CACACACTACACACACCCACCCGTCTC-(TAMRA)-3’ (SEQ ID No. 5) and

25 5'«(FAM)-CACCCGTCTCAGGG-(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 MgCly; 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

30  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 155 and 56°C for I min. A calibration curve was run in parallel with each analysis, using
DNA extracied 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

.35  analyzed in duplicate and the mean value was taken for analysis.
8



Negative 22 68 Elimnation of false positive cases 5Surprisingly, EBV
DNA was detectable in the urine of two healthy subjects wth no detectable
pl asma EBV DNA at the concentration of 227 copies/ml and 1, 280, 000

copi es/ myy, These two urine sanples were furtheg-pa th 2
real -tinme %&%sgggézys targeting the BanmHl -Wregi on of {elhce EB\(}M%@%% wth
anplicon sizes of 76 bp and 180 b The urine 10 EBV DNA concentrations
for these tvidesppiaytod theueine &BM 9311:Bh§¥3?fﬁ§se@|§§ Agopsatalien RIS For
the fof laQRan Yo" st 88/ mL
and 24%51%{%?’%5 negL usi néﬁgh%q§§%\5/p and 18 ﬁgeﬁgaggays ﬂ&?ggergéétl vely. For
the | airdoérer subgtece, mtﬂhe wrimiensanEBy/ toONorroRs r or ITEGZEGIC@O@&’@@pP yenirinags dor

1,073, 000 ?og es/ $i.ng.. .he 76 bp and 180 bp assays, respectively. In
cont r aSEMPf eﬂI%ﬂé’ﬁﬁ "8ffs with detectable urine EBV DNA using 15 both
thes 59 bp and the 76 bp assays, the nmedian drop in concentration was

93. 5% Uri ne EBV DNAvvas not detectable |n the urlne of ..t.he 44 NP

pat i ent8S DESERECLOTING ¢V €L pi BB pcthe 3 amnle beno -_‘n'-”i-?- 7+ DNA
concenjypat i ons of the tvvo healthy subj ects usi ng the tvvo di fferent-si zed
PCR asSays suggests that the EBV DNA nnl ecul es tect ed t hei

wer e reI ati \@9‘2 DPNAawes ﬂﬁféﬁtahjﬁniﬁa}%@%)t #nd f2 (@F%h &6’(‘%3#{

the urh fusih g%lg\%%g 1%}%0@%1? 2l gxm@ﬁgﬁér%tewéﬂ Gtder t he
presen act vira p es I'n the urine of the two control

sulg ectis %pc*ssauamdtwates dhail ShederfBHﬁq melepyles grermereregstilycliliareshthrough the

Lo nopsuscortie SfiSes ihSs @y i i e ClRafPl s Breeg ol FNGYS! ©

bet weeDNH agie ddiebied innsimoB\alDhithe giaserat saatplesfsom NPC paticTitse As|shown IEBV DNA

concen tions t he NPC pat i e | -tinme
PR aoSie LTh e SEREHER? PR PORERAR Lt Covect Sl RIS PSS FE i1
det ect aheoind 7angalkast all erthict RaudBY DY vies of RO Sakgeidpigamhiinap fidthst 1

copi es/ L, respecti veI <0 0001, nn W"tn%{ﬁ{ﬂ} est). The plasma EBV DNA

co%enWﬂh@SWtSG *F%‘P‘i@%‘h“? % gfid firte y higher in patients with
detectabl e urine EBV DNA. The results are shown in Figure 1. For those
patients with detectable urine REV DNA, we have investigated if there is

WO 2008/ 104122Pcﬁab@\hdﬂe/d@mne@rwf@am@Bé[t%ﬁ!ﬁé‘{?\ﬁeeweehe pl asma and

urine EBV DNA concentr Qﬂésa‘?&:ﬁﬁé’@?aﬁa i gni ficant p05| tive correlation
bet vveen_t_he_p.l_a_sxm_and% nnm}%’f rat+ons—{+—=0-684—7p . 0001,

Spearngn correl ation; Figure 2a). As {the urine corRieﬂmar atl on of EBM DNA
can be |affected by the hydration statju pail entj, e ect ed
the urilne concentration | ]%BQ/’TDﬁAposmve Eﬂ%ﬂﬁ&n@%&wﬁ
59 bp EBV DNA Urine positive 22 0
assay Urine negative - 19 3
76 bp EBV DNA Urine positive 10 0
assay Urine negative 31 3
20 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
relaiively 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

25  subjects.



5 of EBV DNA with the urine concentration of creatinine and expressed the
urine EBV DNA concentration in copies/maol creatinine. The positive
correl ation between the plasma and urine EBV DNA concentrati ons becones
nore prom nent when the urine EBV DNA concentrations were corrected with

the mal e " #4¥ 1M He concentrations (r = 0.748, p < 0.%606F "8 tan
correlation; Figure 2b). 10 The presence or the level of EBV DNA in the
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(2000) ?EFS’SY?EPW&%E%‘E;DS%FWF’F o5 P‘%‘ %?W?“P@é ‘é%‘?—ﬁ‘é&?‘?’ov. rus
SEEX) BI‘%réIﬁ%ﬁb(SPCR gé@%ﬂéﬁg@&t%ﬁhh&%&ﬁﬁﬁ%ﬁé@%;{?ﬁﬁﬁh@mhﬁhéii&ﬁﬂWYs ? gi es. SEr
ena : , an eung, ,
et al. t%’@ in ‘? ¥ %W@%ﬁﬁ%ﬁ%ﬁ%ﬁg\%@%ﬁt@%ﬁsﬁﬁ vhihedring af Bedi by

g gagz i paxs;ﬁéseg?a bRl Sexfanalibc Woald RRAhEPSE @O o BREdct Virdl Ppartiooin f8heigE Res;
(24) P e two control subjects which may be resulied from active viral replication. Diagnostically,

the size of urine EBV DNA can be included in the analysis to increase the specificity of urine
EBV DNA analysis.

25  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 EBYV DNA were 2054 copies/mL and 511 copies/mL,
respectively (p<0.0001, Mann-Whitney test). The plasma EBV DNA concentrations were
30  stafistically significantly higher in patients with deiectable 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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Lo, YMD, Chan, LYS, Lo, KW Leung, SF, et al. (1999) Quantitative analysis
of cell-free Epstein-Barr virus DNA in plasma of patients with
nasopharyngeal carcinonma. Cancer Res ;59(6):1188-91 . Lo, YMD,
Chan, W,wd@soskly1zChan, LY, at al. (2001) Circul ati ng &pséRiofs/fasse Vi rus
DNA in the serum of patients vvith gastric carcinoma. Din Cancer Res;
7(7):1856-9. . CLALNS An Epst el rr virus (EBV) associ at ed
nucl ei 0% EPHeeERR hsbween fhe &le%ﬂ%d ﬁ%‘ﬁlﬁo%B{)og & afgwsetremaﬁ B FRSi & of an
EBV- as §0&ifinftthosie QbrrblRi AN bdthekn/ i YMsma¥a@ ulind HEVe DIBL BoshehPMidnt $ES

detectin 6% t he EBV associ ated nuclei ¢ acid sequence in an urine sa | e of

t he i n8iopfdugl0,0001, Spearmapcerrelation;HEsye dale A thegrineven@EByatieelfdFe DIVA t he
urine gappl

o as CanPe PTG AR Rydtftn ol ACRMCL e tlapo Sifice E&}ﬂé’agé%%@a i cer
andSsabpf EBB\D&@swahah%mmneﬂmaaon of segtene end sxpiessabthe mimatEH\B DNA

nucl eot j des e EBV.a ci at d nuclei.c acid s ue ce accordi ng
o° o acwCEgon, g sorimipCg SRR Mg e RESeBn Beled FRRIPRGER 3FE aci o
sequenuﬁn@dmﬁ iBE%: céicenteaionacchged nivi€ | ebminani @krh“eﬁOthbtlhﬁleuEBN'em%pl e,

(2) amplif t he EBV as ed .nuclei¢c acid se uen t tracted
b1 of EoREN A B Crgiad it hE rip Sredne e A O 7508 T

associ gf,@maygd,@ml@eyguﬁemzence 3. The EBV associ ated nucl eic
aci d sequence accor di ng to aim1, wherein the EBV associated nucleic

acﬂ_@l is DNA. 4. The EBV associ at ed nucleic acid sequence according to

5. TheMsom ated nucl eic acid sequence according to Claim 4 wher e| n

oy b B e v

EBV associ ate quence accordi ng erei
met hodclificdl reurrenepilsthn § pakients hep dettctalia [BRAM BgIA/\inﬂlrhﬁrbm‘re EBdngan dire

whdPor Ronei BPAE oh M8 o R SR s b e B e O 1 o et
nucl eotdlgpes. Anpithatsuvitngeteaine erihe EBVabBB\ hdiad s@hﬁcaﬂm@l Mzl plasing BN
suf fer bﬁ]\g’ti rom.an EBV-%{jz@om ated cancer. . The EBV assom at ed

nucl ei cyels-dhiserrperiedibai e SR Y) LBYA oo also Wﬁsmosqoaw t he

BanBETWYdi-t@hteina kBrviR Nbdofh @it 119 RenNRIHAd pradhe e HRe tover iy e%%flt s are
of different sizes and both are |ess than 130 nucl eoti des, and wherein

subst apRoEResty faterafor |disgasesrepirenpe afiooTsatmenielican b exprstagy the diffuense dn
| g Cab@siykHALnAbRGy WMILANAL oo DR AU LERIRDiLA A RV oARILAL e

canc assoc el c ac sequence according to
Claim1, whétehould bp@!lnslﬂs:paé ¢hat tvdiile the aoenttm [{RCRn dewaped ccema:rceen

RT- PCR
cuan: | PAE RSB HERBRE, ROl AEREAT: (S e Bl B Sl T
quant i laftithescopy ef the idveatigcr i pt ase pol ymerase chain reaction (QRT PCR)
assay is perfornmed in the nethod.

25 All of the above U.S. patents, U.S. patent application pubiications, 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.

30
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9. The EBV associ ated nucl ei c acid sequence according to Caim8, wherein
a pair of prinmers used in the PCR or Q PCR assay conprises SEQ ID NO 1
and SEQ I D NO. 2; or SEQ DNO3m dSEQ DNO4. 10, The EBV associ at ed
nucl ei ¢ nce according to Claima8, wherein in the
Q PCR as?g?g?@g&gﬁm sequence of SEQ ID NO 5 or SE%)%EIR%O%&g%K The EBV
associ ated nucl ei c acid sequence according to Claim1, wherein the

EBV- associ at ed cancer i s a nasopharmypgeRENCBsCi noma (NPC), a

nat ur al - k||| NK:- ri c_carcinona.

12. An Epste J}"C#QM'B’% sé&&g‘?gaet é?%ﬁgiii‘é‘?‘ﬂ@%’ﬁ@?é’éw use
ina n’eDNQchnfi@mdmrm*sm& #pr aatiGtBM 2 o0 GhdiffarenitaddiottophBryaeal BatMbaE |

wher ei n'f]tlge @F@“ﬁ@ﬁﬁ@ s detecting and/or quantifying an EBV

associ at'e guence in urine sanples of the individual, said
EBV associ at é:ﬁhem,m eWen,aWNJ ChenuR) desu] MMLoet b r(@993) dretetG6h aﬂBi)se@mBiaﬁs
wher ei n ng n_increased level . of S at ed. nucl ei c
acid sequerf%egsﬁ%%qﬁ 0% ?I%lélg%agnp e n!) \({:Iétﬂéag *I&%JEI&MF%% W{

EBV- ass#€?)ftledl cancer, and the absence or a decreased |evel of the EBV

associated n 2SSO n h@hH{I SAUIP | adl. cat &

regr essi on o?ﬁ&ﬁhglgg\cg'rg’ssom g?e%ﬁcaﬁ%er W, h@gﬂrﬁgﬁﬁﬁ\ﬁissom ated
nucl ei cDHéi & zrsephariveca sersiniingg fron Ghisaw pRlisareineHong Kengt kplinfPatiiiect i ng
t he EBVy inated nucleic aC| d sequence conprises: (l) extracting nucleic
acid from'the urine sarrpl e; | if g the EBV associated nucleic acid
sequence fr ofvacReMik nﬁ ! @lng3)a§i/ re&rrépf(aeﬁe@é%@étmﬁ@e genomsy of

quant i fiisighn- B&evaﬂa)kqu&le%ﬁ@k@wg%}mmucl ei ¢ acid sequence.
14. The EBV %%f/Kj g& ed nucl c aci d sequence according to Caim12,
S

wherein the % Toknsan,i B, pingh, (2000) Quantitative anglysisefy

associ atietiatiic b@-ﬁeeagpgﬂeﬁmem O Adetdds o %aueﬁE% {'a?/vxthVEBVlhsﬁéiEEHdl ses at
e genone

1I'ﬁ;gStEBane fr@gglﬁnt e téé(}g? H’ﬂéﬁ&#@g‘iﬁggcgi d|t ng to Cl aim15, wherei n16

the at | east LoneYMDagGhm ATd, eShart, hANS180:ungCISEQt ¢tdal. (2000) Moleculdr. The

EBV as ucl.eic id se uence ac ording.to daiim.12,_. wher.ein a
pol ymafp %I%Etﬁcgflﬁn r efgc ﬁ ascs , ;b reum?cgatwer ﬁ?fb}%ﬁlﬁ p‘{fag %Hgmsr ase
chain r%ﬁm-Bm(fﬂTst) CmaBﬁs,éO{QéhES'l&-&‘ﬂe guantitative pol ymerase chain

reaction (Q re o {ase
pol ymeras<(a chain reactl on L&r%% g%@né.‘s‘f‘i S@?ﬁé}éﬁﬁﬁﬁ@e %ﬂrﬁ?ﬁ% f'p
18. " TheeElpe dinstsin- B@lécﬁ’lmclpgﬁc g pladme enfuraticets arcito natiopprynged) edremdima.

wher ei rc@p@qiegsg(g 6):R{2d®y s used in the PCR RT- PCP_, Q PCR or Q RT-PCR
assay conpri ses EQ I D NO 1 and SE%]1 2; or SEQ ID NO. 3 and SEQ I D
NO. 4. Ng, EX, C LY, et al. (2001) Circulating Epstein-Barr

virus DNA in the serum of patients with gastric carcinoma. Chin Cancer Res;7(7):1856-9.

12



[ [ [ [ Claim17
19. The EBV associ ated nucl ei c aci d sequence according to ,
wherein a probe used in the Q PCR or Q RT-PCR assay has a DNA sequence of

di ng
SEQ ID NO. 5 or SEQ I D NO. 6. 20. The EBV DNA sequence accor
toQC1 aim 12, wherein the EBV-associ ated cancer is a nasopharyngeal
carcinoma (NPC), a natural-killer-cel II nphoma. (NI G-I ynphoma) or a
gastric carcinoma. 21. or diagnosis or prognosis of an

EBV- associ atledncameerBar viten{RBON)i d@g)cﬁﬁd EBMe@%ﬂCde@lﬁe%ga fRRCER d FheD for

1 OI’ ext racting nuclelc
Ia(l':lICi:jV:ccﬂéb%bs&Qme&n%b@gf an E ybarsascic a%hlcn d;e Zz}n alIL]I I lgHEH herein the mﬁg‘(%ac%l@@é?ﬁd

uni t fdf%%C%tﬁ%’P%gﬁassaﬂe%w%wd fogienes inmn BBV asplaif dtesntividediei ¢ aci d o
sequence i n viheminete prasbh&cbﬂihmIE]eV@eqaaicé in WOBARS s@m&af&%:ﬁ&@e@ Ha@':ﬁdl&g ol s

I|f st one ra men St he
ggrr:f%ﬁfergﬁ%é%‘m EB%%H g%“é’?re‘” and” Bgﬁ‘b‘%& F‘&gfg‘?" aﬁéﬂﬁﬁfb%ﬁw aﬂdfsalﬁhe
BanH ﬁ\% %gg?cdf’ﬁedd?]‘:lf‘ﬁé"‘é&ﬂu@@-‘ﬁdﬁ@ negre (tag 4 8¢ mateoti@B. nucl eot i des.  22. The
kit according to Claim21, wherein the EBV associated nucleic acid is DNA

i f mers conpri ses

22, e st A L MR LR LTS
gEQ !I'H%te 'ﬂgﬂa%&)\f %ﬁ“?fgﬁtqddmd%é%dﬂquempepnses the second unit further
conpri ses a(lpreﬂmtlﬂgeh\mmgncaacmlﬁﬂﬁlﬂﬁﬁ@ﬁn@fe SEQ ID NO 5 or SEQ ID NO 6.

The kit rther conp r|S|n%adeV|cefor
th ai nlen | a 22%&%[1]% ggth% efr orsnoc ?Z{eq H'tﬁ 5 gugueequence from fipeexirpied Ricleiaedar di ng
Y %ﬁ“?ﬂ%'?i‘” d \wh the EBV- associ at ed cancer i s a nasopharyngeal .
Lo e ; I hona) or a gastric
car ci noma ({9P@tectiae ﬂlarahaﬁaﬁed@m 8&s068Ld ndc)é@éﬁir@%fegk% ynp _

wherein the kit
car ci nona. e kit according to

conpri ses a pI urality of the first units; and b) a plurality of the
second uni tg he RO gENCRtad] 8TeNGacid sequence according to Claim I, wherein the EBV

associated nucleic acid is DNA.

4. The EBV associated nucleic acid sequence according to Claim 1, wherein the EBV

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

5. The EBV associated nucleic acid sequence accordmv to Claim 4, wherein the at least one
fragment is less than 180 nucleotides.

6. The EBV associated nucleic acid sequence according to Claim 1, wherein the method
fuither 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 wrine sample indicates that the individual is not suffering from an
EBV-associated cancer.

7. The EBV associated nucleic acid sequence according to Claim 1, wherein two fragments
of the BamHI-W region are quantified in the method, 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 sutfering from an EBV-associated cancer.

8. The EBV associated nucleic acid sequence 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 the method.

13



Lo, Yuk M ng Dennis Chan,
THE CHI NESE UNI VERSI TY OF HONG KONG ,
;&é?Chee Allen <120> METHODS AND KI TS FOR DI AGNOSI S, PROGNCSI S OR

MONI TORI NG OF AN

9. The EBV associated nucleic acid sequence according to Claim 8, wherein a pair
of primers used in the PCR or Q-PCR assay comprises SEQ ID NO. 1 and SEQ ID NO. 2; or
SEQ ID NO. 3 and SEQ ID NO. 4.

10. The EBV associated nucleic acid sequence according to Claim 8, wherein a probe
used in the Q-PCR assay has a DNA sequence of SEQ ID NO. S or SEQ ID NO.6.

1. The EBV associated nucleic acid sequence according to Claim 1, wherein the

EBV-associated cancer is a nasopharyngeal carcinoma (NPC), a natural-killer-cell lymphoma

(NK-lymphoma) or a gastric carcinoma.

14



EPSTEI N- BARR VI RUS( EBV) ASSCClI ATED CANCER  <130> 08C50011 <150>
US11/711, 419 <151> 2007-02- 26 <160> 6

12. An Epstein-Barr virus (EBV) associated nucleic acid sequence for use in a method for
monitoring an EBV-associated cancer in an individual, wherein the method comprises detecting and/or
quantifying an EBV associated nucleic acid sequence in urine samples of the individual, said EBV
assoctated nucleic acid sequence is no more than 180 nucleotides;

wherein the presence or an increased level of the EBV associated nueleic 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.

13. The EBV associated nucleic acid sequence according to Claim 12 wherein the step of
detecting the EBV associated nucleic acid sequence comprises:

(1) extracting nucleic acid from the urine sampie;

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

(3) detecting and/or quantifying the amplified EBV associated nucleic acid sequence.

15



<170> Patentln version 3.3 <210> 1 <211> 19 <212> DNA <213>

Artificial

14. The EBV associated nucleic acid sequence according to Claim 12, wherein the EBV

associated nucleic acid is DNA.

15. The EBV associated nucleic acid sequence according to Claim 12, which comprises at

least one fragment of the BamHI-W region of the EBV genome.

16. The EBV associated nucleic acid sequence according to Claim 15, wherein the at least

one fragment is less than 180 nucleotides.

17. The EBV associated nucleic acid sequence according to Claim 12, 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 the method.

18. The EBV associated nucleic acid sequence according to Claim 17, wherein a pair of
primers used in the PCR, RT-PCR, Q-PCR or Q-RT-PCR assay comprises SEQ ID NO. 1 and SEQ D
NO. 2; or SEQ ID NO. 3 and SEQ ID NO. 4.

19. The EBV associated nucleic acid sequence according to Claim 17, wherein a probe used

in the Q-PCR or G-RT-PCR assay has a DNA sequence of SEQ ID NO. 5 or SEQ ID NO.6.

20. The EBV DNA sequence according to Claim 12, wherein the EBV-associated cancer is a
nasopharyngeal carcinoma (NPC), a natural-killer-cell lymphoma (NK-lymphoma) or a gastric

carcinoma.

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

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

b) 2 second unit for detecting and/or quantifying 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, and said at least one

fragment of the BamHI-W region of the EBV genome is less than 180 nucleotides.

22. The kit according to Claim 21, wherein the EBV associated nucleic acid is DNA.

16



<220> <223> Forward prinmer for EBV DNA <400> 1 cccaacactc

caccacaccl9 <210> 2 <211> 20 <212> DNA <213> Artificial

23. The kit according to Claim 21, wherein the pair of primers comprises SEQ ID NO. ] and
SEQ ID NO. 2; or SEQ ID NO. 3 and SEQ 1D NO. 4.

24. The kit according to Claim 21, wherein the second unit further comprises a probe having

a DNA sequence of SEQ ID NO. 5 or SEQ ID NO.6.

25. The kit according to Claim 21, further comprising a device for obtaining a urine sample

from an individual.

26. The kit according to Claim 21, wherein the EBV-associated cancer is a nasopharyngeal

carcinoma (NPC), a natural-killer-cell lymphoma (NK-lymphoma) or a gastric carcinoma.
27. The kit according to Claim 21, wherein the kit comprises

a) a plurality of the first units; and

b) a plurality of the second units.

17



<220> <223> Reverse priner for EBV DNA <400>.2 tcttaggagc tgtccgaggg20
<210> 3 <211> 21 <212> DNA <213> Artificial <220> <223> Forward priner for
EBV DNA <400> 3 cccaggcaca cactacacac a2l <210> 4 <211> 20 <212> DNA <213>
Artificial <220> <223> Reverse priner for EBV DNA

SEQUENCE LISTING
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Lo, Yuk Ming Dennis
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<130> 08C50011

<150> U811/711,419
<151> 2007-02-26

<160> &
<170> PatentlIn version 3.3

<210> 1
<z1il> 18
<212> DNA

<213> Artificial

<220>

<223> Forward primer for EBV DNA

<400> 1

cccaacactc caccacacc 18

<210> 2
<211> 20
<212> DNA

<213> Artificial

<220>

<223> Reverse primer for EBV DNA



<400> 4 tcttaggagc tgtccgaggg20 <210> 5 <211> 27 <212> DNA <213>
Artificial <220> <223> Probe for EBV DNA <400> 5 cacacactac acacacccac
ccgtctc27 <210> 6 <211> 14 <212> DNA <213> Artificial <220> <223> Probe
for EBV DNA <400> 6 cacccgtctc agggld

<400> 2

tcttaggage tgteccgaggg 20

<210> 3
<211> 21
<212> DNA

<213> Artificial

<220>

<223> Forward primer for EBV DNA

<400> 3

cccaggeaca cactacacac a 21

<210> 4
<211> 20
<212> DNA

<213> Artificial

<220>

<223> Reverse. primer for EBV DNA

<400> 4

tcttaggage tgtccgaggg 20

<210> 5
<211> 27
<212> L[NA

<213>» Artificial

<220>

<223> Prcbe for EBV DNA



<400>

5

cacacactac acacacccac ccgictce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

&
14
DNA

Artificial

Probe for EBV DNA
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caccegtete aggg
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