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WD 2004/ 090166 PCT/ SG2004/ 000069 A nethod and a kit
for diagnosing cervical cancer. FIELD OF THE.

WORMENSOEN 5 The present invention relates to POESG2004/000069

di agnosi s of cervical cancer, and also to, nethods of
assessing the progression of- cervical cancer.
Furthernore, the present invention relates to DNA
prinmers and kits for use in diagnosing cervica

cancer. BACKGROUND OF THE | NVENTI ON 10 Human

papi |  omavi rus-16 (HPV-16) and related HPV types are
car ci nogeni c,A aethodpets 18t fendiagidéinktcarnifebhedn i s the
pri mary cause of cervical cancer. Mst wonmen becone
infected by HPVs, and while sone of these infections
progress malignantly, nost remain subclinical or |ead

?\Expt&: QH%QEJR/%WTIJDRQ ons (zur Hausen, H and 15
» ; |.) The factors that determ ne
t . d nsif [
% R BN SRR SRR, SRR BEIRL B o o
whetheds vhassasisingi the pragresaimubiaterdcdlycanuere Fodkermore, the present

t. Cripti t ' I.CEC [

EEONED 580 AP e SR AP IS oA B e o
stimul at ed oncoprotei n expression through

t BAOKGCRQUND A THEINCENDIONY steroids (Chan, WK., et
al.) by deletion of transcriptional silencers (Muy,

sy Bl B 08 QPP BRI R g an

aperpisteRb HRV-p8 éfeciton iedhé yriderecausenobtewieal carader. Most women

cancer | ' ant 0 f ] tre .
TORERls o o BEVar i, GRS Besq bfectbEBIERS mationanty.
smeostatdnedin " Repplinisatear ad (anle to Rapansaroleaions Skai hlausen, H. and
cervi.cal ars), The problemw th this type of

cg?r{}%ﬁ@@?’ ﬁ'ﬁﬁégb screening is that skilled personnel

are required in order to exam ne snears. Furthernore,

the results,can be unreliabl e because the vis : .

B ERYR I R R eR o Bt B Rt Mampsfgmation by
sHBj/e ctiépemdd edrertive NEPY ooncophoteins | B6 ogren B70 wipdgel danscription is

Accqr.di nal there.is a need for alternative t hods

P QU B - debpalon el PP Blp S @orarc
nmetUhp dsinmw ipedygresstormmpg reslp)t &otri stienwdasidd pato@blet e ssion through

2 rgrf's/c(r)lgtcl)oln%?in@gg'io%cgyosqggo%%o(gﬁgn, W.K., et al.) by deletion of transcriptional
silencers (May, M. et al) and by integration of HPV genomes into cellular DNA

(Baker, C.C. et al., and Stunkel, W, ef al.).

At present, early detection of cervical cancer is an important component of its
treatment. Typically this occurs by programmes for screening so-called “Pap” smears
(i.e. Papanicolaou-stain cervical smears). The problem with this type of cervical
cancer screening is that skilled personnel are required in order to examine smears.
Furthermore, the results can be unreliable because the visual identification of
transformed cells is inherently a subjective determination, which is open to opinion.
Accordingly, there is a need for alternative methods of screening for cervical cancer,
in particular methods which are more objective and reliable.



2 One alternative nethod of diagnosing cervical cancer
is disclosed in US patent no. 6, 355,424. The
wezpresdason | evel s of particul ar genes of the PPRVSG2004/000069

genone are nonitored and conpared in order to assess
t he progression of HPV infection from benign tunor to
mal i gnant growth. Simlarly, PCT publication no.
W01/ 42792 5 di scl oses a nmethod of assessing whether a
patient is afflicted with cervical cancer by
conparing the | evel of expression of particular

" sequence markers with the normal | evel of expression

of the markers, a significant difference between the
t kg ékﬁén%tlveaaﬁh@dloﬁa’w@w% opvicphearises Sefiegloggd in US patent no.

C &g, 335404, CPRC @kprebbien SIB0IE N EpdFEAT §ofdRY Ith€ HPV genome are
sequences present in the HPV genone. Despite the

eXNtierRdan C?rﬁ%r@ddr‘toé‘ﬁﬁi’faiﬂ%?ée%thﬁeqrﬂ@f%s'@m oé&tPé/emferr@on from

f Menk@r Wintdt! toC mgﬁantt w1 Sintkiy,! P@Tnsﬁqmlé@dn fndr 140601/42792
screening methods. An area of study that has been

S i fdqsse ednethod ghessegeine yihethesa mt«em ﬁﬁﬂ!%ﬁd wﬁh cervical cancer by
MVessRRYakiAg tseidvel éf Sx;ﬂf%s@oﬁ Bf HR‘%JI% Sé!ﬁl'ehc&‘?ﬁ‘é?l@rs% the normal

sequences by coval ent |ng a _nmethyl group
cywﬁk ioh @errégisla@@é thermaék%na @@@upa%ttdlif%nw betwessi the dwo levels

Ofbeﬁrﬁﬁn&}zfétﬂ/%'d?%é br%gehéé 6f%ﬁﬁda@8§1dé’heﬂ'ﬁe Eé@ué?%&?r%rk‘@rs comprise

is directl uani ne resid E
d.%@aew@mﬂ@yent I'rhthﬁa |&enomAn¢épuéﬁy het %ﬁen@e ﬁétzhea@ @dfernative

10 ?Mﬂ&hé@enbﬁ é’cr@ém%r deMt Eé?sdaﬂé‘ér51he9@§sh¥thlté %@é& %ra@ﬁﬁer screening

3a and 3b) (Ckano,
RiBehogs. et al .) and occurs at 2-4% of aII cyt 05| nes
| ocated 5 to guanine (CpG 20 (Bird, A P.). CpG
di nucl eotides are present only at 20% of the
sthit Pead epiugly diplebase oen draplifalegyini Wmnsigraesiads GdHomathylation.

(%é}ﬁh@ﬁ‘érﬁkell@a% ablk @l m);dﬁ“g%ﬁsg%én%ﬁnea@mr uences #og covalently

functi onal consequences of ation as a ause
15 t rasiding p®ethyligiony teedpeineg mldueﬂomﬁ@an deaurcirthe five position of the

r ng'tc%ﬂw% nr*@ﬂﬁ%ba%ns \Qﬁgf‘e' thd BNFSine |st(fheecwe g’scggbf@ﬁnet r%?@@e i.e. at

di nucl eoti'des is at the sta% stl ca

25 €pe dinidpatide). dmmaeﬁaﬁlﬁgpmlewgeéméat@nu%mdmjecﬂ gy a family of DNA-
' r[&ﬁbéﬁﬁcg-S Fhe%ﬁgﬂrg %f@?ééé@‘?D‘l\mgle‘lt 'D\t\ﬂ\ﬁ‘l:]e and@ BHUNMIBI Thkano, M., ef al.

imprintin rare case o
t |%1§L%heﬂogc¢tfal& 2@ nscUre gh Reidh |06ﬂll regsinee tbcgiedp @ guanine (CpG)
| atih on ( )
20 "B(BW liﬂ:uﬁ; C rrgcprgl?é?@d'ﬁ by a%oﬁ}gg%rﬁgﬂl I%lﬁp e/aﬁflﬁwg gltj’?tl\é\(lca% expected
tfmupn(z/am mﬁmahqﬁ‘egg@@mﬁ@ (g@wrcﬁgﬂat D.F. et al) suggesting adverse

functional consequences of methylation as a cause for their loss during evolution.
However, in certain regions, known as “CpG islands”, the presence of these
dinucleotides is at the statistically expected level.
25
CpG methylation leading to gene silencing is involved in X-chromosome inactivation
and genomic imprinting (Paulsen, M. ef al.). The rare case of tissue specific gene
expression mediated by CpG methylation was recently confirmed (Futscher, B.W. et
al.). Furthermore, CpG methylation is required for stabilization of the genome against
30  recombination, implicated by preferential methylation of repeated sequences (Yoder,
J.A., et al). . During carcinogenesis, global hypomethylation and regional (i.e. CpG
island) hypermethylation (Herman, J.G. ef al) are frequently observed. CpG
methylation mediates its functions in gene expression by either preventing



30 reconbination, inplicated by preferenti al
nmet hyl ati on of repeated sequences (Yoder, J.A , at

w@bk(Qo4/090D66¢ | Ng car ci nogenesi s, gl obal hyponet hyP@L/562004/000069

and regional (i.e. CpG island) hypernethylation
(Herman, J.G et al) are frequently observed. CpG

met hyl ation mediates its functions in gene expression
by either preventing WO 2004/ 090166 PCT/ SG2004/ 000069
3 transcription factors fromrecogni zing their cognate
bi ndi ng sites (Robertson,- K D. et al. and Thain, A,

et al.) or by protel ns that bind nethyl ated DNA
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ndr i B et al whi ch recruit HDACL
(F{/E%ﬁcé'?%%o"g% §P@§sy°qr@'%w§@ﬁ§en%tajbﬂd@?& sitgsr GeRertspn. K.D. et

5aAaﬁ(B TENini AL, @t &M%r@&tpﬁ&blngﬁhéﬂbﬁﬂ' m&%a@@MAQM’e@Ps) {Mendrich,
ﬁn Viru nant tuno

i aklioR fere) ErBRe T (PialBe Sassiynse) Shraonienss afipasel chromatin

that the net hyI ation patterns correlated with the
gree of neopl asi agv\Ett stein, F.O et al). Howeve
ﬁestg }Ulaly) e Rtdiviral ﬁNééﬁ@tpglptloq Hwen%yftgepr@ijCIng benlgn and

?{ﬁaﬂt't@ﬁlov&ﬁ%ﬁbg@%y tre sﬁ@d’ec(rﬁgﬁﬁspédﬂlﬁfﬂné Rirus found that the
enign tunors). Similarly, anothe

smavlaﬂﬁﬂ&ai‘fler@r@ﬁr@'%%wth é'?*Pad%r%@f psmﬁs'@r(wwem F.O. et al).

beriveleratit saby W@Htthétahp%énérélnﬂfesdég(ﬁé@@f Hé%{ylatl%ﬁ \ﬁé%/h her in
of the CpGS|tes were nmethylated in | onas, -

. FoTID By o df FPRUARE A1 RS RO DSITIAMY. ancther study into
t ERGPEPhaDNoRR GrEASHV) BIRBS ir( &lﬁg”d"@rﬁ@maﬁgneﬁﬁ r8bbit tumbRUfound that

these studies indicate that the presence of
nef PPt ohei RPSpsitenaveare mﬁﬁhwa@gt iny dagillomas ci3Aditis . in primary

15&%9&@5télddclﬁbﬂeoﬂﬂaﬁ@ovvﬁotgérgﬁ%ﬁ%léjb%ln@n%%§ (Quﬁﬁki}gdK et al).

of dlagn03|ng a cell proliferative disorder of  breast
tir8sndnese gbdissningicate iR et PpPeaRaco R’ JPehyation in SPV DNA s

nyel@live oGrdsokd ai ned froma subject. However, this
publication relates only to findings in regard to

genes i nvol ved in breast cancer and does not indicate

hewT @uphdebAeKo! tWO@2/O§@3@°%%C|%'S@S é%&h@@n&s%le@haﬁﬁg a cell
types of cancer on the basis of nethylation status.

r é@éf%@’%%ﬁ%@w Greast tisgro by de&rmmr&w@ﬁ“@@twlawéﬁ%wsof nucleic

t Babis B! Rork® &%&7 HARRGEY ehe pﬁlbﬁ’é&ﬁ’l@ﬁ 'r&%te%rbrﬁy ﬁ) findings in
spread throughout the |ong control region (LCR

gRmarg P eangramnMsetindEspst Frcen anthdogsone) difieate how, or whether it is
Thassge, 't@td'i 084 8ihkPiyBbs bI&inES: B BABLSE o?—ﬁweﬁ%?atto%‘té%@s

IS regul ated by one binding site for Spl and tvvo for
the HPV encoded

As regards the control of HPV16, cis-responsive elements that regulate E6 and E7
oncogene transcription are spread throughout the long control region (LCR), an 850
bp segment between the L1 and E6 genes. Transcription starts at the E6 promoter
P97, which is regulated by one binding site for Sp1 and two for the HPV encoded
factor E2 (Tan,.S.H., ef al., and Demeret, C. ef al.). The activity of P97 is stimulated
by an enhancer with binding sites for several cellular factors including AP1, NF1, and
the progesterone receptor (Tan ef al., Chou et al., Apt, D. et al. and Gloss, B. et al.).
Two specifically positioned nucleosomes can form over the enhancer and promoter
(Stlinkel, W. et al.) and repress transcription, when they are modified by histone
deacetylases (HDACs). HDACs are associated with CDP, which binds a silencer
between the enhancer and promoter (O’'Connor, M.J. ef al.). When HPV genomes

integrate into cellular DNA during progression to malignancy, a nuclear matrix



factor E2 (Tan,.S.H, et al., and Deneret, C. et al.).
The activity of P97 is stinulated by an enhancer with

whrevdiosgesi t es for several cellular factors i neCT/SGIY4/000069

APl, NF1, and the progesterone receptor (Tan at al.,
Chou at al., Apt, D. at al. and doss, B. et al.).
Two specifically positioned nucl eosones can form over
t he enhancer and pronoter 30 (4$tunkel W at al.) and
repress transcription, when they are modi fi ed by

hi stone deacetyl ases (HDACs). HDACs are associ at ed

“with CDP, which binds a si I encer between the enhancer
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and pronoter (O Connor, When HPV genones

i Attadimant regien cAAR) decm a&naﬁr@ém ofr &85i decpgies a  strong

walah@%gml s@m%re@gtum It X1 Y\O /2%%;/09931%@% conducted into the
PCT/ S&2004/ 000069 attachnent region (MAR) | ocated

dBwigtenmiaps p@HPMe@oﬁﬂé anddfprrsha hopraRdRe Opfmedniation (Burnett

Skt ). aftQfad Shdculked that phiA %etf@la‘%h’%gﬁ%ex’eﬁ% be involved in the
conducted into the nethylation status of HPV-la DNA

afentreb ghldP Y- rrne sxa@ssieh bibihapiuslyives Ipeuckstve. at .
al.). It was specul ated that DNA net hyl ati on mi ght
therefore be involved in the 5 control of HPV-1 a

gHre thowghehat titegsation: ¢{d1RY idg theBost wepa@E s iag early tandgmportant
t BaaHahh I-'il*\?tlmkéﬂ %ervﬁ‘:"ai Qé‘rcﬁ%Bgéﬁ'P \éls' ntt%éshésé“%%%ag%gﬁfesmed that

is an earl and | npor t ant event

cbesﬁrseeplﬂeémﬁ« meRjeviationsmay tplayaa fenaienplete iy potvhesns sepulation
t Rds) ehé’l?t ﬁﬁl@‘éls%'b%e@@ﬁggﬁ@%&&%’h@f \h:%‘f‘trgﬁ’éﬁrlg i cz?h be suppressed by

functional role in gene regul ation
amethmlqtmﬁa@f ldPgdGb@@Hlagqugg@@p@ Vi $HppPressing) t e blndmg of a cellular

t Ergﬂ%@héﬂ fRBbrqeRt RS, %PQW 98888 alRY be@ﬁtslﬂléhﬁéiee"{hé’tfthe degree to

PV-16 regul atory regi on by suppressing I ndi n

aW@é“PI iptearated FiYsENADS Gy Methvemted might qqrrgla’reew'telthe) tumorlgemc
bo@eﬁ{%alaefsfﬁebﬁ@s@ c%ﬁ??%éﬂﬁ eéi‘ 1! EatAts?@dydﬁgi%%eﬁ ooon\ﬁ'ﬂbtéa‘ into the

i nt egrated t corr

vmabhweﬁ@ntsyam |0@éHﬁVc"la chtﬂeamd éﬂundfa ﬂ@reram@m @@ttars of methylatlon

Faabpet ol oLl EREEO0IG h haciedce

Unmﬁ@ﬁamhqﬁalﬁ/e‘rawgwe prasploatiubihe B was incenclugive) .
It was specul ated that DNA nethyl ation m ght therefore
be involved  in the control of HPV-1 a gene expression
b&trtheranose, u‘dgihmson ﬁfc:*dﬂ\élgesomes in gty barenensr deen studied, although

f {;
gtﬁﬂég%( Lsge\h&ﬁ[ﬁt%fo B 0 t g}rﬁgolll/é‘mgli\/tl Ig %ﬁatpﬁ"i—%ﬁv B&RLription. Firstly,

p@p@@tarelunﬁwwreeefé@d inj MPYwgimilat fonigerbvmendiest Sgsondy. when in
F'vﬁr%t%%th}fm%qqg?nl% S[W;QW@EQ@h\%%%%HQHto' QRS a8 hBi LtredRd (Ros!

et al.} in a similar way to the EcoRI- resxstant HPV-16 DNA studied in one specific cell
line (List et al.).

The present inventors have now completed a study of CpG methylation of HPV-16 in
cell lines and in clinical samples. They have found that HPV-16 DNA is an efficient
target for DNA methylation, and that preferentially methylated regions are
asymmetrically distributed over the genome. They have also found that methylation
occurs at CpGs overlapping with the enhancer and promoter of the HPV-16 genome,
and that the frequency of CpG methylation decreases during progressive stages of
cancer, indicating that CpG methylation is involved in the etiology of cervical cancer
and is a useful diagnostic marker.



vitro methyl ated HPV-16 DNA was transfected into
cells, it was not expressed (Rosl at al.) in a

W@ povitlogriesnay to the EcoRl -resistant HPV- 16 DNAPGL/SG208¢/000069
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in one specific cell Iine (List et al.). 25 The
present inventors have now conpleted a study of CpG
nmet hyl ati on of HPV-16 in cell lines and in clinical

sanpl es. They have found that HPV-16 DNA is an
efficient target for DNA nethylation, and that
preferentially nmethylated regions are asymmetrically
di stributed-over the genone. They have al so found that
nmet hyl ati on 30 occurs at CpGs overlapping with the
enhancer and pronoter of the HPV-16 genonme, and that
thes fh%?éﬂ&%Woﬁ?éctGPfﬁeWGW bitd &%Vﬂ@%rn%ﬂ‘t%?r?atlgé' bk @éoved method
progressive stages of cancer, indicating t
et HagnasinshcericalnGARCeieer as5es3iRg Biel oappsion qf@swqaapancer It is
c
200 DS SRR R Tk 0B IS Fimpiiea kit for diagrosing
oBfrEiER! GNCeme JsaeRsing 1A pragression deenirahtamenat i ve or
i nproved nethod of diagnosing cervical cancer or
assessin% t he rogreSS|on of cervical cancer. It is
aBSYMMAR PQFJH dNVENEIGMyvention to provide an
al ternative or i mproved kit for diagnosing 5 cervica
cancer or assessing the progression of cervica
c AAexring SUMVARY agrecT RE thenvERItANveRtionr ierryist prodided esmethod of
aéi@lﬁﬁ&sn‘&; &é?'ﬁcﬂr SR Ienidien n'ifQ@t%S With p'ﬁQPﬁ'aHeﬂaﬁllomawrus
i agnosi ng cervi cal cancer In a pat
i ppreptisieD etstenswafan papi | | omavirus conprising the
steps of: 1) providing a sanple containing the hunman
papi |  omavi rus genonmic DNA from the cervical cells of
fﬁg paPia¥ising asampl contajeingthd himgn theillpneyaiscgenemic DNA from
absen%eoéewwsélwlsasﬂte@ erERFSi tes in the  human
| omavi rus genone P t He sanpl e, wherein the nore
E si delerminin 'echreﬁ@mqqayoraab@mcesofarbs@mlatmm@nnﬁp@ sites in the

' nd' Cahhr‘ﬁgplp%ﬁaémQVIrL%ed;e%b“évllqg%r"fagﬁole GHLrER O HoYe ChBSsites on

human viru
WhICh methylation is absent the more indicative it is of cervical cancer.

Conveniently, the human papillomavirus is HPV-16.

Preferably, the HPV-16 genome has eleven CpG dinucleotides between positions
7498 and 161 and step 2 comprises determining the presence or absence of
methylation at said eleven CpG dinucleotides.

Advantageously, the presence of methylation at all of said eleven CpG dinucleotides
is indicative of the absence of cervical cancer.

Conveniently, there are CpG dinucleotides at positions 37, 43, 52 and 58 in the HPV-
16 genome, the absence of methylation in at least one of said CpG dinucleotides
being indicative of the presence of at least a precursor lesion at stage CIN |.



Preferably, the HPV-16 genone has el even CpG
di nucl eoti des between positions 7498 and 161 and step

wQ:2@empnseces determ ning the presence or absene€r/862004/000069

nmet hyl ati on at said el even CpG di nucl eoti des. 25
Advant ageously, the presence of nethylation at all of
said el even CpG di nucleotides is indicative of the
absence of cervical cancer. Cgnveniently, there are
CpG di nucl eoti des at positions 37, 43, 52 and 58 in

‘ the HPV- 16 genone, the absence of nethylation in at
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I east one of said CpG dinucleotides 30 bei ng

ge%f%r% ‘ta'fgefo 2—5:;\;1%3 Kgrq%%?r\% 55&4 g‘éjcleotlg pgossﬂlron 7862 and
Pﬁﬁé@@ﬂ%bﬁﬁé}%%f ﬁleEPryQa‘tlehaé:tl Mositidne 7862V4sl hdieniogeofhatsleast a

uclﬂé)? & p03|t| on 7862 and wherein the
aBr 8Hrc§8r F"o E‘EYF (f on at position 7862 is indicative

of at least a precursor lesion of level CINI. 5

vant a |ses te f . ,

AP AHEOE - Yen i omEber Hanset ot degafiishibefumen, papilomavius
mgéiyrhahitea ehgationvssneitide shddreaigase.Conveni ent |y, step

2) further conprises the step of: 10 adding priners to
the sanmple and effecting the PCR process, the priners
bebhgridntlyestbp ey fuethdr edm@izea i@l dtepof: cont ai ni ng at

| east one CpG site susceptible to cleavage by the

met hyl ati on -sensiti ve endonucl ease and; anal ysing the

r e&fuhg $rioferd foethe(aarm@@ewfféa:r@ethemm@rm@s hige Siahels being at
east

f t.h
Pl Dt of B SEoqrEsqeadng oF Bfe oG CriISLA £ AGEBUS §p cicsvage by
t h? rﬁeﬂh?lﬁh@i smn&emu@mu@taeedm?cl ease is MrBC
endonyc ase Vv en St e Cc ' ses
S aduee BBy Cadtir s EOREOpt SRt PG es R0 4t fpast one Cpe

ekiyeBs @@Q/éﬂ nucl eoti des dependl ng upon the
met hyl ati on status of the CoG Preferably, step 2)
further conprises, after selectively nodifying the

C Ph&TeiaBfy, teSirities areSEQND ROSTEY snd 0.t he sanpl e and
effecting the PCR process, the priners being at 25

either end of an anplicon containing the at |east one
Cp@vsith@eously, the methylation sensitive endonuclease is McrBC endonuclease

Conveniently, step 2) comprises selectively modifying the cytosine residue of said
eleven CpG dinucleotides depending upon the methylation status of the CpG.

Preferably, step 2) further comprises, after selectively modifying the cytosine residue,
adding primers to the sample and effecting the PCR process, the primers being at
either end of an amplicon containing the at least one CpG site.

Advantageously, the primers are SEQ ID NOS. 27 and 28.

Preferably, step 2) further comprises the step of sequencing at least a portion of the
human papillomavirus genome containing the at least one CpG site after the step of
selectively modifying the cytosine residue of the said eleven CpG dinucleotides,

preferably using the primers from the PCR process.



Advant ageously, the prinmers are SEQ ID NOS. 27 and 28.
Preferably, step 2) further conprises the step of

wG@e@yeyashg at | east a portion of the 30 hunaPCT/SG2004/000069
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papi | | omavi rus genome containing the at | east one CpG
site after the step of selectively nodifying the
cytosine residue of the said el even CpG di nucl eoti des,
preferably using the priners gron1the PCR process. WO
2004/ 090166 PCT/ SG2004/ 000069 7 Advant ageously, the
step of selectively nodifying the cytosine residue
conpri ses adding sodiumbisulfite to the sanple in

order to nmodify unnethyl ate tosi ne residues t
vhd@Enfageadsiyu s, step G&rﬁ?@ﬁp\é‘frd‘%l d'fg*f*%ﬁh%)cyﬁq%mh'@ﬁ‘due comprises

CoIMd 868Uk BisEliRP®H &fe 88fbRIINAbrdefaStmediy deheBla@d cytosine
probe capable of hybridising to said at | east one CpG

s"eﬂéiuﬁﬂonu"ﬁmf"els@f'eﬁeltl ng tenperature and capabl e of
hybr|d|S| ng to the site with a second, different

ting tenperatures when the cytosine residye of the,
cﬁ@\@nteéﬂlha%te@;e?érﬁurﬁmqomse%m Staphrt 8A¢IRg 9? m%asf one detection

h%r*ébé déa‘b@BI'eOBf Afbridihdled eald an disPhaet Opt hﬁtepﬁﬁthl @mrﬁf melting
human 10 papi || omavirus genome contai ni

stempesiuge anchgapadle peRyfeidiping Ostharsiterwiima Sehﬁ’gm f%}ff&‘rfsn‘f melting

S{e‘?rﬁberé?[u%fs%ﬁéﬂ }he §}t@sﬁne?)re§(‘ 4 BetheCOpBI diteesad B@erﬁanﬁmﬁled and
addi n% he sanple at |east one  anchor

EEBIRGO e SRS fos Aeifsant iGpbeo o (e PRIRALG! the human
PAR I drRRVE @%ﬁomé%ogt%ﬂﬁ’r@:—‘th@%rﬁ? 8 af Hearfe dfe@sbe@nfes after the

detecti on probe, the detection probe conprising one of
amggidng eiPB. capabl e of absorbing light at a first
wavel engt h and an acceptor dye capabl e of en1tt|ng
l'ight at a second wavel ength, the anchor pro

cquieraéiyngteptah@thheaé@melﬂsqsrf@e dtsmeror: o%ﬁé!'r@nia thﬁéample at least one
ﬁﬁ%ﬁ“od'rol?é’%a phhle cﬁ‘%ﬁd@ﬁ‘\g RC 5 eRsondy® Shd duithn pHSilomavirus

at they are cap uorescence resonance energ

t pemesre ediprent ﬁmea} legsé ope detpcdPHEORSr Ha APIEGIAHPORE cBinprising
agRé '8?5 doﬁérp aBl%eofSa'Hé‘BIlbﬂwgt Ryhk 'aQQtﬁrs%twatvE@n inf Sid an acceptor

wavel en etecti ng em ssi on of Qﬂql t at he
s ey aapakie ef @wgtmg kahd at ﬁrﬁ@cp%@@%‘?ngff‘e%eﬁ* ar @gobe comprising

ha9&aHs b¥norltd) elm'm@ a@@éﬁtér' d?/@aﬁh'erdbﬁoi §nd‘|5’é/ceb@3r dyes being

urt her conprisin he st eps di vi di ng
sangl Bai Hep ag Gsf@fkﬂl@mﬁﬁﬁ@@: reé@’eﬁnﬁ@ eneray @*ﬂsfer when they are

S #PeISAPLRindty to one another; exposing the sample to light at the first wavelength
and detecting the emission of light at the second wavelength over the range of

temperatures.

Advantageously, the human papillomavirus is HPV-16, further comprising the steps
of dividing the sample into eleven sub-samples; adding to each sub-sample a
detection probe and a corresponding anchor probe, the detection probes being
capable of hybridising to a CpG site at positions 7535, 7554, 7677, 7683, 7695,
7862, 31, 37, 43, 52 and 58, respectively, on the HPV-16 genome; exposing each
sub-sample to light at the first wavelength and detecting light emitted at the second

wavelength frorn each sub-sample over the range of temperatures.
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7862, 31, 37, 43, 52 and 58, respectively, on the
HPV- 16 genone; exposing each sub-sanple to |ight at
the first wavel ength and detecting light emtted at
the second 30 wavel ength frogleach sub-sanpl e over
the range of tenperatures. WD 2004/ 090166

PCT/ SG2004/ 000069 8 According to a second aspect of
the present 'invention, there is provided a nethod of
assessinghthe progressi on of cervical cancer in

pAeqCsHEd fmp seed JaPpert AR BiEsentdeYRRNiPR: tRgeth er%ftdéﬂsa method of

Ofsselsidg tRE %b&bgﬁor@ of BRI GRAARESH P BDdtiBAt MRAAD with HPV-16,
genom ¢ DNA fromthe cervical «cells of the patient,;
apnpjsingdhestars gt he nethyl ation state of at |east t he

CpG di nucl eotide at position 7862 of the HPV-16

genome, the lack of nethylation at said dinucleotid

i Wi caPioMiginghe samplse pedaiBingahe | A6 geppavq, PSYy rP'@’stihﬁnce""'cal

of cergélg%ftrpeggg%@ﬁt an@ Conveniently, the HPV-16 genorre
has el even di nucl eoti des bet ween positions

aRd 1eqet§ﬁwgs‘th@pﬂgtﬁy‘ﬁu<m Rtate ebaplaaseder ﬁeGﬁl@l&e%we %t position
det ect 78h HhendTRiPWA @Elb%}ne stmat Bcefor tha@hRareBt SBIS dinucleotide

di nucl eotides of the FPV-16 genome between positions
7498 aifndicating therpsespnea bt Ieaid aipgissordesion plurerder! caeeer-
I acking methyl ation indicating 15 the nore advanced
progression to cervical cancer in the patient.

AGeBYerianylyt Bea it Yrilf geagpedes GleVeREAR é@@ﬁ?%@ﬁ?é@ﬁ%@rﬂ positions
L RS 2h§ 1BH %\‘xﬁdﬁé’p &y %Pbbrﬂﬁf seshpy| 'S%saofsc%@é&ﬂg &he methylation

consisting of a sequence sel ected fromthe

coindg of iy e[ﬂven e dinesleptisiasod the, HBPY: 1629ergﬁée pgtwegm positions
A?%’éf did9a1 Qhégfeg%rtﬂ'?e ﬁé‘rﬁ@&l onfchté%tl@éseI%@lﬂﬁg RY®MtioRNndicating

ere i s provi Kit for asseSS|nq he progression
othecr@pr@ Rnesthyesrepsion ipearvisalcanearelbtie’ipaieh human
papi | | omavirus conprising a methylation sensitive

endonucl ease and a pair of prinmers defining either
eAdeatingrio antplrd @speakiof Hierpresrnt fMeaRCH ARRTE I REAYIdedse DNA primer

gﬂ%ﬂ& 'a sequence consisting of a sequence selected from the group consisting of
sequence ID NOS.19, 20, 27 and 28.

According to a fourth aspect of the present invention, there is provided a kit for
assessing the progression of cervical cancer in a patient infected with human
papillomavirus comprising a methylation sensitive endonuclease and a pair of
primers defining either end of an amplicon within the human papillomavirus genome,
the amplicon containing at least one CpG site susceptible to cleavage by the

methylation sensitive endonuclease.
Preferably, the primers are SEQ. ID NOS: 19 and 20.

Advantageously, the methylation sensitive endonuclease is McrBC endonuclease.
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25 the anplicon containing at |east one CpG site
susceptible to cleavage by the nethylation sensitive

wepwenwabease. Preferably, the prinmers are SEQ@CT/EGNOBE000069

19 and 20. 30 Advant ageously, the nethylation
sensitive endonucl ease is MrBC endonucl ease. WO
2004/ 090166 PCT/ SG2004/ 000069 9 According to a fifth
aspect of the present |nventlgn there is provided a
kit for assessing the progression of cervical cancer
in a patient infected with human papill omavirus
conprising 5 an agent capabl e of selectively-

dlf sequence of a CpG site depending upon
éorﬁingh& fitn asedt ¥ he RrEeTY | ipgentignd therpds Pefided a kit for

@%Sé‘&ﬁ@ drf 'pFUgﬂélssﬁjnt BElceRitd) handdt ﬁ‘]”'@' b&RAt Whithed WS human
papi | | omavi rus genone, the anplicon containing

g?%@@‘('r fEMPENgi t e susceptible to nodification
by.the agent. 10 Conveniently, the human
paplllomawrus |s HPV-16. Preferably, the pair of
pri merd agentseanablepofeglectvelmapdiiging 1 the Asraienag e¥ua| GoG site

tdaBerditg fiper IA8TmaRIRdnSeRuabf theaRs,; ae det ection
probe, the detection probe conprising a detectable

mar ke A0 YePripersapefing 6ithely Brd dif sathgmrbicemjvithapthe human
%)'abmor\‘\fh%msa%érioﬁ%t tHEBArhpIREN ESH@%‘@I é’tﬁ@es@@ﬁe l@%'Gthe susceptlble to

capab dising to the site wth a seco
dnqq‘f@la@@ﬁ bmetﬁ%’@ttenper ature when the CpG site |s
nodi fied. 20 Preferably, the human papillomavirus is
HPV- 16 and the at | east one detection probe is
Coppnientlys theysman Rapiiynayiresis EPG18ite at the position
in the HPV-16 genone selected fromthe group

conS|st|ng of 7535, 7554, 7677, 7683, 7695, 7862, 31,
Preferably, teppajinef prgierosre/RRQANPIYRSUZT 9nd 2her e ar e

el even detection probes, the detectlon pr obes bei ng
abl e of idising to the CpG site at positions
fgifggnlagg@@ly, ly(i‘@mt futpgrcoNBizEs at lpgshonezdetedipn pahe, dize detection

g&oe's@bmﬁr%ﬁ%e§ﬁbfé@!aﬁle Qrk%ﬂgncﬁgé/n Q:aS?J]Q%?hYbrldtsmg to said CpG

veni ent | er conprises at
Site mih ag‘fr@tbgel@gq)mp@r@ﬂre and being capable of hybridising to the snte with a

second, different melting temperature when the CpG site is modified.

Preferably, the human papillomavirus is HPV-16 and the at least one detection probe
is capable of Hybridising to the CpG site at the position in the HPV-16 genome
selected from the group consisting of 7535, 7554, 7677, 7683, 7695, 7862, 31, 37,
43, 52 and 58.

Advantageously, there are eleven detection probes, the detection probes being
capable of hybridising to the CpG site at positions 7535, 7554, 7677, 7683, 7695,
7862, 31, 37, 43, 52 and 58, respectively, in the HPV-16 genome.

Conveniently, the kit further comprises at least one anchor probe capable of
hybridising to a position on the human papillomavirus genome adjacent the at least
one detection probe, the anchor probe comprising a detectable marker, the
detectable marker of the detection probe being selected from one of a donor dye and
an acceptor dye, the detectable marker of the anchor probe being selected from the
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det ect abl e narker, the detectable marker of the
detecti on probe being selected fromone of a donor dye
and an acceptor dye, the detectable nmarker of the
anchor probe bei ng sel ected f58n1the WO 2004/ 090166
PCT/ SG2004/ 000069 10 ot her of "the donor dye and the
acceptor dye, the donor and acceptor dyes being such
that they are capable of fluorescence resonance energy

transfer when they are in close proximty to one
aRbenekthe goppredyeral the aperptalsierthaglenersarndagspristéyas being such

afht ks é\‘éc Bfe Wﬁo‘r@scéﬁéee@sgﬁarfcfeoéﬂér@? trab&@MRhen they are in

consi sti ng Li ght cler-Red 640 and
@@F%Pfﬁé@tm@neﬁd‘@mageousl y, the det ectl on probe is
capabl e of hybridising to the CoGsite at position

7862 in the HPV-16 genone. 10 Conveniently, the agent

i Erefelably; & donnindyRds glusigsceibradsthemyceptos Bk ifmselected from the
biygd

o o AL RERIR AR O A Byl ros.

di agrammatic representation of a portion of the HPV-16

h
e S A

geatieT 7§§ain tige bB&sﬁgQﬂ@r@? to 559) and the pOS|t| on

of two Hpall/Mspl sites, one (position 57)

overlapping wth elenments of the E6 pronoter P97, th
oQeaverentyntnei agenhis slecipgritornthe @T@UE60@‘@#@9(Q§§§W%‘WSUWW€ and

ggaass, r$BR¥ShAée anplicons P11, P2 and P5 whose
spective priners are shown in Table 1. Fig. 2 is an

|rmge of an 'agarose gel show ng the results of reverse

at simlar anounts of
@:[?ﬁﬁggﬁmﬁﬁﬁ‘o#ﬂﬁ‘ébﬁﬂwmd@t L by S Ha A 55

CaSki cells. GAPDH (gl yceral dehyde- 3- phosphat e
dﬁ%dlr qg%ﬁ@%@amrﬁg{ i/ ?ébré’s%nta"?t@hldﬁflé"‘ goﬁﬁﬂtéfoﬂhe HPY-16 genome. It

SCri ar ose %‘
slsbows thet m@trlb@tm QfsCRﬁS @éh@ @@Rt@m 7%pHghrough 7906/1 to 96) and

in the E6 gene of HPV-16 (position 97 to 559) and the position of two Hpall/Mspl
sites, one (position 57) overlapping with elements of the E6 promoter P97, the other
one in the 3’ part of the E6 gene (position 502). Also shown are amplicons P11, P2
and P5 whose respective primers are shown in Table 1.

Fig. 2 is an image of an agarose gel showing the results 61‘ reverse transcription PCR
confirming that similar amounts of E6 and E7 transcripts are generated by SiHa and
CaSki cells. GAPDH (glyceraldehyde-3-phosphate dehydrogenase), served as
cellular control transcript.

Fig. 3 is an image of an agarose gel showing the results of genomic PCR of SiHa
HPV-16 DNA at IX, 10X, and 100X concentration compared with CaSki HPV-16 DNA
at IX concentration. This confirms the large excess of HPV-16 DNA in CaSki cells.

Fig. 4 is an image of agarose gels following the analysis of the methylation status in
the PCR amplicons P5 (corresponding to the E6 gene). P2 (containing the LCR) and
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cells. Fig. 4 is an inmage of agarose gels follow ng

the analysis of the nmethylation status in the PCR
anplicons P5 (corresponding to the E6 gene). P2

(contai ning the LCR) and WO 4/ 090166

PCT/ SG2004/ 000069 11 P11 (containing just E6 pronoter
sequences).. (The anplicons are shown schematically in

Fig. 1). Chronosonmal DNA of SiHa and CaSki cells was

not cut (control or cleaved ther of the

tRid éﬁ%@ﬁﬁ@m( iy ES P?or%m%r FERHCTCRE) f*gsfeamre)@P% are shown

gslllﬂieﬂgﬁ%aﬁ walng teg t??]r@ﬁmebmbnenmheofé@'ﬂb: %rQﬂSaE’ﬁ a5 vardnot cut

acC (0] he re ns Ccou

G, ) & aves s then e ReRarodnes {EbalicH. and Mspl, M,

%éﬂé&ﬁelyﬁ ahﬂ@cmiétﬁ?lpm’fedgbé%n@@{d tBe aftplisoriselz, 8 &g1 Phe Each of
| ack of any. nethyl at ed uence In th

case of
dggghre@e@mgllco%sqou@f netpRe @RWW&E afieL; qaé(ﬁgetvgt%kﬁg]elr o? the two
&2&%& ;imheb&e]gse[cﬁmé %tel(‘s' emveRaiortelind {ack ;w teﬁxamsegg/lated CCGG
ylation o ese of the
HRGL@BCaSo b 488 @S%ﬁﬁmgeE gmog{ pisthg GNAGKPS rﬁﬂgagtf to Hpaill
"lﬁé{esli@n( B90Ra8M) CI%B@M BQ Mdpe igeibstgERethizlatiofr bf tiise thD, sites in

and the | on tr region (LCR) and relative
I ﬁé%qu?? ¥10 HRY- ‘ ga%% G8. The respective

primers of anplicons G1 to G8 are shown in Table 1. 15
Fig. 6 is a.set of |rm\<7:|es of agarose gel s show n

sEign@ ist & gerornin gnampef-HRV-J B (E1RS bR Newing e 8emascES, 7, E1, E2, ES5,
eﬂéi%gu%h@@%QO%UWFdl %loﬂL@W 288 r&btilehBcABR! Jf esmSikons G1 to

right” |l ane of each pair of sanples)
i i C'Ehee@slﬁ%t“N? Ipﬁmeé?nOf aseieensed’ g fsﬁ arg ﬁ@"é"h\?é@b'e 1.
controls. The cleavage pattern indicates
B\élger met hyl ati on t hroughout nost HPV-16 genone
Briv msehskimagep|of aga@se GRISrsheWINEn edEt afg@egﬂ%\{ -af genome

2 ttra bhe |eﬂﬁ @@@eﬁt G8 b
a5 105 ol yas T 30 e Mol e oo o

rrMCF@CF étlgfénlanel of |Baeh REITapldsaNRieN indicaies dﬁethéﬁaon ﬁqn@aéed with
@t?ééé)egga&%rﬁrcf i€ PTIRS @tlBhiO Dafbrnt MRicanR! thBﬂngﬂbﬁ Rhroughout

enom ¢ segnent_ from position 7

55@8WPM-W@1q§r16 A From) (eadsh £4lls arﬁie’fUE@r st%rﬁk%?déﬂ% pattern
aﬁ@o%?cé@ﬁ P\?B@f‘tﬁé@l‘xﬁétwttﬁe Wtk RieReEh (Heedifgisitgrevab genome of

ure prinmers of
SiHa, and hypo- or no methylation in tumor 4 and a CIN | lesion.

Fig. 7 is a diagrammatic representation of the amplicon P4 which includes the
genomic segment from position 7850 to 559 with the E6 promoter elements, the E6
oncogene and cis-responsive elements within E6 (left side of figure). The primers of

the P4 amplicon are shown in Table 1.

Fig. 8 is a pair of agarose gels of segments of HPV-16 genomes subjected to McrBC
digestion (Mc), compared with controls (CT). The upper panel shows two typical
McrBC resistant (i.e. unmethylated) P4 amplicons detected in DNA from invasive
cancers. The lower panel shows two typical McrBC sensitive and methylated P4

amplicons from asymptomatic cervical smears.
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O FRE Sl ety ENRORRAREETT o on, and

show the rol e which DNA 5 rrethylatlon has in the

HP W et h tion. can )
un):légr t% 'inn ¥ ht%%ééxae dﬁ gr 'deCOHﬁ’&ﬁ'{‘% e&ﬁdgﬁ?ﬁ)g@t z#éer gliP&/a 6 genome is
c a&ffciently Hiradiflad [bMAce‘rlayar MaNA heeﬁb;zlatmsrecaghlsﬁl@\d a8 @le which DNA

I 0 'nIe pylcal ert
TSP Bat dh Gk, Aok e Rl ToaRieiy i b used to
wasderstand bb@etm@bymftand rd giagnosesgenyitainahdes. snmear s
cont ai ni ng presunably replicating HPV 16, but also in

i nvasive tunors and cell lines, which typically
cait\all EHW-rmay r@ememei recegtizededs i antheetiofiatumo s0g@tl by a single

O S o bt (SRRl 21kl 2pibigr Lteenefiafion was

b@bs@me($ nD’uonly mnasmnptomahtp‘dmbérseq:nmajmmg pm&:mi@ilﬂdp&&a&ﬁhg HPV-
a%G' %H?leﬁ;s% L %w%@l@ fuﬂwotrg] ég(l:%l LJrae fw%ﬁ%tgﬁ)lﬁ%iyeoontam HPV-16

e non- ranscrl
ngenQree@eﬂegretedl mtma;brdmmnmapmuo$m Hinaden, H) Repeated DNA is

Si goqgﬁ ?ﬁ‘bl Lo p‘:r‘%(fSH ? t?'rg%};(l@gP '%8@ %ﬁ%@gﬁa B but in situ,

Hmn@@eweﬂ-ﬁw -46 epinoimas emetwmﬁdsas is Hie® the@p@e hﬂpelcelglme SiHa

g?‘ﬁ f\ Hegﬁg bEB%/m%B%%gQ oeS,EAHDV\P“htglhsfa'ﬁf‘?/lfta E_F%\{nﬁé%lggkégg has been

sipmplosed Htat ezaombingtion Ieaenig poavie @fle GoGs meithylation signal (Remus et

o BB 05 OE, A W By SLA DL pusy et can

enhancer I ndi cat es repr essi on of its function. Since

i th bindi of ..
o e W, SRERL A8k R i v Behfhe dpRprign of e
a Hibt- 1y LaRetbepmofrirliow, a siogwareand sieplebeattern, but that groups of CpGs
t rhf"Qﬁse%étR/E'lg&%l)hé’ aR WitHealternative extent can become modified. Methylation

of numerous CpGs of the enhancer indicates repression of its function. Since CpG

methylation does not interfere with binding of the E6 promoter factor Sp1 (Harrington,
M.A., et al) a methylated promoter, however, may be transcriptionally active
independent of this enhancer.

The normal HPV-16 lifecycle is restricted to asymptomatic infections and CIN lesions,
while carcinogenic progression is an accident, as there is no further virus production.
Consequently, the high prevalence of methylated HPV-16 genomes in asymptomatic
epithelia may indicate that methylation is part of the normal HPV-16 biology. While
not wishing to -be bound by the exact mechanism, two speculative and opposing
views might explain this observation.
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accident, as there is no further virus production.
Consequent |y, the high prevalence of nethylated HPV-16
genomes in asynptomatic 30 epithelia may indicate that
net hyl ation is part of the n rnal HPV- 16 bi ol ogy.

Wiile not wishing to be boung by the exact nechanism
two specul ative and opposing views mght explain this
observation. W 2004/ 090166 PCT/SG2004/OOOO69 13 The
cell may have an antiviral defense th

Dia ced Mayrhavgenaidvira dgtenge ihat sgrg,,estvpg @r eBt ?rg'\ﬁg{a%ld targets it
rfspfrﬁﬁs%rlgﬁanaﬁ\' réﬁkeﬁbh VRhetnathdfy, mmyﬁﬁhylgﬁbm&’}eyb@e wet another
exanpl e of the nunerous. st % devel 8
WaHP%Oftth%ﬂU'ﬁ"ﬁ%‘ﬁ siyategigs|deneleagd by g%& Q%?@Hor a subclinical, long
W@énﬁ‘tn%ﬁt@ﬁsn&f of bR Waﬂ aﬁfebﬁtfnessérwd(&eé/r)aedc}eta aiod)at would be
nodel uld 5 remni scent the Lif cl
GEisnest A e Woicas! ERHBIBAHI R ddENRCHEB R Msinyiaton-
dd’e?b%ﬂ&'&ﬂtsﬂﬁhélﬁ@%f BGpRtifid ppetastef daridy endtid oulatargy qRebertson,
m of | at ency (Robertson, K. D.). Likew se, the HPV

Rore may contain nol ecul ar properties that induce
nethylat|on 10 dependent | atency under sone
condi tions, while under dlffer nt condi

e Jie HEY SRIOBATRL P T TP UeDr By fgtveton

t A& chaBFE Y nlh#?de?aé‘omdf&bhdiﬁo@t tvatliemenderr éife@ns conditions this
(Stunkel at a and Epi{‘& te

aqnpchwtrgqay pp\yg/e ryle lsaq:oufd %goqql?legg&{g(aﬁméog{%w% nuclear
beghix' ARLAHEAt iegloa‘@t(aqmnelza dDNAnd reai1hstleatdtahe iE6 ;btbmoters of all
context of certain cel tIhU| ?rﬁwgﬁts nes (,Br andei

agenieh HPYs: dan algalyy got avg, rl@ﬁpﬁ%ﬁi W A agonfze DNA

:T@ltete}w,aﬁﬁbh Qﬂllﬁfcoh@xﬁomm d&MaﬁQ@WBrMe&dM tef @hahd Forrester,

miN-€i. Bhelk @def@pqmpl mﬁ\,églp{sjcprhafc g efgreéwregmqyaqugg?%tmaedrdltlonal role in
UGRIEarySIBld SWifkdh, vlidn@ahi ailtifaasdd ndslAt sivalingi differential promoter

(Baker,” C.C. at al. an
i Hpasep selicinge elonasos. Aol sy rap B Bk 608 “SLehon A ot al)
;)1;] t he HPV fgenolrre 20 the data in the exan‘pl es show

e power of npl ecul ar di agnoses b
o BPBNE: s s et T ElP U HaGARg T 101 B s g genome.
Thisdath e Y egafbled @M@Mttlh@@owe& af @slecular gageoms byt evaaling the

met hod of_ di agnasi n
epigenetic factors Wthh urgdecﬁ?/rpa ho?oglcal samples.

Thus, the present invention relates, in general, to a method of diagnosing cervical
cancer in a patient infected with human papillomavirus HPV-16. The method
comprises providing a sample containing the HPV-16 genomic DNA contained in the
cervical cells of the patient. Preferably, the sample is obtained from a cervical swab
of the patient. The human papillomavirus DNA is, in some embodiments, the HPV
genome which has integrated into the patient's cellular genome or, in other
embodiments, the HPV. genome which exists as an episome in the cervical cells of
the patient. The method also comprises the step of determining the presence or
absence of methylation of CpG sites in the HPV genome in the sample. The “CpG”
sites in the genome are those consisting of a cytosine residue directly 5' to a guanine
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cervical cells of the patient. Preferably, the sanple
I's obtained froma cervical swab of the patient. The
human papil ll'omavirus DNA is, in sone enbodi nents, the
HPV genone which has integrajgd into the patient's
cel lul ar genone or, in other enbodlnents the HPV.
genome whi ch eX|sts as an episone in the cervica

cells of 30 the patient. The nethod al so conprises the

step, of d ern1n|n t he sence or nce of

EHyBa T OFEr: EEoaRs T RUSHISD. EeiaTneleh e the presence
sammsencd bﬁnefag@hon 8 defed dUtiI@ETGenDRBY B id Bpiened below.
consisting of a cytosine residue directly 5 to a

guani ne WD 2004/ 090166 PCT/ SG2004/ 000069 14 resi due.

| mhéligfd=tarett sabost oemethylafiort bethen®sBisitos the ere indicative of the
determ n&t [ on qf the presen abse

TBRGTGR § G VI cao4r ch SamaT TP ihe e Paikalee olige progression of

elﬁ@ [PV @ﬁe&&in&Wa ffsfgmeadtselte,tdueh absnm p%s@f]ce of a precursor lesion
Iatlon of .the I cat

sites the m [

R % P7ESER SViER: bRbhT O ARy Searre%mirrsvih%, lower the
tbﬂesamsee of lﬂrﬁﬁtﬁﬁéﬂeue()m ditbe ﬂm @gsrae@str@nrndfcatrcsmef IﬂFBéreSSIon from
|nf ? orned s latr’ t he sence.,

PUSiEaL iy B Er eor kel frELBHEe SPTUBReDege Dster the
I eRisence of nhdtnyleRsi oQtReepGi dites, Feumotdrindiaies tlhelitethe patient is
pr esentP ﬁf met hyl ated CpG sites the greater the
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to i nvasive cervical carcinonma. Conversely, the
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a%&!mﬁrmtslmﬂ pTdSMi@e emmmv@mmdmmt ;sreséndehef cervical cancer but

aGRETS PP 8 B r4Rr e PO B oy WL i BB pangnancy.
ofit ie arsww@le apresatedd tat, vilithirr mweclﬁlba’uﬁlﬂﬁm word “diagnosis” means
quant &?lvetest for the HPV|nfet|o

t &0 aﬂ%@ﬁ Ieﬁgmg O ap g%ecﬁlbvogél(el(i%?g%tlo&oé &ntqq%en 5t steps
Wlléeh!ﬁrfg tdicsnisipeiohf irfaiation wiieh wophysickragansiss” whearferming an.

QBRI BOT SBPIDRNGIPRER but al 0. st epe | eadi ng

to contributory information which a physician can use

ng%gzrfb:%arrq S il?orr]ﬁavr Q wrtﬁ'r qﬁlg}wsthteopa%aﬁ‘% isPred edngrﬁPW HPV-16 is
defined as a human papillomavirus having a sequence corresponding to the
sequence set out in the Los Angeles Laboratory Theoretical Biology and Biophysics
Papillomavirus database, The enhancer promoter region of HPV-16 between the
positions 7498 and 161 contains eleven CpG dinucleotides at the positions 7535,
7554, 7677, 7683, 7695, 7862, 31, 37, 43, 52 and 58. The enhancer promoter region
of the HPV-16 includes the long control region (LCR) and promoter P97 of the E6
and E7 oncogenes in HPV. Therefore, the presence or absence of methylation at
these eleven CpG dinucleotides is determined in order to indicate the existence or
progression of cervical cancer. This is because it has been found that these
particular CpG dinucleotides are particularly indicative of the status of HPV-16

infection towards malignancy.
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sequence set out in the Los Angel es Laboratory
Theoretical Biology and Bi ophysics Papill omavirus
dat abase, The enhancer pronoter region of HPV-16

bet ween the 25 positions 749 nd 161 contains el even
CpG di nucl eoti des at the positions 7535, 7554, 7677,
7683, 7695, 7862, 31, 37, 43, 52 and 58. The enhancer
pronnter region of the HPV-16 includes the | ong

nt rol i 0 and, pronoter P97 of fhe d
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8(0;5@ ApRicrbtides invicates @Mt #ere fshrsgrogleesion twrfEds malignancy.
di nucl eotl des is determ ned in order to indicate the
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00ge of thehele\gNETp@idncleetidesdeswaen posiian 6488 81 18Bof thg HPV-16

agtgqogﬁe %L%ts@pe(% 'E!E;Mgl‘]e tlgee %P g§ |f|c91d'7 % ﬁ&a%e%ng)élgg dhai the CpG

ursor eS|on a
(dmeclecoireie\,atmlsmontma%m paridulaly infeophtivei @ 10)the Phegression of HPV

t f el r. e ,
Pl 5 B I 8 PRl 7SR RE el ) Relicuiaty preferes
i emasailmentsamfctee inv@néomfthe Ipeasehmenab}ﬁﬂodiqﬁmmlbmﬁme@t this CpG

CSSERECH, DR A0, 2 b8 L BNl

t h@thytd’uen @p Gosilién d8GRlicHissates deat dte patisEint han avleeel g erecursor lesion
1# Iég? Cﬁﬁl Y ‘ers"Mﬁ’&l&é{& fimt tﬂﬁ)e hgﬁerﬁ (f‘ﬁ%leﬁﬁé %nprggurgg Vles1on at

oh 't o nali gnancy 1n an
Cehage@lmlhbr § prequrgma tdsiondt atagy QjNélﬂ or haglinvasitsochneent s
of the invention, the presence or absence of

gﬁég%%sa ?l?m%ﬁ é&% R e ngé g.p%oﬁoéaééﬂ So&‘g@%ﬁ’@@tl&f%f the CpG

ngemtyheatsmtmermmqa:blsldjffemﬂlm&iln diflerent ersbadimentsies the invention.
patient has at |east a precursor |esion 15 at stage

glrr{;l(?h?sor él'nbnf ntﬂé CHb&shck Nt abdiicRali fRinyRITbASE &d8mined by
digesting the HPV genome with the McrBC endonuclease.  The McrBC
endonuclease is a methylation-sensitive endonuclease which cuts close to the
sequence purine-meC in the context of a second, arbitrarily spaced purine-meC. On
average, the McrBC endonuclease cleaves the genome at every other methylated
CpG dinucleotide. However, it is to be understood that the use of McrBC is not
essential to the invention and in alternative embodiments, a different methylation-

sensitive endonuclease is used instead of McrBC.

After digestion .by McrBC, the digested genome is subjected to the PCR process
using a pair of primers. In accordance with the PCR process, the primers define
either end of an “amplicon’, i.e. the region of the genome which is actually amplified
by the PCR process. The primers are generated so that they define an amplicon



stage CIN | or a precursor lesion at stage CINI1Il1 or
has i nvasive cancer. As was expl ai ned above, the

w@e@gemaes or absence of nethylation of the Cp@CURGN®000069

is determned in different ways in different

enbodi nents of the invention. In one enbodi nent, the
presence or absence of nethylation is' determ ned by
20 di gesting the HPV genone mL]h the McrBC

endonucl ease. The McrBC endonucl ease is a
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Ltrarily spaced purine-meC. On average, the MrBC
H@B%‘EF’B%%%a@F%%{\Pé‘g ¢nfa stie Whiek '%ﬁu%?\?éwe@ Higiestion by the McrBC
nMehbyhiiede, Whéh BHotIAeOITHIR. if IHRWENE Kite Was!
unde?st oodefw %R&E yuse of l\/blr BC is r%? g @gg:@d %eﬁhylated and

t S'nEeTYR B ancanugrasar "o BAIRSR rspgess will, in fact, be
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app@ehtmg‘ spiith8E8E Sof the ﬂﬂ@ﬁ;ﬂl@&ﬁ?%tr‘%& hTﬁlQ%lE&%r@&é?&@%ﬁbsequent
efine either en I con [

+ el 5 £t S o S Ui a0 SRR\ asRs! i the ofher

3Bahy, idhepBGERep Wmﬁﬁere'rﬁ%cwﬂb@fosl\/lé\@@ g5dtfuRic8Le §Restion were
that @@Q@%&Hef' ne an_anplicon WD 2004/ 090166
!

Folee PGS G SiReYeddes e endarsiciasie ansiGhe PCR

supt@ewambnﬂes thelam@Rddrtdsndrdadi gestion by the MrBC
endonucl ease, when nethylated. Thus if the CpG site

deed t hyl d d th t he Mcr BC
TR o Sl e chr B plepaleded b SEQ. IBIOS 1elo 24. In
I aaglehlwlyjpmﬁ@rt‘:e&is@ﬁbd)dnb@m&uﬁ@wd ihgerdioh| !h@Q:IBmﬂe@Q'o@BE@If ID NOS. 19
[ eave%?ﬁfnto at 5 | east tvv? pi eces
(88%%%?@9”8@ OQ?C?H%G FOC RIIMRSS @reicoRWIgmenipy to sequences at

awjhercam) of meeﬁ/@@bh@@f&!ﬁv hesiThuafihé heinfaud |deﬁrﬁ@|eitﬁ&nend of the
d. This ent nplification

oLl JOh 8L PGl SR AR LSBT, ot

| bf theprédeaceobhadvanbament diecR@ &rices Whi ch were
suscepti bl e to McrBC endonucl ease di gestion were

yl th e anpl i s _not cl eaved the
RS LA N BRI it e WY Bt B evemoe
aﬁmaraﬁnm @S anGgaEdse dal, mrc&ﬂ@ﬁn@wﬁﬁm@dbﬂﬁﬁt fhe élhﬁhcon has been
ected fr to L

2P PFISh 3F YL el B Rt Lo e g ieaieci Wi nicates

t tet greisasvese obt SEQnetiPaMASCpESites in the amplicon which were cleavable

by the McrBC endonuclease. Conversely, if the amplicon has not been amplified

then it has been cleaved which indicates that there was at least one CpG site in the
amplicon which was methylated.

In another embodiment of the present invention, the presence or absence of
methylation is determined by adding sodium bisulfite to the sample. Sodium bisulfite
has the effect of selectively modifying unmethylated cytosine residues to become
uracil residues. Sodium bisulfite does not modify methylated cytosine residues. In
this embodiment, after addition of sodium bisulfite, the HPV genome is amplified
using primers specific for positions at either end of a sequence of the genome that
contains CpG sites. The resulting amplicon is then sequenced using. the same
primers. The presence of a uracil residue in place of a cytosine residue which is part



and 20 are used because these two priners are
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the 15 anplicon which. has been shown to include CpG
sites whose nethylation is indicative of the presence
or advancenent of cervical cancer. The products
resulting fromthe PCR process; are then anal ysed, for
exanpl e by separation .on an agarose gel, to determ ne
whet her or not the anplicon has been anplified. If it
has been anplified then the anplicon was not cleaved

whi ch_indi cates 20 that the
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se
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r@%ﬁ‘tﬂlﬁ‘ég@%?‘ﬁgééﬁ@%hﬁwﬂgﬁ Bres. Sodi um bisulfite
does not nodify nethylated cytosine residues. In this
embadfunmet ,enﬁfoﬂﬁ?ﬁerad@*i mieODreeéntsmﬂémtmnbitBells‘tém a&f ddtermining the

;Igr\é§ ﬁ%ggre a&{sgg(?q etbﬁl%ﬁ% gféﬂgglg’y g]egag C Fédéﬁreé e addition of

:ﬁ@imrﬁ%l@mnbamnﬁrdé]o& $iddifg . scvtival g smbvietmgptadplyiasote fesidues to
en_sequenc usin

obiragi! ig ee{s% lsp@rg@g? r&eﬁta&r([@? ég?lg dregxg %ﬁ‘ﬁ&%ﬁlsm (SNP)

WB%%%nddnSls rbarrted\@t,zgﬂ@mmmﬁﬁg mlmaéﬂtﬂ@@@tem (RoghefMolecular

a in

WRLCOFIRICE kod I ndg‘g%rhgﬂgag té%?g ?ﬁeg;?gg: ﬁg“ de

i ndi cates that the CpG di nucl eoti de was et hyl at ed.
Thi heeglathioormntd) aspdihef ailnamtiagesdicecartyheuiNbe BCR process on a

dl el%i%&ﬁ@%&%gnaen&\fh raglfan@cﬁlc%ﬁ%lﬂ%ag%ﬁéjﬁﬁdsﬂ el Pedetection

p afberis eddedrimthenszmise of the WPV mensmeasad raineers,Hibs eletsiction probe

ﬁﬁoingccg@ g%qﬂeéwf%% Ic??g‘n% q%gené?rggg%ea)@t qﬁ({l&dl gdéé%%eﬁéé of CpG site
p@ad eI A8Bgandledtidesof THehistédmn pﬁob@émrmtacmd tp it a donor dye

02 la:gtaér %Jfoﬁosr%lanf ﬁtlis g enge ™E ed%ﬁgll dy}ené’b%'amsq@ht 51h§ firsk fBvelength.
The sequence of the detection probe is generated such that the melting temperature
of the probe-target hybrid is different when the CpG site includes a cytosine residue
compared with when the cytosine residue has been modified to a uracil residue by
sodium bisulfite. Also added to the sample is an anchor probe which has a sequence
complementary to a section of the HPV genome adjacent the target sequence to
which the detection probe is complementary. In particular, the anchor probe is
complementary to a sequence downstream of the detection probe such that, when
hybridised, the probes are between one and five nucleotides apart. The anchor
probe has an acceptor dye (such as Light Cycler-Red 640 or Light Cycler-Red 705)
attached to its 5’ end. The acceptor dye emits light at a second wavelength, different

from the first under the circumstances described below.
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residues to uracil residues. However, in this

enbodi ment singl e nucl eotide pol ynorphi sm ( SNP)
detection is carried out, preferably using the

Li ght Cycl er TM syst em (Roche My ecul ar  Bi ochem cal s)
to detect the nethylation state of the CpG sites. In
t hese enbodi nents, a pair of prinmers is used to carry
out the PCR process on a 15 region of the HPV genone,

e FollRGrabet 1 Sadbat b L affiaR sb sy sy tio primers
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}Aﬁneqargl\e}a,sr & W@ebe toyptidisentoathy targetthse ta am:epifor and donor
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sequence downstr the dete rob h t hat

V\H%’ﬁe ‘SH%?WEF'QBQ?P%@ B\Eogt?g%néa\wg\}eb%ﬁen gnzu;nd f |ave

nucl eoti des apart. The anchor probe has an acceptor

dyrae Estisdorasf llghg bt theysekcend Revkl@¥th GomLing lsempjecisanedrened as the
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gclj])%%l?rg% L?«?@ﬁg ! %ﬁ% ecglgc{rs&%:)rgg ﬁu? 1%{1% aHéﬁ)e temperature of the sample
ded nmsby tHeedétactiqor proge swill idisaserqidte tfexn 5@»@ tt@fgetpsmuence at a
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bre!h@qﬁ't trarfer toltal!s@ ppmcemnmthws thecémishiah df|ligbt Bemehe ecceptor dye
ceases. Thus when light at the second wavelength is no longer detected, it can
accurately be determined that the melting temperature of the detection has been
reached and thus whether or not the CpG site contains a uracil residue instead of a

cytosine residue.

In preferred embodiments, a cervical cell sample is divided into eleven sub-samples,
to each of which is added a detection probe and a corresponding anchor probe. The
detection probe added to each sub-sample is of a different sequence, gach detection
probe being complementary to one of the eleven CpG sites between position 7498
and 161 of the HPV-genome. The anchor probes have sequences complementary to
corresponding positions within the HPV genome. Thus each sub-sample can be



resonance energy transfer occurs between the two dyes.
Thus when the donor dye absorbs the [ight at the

wo peogpouew el ength, it is excited and part of tPEI/SG2004/000069

excitation energy is transferred to the acceptor dye.
The acceptor. dye subsequently emts light at the
second, different wavelength. |If, on the other hand,
the probes are not hybridised o 10 the target, or if
only one probe is hybridised to the target then the
acceptor and donor dyes are not spatially close

" enough together for fluorescence resonance energy
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each sub-sanpl e can be _
pegyosept da/re@iosdo saglium bisulfite modification but, in other respects, the

method involved is substantially the same.

It is also to be appreciated that the term “selectively modifying” also includes the
situations in which, although modification is attempted, no CpG sites are actually
modified. For example, if sodium bisulfite is added but all cytosine residues at CpG
sites are methylated then no modification of nucleotides will occur.

According to another aspect of the present invention, DNA primers are provided in
order to carry out the PCR amplification steps described above. The primers are
generated such that the amplicon which they define contains at least one CpG site. ,
It is preferred that the amplicon includes at least one of the CpG sites between
positions 7498 and 161 of the HPV-16 genome. The DNA primers consist of the
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noni tored, as descri bed above, to determ ne the
nmet hyl ati on status of that particular CpG site. In an
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sub-sanpl es but instead, the eleven different
detection probes and their correspondi ng anchor probes
are 5 added to the sane sanple. However, in this
enbodi ment, each acceptor dye,gnits Ilght at a

di fferent mavelength each of which is detected
separately. Thus it is possible to nonitor the

di sassoci ati on of each separate detection probe
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In embodiments in which there is sodium bisulfite modification of the HPV genome, it
is preferred that the primers are SEQ. ID NOS 27 and 28. These sequences
correspond to position 7498 to 7522 and 161 to 140, respectively and span a part of
the enhancer-promoter or in HPV-16.

In other embodiments of the present invention, kits are provided in order to detect the
methylation state of the HPV-16 genome in the cervical cells of an individual
suspected of having cervical cancer. Accordingly, in one embodi'ment, the kit
comprises a methylation-sehsitive endonuclease, such as McrBC and DNA primers
as described above as being suitable for PCR amplification following McrBC



30 positions 7498 and 161 of the HPV-16 genone. The
DNA prinmers consist of the WD 2004/ 090166

weFanAB8e04/ 000069 20 sequences set out in SERZT/SER004/000069

NOS. 1 to 24. It is preferred that the priners used
are SEQ ID NOS. 19 and 20, in particular, where

nmet hyl ati on status is determ ned by MrBC digestion.
5 In enbodiments in which theogethylation status of a
sequence of the HPV-16 genone is determ ned by
attenpting to digest the sequence with a nethylation
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ease an termning if cleavage occurs when
the CpG sites in the sequence are nmethtyl ated and

u h n enbodi nment s vvh t he

eﬁg%hu%#%ég@e eg‘k}csﬁ% ﬁ]g B ¥ SCTEeYr BYi D tﬁat s capable of

Ex%iﬁﬁ:vely4modm‘ylrbgathess?huehce efrtacrcbcmné Sjepérll'dlph@ ¢Bot hifs methylation
{ t uence e

oo T e Pl B i SE R CuRp RGher 37 hge sl for PCR

semu@‘méomﬁolmwmgewmrae dugzhespemdrrrt@supemgehe \mema)yalfﬁtal Alicieotide

jate . t
“ha 80 SR A sR0R SR PHEY SRASLRRASN i ot e
st@ el tshme@yéajsd:eﬁqrtﬂmmma inredink i eralbdddnetty, sbdiem bisulfite is
ggrg)p%jsr\lxg{c@ ﬁ?gigpg ngr%ae%ﬂtgﬁ yg%&%gé%%déﬁgs@ua@ﬁé desidyes while
t ﬁeviag@mthﬁa@dd:gtoem nasldges lﬁnrsedhﬂm | IneotB€r emblbdiments] Pdtassium
gg%ﬂ%g?ﬁﬁg gﬁ‘oﬁ@e?é tW amg@ﬁéﬁzg}e%@&aa%%gto%mﬁ residues to tymine
ergssdiesewie lﬂaemg mm\eethyjelnd mﬁoss;rmjlr%mwssuémﬁ@dlﬁed t he preferred
o
eRbaent, e At A NP ST R o 71 ¢ o
nodi fi cati on of the HPV genone, it 25 is preferred
t NOS .27 d 28. Th
 Bel e RIRe e ST oD, 38 Bhon Ti%E one g ancror
t Dromaﬂbr a psipiegiar GpGysxtaraS is pasnri@eﬁabbveof Thé Hetection probe has one

COPSEEDBE Pl o FEED 61 A LOREASTPRSL FEOSS trr o
ttblemceptpr he doB0r dys hidched do itst latae pmﬁlcmlbﬁy p¥eVerid embodiment,
9fREOLE cioﬂ*np}rggs Ca?rp\flijrgﬂkl Sfeldet%ct?gn %Pob'ers]d'e\é'c ugeltectien probe being

complementary to a different CpG site in the HPV-16 genome. For example in some

embodiments the detection probes are complementary to the eleven CpG sites
between positions 7498 and 161 of the HPV-16 genome. A corresponding anchor
probe is also provided for each detection probe.

The kits are used to provide diagnoses of cervical cancer in a readily accessible
fashion.



suspected of having cervical cancer. Accordingly, in
one enbodi nent, the kit conprises a

woreaohpdEsé on- sensi tive endonucl ease, such as MeCBSGZNH000069

DNA priners as described above as being suitable for
PCR anplification follow ng McrBC WO 2004/ 090166

PCT/ S&004/ 000069 21 digestion. In preferred

enbodi ments, the kit is for debecting the presence or
progressi on of cervical cancer in an individual
infected with HPV-16 and the prinmers are SEQ |D NOCS.
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%wﬁegs an agent that is capable of selectively

the sequence of a CpG site depending upon
t he net hyl atlon status of the site; and DNA priners

AP SN RGBT oRF pgon ot o

agﬁﬁmdadltblllrmtdtle fnyeatiamiclaepivage (usual ly the cytosi ne
nucl eoti de) of the CpG site dependi ng upon whet her or
not the 10 CpG site is nethylated. For exanple in sone
enbodi ments, sodiumbisulfite is provide which

' unmet hyl at ed cyt osi ne residues to uracil
resi dies while |eaving methylated cytosine residues
unrmdl fied. In other enbodi nents, potassium

h d
e CHEEE, ol S b6 MR R B e Vet Frgymes o
uran?tl\ﬂgnl aBad enygyross nbavemedmemmdn@@ anlit Gng- methylation inhibits
ar
REEERSIP Yy (P TRELISIA s BBEEL? R, 9 g o
C@iig@ﬁti@@spféh@éiﬂ:é/et& genguneyéh &ipdll @nd dvisph@nd spyodreirgothe aesulting

o35 SHE R Bo 3 bSoS28T RS ARPAG) T g o o o

dgenapt ldEHéi@ was n)rpdm&di grideghiamcstemwrpn dlirpirdds t he ot her
of 20 the acceptor and donor dye attached to it. In a
particularly preferred enbodi nent, the kit conprises
a Ipviewalf ithejr genodieet goes oV 900 bpemd @8 boutehizatdsertoplodh @ne might

bei o] r ' G SI t n th
B GoR R darks? Mot ERCCoET S At Enpe commen
d@tapi&cnm@\nrqsrt@m l—ﬁ?\éGCﬂ)hmﬁer‘rﬁnB‘arayidt% hdve BVIES, CHLG 172, 122,

S'aﬁgsi 54%&?&%&%@\6 a%’g S?Zaeg}g ‘F‘Ig% 6%?\rféertlga%|e§%ecjred frequency,

plsmiadécd tiieo husmohhabbt mggesm Priolsdon DheCdGe & Hreebiokbey of genital
t ovide diagnoses of cervical cancer in a readily
accessi bl e . .

Example 2

The cervical carcinoma cell lines CaSki and SiHa contain about 500 and a single
genome, respectively, of HPV-16, integrated into the chromosomal DNA. The HPV-
16 genome of SiHa is integrated by interruption of its E2 gene at the positions
3132/3384, accompanied by deletion of 251 nucleotides of viral sequence (Baker et
al.).

The HPV-16 genomes in CaSki are inserted in numerous loci. In most of these, HPV-
16 is transcriptionally silent, while E6/E7 transcripts stem from a single locus
(Remus, R. et al.), possibly due to an epigenetic repression mechanism.
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tolimt the invention in any way. 5 Exanple | MeCpGs

(i.e. methylated CpGs) can be detected with the

restriction enzynes Hpall 10 and Mspl. Both enzynes

cl eave the sequence CCGG buto4pG nethylation inhibits

cl eavage by.Hpall whereas Mspl is unaffected by

nmet hyl ati on. By carrying out digestions of the HPV-16
genome w th Hpall and Mspl and sequencing the

resulting fragnments, a nmap show ng the position of

two Hpall/Mspl sites in the LCR and E6 gene of HPV-16
wasSKirnd 8tied calistrigiiated feora rbwnr Haudenga tiee Gernldh Canadr &esearch:

of, theiyr . one sizes of 790 n :
c&8§t8r't%e'ggg/§ "9 Y&°RT Srllﬁy nggpg'ggéﬁcﬁ; S ?%%nﬁoﬁ@%gqﬁgﬁgsfor this
ablmﬂl?.lGHMOIaﬁ@GASWaepurifHd\mme@iagemgemmnimﬁps. 15 and 150 ng of each of
papi virus t s, HPV-6,

b trse 180RS  seshes s wole f%??ééaﬂ’gﬁl‘éégbp@, M Wew England
r BRpde}, iandlajtel hMeatirsctivatioatof tie. gnzymhs smiptifigest byt R@R.

expected frequency, 20 simlar to the human host,

suggests a function of CpGs in the biology of genital
HR¥sersEtanptriptian PCR loé E6e EVi anal GARPE genes was calriedeayit and this

CaSki .an j ' . i .
e e R e
pbum@e@@ahOMCRbéSH-I@\HPVG 6gaiNe mk Do l0XSaR#A 100X concentration and
in t LNt er ' . . h
oBLFEEGHE I8 AR IRl bR SH B g pauts vere
nvislalizet dasanafgaveseale! sbighénsgowrBaltégureB. al . ). 30 The

HPV- 16 genones in CaSki are inserted in nunerous |oci.

I n nost of these, HPV-
As can be seen in Fugure 2, SiHa and CaSki cells produced approximately similar

quantities of E6 and E7 transcripts whereas Figure 3 shows that CaSki cells have
considerably higher levels of HPV-16 DNA than SiHa cells. Therefore, this example
confirmed that SiHa and CaSki cells express similar levels of E6 and E7 transcripts,
in spite of the large excess of HPV-16 genomes in CaSki cells (Baker ef al.).

Example 3

To inquire whether CpG methylation may explain the observation of Example 2, the
methylation status was analyzed aof the two Hpall/Mspl sites in the LCR and E6 gene.
These sites are present in the PCR amplicons P5 (corresponding to the E6 gene), P2
(containing the LCR), and P11 (containing just E6 promoter sequences) in both
DNAs. The positions of the P5, P2 and P11 amplicons are shown schematically in
Figure 1. As can be seen, these amplicons were used to study the enhancer-

promoter E6 segment specifically.

Chromosomal DNA of SiHa and Caski cells was separated into samples which were
either not cut (control, CT) or were cleaved with one of the two enzymes (Hpall, H,
and Mspl, M, respectively). The samples were then amplified using the PCR process
to generate the amplicons P2, P5 and P11. The respective primers are shown in



16 is transcriptionally silent, while E6/E7
transcripts stemfroma single locus (Renus, R et

wa@ebooy/09pessi bl y due to an epigenetic repressi oPCT/SG2004/000069

mechani sm WO 2004/ 090166 PCT/ S&2004/ 000069 23 CaSki
and SlHa cells originated fromH zur Hausen at the
Cerman Cancer Research Center, Heidel berg, where they
were frozen in 1986 and freshlyy thawed for this

study. Cellular DNA was purified with Q agen genom c
tips. 15 and 150 ng of each of 5 these DNAs,

“ respectively, were digested with Hpall and Mspl (New
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i nactjvation of the
oyt TRLPIR Btosf Beil SRbekRCThY BRulind serbleopesee geparated
E6n e agantbe@Pbhich ez s/isvaiseziadrd i€ ehewH indrigurbhi s was
visual i sed on an agarose gel which is shown in Figure

2. For conparative 10 purposes, genom c PCR of SiHa
HiMiheGaBBlar 8iHal DINA) tisaatiplidoR coqn eettbd génddatedftePlcavage with

PV- DNA at cancentrati re also carried
ﬁ#ér &g i\g[ﬁlefqu%sré’v 'l\?l'gﬁgﬁ’ |C§%%°gﬁa§ﬁ %ﬁﬂ%ﬁ'@% efelhe DNA was
\/\Af\@&ﬂiamtsko%IpGWbutlreéEillgul‘eev@d byAslsglan be seen in Fugure
2, SiHa and CaSki cells produced approxinmately simlar

15 quantities of E6 and E7 transcripts whereas Figure
3T9hwﬁnd|hga inGicgkd thzelthes LORvand tenEs dphabdontdih T8ECGG in most

At han . Si I ls. Therefqre, IS
exanp egg Aﬂﬁ? n%%lg 95{1 %i Hawg\g SIGNOgE (P%é @?6?@% Thus most
siHAV- & géwedassobﬂne&ﬁmaesrdc&ﬂmbr@a&@ bk, meCPGS Phlitenddfthe single

XC PV 16 genomss in CaSki cells
(E‘%Q)efég%o §TS§E arrpl e To i nquire whet her CpG

nmet hyl ati on may expl ain the observation of Exanple 2,
t RER wet baﬂrlad mhms%a;hhmnmsn@tlal ryilest eath bhghetfr dNTPs, 10 pmol

aI |/ I\/Eg e CR and E6 gene. These si tes
amsrﬁ ! of queé“ %ﬁ@r ihedqheduyssT (Rremeaa)p srialViido¢lpand 0.75
t Uﬁltdfﬁ'aqe('%me@a% @ﬁw (cgopt aids O of kgHd CRY; ngg ﬁﬂd%l\rﬁpectlvely,

(cont ai ni ng j ust pronot er sequences

THBCIBRE G SRaves WN&CFB@ The RGRysterted @hﬁm(‘efﬂﬂs‘i mirefollowed by 35
Saﬁwﬂflc%ﬁbr@%%lé§ ?dénﬁtdréhonﬁ')tg@r 90 gcAéane%ﬁn 38‘5(?% sec, extension

t hese anp icons were used to stu
pPBtotder Sacaneregsina by s|Pesact Rt £VFIR), f@@' @ier@nmseh@& °ONAMIn. PCR

°fmtl$"ﬂ§a &ad v%sﬁalméi%btsin%s ISR r"f}ﬁgege L8 SRAPL &SV aNTPs, 10
were .eit cut %con or were '
cp@a{/@dnws: A5 phef moagndsant ien fmezlq,uffessdpidﬁ@d by thd, manufacturer, 2mM
MgCl, and 1.25 units AmpliTagGold (Applied Biosystems) at 94°C, 9 min followed by
40 amplification cycles (denaturation at 94°C, 10 sec, annealing 58°C, 30 sec,
extension 68°C, 45 sec increasing by 10 sec per cycle), final extension at 68°C, 7

min.



and Mspl, M respectively). The sanples were then

anplified using the PCR process to generate the
wa@epkieuss P2, P5 and P11. The respective pri nmeCESG084/000069

shown in WO 2004/ 090166 PCT/ SG2004/ 000069 24 Table 1.

The PCR protocol is set out below The resulting

sanpl es were separated on an agarose gel which was

visualised and is shown in Figurg 4. In the case of

Si Ha DNA, these anplicons could not be generated after

cleavage with ' 5 either of the two enzynes, while in

tthe case of CaSki cells, nost of the DNA was

resi to Hpall, but readily cleaved by Mspl. These

fi nﬁh%gil ndicate that the LCR and the E6 gene contain
ones of CaSki but not

Pophlefmst po by 1 B t L thees ip no:
T T
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??f‘”@%ﬁg ert é?aié%f% e LR
as MRNU a Erer %ﬁ @ AppL TagGol d 44
m:;f. o ﬁgﬁ%ﬁ‘f b,
a7 annea 58C\Aj§ é%%g %Cﬁ? 13
rereagif oy SEEe Tt e . 1
G

g 1able Lopmplicon Prider ROSHAhRR e EETATTERATBTHC 15

40

TGTTGAATTAGTGTTG
G8R 559-528 TTACAGCTGGGTTTCTCTACGTGT 16
TCTTGATG
P2 P1F 7145-7184 CGTAAGCTGTAAGTATTGTATGTA 17
TGTTGAATTAGTGTTG )
P2R 122-94 CCTGTGGGTCCTGAAACATTGCAG 18
. TTCT
P4 P4F 7851-7886 TGTGTGCAAACCGTTTTGGGTTAC 19
ACATTTACAAG
P1R 559-528 TTACAGCTGGGTTTCTCTACGTGT 20
TCTTGATG
P5 P5F 99-132 ATGCACCAAAAGAGAACTGCAAT 21
GTTTCAGGAC
P5R 559-528 TTACAGCTGGGTTTCTCTACGTGT 22
TCTTGATG
P11 P11F 1-38 ACTACAATAATTCATGTATAAAAC 23
TAAGGGCGTAACCG
P2R 122-94 CCTGTGGGTCCTGAAACATTGCAG 24

TTCT



G GlF 515-534 GICTTGITGCAGATCATCAAGA | 4G R
1528- 1509 ATTCTGAAAAACTCACCCCG 2 & &ZF 1501-1520

W@R@BIVNIACCCEGTGAGITT 3 &R 2526- 2505 PCT/SG2004/000069

CAATGGTCTATGCTTTACATCC 4* G3 63F 2501-2522
CTATGGATGTAAAGCATAGACC 5 G3R 3501- 3481
TTTCCGGTGTCTGECTCTGAT 6 (A (AF 3471- 3490
AGCGACCAAGATCAGAGCCA 7 AR 44/72-4453
GCCCTTGTTCCCAATGGAAT 8 Gb GbF “4402- 4421
GGTGGGITAGGAATTGGAAC 9 (BR 5402- 5383

© GATGTAGAGGGTACAGATGG 10 G BF 5367-5386
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TTCTACAACCCCGGTACCAT 11 GBR 6370- 6351
TGGTTCTGACA 12 G7 G7F 6348-6367.
TGGTGTCAGAACCATATGGC 13 GTR 7173- 7150
CAACATACATACAATACTTACAGC 14 G8 G8F 7145- 7184
c&%&@@r@#M@W@MWGﬂM@% Mo B Tempare AGPGETIIGthaGaiRe analysis by
BafiAfpl, T GEEThY P
714 4 ﬁ%aﬁ@%@%\%ﬁ%ggaﬁw puiRe e (Pumec)
%'@Aﬂ 2T Sepong. 12rDiirgrly yRCTGENIEST CRMhedaHEEAGst al. and
1%t wWakCTF B4 eP4r). 7RS 8 1
SRR ety S8 O o oo
Téﬁf@&?ea”ﬂs 0P5 fheg gvarage ATIaYRSCARANCABAACTELHAT while  Hpall/Msp!

GERAIGASRAGEE BnfyiRle it ABFARRI SRR ICTE TARRTGT 22

The HPV-16 genome contains 112 CpGs, and 81 of these are part of the sequence
purine-CpG, thus being potential targets of methylation as well as for cleavage by
McrBC. To establish a crude map of the distribution of methylation throughout the
HPV-16 genomes of SiHa and CaSki cells, the chromosomal DNA was digested with
McrBC, and segments with sizes of about 1 kb were amplified using the PCR
process.

The HPV-16 genome and the respective amplicons G1 to G8 generated by the PCR
process are shown schematically in Figure 5. These amplicons overlap and
comprehensively cover the whole HPV-16 genome. The primers defining the ends of
each amplioon‘are shown in Table 1. After the PCR process, the samples were

separated on an agarose gel and the results are shown in Figure 6. .

The PCR protocol used was the same as in Example 3 except that for digestions with
McrBC (New England Biolabs), 250 ng of SiHa or CaSki DNA were digested with 3
units of enzyme for 1 hr at 37°C in 25 ul NE buffer 2 (50 mM NaCl, 10 mM Tris-HClI,
10 mM MgCl,, 1 mM dithiothreitol pH 7.9).

As expected from the Hpall/Mspl data, the LCR-E6 segment from position 7145 to
559 could not be digested in SiHa DNA, indicating a lack of methylated targets. Most
of this amplicon was digested in CaSki DNA and therefore methylated, while a

. reproducible weak undigested band indicated lack of methylation of some copies.

Also, the segments 515-1528 and 1501-2526 were not cleaved in SiHa and only
partially cleaved in CaSki, suggesting a lack of and partial methylation of,



TCTTGATG P11 P11F 1-38 ACTACAATAATTCATGIATAAAAC 23
TAAGGGECGTAACCG P2R 122-94 CCTGTGGGTCCTGAAACATTGCAG 24

W Ti03/0WD62004/ 090166 PCT/ SG2004/ 000069 26 EXmBempbe2044/#00069

10

15

20

25

30

screen with the restriction enzyme McrBC i s nore

power ful than the analysis by Hpall/Mpl, as the

McrBC enzynme cuts close to the sequence purine-neC

(PumeC) 5 in the context of F second, arbitrarily

spaced PunmeC (Sutherland, E.,“'et al. and Stewart, F.J.

et al.). As a consequence, l\/erC recogni zes pairs of
PumeCpG residues, and, on the average, cleaves every

ot her meCpG while Hpal | / Mspl anal ysis resolves only
traspantivdly. Hei @enosmatra@loafsp@n@ng riha E7cges B @enpe The amplicon

'TFYWQQ} &%ﬁ?ﬁgﬁloﬁ OHRIRE1 Lodid WRERe a@f%ﬁ@dlwﬂﬁ Sﬂh@%lkﬂé@ expected
sequence puri ne- le\/lp t hus bein ote ?L

tfmrgéln@ r@bmmaﬂyn@thﬂ@m Sﬁsmﬁéﬂ IMags of &is @mpd 9‘%’@@’ 96‘8' le with

'\Géﬁﬁor\ﬂ? ﬁ% Eﬁ{ ré}n&hmgeseg%n&f §4h¢x4d17§t5367u$3m1 aﬂﬁ 6348-

ation t out enones of

D wees) almostmn slebraeryaa Wit aEaAngs? ¥ q}b}ﬁ rYVha‘e a fourth
nﬁ%ﬂ z oz ﬂLa% H?érﬁehlyiéé@eﬁ/%doﬂ‘h@%kdtt ofl thk yerehR wath the late

agehesha mwe@@pp@ea%welbwggﬁgf @S@ cgaHRY @?é@f‘ag?“ fiygghinery.
Tlﬁ%lHQrtﬂg @é@gé‘ﬁﬁs Sl&%@’% %@ﬁ%@ﬁhblﬁéﬂldr% ugstrEb@UsTeirBl promoters and

ns overlap and conprehensively cover the
meveemavsqwlcgﬁﬂwﬁ’@m The priners defining the ends of

20 each anplicon are shown in Table 1. After the PCR

process, the sanples were separate e_gel
andordpietorexenineswagtberspraoyld find guis! % dlst?ﬁ*ﬁ@% ;€ Cleavage

p(noggfoche Usgd Mms at e&’vﬁﬁr@ar@&ohﬁ AP bewRicexeeRbpdritat to “T6”
I'gestions wth Sel\lew En | and B labs) 250
n@f@feCSHﬂ-leEmmpt%@ﬁ”WbWeﬁ WfiSg8ay )é%fdvvlt f? wsg' i prdy PNA

Ng@%%%gﬁ I%Ol%nfgll?éd:‘fun%r o%?n@ad PNAS, WhiNE domidiesd 2 s(rbRgipvhethylated
dLGRrE:ﬁ searnens|( sqg.pe}ovg)) Th]S tumorl\gNA was pr&M rentially cleaved in a similar
uneven manner as the HPV-16 genomes in SiHa and CaSki cells with strong
methylation of all segments between positions 3471 and 7173. The 7145-557 and the
2501-3501 segments were moderately methylated, while there was low methylation
in the segment from 515 to 2526 (see Fig.6). Differential cleavage by McrBC was not
biased by unequal distribution of McrBC sites, since the amplicons G1 to G8 have all
numerous potential McrBC sites (11, 8, 15, 13, 5, 7, 10, and 13 respectively). For
example, G6 with seven sites was efficiently cleaved in CaSki, SiHa and T6 DNA, in

contrast to G2, which has eight sites.

The DNA from a carcinoma, whose LCR-E6 segment had, like those of nearly all
tumors studied, no detectable DNA methylation (see below) was also examined. The
DNA of tumor 4 was not cleaved by McrBC throughout the HPV-16 genome (see Fig.
6). The segment 5367-6370 led only to a weak amplicon.

The complete HPV-16 genome of a precursor lesion (cervical intraepithelial
neoplasia I, CIN 1) was also analyzed (see Fig. 6). None of the amplicons of this
sample, initially found to have a hypo-methylated LCR-E6 region, was cleaved by
McrBC.



As expected fromthe Hpall/Mpl data, the LCR-E6
segnment fromposition 7145 to 559 could not be

walt@esmEes i n Si Ha DNA, indicating a | ack of neetiyb&004000069

targets. Most 30 of this anplicon was digested in
CaSki DNA and therefore nethylated, while a

repr oduci bl e weak undi gested band i ndi cated | ack of
nmet hyl ati on of some copi es. ?[ the segments

515- 1528 and 1501- 2526 were n cleaved in SiHa and
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PCT/ S&2004/ 000069 27 respectively, the genomic region
spanning the E7 and El genes. The anplicon between

t Misp@SsambrN sREOL-BROLPGOH hiet che haMBkibhdics, W (%tﬂfied by DNA
Si xpected fromthe reconbi nati on "of S
é@’ﬁ@ﬁ%%@?ﬂ&b“% VariesiHandis Vel ariingediférantepanist of the genome,
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nachlnery In SiHa this segnent is - due to the

tion - upstreamof viral pronoters and may
b X?'E”QI? ripionally silent. 10 In order to exanine
whet her one would find a simlar distribution of MrBC
situ, the DNA froma cervical carci noma

?hﬁﬁﬁg% dRiEETIng efmeéfseﬁ&%t‘srﬂe@y*aﬁen ocps @ntvegporadically in cell lines
Exadrih einvasiid cdeilotnad) oMamehaality & @rquéHtSmV\@lﬁlc%ﬂ %p%&?rln)éns the

aration anong 33 tunor_derived
DNA’P}Q(F %‘F”&eﬂ"%ﬁwiﬁ’l@? g}%&f'ﬁg}l%{ied?'}!% TR GEe/ien gimasrs Clsssified as
bebewd!. (“é@?h’ﬁ)tdrﬁm sr@é&s"’)ﬂﬁloﬁélég eI aRligRhdey afd @@%ﬁ%aég dlecursor

sim |l ar neven manner as t PV- 16 genones
AlrrpsGNCERnd G H')s@%ﬁ@/aswmwpla@maﬁ vesire ggnalyzed by McrBC

Se@ﬁgﬂ’ﬁrSal’ﬁlﬁmﬁm ﬁ*&:’eﬁcbrpﬂ§n§‘ﬂl'7elpaﬁ%nalﬂﬁ? pﬂ?}%s &héwa 3 Table 1.
a 3501 se ments were noderately

n@gﬁﬁFﬁffé% IS ﬁJX]‘?WI”é“ ﬁQe e T\Rééewﬁ/%%ramhﬂ@ﬁtlon weretifeen analyzed
S By B@pHrafidrosn éié%ér@sgéé%&lﬁ@éf rhiBh Q)e sh@mfn u?‘f:gﬂs' s can be seen

by McrB S not bi ase unequ
8%"5% gxeﬂt" Qﬂg ”WCQV\%%:% seraples dione é\dtw%la!ﬁnwl‘fh dyasivescaneer were
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1 and 13 respectivel For
1gémplgs were Zamter than dlgested with IC[)\/IchC y)-

. DNA from 48 clinical specimens from New Mexico and 33 from Brazil were
examined.

Brazilian samples (L.L.V.) originated from cross-sectional studies in two cities in the
Northeast of the country, and consisted of cervical scrapings and tumor biopsies.
Cytological and histopathological analyses followed the Bethesda system. For
smears classified as “asymptomatic”, ectocervical and endocervical cells were
collected with a cytobrush. Tissue biopsies were classified as cervical intraepithelial
lesions (CIN I and IlI) or invasive carcinoma, and digested with proteinase K prior to
DNA isolation. DNA samples were purified by spin column chromatography and
tested for the presence of HPV DNA by the MY09/11 PCR protocol for specific HPV
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gegggtsal}«@gmrawtgﬂe@f_ HPV- 16 DNA i s not necessary but
depends on yet unknown circunstances as suggested by

the |l ack of detectable nmethylation in two |esions, the

t Uﬂﬁérudrﬂekgbﬁel(‘&ﬂé@érﬂ @é’achﬂése%aéo@rg) it oratglaeanglakhs of each cohort.

|one|sorra DNA. Exanple 5
éf&ﬁ gy I#0et wes th &l5e¥A0% OF iines DOM yreparations with the

Sﬂ@étﬁ@ﬂoﬁ&iriz}’mbﬂx/l@r%b' arld Q%equ%‘h@ POR él’ﬂHlﬁ&hN&w 54 Béﬁkﬁﬁr@%egment
fw%&gher It is frequent in clinical speclnens

h%c%fi%%%oﬂﬁ'ﬁatt@, thpromelaranddhe (6. gemeses shsmn in Fig. 7. The
C%\NéGC%helSdTﬂéﬁlé Z%ﬁ%ﬁeﬁé’d By umﬁn‘i’gr fﬁ‘é'da@a ﬁé%'@&@ﬁﬂdr& as well as

S rs"), biopsies | ow- grade and hig
ﬁ@d@@éﬂ” THO PBS SERY qf(arwursoaﬂﬁfmsmmd pmltammDNﬁvmgpareuons that

CabaldHRNBS awplifecanal yzed by McrBC digestion and PCR
anplification using the PAF and P1 R prines shown in

Table 1. The strategy is shown in Fig. 7. The results

ofAnf¢ely an®! Bf'ézﬂ%hl QPe¥iBkRs ! @erbfa'ﬂ@' %%ﬁﬁpto%tlée%‘u%alts' Udntained
aeg%yr ose some of are s

DR g Tal RN iong. ofbausdl biesions. gay 2 of 18 samples from
S RERrRPnds! TR BinesE URb Scardindind BRES W8s GBRRLMeMRfifed, the other

one, tumor 6, strongly, and was described in detail above. Among the New Mexican
samples, DNA of 5 of 11 asymptomatic smears contained methylated HPV-16
genomes, 3 of 10 CIN | lesions, 2 of 10 CIN Ill lesions, and none of 17 cancers.
Taking both cohorts together, 52% of the HPV-16 genomes from asymptomatic
smears contained methylated DNA, 21.7% of precursor lesions, and only 6.1 % of
the carcinomas, indicating that methylation of the LCR and the E6 gene decreases
with progression of the infection.

A scan of the methylation pattern of the whole HPV-16 genome from cervical smears
of asymptomatic patients could not be attempted because of the small amounts of
DNA available.

This Example shows that HPV-16 methylation is frequent in asymptomatic smears,

uncommon in precursors lesions, and rare in carcinomas.
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USA, were obtained and characterized during published
epi denmi ol ogi cal research (Peyton C.L. et al.).
| R¥Ash&c&er vi cal cancer speci mens were obtained from
ongoi case-control 5 studies of the sane popul ation
di agnosed between 1980 and 1999 (C.MW). The results
Asynphomatici n tablse 2. The upper panelllof table 25.4
desaripl®s t he conposition and anal ysis of each cohort.
CpG net hyl ati on was determ ned by cl eavage of thg, DNA
pr ed%‘thi ons wWith the 10 re-gt ricti or?%enzyne I\/br%(a: and
subgequent PCR anplificationgof a gengm c segnmengo of
HPV-16 corresponding to the pronoter and the E6 gene
as lsvasive i n‘Fig. 07. The |owWer panel df table 2 Whs
generated by uniting the data from both cohorts as

well as CIN1 and Il into one group of precursor
Y &ﬂ% omtting DNA preparations that could not
Br%:g a%‘ﬂ?ii\ql ed. 15
Methylated Unmethylated Total %
Asymptomatic 13 12 25 52
smears
CINI+1 5 18 23 217

Invasive Cancer 2 31 33 6.1
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One of thesé two carcinoma DNAs was lightly

nmet hyl ated, the other one, tunor 6, strongly, and was
described in detail above. Anbong the New Mexi can 20
sanpl es, DNA of 5 of 11 asyrrpg matic snears contai ned
nmet hyl ated HPV-16 genones, gf 10 NI lesions, 2
of 10 CIN IIl lesions, and none of 17 cancers. Taking
both cohorts together, 52% of the HPV-16 genones from
asynptomatic smears cont ai ned net hyl at ed DNA, 21. 7%
oFxgm@ledr sor | esions, and only 6.1 %of the

carci nomas, indicating that methylation of the LCR and
the E6 gene decreases 25 with progression of th
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V“QPJneTIHEVB 16 GeHoBJIIPLESINE fad tIRTBRESE of Phodifying unmethylated
ynptonati ¢ patients could not be attenpted because

of7ieHes Sesidiesnif BRFO® LraGBNASHYET.| athSell IBdoaiARONOUS To analyze
LRISPOUS ddidinesiy ndiferBRishsdniidOmhis %dﬁh@qé%s u§ed only for

asy tOﬂHtI C sShears, unconmon I n precursors | e
asalontes damplasared #OnaElSROPD 8t FOBRTEGEPTOMOter Tegion between the

U&E 0Pl PB4 R0 PASE ar?tp161TaJ‘P1fseﬁeg%rn%ln{ald‘&élBVéra©%Gs at the positions

hyl at ed Tot al _% Met

s vt GBS AT ST 95, G OBLSH- 57, 45, SRAIERE (Sepiig 1 Tpegistfve
of ih@gé‘%jg!% #eld n_gl%@e beoximitNeWndexhSioa RIS And AFY BRéD BfBthie GHPV-16
enhancer (Bernard etal. Apt, D et al., and Gloss, B et al.). The last five CpGs overlap
with an Sp1 and two E2 binding sites, which regulate the transcription start at

position 97 (Demeret. C et al. and Apt. D ef al.).

For mapping of methylated cytosine residues, DNAs were modified by the
CpGenome™ DNA modification kit of Intergen Inc., and the reaction products
amplified with primers specific for modified HPV-16 DNA. Msp3F (genomic position
4322-4348, ATTTGATATTATATTTAAGGTTGAA SEQ. ID NO: 25) and msp3R
(4970-49486, AATAATTACAAAAACAAAATCTACA SEQ. ID NO: 26) spanned part of
the L2 gene and were used as controls. MspdF  (7498-7522,
TAGTTTTATGTTAGTAATTATGGTT SEQ. ID NO: 27) and msp4R (161-140,
ACAACTCTATACATAACTATAATA SEQ. ID NO: 28) amplified a segment with the
enhancer-promoter. The amplification products were directly sequenced with the

same primers. .

In SiHa, all eleven of the CpGs were modified, i.e. unmethylated. In contrast, the
same eleven CpGs between positions 7498 and 161 were methylated in most of the
500 HPV-16 DNA copies of CaSki cells. An unmodified and transcriptionally active
background of one or a few HPV-16 genomes would not have been detectable in this
experiment. The segment of the L2 gene defined by the Msp3F and Msp3R primers
(4322-4948) served as a control and did not differ in SiHa and CaSki, as all four
CpGs of this amplicon Were methylated.
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bisulfite has the effect of nD fylng unnethylated 5
cytosine residues to becone uracil residues. As it is
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DRSNS %R, A00 1ET, TS, S On ConLaLns oL et 1 o

7 86&oc@ bs n$Exal4aBl,e &k 2Thearedulbbare SBBWHIIDTadi} 3t TRend {abRL “As” refers
0Xi Ni

T Irtr‘\égrst%o K&i“ %Ha%)ﬁglsw@{ e%%g%‘%&?%ga@p\‘}cﬁ% re{%mﬁéample from a
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atlackpefshietholatioy, —(D&ﬂ@ﬂh?bted@ﬁﬁvemas HRcktMited [Pe@budd in)the same
si ne_resi dues, DNAs

15 F ted cyto

w3rERleo ot R B 0 bR iR s ThR DRAS ABGh RIecizdedh ds tesponsive
ofeldnmm gemelm1 entemdet, e CQ@@%E%GW@I%‘%H %ma@%sd Witk Bromoter
( gjse%{)ﬂrt:s:n‘g%%I(tspftg?86gg|§f2t§)ez\gg§1dltrflel %or eFr)s o% two specmcglly positioned
ATTFEAIONTRATETEPHAGIRETEMNANSE QN dlgRomEler, Zﬁélcge%ﬂ\%l WBP3R

(4970- 4946, AATAATTAC C TCTACA SEQ 1D 26)" spanned

part of 20 the L2 gene and were used as controls.
Mip4ive (d4Bidinad smears, all eleven CpGs were methylated. In two CIN |

samples, three and four, respectively, of the five CpGs at the promoter were not
methylated, while all CpGs of the enhancer were methylated in one sample and two
in the other one. A CIN Il sample and two tumor samples were methylated at all
CpGs of the enhancer and promoter, while five other tumors had heterogenous
methylation patterns. Notably, the only CpG residue between the enhancer and
promoter (position 7862) was unmethylated in all ten CIN and invasive cancer
lesions. This site is the only CpG dinucleotide between two specifically positioned
nucleosomes ahd close to an AP-1 site essential for transcriptional activation during
epithelial differentiation (Bernard, H.U. et al. and O’Connor M.J. et al.). The same site
was also unmethylated in six other tumors, most of which had some additional

unmethylated CpGs in the enhancer or promoter segment.

The present invention has been exemplified by the above described embodiments.
However, those skilled in the art will appreciate that further embodiments can be
provided which are also within the spirit and scope of the invention.
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in a p%%)'(:egﬁes' o @Iﬁfcﬁ%é%%@tﬂhﬁ@%ﬁserﬂﬁlﬁé hpEBtidive it is of cervical
HPV- 16 Conprising the steps of 1) providing a

sanpl e cederrai ni ng HPV-16 genoni ¢ DNA from the cervi cal
cells of the patient, the HPV-16 genone havi ng el even

CpG di nucl eot i des between 1posl tions 7498 and 16]h
2 A method according to claim 1, wherein the presence of met yla?on at all of

said eleven CpG dinucleotides is indicative of the absence of cervical cancer.

3 A method according to claim 1 wherein there are CpG dinucleotides at
positions 37, 43, 52 and 58, in the HPV-16 genome, the absence of methylation in at
least one of said CpG dinucleotides being indicative of the presence of at least a

precursor lesion at stage CIN 1.

4 A method according to claim 1, wherein the HPV-16 genome has a CpG
dinucleotide at position 7862 and wherein the absence of methylation at position

7862 is indicative of at least a precursor lesion of level CIN 1.

5 A method according to claim 1, wherein step 2) comprises the step of
digesting the HPV-16 genome with a methylation sensitive endonuclease.

6 A method according to claim 5, wherein step 2) further comprises the step of:
adding primers to the sample and effecting the PCR process, the primers being at
either end of an amplicon containing at least one CpG site susceptible to cleavage by

the methylation sensitive endonuclease and;
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.CpG sites on which nethylation is absent the nore

indicative it is of cervical cancer. 15 2 A nethod
according to claim1l, wherein the presence of

net hyl ation at all of said e% ven CpG di nucl eoti des

is indicative of the absence cervical cancer. 3 A

met hod according to claim1l wherein there are CpG

di nucl eotides at positions 37, 43, 52 and 58, in the

HPV- 16 genone, the absence of nethylation in %

| Myswxgqt@emsuéta.oaﬂ@pf@% PFﬂ@éﬁ‘v’e@tQ’Qﬂ@ﬁ“"b%WH@thPh%‘?‘ &t ‘P@%t one CpG
of it ks kﬁﬁgnce of at least a precursor |esion at

st age 4 A nmethod according to claim1, wherein

the HPV-16 genone has a CpG dinucl eotide at position

7862 aptnahed 8bdbidiRGtAORSENE Ghefeil®kiyinfiré 87 SEQ. ID NOS. 19 and
position 25 7862 is indicative of at |east a

pP@cursor lesion of level CINI. 5 A nmethod according

to claiml1, wherein step 2) conprises the step of

di gesting the HPV-16 genone with a nethyl ati

sBnsi t AvaneihernaRIcEiag. 3 PRMA Gre tHGEP Be Ut dT‘ﬁtBylFBO“ sensitive

%ﬁ‘dﬂdﬂuﬁﬁa%%ﬁ\%r@@ér@l@n@éleéé&ther conprises the step
of : adding primers to the sanple and effecting the

PCR process, the priners being at either end of an

agpl i can AP AIALAEiIngt td @RFh PNAhbRSn Stde Jussiaprisebl selectively

to cl eavage by the nethyl ation sensitive endonucwgng foon the

aRwdifyi HeoatesiteL s idpe el stig GlsXeD 606N Udertidhs dyas

the iéh%‘%at@sﬁoﬁth@dﬁ@q process to determ ne whether
sal | east one CpG site was cleaved. 7 A nethod

accordl ng to claim6 wherein the priners are SEQ ID

19 ocf5 a@ébrdlﬁg AcnBhiP® aeeeidiskg bp f@if@r%cﬁ;prlses after
wherein t hyl atron sensitive gglndonucl ea

e
VEFEChehddmityBaLie T00Sh 1FBEHEd 40B8, BTG oL B 1Pl and

eﬁ@ﬁﬁ{geché] PEIFEPr o%éssc HEDEInsEs bembes kithé and dmedidnliogn containing
oSl he reS| due of said el even CpG di nucl eoti des

délrﬁewdeaﬁj 009&19@{ fite.

11 A method according to claim 10 wherein the primers are SEQ ID NOS. 27
and 28.

12 A method according to claim 10 wherein step 2) further comprises the step of
sequencing the amplicon using the primers, after the step of effecting the PCR

process.

13 A method according to claim 9, wherein step 2) further comprises the step of
sequencing at least a portion of the HPV-16 genome containing the at least one CpG
site after the step of selectively modifying the cytosine residue of the said eleven

CpG dinucleotides.

14 A method according to claim 9 wherein the step of selectively modifying the
cytosine residue of said eleven CpG dinucleotides comprises adding sodium bisulfite
to the sample in order to modify umnethylated cytosine residues to uracil residues.
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primers to the sanple and effecting the PCR process,
the prinmers being at either end of an anplicon
containing the at |east one CpG site. 11 A nethod
according to claim 10 wherein,the prinmers are SEQ ID
NOS. 27 20 and 28. 12 A neth8 according to claim 10
wherein step 2) further conprises the step of
sequenci ng the anplicon using the priners, after the
step of effecting the PCR process. 25 13 A nethod
according to clain19 wherein step 2) further

ﬁ\ﬁé\fh?g a%t:@r@ fio SEAUE PG aked SPRIthEr BRPHRE the steps

eno cont al n| ng t he at east one Cp
spt @ddmgeat leat qpecﬁﬁtmtlogeqr@f& r:@réaq;e RbBYRAITRY {heaid at least one

dﬁ%it@%lf@é iy ﬁ\eq{fngttgﬁp%{ﬁe 8h&¥8Pabi&Bhybridising to the site with a

eot I des. according to claim9
V\,ﬁ%ldndlffﬁ@néU@ﬁlnéﬁer@@@ré%ﬁsv\@ﬂ%ﬂ thegyoginagesitie Of the CpG site has

CYLOT H&%m‘é@sé Fno ﬁ’@'tﬁe ﬁ&/t?r)éf?srétlgpgf @'Ie”&lé{é&i%'pﬁ'@&a to the portion

conprises ad |um bisulfite to the sa

optithe wiavﬁﬁcneﬁvpmrﬁwtmn@t*@&@@tsag iaha rpReq afuf@@P@E?theS after the
umﬁ%{r& girdues. WO 2004/ 090166 PCT/ SG004/ 000069 41

1 8 according to claim9, wherein step 2)

further conprises the steps of: adding at |east one

dqgect 'A%eﬂ%@%%c&@%% Q1ofth 153\‘@%&“0@1‘1@93%@@%@;}@& addmg to the

| east one (pG wth a first nelting

angmelgpRiteast ene ﬁpmqr@r@hq@p@gletqﬁ @ygrlc{lgng\ﬂtq ﬁggs@on on the HPV-16
3%95\“9 bRl #Rt atqgéét'd?\% d<teaush %%@%hé“&!@fbcﬁ@@ Frobe comprising

tosi ne residue of CpG site been nodi

amde @b ai daver Aye pﬁ@amﬁ/@? alpoging Bﬁ‘hf@‘l 21five) WRYARRSHLANG an acceptor
prdgggp%é’olé he eﬂﬁﬁ:lﬁé ﬂghl Afa é&%n&"@évé@n@@xn @@aﬁ&ﬁ? @kdblen@ampnsmg

of tenperatures after

il PYEnE! t@ﬁéi@non@yel@cwhﬁacﬁ%ora@@@ i dnar gne |a&wﬁ’fqr5dyes being
f UL ER BTt GRITRIE ShPpshid BEfreRen&d resBRSHJRGrefyf féhsfer when they are

in close proximity to one anather; exposing the sample to fight at the first wavelength;
and detecting the emission of light at the second wavelength over the range of

temperatures.

17 A method according to claim 16, further comprising the steps of: dividing the
sample into eleven sub-samples; adding to each sub-sample a detection probe and a
corresponding anchor probe, the detection probes being capable of hybridising to a
CpG site at positions 7535, 7554, 7677, 7683, 7695, 7862, 31, 37, 43, 52 and 58,
respectively, on the HPV-16 genome; exposing each sub-sample to light at the first
wavelength; and detecting light emitted at the second wavelength from each sub-

sample over the range of temperatures.

18 A method of assessing the progression of cervical cancer in a patient infected

with HPV-16, comprising the steps of:

1) providing a sample containing the HPV-16 genomic DNA from the cervical

cells of the patient; and



sanpl e at | east one anchor probe capabl e of
hybridising to a position on the HPV-16 genone
w@ejoaoense t he at | east one detection probe, theCT/SG2004/000069
detection probe conprising one of a donor dye capable
of absorbing light at a first wavel ength and an
acceptor dye capable of emtting |ight at a second
wavel engt h, the anchor probe cg?prising 15 the ot her
of the, donor dye and the accepfor dye, the donor and
acceptor dyes being such that they are capabl e of
- fluorescence resonance energy transfer when they are

|n clos r.oxim-t 0 _Qne another osing the sanp

Fi gnteBeer Pekfiader sfiingt At soanHoqBp@ctinueaing at posiion
em SSi 07\86.‘2‘ of tighHPaL18 lyensRe.omd e oF eRathlaRy ekt 5518 dinucleotide
range of di ﬁ}rg)ﬁr at ures. go 17 A nmet hod according t
cl ai m 189G NEPIeRFRGE CERHEAT RPTeFUER Iesvion efi qe,r\@q:qﬁgancer

the sanple into eleven sub-sanples; adding to each
sups sanpl e et ection probe and a _correspondi ng
5 ang%or n%.rr%tgegtawgor&lage o sl ﬂ)gzo%%reweth%gHEQﬁ&bgeﬂome has eleven
hybgGC!i?nzwsdl'@thes detvieRG Sdsitona7408Hnti %’4%&235 2 5)5@ﬂher comprises
an

695, 7862 . 37,
r e B SRS ﬂ?ze%ﬁg ”ﬁ%ﬂl@ﬁ\yﬁ}@n@@Jﬁ%ﬁgsa'@ﬁ&@ﬁr@%&mdeotldes of the
suHP‘s!allﬁpbendsmelb@héemtpo%hiené 7498 anbvieh emgd RireBd the number of
t. emt ed at the s dvvavelenthfrom

det.ect,i h ec

ea Hugﬁog%ega%ﬁ'f‘%g JVE y'@ﬂ‘e“r' GRingf ?\eefﬂ%‘? a%q)/laéged Pgoggession  to
10 metdradalebnesde 8w pdiehhe progressi on of cervical cancer

in a patient infected 30 with HPV-16, conprising the

steps of: 1) providing a sanple containing the HPV-16

ge2mmi cADINM prioer hiveng & s¥iustce c6Mditgd ot 8QuBadd &Moted from the
and WO 200 /Ogﬁ166 PCT@?EE?Oﬁéggog? 42 2) detecting

t he PHRERVIAP S SequEnee t éPG di nucl eot i de

at positi on 7862 of the HPV-16 genone, the |ack of

15 %C /&kg? at sai.d di nucl eoti de i ndi cating the
Encs <Bforsspeing g Pioaseings oppdeab Reeer Bes PRl infected with
calﬂlé‘eﬂﬁ EorSristngret h@mymtlﬁﬂrsfélnﬁlﬂvé @nabkdBak8, a@r BAiR of primers

HPV- enone has el G di nuc| eot i des
%X}E@ﬁ 6&% PO 728 GOﬂe‘d‘C@%&het@BVﬂﬁ ghemer the amplicon

Cocmmtalmeg at tidwest ﬁqepep@fslté@e@védmgoéxﬁ&usnﬁtd&yé@d N of the HPV-16

state of sa nucI otl des of the
genome suscealb?e to c eavgge by he met ylatlon sensitive endonuclease.

20
22 A kit according to claim 21, wherein the primers are SEQ. ID NOS: 19 and 20.
23 A kit according to claim 21 wherein the methylation sensitive endonuclease is
McrBC endonuclease.

25

24 A kit for assessing the progression of cervical cancer in a patient infected with
HPV-16 comprising:

an agent capable of selectively modifying the sequence of a CpG site
30 depending upon the methylation status of the site; and
a pair of primers defining either end of an amplicon, the amplicon containing
at least one CpG site between p‘ositions 7498 and 161 of the HPV-16 genome
susceptible to modification by the agent.
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to 10 cervical cancer in the patient. 20 A DNA prinmer
havi ng a sequence consisting of a sequence sel ected
fromthe group consisting of sequence ID NOS. 19, 20,
27 and 28. 15 21 A kit for asg ssing the progression
of cervical cancer in a patient infected with HPV-16
conprising a nethylation sensitive endonucl ease and a
pair of primers defining either end of an anplicon
within the HPV-16 genone, the anplicon containing at
| east one CpG site between positions 7498 and 161 of

t g HPY: Kifaccadfdfgt SHHT 2P Whbleh tHe pcdne@rv@gﬁer%ré BEQ. ID NOS. 27
met hyl ati on sensiti ve endonucl ease. 20 22 A

a@Be A8 ng to claim?21l, wherein the priners are SEQ ID
NOS: 19 and 20. 23 A kit according to claim21
wherein the nethylatjon sensjitive endonuc|ease is

MEPBC énibRERAr&Ag 4O ciagn 24, iribeg C?'BP”%@%é%@aﬁbo’ﬂ%éetec’“o” probe,

prtrﬁ&a&éaloﬁrpr@tse 6Qhpisha o caResbld rﬂalﬂkepaﬁdi aa’h icap&aé efhybridising
HPV- an agent c

o4 88 GRG 5 iy EieS Sutirues S1d Bolcp @Pntle of Bipridising to

deRest with 41B8dbridhifeRIBNeRih @nsdratunswhabn tHeCSE bRs isaneified.
a pair of primers defining either end of an anplicon,

the anplicon containing at |east one CpG site between
pPogi ti engit 4R8rdaitd td Glaiaf 28 ReeldRY-1A6 JeBsTEoNe detection probe is

2%3&; @9€®%r}§%%§at | on@g}/hezgo%g% Zn %ﬂet I—\{g{-@rqﬁnﬂae selected

t Grofd BeGrddh YRIsEhE of NE3M B4, aloTR! 768, 368,6788EQ1, 13D, 43, 52 and
NOS. 27  and 28. 5 26 A kit accordi ng to clai m 24,

f 1t her conprising at |east one detection probe, the
det ecti on probe corrpri sing a detectable mar ker and

bei ng capabl e of bri disin d CpG sit th

Pe! HERERrertbarbraait 2 Mlararoitae Sae BiAven gtetion probes, the

hydatdctlbrs ipfébdsObeing capable of hybridising to the CpG site at positions 7535,
7554, 7677, 7683, 7695, 7862, 31, 37, 43, 52 and 58, respectively, in the HPV-16
genome.

29 A kit according to claim 26 further comprising at least one anchor probe
capable of hybridising to a position on the HPV-16 genome adjacent the at least one
detection probe, the anchor probe comprising a detectable marker, the detectable
marker of the detection probe being selected from one of a donor dye and an
acceptor dye, the detectable marker of the anchor probe being selected from the
other of the donor dye and the acceptor dye, the donor and acceptor dyes being such
that they are capable of fluorescence resonance energy transfer when they are in
close proximity to one another.

30 A kit according to claim 29 wherein the donor dye is Fluorescein and the
acceptor dye is selected from the group consisting of Light Cycler-Red 640 and Light
Cycler-Red 705.



the site with a second, different nelting tenperature
when the CpG site is nodified. 10 27 A kit according

W0 eooglogiing 26 wherein the at | east one det ecti oPCPsGH®4/000069
is capable of hybridising to the CpG site at the
position in the HPV-16 genone selected fromthe group
consi sting of 7535, 7554, 7677, 7683, 7695, 7862, 31,
37, 43, 52 and 58. 15 28 A k“% according to claim 27
wherein there are el even dete % on probes, the
detecti on probes being capable of hybridising to the
CpG site at positions 7535, 7554, 7677, 7683, 7695,

2, 7, 4 nd 58, respectively, in the
%3 16A d@nﬁ?f‘?rgﬁ@ gaﬁ'”io?t? whesinithey dededdipai probe is capable of

f Uiybheiging eorpiel GpB@ita@bt pRaph 7802 IrARE imfv-ﬁ’é g@ﬁom&apab' e
of hybridising to a position on the genone

adj acent the at | east one detection probe t he anchor

preazbe ommraoeomgngatdjeibmtzahh@erawiﬁ@ragetnlf'fis defeBlidPB the group
det ect.i on probe being selected from one

5 ofcogs'a CFf S&@ié‘%i)iaui e and Rolaseiym RFEangsRatelet ect abl e
mar ker of the anchor probe being selected fromthe 25
ot her of the donor dye and the acceptor dye, the donor
and acceptor dyes being such that they are capabl e of
fl uorescence resonance energy transfer when they are
in close proximty to one another. 30 A kit according
to claim29 wherein the donor dye is Fluorescein and
the 30 acceptor dye is selected fromthe group
consi sting of Light Cycler-Red 640 and Li ght
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31 A kit according to claim 27 wherein the detection
probe is capable of hybridising to the CpG site at
position 7862 in the HPV-16 genone. 32 A kit according
to claim24 wherein the agent is selected fromthe
group 5 consisting of sodiumbisulfite and potassi um
per manganat e.



