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and a kit for diagnosing cervical cancer. FIELD OF 29°%063¢o7.
vention relates to the

i MIH/M al so to  NpEfeEoNboooss
assessing the progression O vi cal cancer.
Furthernore, the presentACPﬂVention relates to DNA
prinmers and kits for use in diagnosing cervica
cancer. 10 BACKGROUND OF THE | NVENTI ON Human
papi |  omavi rus-16 (HPV-16) and related HPV types are
carci nogenic, and persistent HPV-16 Infection is the
primary causen @bthe8aMd & &it for ARGAGsind\EFicaMeamier. becone
infected by HPVs, and while sone of these infections
progress malignantly, nost remain subclinical or |ead
only to precursor |esions (zur Hausen, H and 15
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tﬁ'ese—o'u-l-cofres—a're—poorl y understood. Transformation
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ranscri nunmer ous
t methodsiofesepssingdbe pepgassion o gemisal eansai: FyAharpre, the present

( ﬁﬁlﬁﬁkﬁfn%la?ég t51DNA) prirdetSBrid SIS B8 3 BgRBRIhG RPHEH cricem
st1nmul at ed oncoprotel n expression through

transcriptional_lnduction by steroids (Chan, WK., et
a@%ﬁéﬂ%&%ﬁg&i ptional silencers (May,

M at a!.) and by Integration of HPV genonmes into

C @juménasapiidmavinBaie (HP\G16) amd reldted HMA types rdrelcarcifogesic, and

I, 2 i, .early. detecti f '
c artsitem 46 TS e briebag Y Bervee] SRl ost women
Tyhetarad Infedtdd by BPYs, andlwhilpsome arfithese firdectioos peagiresg malignantly,
-cal l ed. " Papy: . ' ' - '
7T saf oo, sl SR dpveta BRRRRH sty GhCHRusen. H. and
c Schiffowin, Mdhretel) screening |Is that skilled personnel
are required in order to exam ne snears. Furthernore,

the results can be unreliable because the visual,; _
| Jemtfadtors dhat datepning dhase guispmesate Rasry Sndaystopgelrasforjpation by

SW@hgﬂ%ﬁebﬁr%nﬂpvo&wcoﬂ&% IE8 @RENEZ,OwRBdeit@RAscription s
Accordingly, there i1s a need for alternative net hods(B g
ofm@cthé@q%bhgumw%éws%'atlortf&ﬁ@é% and eplggngticimepngpisms (Bernard,
ey, 00 dsurhbr srbgresfoMag realit #6mistimurated orebpratdireexpression through
transcriptional Induction by sterolds (Chan, 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. ot al., and Stlinkel, W., et al.).

At present, early detection of cervical cancer Is an important component of its
treatment. Typlcally this occurs by programmes for screening so-called “Pap” smears
(Le. 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 unrefiable because the visual ‘\dentification 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.
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*166166* WO 2004/ 090166 PCT/ SG2004/ 000069 1 2 One
al ternative nethod of diagnosing cervical cancer is
di sclosed in US patent no. 6, 355,424. The expression

“j(f%g{,&) particul ar genes of the HPV genomep@f 620041000069
noni oreg and conpared in order to assess the

progression of HPV Infection from benign tunor to

mal i gnant growh. Simlarly, PCT publication no. WO .

01/ 42792 5 di scl oses a nethod of assessing whether a
patient |Is afflicted with cervd cal cancer by

conparing the -level of expression of particular

'sequence narkers vvith the normal | evel of expression

of the markers, significant difference between the

t m&neea}ferr@tlvq)meﬂtgduqﬁd’iasaeswaeceﬁlcal iangsrds disglesest In US patent no.
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cyﬁ%@ 8{33 rpl?é(ss ?\V& tﬁ%ﬁ%keignaaglg@ﬂc%ngtdmhéf%k b%év?épégsi}w? two levels
of belng lncttgatlmes phﬂae prasgnéeoficervical ensewiTdeser henceynaksrs eompnse
i s sgg{lé?ﬁteé gr%'éentolfw tRe M&%n{eeﬁb% the eﬁrste%e o?‘tt@@alternatlve

di nuci eot | tron is di at ed
10py raethedsi of\scegeningfor ?Wﬁ%é?ﬁ@%‘]’e'i?e'ﬁ rﬁ)\l @r%ﬁ?gfféf fygther screening

( DNMiRodsDNMT3a and DNMT3b) (Ckano, M, at al. and

Rhee, 1. at al.) and occurs at 2-4%of all cytosines

| ocated 5 to guanine (CpG 20 (Bird, A P.). CpG

dl it beat dfdstadye that mae&eam lmﬂlc)iteatin ZOI%)MSHBBIS is DNA methylation.

stahistigdl cl: exge ee di C e s ué}wcgg%gnc%\?'alently
(S ?JP'E:‘@‘P& 1B, g "‘f PR'B 38
15 uruddlr\grmhethwrgs@.mlemytesinefesmehyTlais kcamoasir at tha dige position of the

t he y{osbgﬁﬁlﬁw{ohﬁ%ngé&&}gth? @#aslﬁ?%xrg&l g ¢ Qg[léﬁ}#é]reﬁidue (.e. at

reg own as resen
di ra€b@alinudiestides. latmammals,t@ﬂMta‘trmtlpy isesap@eﬁé@waef@@ﬂy of DNA-

25 \ﬁ& B]h%tﬂ&ltr%hfér@?é@ BBV, wm?ra%'aln%@rumabﬁ(omno M., et al.

X-thronosone i nactiv
| n-ﬁﬁqdrﬁrpewgl (qbg(j) anchooonts gl 243 of ¢ all q;ﬁgshpeasr I@cq\v\tggg @fguanlne (CpG)
20 | s@ue, Arexi EHG dBrbiBotides are present only at 20% of the statistically expected
frequency in mammalian genomes (Schorderet, D.F. et al.) suggesting adverse
functional consequences of methylation as a cause for thelr 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 Inactlvation
and genomic imprinting (Paulsen, M. et 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 stabllization 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. et al) are frequently observed. CpG
methylation mediates its functions In gene expresslon by elther preventing
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expression nmedi ated by CpG nethyiatlon was recently
confirmed (Futscher, B.W at al.). Furthernore, CpG
rrethyl ation is required for stabilization of the

g@ai nst 30 reconbination, inplicated Py, 004,000069

e erent| al nethylation of repeated sequences ?
at al).. During carcinogenesis, global

hyporret hyl at i on and regional (i.e. CpG island)
hyper met hyl ation (Herman, J.G_ at al) are frequently
observed. CpG nmethylation rrec'l’l ates its functions In
gene expression by either preventing WO 2004/ 090166
*PCT/ S&004/ 000069 3 transcription factors from
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ol n rans e carcin a
L1 Satcindyiag Bod 2B Bl ol I e S BE B R icibs e, et o)
meThyd dhdsenstudiesSMdidalé that thenphessricevel miethyktion MO8/ DNA is

15in§gtl\}3%lcél%ﬁ1tol'ngg No. W02/ 059347 di scl oses a net hod
ragnosing a cell proliferative disorder of breast

15t|ssue by determ ning the nethylation status of

nugbqﬂ PublRafidhe Wtwmgﬁsﬁiﬁ"}i%c@é@ %Cfnetﬂdgwﬁf’ %'iciagnBshring a cell

'ication rel at I NgS

geﬁ@élfera%% Aigerger of hjﬁ%ségﬁsue&u@@tenamgdbwem tiomefptya obnucleic
hO%ldebﬁé‘h@& R & tesubjéct 3%\/@9@&5 *tljﬁé Bublic@tldin' @&E&S&\lyobrﬁﬁings in

f cancer t ation
+ 2faRrLiogRacT BHRIr I reaporBer cldaea SR hPae Remestinedher ti
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spread throughout the |ong control region (LCR)', an

850 bp segnent between the L1 and E6 genes.
Tr Asgegargs thercoatralraf $1RAM16{ bie-réspopsieaelements 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
25 P97, which Is regulated by one binding site for Sp1 and two for the HPV encoded
factor E2 (Tan,.S.H., et al., and Demerst, C. et al.). The activity of P97 is stimulated
by an enhancer with binding sites for several celiular factors including AP1, NF1, and
the progesterone receptor (Tan ef al., Chou et al., Apt, D, et al. and Gloss, B. et al.).
Two speclfically positioned nucleosomes can form over the enhancer and promoter
30 (Sttnkel, W. et al.) and repress transcription, when they are modified by histone
deacetylases (HDACs). HDACs are associated with CDP, which binds a sllencer
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



25 P97, which Is regulated by one binding site for Spl
and two for the HPV encoded factor E2 (Tan,.S. H, et
al ., and Derreret, C. et al.). The activity of P97 Is

by an enhancer with binding site
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progesterone receptor (Tan at a!., Chou at al., Apt,

D. et al. and Aoss, B. et al.). Two specifically
positi oned nucl eosonmes can form over the enhancer and
pronoter 30 (StOnkel, W et al4.) and repress
transcription, when they are nodified by histone
‘deacetyl ases (HDACs). HDACs are associated with CDP,
whi ch binds a silencer between the enhancer and
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( Thratha cantred of HPV-Aagene pxiressidndwihthe stvdy see ihconelgsivehe 15
met hyl ati on status of HPV-1 a DNA and found a
non-random pattern of methylation (Burnett et al.

e HEETaER, Al on o4 R GEREER 1 &R NAYeheepisbkisk Ahough
20be thghy @ sviéned Fortits o] trnbtv@itnerhtﬁtvrelguauﬂ@npvet?ané@@ﬁw [Firstly,
D TR SRR ey GBI Bt sasanay. when i
st witioadethyateld HRIR16 DAL Wy teanisfected iinte Bels, ft avasiros expressed (Rosl
PO AP T e A B AR o S o
t hdine (Lisheba.)host . Secondly, when In-
25
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
30 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 methylated HPV-1 6 DNA was transfected into
cells, it was not expressed (Rosl etal.) in a simlar
way to the EcoRl -resistant HPV-16 DNA studied in one

cific cell line (List at al.). 25 The pr
V?(ﬁg@ﬂ{w ﬁ%ﬁ have now conpl eted a study of CpG Féﬁ§<52004/000069
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 nethylatlon, and that
preferentially nethylated regbons are asymmetrically
di stributed over the genone. They have al so found that
.met hyl ati on 30 occurs at CpGs overlapping with the
enhancer and pronoter of the HPV-16 genonme, and that
the frequency of CpG nethylation decreases during
pr
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canﬁ:@agnoarma gesvical ganceupr aiisegpingsthe @rmeaslan of\gervical cancer. it is
209!@6 gﬂggﬁ@t &4 mgﬁ{o%mﬁalfet‘naltﬁe Bhﬁfp?cf\/éﬂ it fd} diagnosing

object of the invention to provide an alternative or
5i nﬁ?%‘&é‘&aﬁﬁqrt%ésseéF‘”Qj?hﬁé’fRSﬁsﬁB”@é?%'éﬁlcaﬁ%?ﬁ-cer or
assessing the progression of cervical cancer. It is
al Egmwveml on to provide an
al kit for diagnosing 5 cervical
cancer or assessing the: progression of cervical
cer THE .| NVENTI L fir
< RBETIRE T T e o I ERT TVeplidy LS % Byt g Hbtnoa of
10 rretilagdoairfg ckbvich! acpmosri iy e quatierd ainfexdatc awithl iumapapagitamavirus
in n papillomavirus conprising the
fgg@b@%d’“ﬁ%geﬁg\%dl ng a sanple containing the human
papl | I omavi rus genomc DNA from the cervical cells of

t heq)y pat bn%‘?fdingaé‘ Qanlae %&nt&lﬁh%pﬂa I'iUrﬁ‘éh bmoﬁ{a@ﬁwgﬁoﬂnc DNA from
absence of nethylation on tes in the human

papi | | offi#sereal @@ﬁé’ﬁ%‘elpﬂ“ﬁ“ﬁ@“ganpl e, wherein the nore
15Cp@) si t astefiningthe rprégahébybﬁbbsanca %f agiRdtioh hen mpsesntes in the

numan pBPR BRRATTRILS G B8 5GP, MRBIPERS M ge s or

HPV- 16 ghichmsthistion lisabsant GreGnoliernditatios it tbosf comioabesmcer.
positions

Conveniently, the human paplllomavirus is HPV-16.

20 '
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 sald eleven CpG dinucleotides.

25  Advantageously, the presence of methylation at all of sald eleven CpG dinuclectides
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
30 being Indicative of the presence of at least a precursor lesion at stage CIN |,



7498 and 161 and step 2 conprises determning the

presence or absence of nethylation at said el even CpG

di nucl eotides. 25 Advantageously, the presence of

|ation at all of said el even CpG dinucl
WP&"?%&?I&%\tlve of the absence of cervi cal ﬁggfsc%woooow
- Conveniently, there are CpG di nucl eot i des at positions

37, 43,52 and 58 in the HPV- 16 genone, the absence

of methylation in at |east one of said CpG

di nucl eoti des 30 being i ndi &tive of the presence of

at least a precursor lesion at stage CINI. WO
+ 2004/ 090166 PCT/ SG2004/ 000069 6 Preferably, the HPV-16
genonme has a G di nucl eotide at position 7862 and

mrﬁareferablyr Hee &tFYeHE geaamerdianya LG dinkecleplds at ersitgs78p3 and

' Wﬂ'le?é}ﬁ ithe a88erieb dferﬁéthyléhonpéteﬁéﬁftﬁﬁr 78625 Isofhd%tn}eeﬁﬁlat least a
CI'N 5 Advant agegusly, step 2) conprises the step of

d@%‘éﬁ%{?st"ﬁ@fﬁ Nbapi | | omavirus genonme with a
rret hyl ati on 'sensitive endonucl ease Conveniently, step
urther co i~Ses the Q _addin rimne
5 ¢ YhBhpRrs R A ESrpikes e Sebe legedeca ey pllpkBvius
begemgmatvvrther rhétbylatendenditiv@rendomlicleassn cont ai ni ng at
| east one CpG site susceptible to cleavage by the
nmet hyl ati on sensitive endonucl ease and; anal ysing the
r eSerivesiently, stap 2FGrRhgscomprsesttae step ek ni ne whet her sai d
at least one CpG site was cleaved. 15 Preferably, t he
primers are 'SEQ I D NOS. 19 and 20. Advantageous
10 t h@ddmgt pripess tothe sample; andeeftastinentiel Pe%%@rqceswghe@“mefs being at

”fffﬁ@fjéﬁoeﬁ%ﬁ a%llcgh%ﬁfélrﬁ@ dtYoasBSrRICHD siEOSIREEBR to cleavage by
sel ecti vel cyt osi ne resi due of said

eI@@@WWU??’?SWgQ qné‘éga%?e%@ndr ng upon the

NeiruKshibitRreStIRiof hetHCR bctirGo dBteafias alblether sdidat Bast one CpG

further ? ngqu ses, after selectively nodifying the

cy¥BNaTFI98%eY-que, adding priners to the sanple and
15effecting the PCR process, the prinmers being-at 25

ei | the at |east one
%%g r?ﬁy'qll\dé/rh ageo {Eet‘]graﬁkrirggs are SEQ I D NOCS.
27 and 28. Preferably, step 2) further conprises the

St gRvaAtage SR e RGthPhtion@RBAdItVE dPRbhIRAseTs MEBC endonuclease

20  Convenlently, step 2) comprises selectively modifying the cytosine residue of said
sleven 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
25 elther 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

30 human paplllomavirus genome containing the at least one CpG site after the step of
selectively modifying the cytosine residus of the said eleven CpG dinucleotides,
preferably using the primers from the PCR process.



30 human papil | omavi rus genone containing the at | east
one CpG site after the step of selectively nodifying
the cytosine residue of the said el even CpG

“@cﬁbjﬁdﬁﬁgl des, preferably using the priner '@?6906%30069

process. WD 2004/ 090166 PCT/ SG2004/ 0000
Advant ageously, the step of selectively nodifying the
cytosi ne residue conprises adding sodiumbisulfite to -
the sanple in order to nodi fy unnethyl ated cytosine
residues to uracil residues. & Conveniently, step 2)
further conprises the steps of adding at |east one

. detection probe capable of hybridlsing to said at

10

15

20

25

30

| east one CpG site with a first nelting tenperature
arfdivaripgasusly othersten iofi selpettyely gneditsingi the qxtorshearegtéue ieamprises

‘rj'eefsdlf:tﬁb %ruﬁ? 'bfshmﬁ to! ﬁt@pﬁn?ﬁlé‘ e Dra¥h e ﬁt&ﬁfycb(ﬁrﬁéthﬂﬁted cytosine

te of G site has been nodif
ﬁ’@‘tﬂsrt?@aﬁh@s 8%i di sation of the det ectr on probe to
the portron of the human 10 papill omavirus genone
tal the

oo, 4884 g Shofioo of BRfar seab 3! Bt s pgpoton
conpye sasablehef dyterfitsingf to saldiatgedss dreeCp@ngileewith d desstmelting
O NErRQBRMEnd SRR BNRBHARE 1HR S AT, oy, R Heting

| damperehreesdwh@ttheowtcpamb@srduh@fdta ep6i stte rasobeen modified; and
Orﬂﬁ{ltoﬁﬁd“ e H?B? d%fatr&r ﬁP'EH%%r ﬁ&%&gﬁ%@é % @he ?Qﬁ%hbbfn@re human

an accep to
camﬂip@awrusaenpma ﬁgntatngrat he,Cr& %te@bﬁdam@t@ma@rﬁturtwter the

ing'sRpe conprising the other of the donor dye
aﬁﬁ&ﬂ%n g%eptor dye, the donor and acceptor dyes

being such that they are capable of fluorescence
I eSRfRAAIHE sRINET) BuHHeF adtiprives Wedtleps6ry adiiingy 3Ghé Bamblesat least one

t th le to |
MEOERIT R T A XN
| Imbm@tadjdmentsthemndbasamé deigttionorele, tihee detantipn priobe -comprising

%y BT SN 10013 BB R R et
d| dyedrrapgble lof egitting koht at o secmdeua\@bbgﬂi\arh@l Chor pba gomerising

ea‘ﬁ;rE oRfeP oﬁ@%o %radygea'h@cché Q&eg&obesﬁ‘gédtlicﬁolzgﬁé 95&9@' ?Qs being

anc probe et ectlon capab .,
hyauohdinaérthﬁy are capabjeof fuereseancy ﬁoﬂrrtfﬁsen?weraw%when they are
76%@083@?&%@@8%% aﬁ&ﬁ@ﬂ ef(?pbslnﬁthe éa?npl@% I@hﬂaﬁtﬁe frrst wavelength
respect ively F Jf g;ﬁ Q ? ng ea

nd detecting t’he emrssron o} Irgh at*the secdnd waveleng over the range of

temperatures.

Advantageously, the human papillomavirus Is HPV-186, 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.



sub-sanple to light at the first wavel ength and
detecting light emtted at the second 30 wavel ength
from each sub-sanple over the range of tenperatures.
/090166 8 PCT/ SG2004/ 000069 Accordi ng
vé%%%ﬁgﬁgﬁpect of the present |nvention, therg&ﬁ@éumwmmmw
provi ded a nmet hod of assessing the progression of
cervical cancer in a patient Infected with HPV-16,
conprising the steps of: 5 1) providing a sanple
cont ai ning the HPV-16 genoni c8DNA from the cervica
cells of the patient; and 2) detecting the nethyiation
.state of at :least the CpG di nucl eotide at position
7862 of the HPV-16 genone, the lack of nethyiation at
s akatouiingutolacssicomtbaspentchf dhae pragert fnyeptians theteisgrovided amsthod of
a
SRS e biepieBBpflo GBRNeF Sand 16 < palkit ntocted wih HPv-te,
dlqﬂmf@bgﬂl’@eﬁemfmeen positions 7498 and 161 and step
2) further conprises the steps of detecting t he
met hyl ati on state of the el even G din ti des
5thb Hp\wq%di@@ﬁow%%@nmadg? £ ﬁ@‘\ iy th@rr@fvlca'

gr eat el‘ce“gh@ftﬁglﬁﬁl@’nt @hddi nucl eot i des I acki ng

rre g%llezcgeit% é & Ca{ny@g?n E.%",chte at Iﬁasﬁﬁﬁ‘e S’.g)t%c gﬁycleoﬂde at position

Accor di78§2taf the tHRV-6 gepame, the ladkeofpmethylation ab eakdi dinycleotide

oot o ol S S aerRor RIEAEED ordh ol e BPERHGRA Sancer.
gque R& group

consi stin ce se ee o rom-t
1OConS|sF|ng of sequence ID NOCS.19, 20, 27 and 28. 20
ACE o \ihidt g |, SndPOUB'dinBRBTES oftber bge%ﬁ&gat.dé@y&mérpﬁbsmons
there 1s asses rogressi on
of 7488 Qﬂdc 1 enthstep 2) furtiepeemerrises th étep%af wﬁwnsdnﬁmethylaﬂon

Pagiatd Qf”ﬁ\é'élé%nc@ﬁ@rdlrﬁicﬁ%dbs”&t th&'rﬁi\y-@@ g%ﬂﬂrﬁbt!ié(\ﬁeen positions

endonuclease and

S ansi1 G peicEeAenine bl dmﬁaﬂtid&aﬁqklng%a%}h'ﬁ@n indicating

15 g?ﬂh@n‘ﬁore ZBvdrieed proghdseion tceumicdl Bam@r ai tHegasigntone CpG
site susceptible to cleavage by the nmethylation

sensitive endonucl ease. Preferably, the priners are
SERccdrdngN@Sa tHid ampekt 2D the present invention, there is provided a DNA primer

having a sequence consisting of a sequence selected from the group consisting of
sequence ID NOS.19, 20, 27 and 28. ‘
20
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
paplllomavirus comprising a methylation sensitive endonuclease and a pair of
primers defining elther end of an amplicon within the human paplillomavirus genome,
25 the amplicon containing at least one CpG slte susceptible to cleavage by the
methylation sensitive endonuclease.

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

30 Advantageously, the methylation sensitive endonuclease Is McrBC endonuclease.



30 Advant ageously, the nethylation sensitive
endonucl ease i s MrBC endonucl ease. WO 2004/ 090166
PCT/ SG2004/ 000069 9 According to a fifth aspect of the

&@i@@t" nvention, there is provided a kit fgﬁysgzoo‘tmooow

the progressi on of cervical cancer
patient Infected with human papill omavirus

. conprising: 5 an agent capable of selectively.
" nodi fying the sequence of a CpG site dependi ng upon

the nmethylation status of theésite; and a pair of
prinmers defining either end of an anplicon within the

. human papil |l omavirus genome, the anplicon containing

10

15

20

25

30

at | east one CpG site susceptible to nodification
bycedrdinggera fifth Gaspestvafnihe rpresent tilventienyethere Is provided a kit for

e T e
t Rapligreavirys comeprisingbpri ses at | éast one detection

probe, the detection probe conprising a detectable
mar ker and bei ngqb apabl e of hybri di'si ng to said

CpG
si te whf PR} (CARIDIGOF tSeleglivabimmadivlog dheirgawrncagof a CpG site
3 a]ggéﬂdmgtczfpohm’cermdmﬂam ététtué Bethe s&@ ar\% th aG se;:ond
ifferent nme ra n e Si [
modi f | 8P 8 Iﬁlﬂ@g@r §B 'ﬁ” I%erh CB'&ﬁ?ﬁvW’ﬁlﬁ%%h% human
Hpepilldkdnavirds pamorad, tH\esamplioon eontahmgtat mswr@bepe site susceptible to
C%%Ecst{q%\?vqﬁg%f’q*s' ng to the CpG site at the position

nonme selected fromthe group
consi sting of 7535 7554, 7677, 7683, 7695, 7862, 31,

S Gonvéhibnt ??théﬂﬁ'méﬁp opﬁ@gﬁ%ﬁééfsggfgﬁ'y there are

l'even ‘ection i on probes being
capable of hybr|d|3|ng to the CpG site at positions

75’39'?era5f§5lﬁe paf 6f prln?&ggre §f§@5lD N5§Gﬁ' andies, 37, 43, 52

and 58, respectively, in PV- 16 genone.
Conveniently, the kit further conprlses at | east one

amhﬂﬂag{]yocb@, tﬁémﬂl:ﬂ]lrmeﬂ&om&@eﬁﬁbbbﬁldﬁgmﬂtéc@orﬁpl’ﬁﬁélthé @6tection
e _human [ mavi rus a ent  t
" GIRE CHMENSED B RSHAR BT AFIG BN Rl GRS e CPe
a sitetvitic b ditst memug kenperttore anddietret cphisie BRhKRibismE 1 the site with a
d [ bej I fr onor dye
CRhes, AleBhERRAE LSRR S SHBH L O S0 Blohed ™ o
anchor probe being selected fromthe _
Preferably, the human paplllomavirus 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



WD 2004/ 090166 PCT/ SG2004/ 000069 10 ot her of the donor
dye and the acceptor dye, the donor and acceptor dyes
bei ng such that they are capable of fluorescence
WESHIARNAEs €Nergy transfer when they are in QARG20 4/000069
proximty to one another. 5 Preferably, the donor

s Fluorescein .and the acceptor dye is sel ected from
the group conS|sting of Light Cycler-Red 640 and

Li ght Cycl er-Red 705. Advantaqeously, t he detection
-probe is capabl e of hybr|d|3|ﬁg to the CpG site at
position 7862 In the HPV-16 genone. 10 Conveniently,
‘the agent |s selected fromthe group consisting of

sodi um bi sul fite and potassi um per manganate. BRI EF
DESHR pithexonsr dyppniiiegoreniondyering donor gng ageeptor dyes being such

di mmw%arpa%@mnb@wme ‘Pésoﬂa@&réd ﬁénstrmvﬂép\&h are in
i stribution of Gs In the

p&&s?PEﬂ’f’W‘WE}QC’PﬁPBﬂEW 7906/1 to 96) and In the E6
gene of HPV-16 (position 97 to 559) and the position

ovEFTBERAe AT o I, B St o HecscBPhir dus s sgisctep fiom the

ot lgeyup20nsisting of Light C@lerfRea 640fandidghECygerRed TEsi t i on
502). Also shown are anplicons P11, P2 and P5 whose
respectlve prinmers are shown in Table 1. Fig. 2 Is an

| netgardagenyskyg theodelecion wokanisneppahle ofdwbifidisingfto they SpSesite at
t r 3si8ed Pdd20R bV a8 ikhéde ng that simlar anounts of
%gn E7 trgnsecqrﬁil:pts%are generated by Sl Ha and 25
10 CaSkl cells. GAPDH (gl yceral dehyde- 3- phosphat e

defc&hwg@ﬂ@swe ag’éﬁm @dle@8d oM th@?&fup%@ﬁglﬂmb of soclilum bisulfite and
an agar ose ge

transcr.i s an | mage o
cﬂﬂ? Fh‘??" gQﬂ’\age of genomic PCR of SiHa HPV-16 DNA
at I X 1OX and 100X concentratl on conpared w th CaSki

This confirnms the
. 5SS AT T8 cells. Fig. 41s
15an i mage of agar ose gels foll ow ng the analysis of the

t; R :
(coﬁr]g e@p% %ﬂ g?%rﬁ’rﬁ?tl? reggggnt l%% @@ﬂt ok tﬁe H%PV ‘rI]G genome. [t
L CRhows ¢hevaistibationod @pSs In the LCR (posmon 71564 1hroug 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

20 one in the 3' part of the E6 gene (position 502). Also shown are amplicons P11, P2

01

and P5 whose respective primers are shown in Table 1.

Flig. 2 is an image of an agarose gel showing the results 6f reverse transcription PCR

confirming that similar amounts of E6 and E7 transcripts are generated by SiHa and
25 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
30 atlX 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 1o the E6 gene). P2 (containing the LCR) and



11 PCT/ SG2004/ 000069 P11 (containing just E6 pronoter
sequences). (The anplicons are showmn schematically in
Fig. 1). Chronosonal DNA of SiHa and CaSki cells mas

not ¢ control, CT) or cleaved with either_of th

\ ¢ "06@'&}&{93 (Hpal I, H, and Mspl, M respect |P\9érs§;)z°°“/°°°°69
and PCR anplified to generate the anplicons P2, P5 and
P11. Each of 5 the three anplicons could not be
generated after cleavage with either of the two

enzynmes In the case of SlHa c#lls. This Indicates the

| ack of any nethylated CCGG sequences. In the case of
,CasSki cells, nost of the DNA was resistant to Hpal
digestion, but readily cleaved by Mpl, Indicating
rreryl(aomtahlmf JusheE® pramoter tsequensesyms{Thef aptpica@0are shown

%/Fn%@] g@ggﬁ h%ﬂrom&s% a'l BNADOf Sira &ar@aqw can%pwﬁ not cut
oW enes ,
5 cont:[ol GR% ot fapevh gt itnorest e enpiross (Hradl, Hodhe Wipl, M,
| ?fe%g?ésmgl?f ah&@loggahmm@@ﬁ) dehefate th@%rrPgTétﬁfoFQ_Sr P8&hii P&1. Each of
n

571 o raesanp lns Goul % b8 %ﬂe@geg o %%V@geswﬁ&eﬁaef of the two
segmmﬁ% IRthe die IdPtmkﬂeﬁcemse NPHIE Indfcatels ahé gk btelnrmnethylated CCGG
enaonucl ea esS e | C

Coseanepes it S5t oh ok hhr ABch b PSR RRIAR to Hoall
| ndigesttons butetdayiyatieaved wyohvtsrls Iadlcaﬂrighnebhnleﬂmofethese two sites in
Comog%fsthe %&ﬂ"ﬁ{/ Vc%gx‘és EP&&S‘H n indicates

out nost HPV-16 genones in
10DNA from CaSkl cells and tunor 6. The cl eavage pattern

) SRR gt g i oien s o e
rretLByll-'lalah@ khe| lang coniio! wgi@n @-GR)@any wlai'\@slm;ﬁtion *@e ampligong G1 to
B e fedtiol bRPBRIBMBItoAS G ReGBIER: SHoWh IFFamlBiich

|nc udes the genom c segment from position 7850 to
559 with the E6 pronoter elements, the E6 25 oncogene

15an Fik I63s baePeNPiages ef Qg?@éﬁesgéw §HWhglEfian(Tleafst ofthelBPYi16 genome
" e R0 Sedi ol BT oI B o8

Of NPBE L(figigclaneres eaclbjpemtoedamp!ea)blnmcateeluge;bylattm covppared with

h yp'qﬁggg\%gwc%r Onf 0 lcli?\ga )%att-gn'.? indRBfes @fﬂaé%etﬁﬂ% {hAughout

C resr's unnet h
anphost bIRY-thegenomss in E)Nmmm 8%k icalsaandlumoe &n B¢ Sleavage pattern

20 O"%o lﬂaeag%%pﬂg\‘ﬁweiﬂ%h&ﬂ Bf #13! 1atitgeREs FEthel Sidgl® HPVHE genome 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
25 oncogens 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 palr of agarose gels of segments of HPV-16 genomes subjected to McrBC
digestion (Mc), compared with controls (CT). The upper panel shows two typical
30 McrBC resistant (l.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.



anplicons fromasynptonmatic cervical snears. WO
2004/ 090166 PCT/ SG2004/ 000069 12 DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The data in the exanpl es provide

el || evi dence that the HPV-16 genone i
‘gggﬁ"é‘("éﬁ?g y modified by cellular DNA nethyl a?’FE’RF”a?f‘(&““"G”
show the role which DNA 5 net'hylation has in the
HPV- 16 bi ol ogy, and how net hyl ati on can be used to
understand the etiology of and to di agnose cervi cal
cancer. HPV-16 DNA may not bec@ne recogni zed as a
nmet hyl ati on target by a single physical property. It
is not targeted only as an epi sone, since nethylation

was pt omati ¢ snear s
COrH ) i) eBREREMBCPDIMENTS16, but al so iin
i nvasive tunors and cell lines, which typically

co [ V- 16 enones .| ntegrated |I.nto chronosonal

o e T coxe B Broudstcer sl avipiod, it BRI T genpme s
pr edféigiendld modifiget by cel@ECDNAL ingthgibfion anWoshew $He ﬁd]el )whicdh DNA
ut ' ' P ' t te

P mefyiatdrt nos TRAGIRRF 10D, S SRIE Mot B 86 Toed 10
r egtidgrstanditheetinhagytaf and tordiagadsecendcabtandae si ngl e

HPV- 16 genone. It has been proposed that

rec i nation events provide a de novo nethyl ation

Si d?é‘?-w%@@t nohpejome, sReeomFed 8% BSpiaiphdanget by a single
AL it b7t an ofE NS TGN s

i

1655 GHseve8 5ol e Foeviermtorale Sy SRR PGP reptieting HPV-

Isi N8, ey aice im jnvhsitre ttivadrs garaiupel driesCinichi tygﬁiaﬂﬁfcﬁﬁbinVﬁPV-'lS
(o]0 th a nat i ent,, can 0

T S L T M
enHbpught 1o hei 2 preferred target Soo FpGf methylatiamn (Yaden et Sl dmit in situ,
p ey . ) di N
gL .0, 055l AL A Moo M g i

15 Mdthipoarddta the arptranscriedvedd of theesinghe HPV-16 genome. It has been

t 1 45 5dse the® RombirdGén ¥RintsaRoVidde e H&%ﬁﬁmeﬂ/latiér{‘éi?nal (Remus et
cle is restricted to

enhgncer. The normal HPY- lifec

asyAptRoREblY £oTeRRaR 'P%H’s’y%\}% 6Eﬂefliy|a}él%'? prsgme tymprse

carci nogenic progression is an accident, as there Is

no r ' producti.on. ~Consequent | he hi

"o hBeko YRl iRl 8B oSBMSHRDR ot htlon or
20as V-6 CRA®E nepiolitwe ki singuiay ancheimplatpattetmabut that groups of CpGs

rre.tiﬁléltérhélwé IJJcCﬁ%iBFE Enoo&/itti)gﬁrm(/é‘r@)deﬂ%h Jo@c&h? hRX3¥ied. Methylation

Wi | e I'n o0 -be bound by the "exac :

not w s

t
necqﬂmn@fﬁustw%pfgameghanp@r indigatep prrsessipn 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
25  independent of this enhancer. '

The normal HPV-16 lifecycle Is restricted to asymptomatic Infections and CIN lesions,
while cérclnogenlc progression Is an accident, as there Is no further virus production.
Consequently, the high prevalence of methylated HPV-16 genomes in asymptomatic

30 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,



views m ght explain this observation. WO 2004/ 090166
13 PCT/ SG2004/ 000069 The cell nmay have an antiviral

defense that senses viral DNA as foreign and targets

' f ranscriptional repression. Alternat]
wrr(% %‘1%"9’?5"%&6 b tééﬁédzoo%w

Ion may be yet another exanple of t
numer ous strategi es devel oped by HPVs that favor a
subclinical, long term maintenance of the vira
I nfection (Bernard et al.). Such a nodel would be 5
rem ni scent of the Ilfecycle 18f Epst ei n-Barr-Virus,
whi ch includes DNA nethyl ation- dependent S|IenC|ng of
. a specific pronnter during one form of |atency
(Robert son, Li kewi se, the HPV
cJﬂieaaehmMIhémraantMrai gefensesthatseases W&h@@Ar?étf‘Png Bang fargets it

1%%&%3@%1' ?Hp?é%%n unmﬁatﬁgsrenmnﬁhbmy@n@w nwlyl bee yet another

under erent conditi
o Eaeas emer s eEge deigrp B S TRt - Faginica. org
NUeine Malnteints of alid sied Rfectione@emand 6SaniSeich & makel) would be

and 1 it th .

5 ¢ e S Ml S pEEoAERl 0 ) o BBE L mefion
andepgndent elldfmsﬁhg afet $peclit ipoomater durieg @@ntfenxm obfatensy t(Rppertson,
We%IDL&I ar genes (Brandeis, M at a!. and Forrester, 15

et al.). Preferential nmethylation of |ate genes
may suggest an additional role in the early-late

W'f {sémse W Ifﬂbv 8ndind Wby bérﬂélﬁh%c@lﬁﬁﬂbperﬂd@{h‘at iduce methylation

erenti a rompt er = usa el
10 an@PWts‘ﬁt&B& |Uﬂ?ﬁr(@(§'P@e|°°’9‘%}°@s 3’#’&%' G%E%SL:?%% lons this
mbehdﬂwvr%&,bé We@t‘fallédcﬂ'h‘se:oofd b&ecﬁmﬁedcw the caresyag nuclear

oy mab et tedns Sfikgiet B ST sy Sl Mg Hoprofholehof ail

r eyérital HPVS ruéan epak)eBethi ejerhamts dege Whert reporidd e yan%/agonize DNA

o, e g Rl B cof ok ogREF BRAIC 1 Bt P Eind Forreser

15 C eWch atal)c Eraf@entiahmathpbtwrecpfﬂatp SPRRS raay Wg_gﬁst[ﬁﬂﬂﬁ"tlonal role in
Pag/el dé?ﬁﬁ%b réd\ﬁtcﬁpwﬁiér@ is & hﬁultlfg@étéw dvete ISRNHY 8FfBrential promoter

D il dotaersond A SRS o 5 SEALTRS O, ot 1)

Preferably, the sanple |Is obtained froma cervical
B yagerc St fihe rbbtuak FaRariIBL neBYbT BB Genome,
20| ntreodath édthend@aniples spawnmmb\aercqﬂleeMargisgwﬁ@esoby rqvgaling the
b Earn TS TR il eghgrmpa o exists as an
Thus, the present invention relates, in general, to a method of diagnosing cervical
cancer in a patient infected with human paplliomavirus HPV-16. The method
25 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 patlent. The human papillomavirus DNA s, In some embodiments, the HPV
genome whlch. has integrated into the patient's celiular genome or, in other
embodiments, the HPV. genome which exists as an episome in the cervical cells of
30 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 “CpC”
sites In the genome are those consisting of a cytosine residue directly 5' to a guanine



30 the patient. The nmethod al so conprises the step of
determ ning the presence or absence of-nethylation of
CpG sites In the HPV genone In the sanple. The "CpG'
sites in the genone are those consisting of '
WOWIHRI6Ei rectly 5' to a guani ne WO 2004/ 090'?%1%%2%%&8069
PCT/ SG2004/ 000069 14 residue. In different enbodi nents
of the invention, the deternination of the presence

*or absence of nethylation is carried out in different
ways, as is explained bel ow. "fhe greater the absence

of nmethylation of the CoG sites the nore Indicative of
.the 5 presence of cervical cancer or, alternatively,
the nore Indicative of the progression of the HPV

i nfesidug.oln difterenttembodimentsent thetiavestions tasdeterminatiop oé therpsesence
Of o BBk et Fidinyldtioh R ari¥d dubth ditfeRsiit Wé??],%fs I$ 8%pHAicad below.

| esions of I1ncreasing severity. Thus e lower the
presence of nmethylated CpG sites the greater the

| Ntihe globten tHef atiteRel e5mbBylaiionosNthe TpC sitel aivd riond indiicative of the
e cervical car S

to | nvasi [ cin . Conversel y. t

5 o1 BIRPEITO(0h GorT B FPECR P BB 1B Br et o fig grogression of
Si treHPV Infsction ® 4 trahstarmied statd) auch aethpatrésente pba precursor lesion
as tomatijc. i ' t th
R Bt I v 955 STRRCLARL Sond st o e
dopeser@e ¢fr meihglated Qpalsiteaithey ereatestthe dndicatien of eearession from

Of < Gselinfibi ahs Eq"éﬁc’?or P@é@lveléer(ﬂ@élh@a’rclﬁérﬁé{.i desnRrsely, the greater the
est tor th

guantitati vee . ebgrogressn on of HPV i'nf e%tl on,

10t o presenagnefnemethylatien ok thel GefS 1ep ha speredndieattyethal the patient s
W L Bibtbhbtc, speci fication, the word "di agnosis” means
not only the steps |leading to an unequi vocal
Identification of an ailnment but also steps |[eading
t 0 TRON i isbt Carybddihentsrat itheen inwbtioh, dhepmethiodi afidiegmosinge cervical

ALY g

15 s rathérarovidbsi ssquamtitalié: tesif-the ptogresdien iohHRVdefeetiondamelignancy.

Cod eIt bE YapRaHiet RS EREIBRRRE NGRS detnbliS” means
Thenot ently thalsteBis ddasing tean usashyrgaliidentifigalpn pf m%%gut also steps

datl?ﬁgﬁeto o tﬁg&?nﬁfgfmﬂﬁgmﬂ{iﬁf al §i9jsRAn0éarHBYe When forming an.

i
bet we t he 2% ositions 7498 and 161 contai ns el even
Cp©pimanRs te vhabrsalment may Bysi t i ons 7535, 7554, 7677,
2076%$3, 7695, 7862, 31, 37, 43, 52 and 58. The enhancer

bR ety R BB S Rppd @Rt pvero

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

25 positions 7498 and 161 contains eleven CpG dinuclectides 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. Therefors, the presence or absence of methylation at

these eleven CpG dinucleotides is determined In order to Indicate the existence or

30 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 towarcis malig‘nancy.



and E7 oncogenes In HPV. Therefore, the presence or
absence of nethylation at these el even CpG
di nucl eotides Is determined in order to Indicate the

WBOMBHEC"] « *had been Tound that thoge - par [CESAp e

CpG di nucl eotides are particularly Indicative of the
status of HPV-16 infection towards malignancy. WO
2004/ 090166 PCT/ SG2004/ 000069 15 Thus, in preferred
embodi nents, the presence of IRethylation at all of
these el even CpG dinucleotides indicates that there

. 1's no progression towards malignancy. in preferred
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20

25
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After digestlon'by McrBC, the digested genome [s 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
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In another embodiment of the present Invention, the presence or absence of
25  methylation Is determined by adding sodium bisulfite to the sample. Sodium bisulfite

- has the effect of selectively modifying unmethylated cytosine residues to beco‘me
uracll 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

30 contalns CpG sites. The resulting amplicon is then sequenced uslng. the same
primers. The presence of a uracll residue In place of a cytosine residue which Is part
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30  from the first under the circumstances described below,
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25 reached and thus whether or not the CpG site contains a uracll resldue instead of a
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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
detectlon probe added to each sub-sample is of a different sequence, each detection
30 probe being complementary to one of the eleven Cp@G 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
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It Is also to be appreciated that the term “selectively modifying” also Includes the

situations in which, although modification is attémpted, no CpG sites are actually

modified. For example, if sodium bisulfite Is added but all cytosine residues at CpG
25  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.

. ItIs preferred that the amplicon Includes at least one of the CpG sites between
30 positions 7498 and 161 of the HPV-16 genome. The DNA primers consist of the
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by protocol provided in Example 6 can be used.

In embodiments In which there Is sodium bisulfite modification of the HPV genome, it

25 s 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-186.

In other embodiments of the present invention, kits are provided in order to detect the
30 methylation state of the HPV-16 genome In the cervical cells of an Individual
suspected of having cervical cancer. Accordingly, In one embodlfrnent, the kit
comprises a methylation-seosltive endonuclease, such as McrBC and DNA primers
as described above as belng sultable for PCR amplification following McrBC
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complementary to a dlfferent CpG slte 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 dlagnoses of cervical cancer in a readily accessible
fashion.
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20 similar to the human host, suggests a function of CpGs in the biology of genital

HPVs.
Example 2

25 The cervical carcinoma cell lines CaSki and SiHa contain about 500 and a single
genome, respectively, of HPV-18, integrated into the chromosomal DNA. The HPV-
16 genome of SiHa Is Integrated by interruption of Its E2 gene at the positions
3132/3384, accompanled by deletion of 251 nucleotides of viral sequence (Baker et
al.).

30
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 eplgenetic repression mechanism.
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confirmed that SiHa and CaSkI ce Is express%m lar & tfrE%I él%‘E’f‘ﬂgnscnpts
In spite of the large excess of HPV-16 genomes in CaSki cells (Baker et al.).

20 Example 3

To Inquire whether CpG methylation may explain the observation of Example 2, the
methylation status was analyzed of the two Hpall/Mspl! sites In the LCR and EG gene.
These sites are present in the PCR amplicons P5 (corresponding to the E6 gene), P2

25 (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.

30 Chromosomal DNA of SiHa and Caskl cells was separated into samples which were
elther not cut (control, CT) or were cleaved with one of the two enzymés (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
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of CaSkl HPV-16 DNA at | X concentration were al so
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agarose gel which is shown in Figure 3. As can be seen
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transcripts whereas Figure 3 shows that CaSki cells
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SlHa cells. Therefore, this exanple confirnmed that

Si Ha and CaSki cells express tmlar levels of E6 and

E7 transcripts, 1In spite of the |arge excess of

+HPV-16 genones in CaSki cells (Baker et al!.). 20
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HPV- 16 genonme of Sl Ha cells. PCR was carried out In

25

| containing 0.2 mM of each of the four dNTPs, 10 pnol

prinmers, 2.5 1 of buffer B supplied by the producer

M%“ﬁ@@‘s 2 MM MA 2 and 0.75 units Taq (PpepeEa /000069
W

or 0.25 | of SIHa and CaSki DNA, respec Ive

15 uncl eaved or cleaved by McrBC. The PCR started at

94C for 1 mn followed by 35 anplification cycles
(denaturation 94C, .10 sec, anneagling 58C, 30 sec,
extension 68C, 45 sec Increasi by 10 sec per

cycle), final extension at 68 C, 7 mn. PCR wth Taq
Gold was, carried out In 25 | containing tenplate DNA,
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CT/ SCgsk TCTATGCTTTACATCC
i i conPrtmer Posi ti onSequenceSEQ P

G3dd GLF5143534GT %EQE@AG“&W@A%A@AGCATAGACC
R1528- IGSRATTCBEHAAPCT CAKEEEGTGTCTGGCTCTGAT
GRG&2F1501- 1520GAGI TATACGGEGTGAGTTT3

GAZR2526345 05 CAREEGIAHAT CAGCSASTAKBSATICAGAGCCA

G363F25B4R 2522 QRG99 GT ABBCCATAERCCBAATGGAAT

G3R3501. 3481 TTTCCGGTGFCTGECTCTGAT6
GEAGAF34G5F 3490 AGTHACTNAGAGGRGGBITABGAATTGGAAC
GAR447 283R 53 GGEaIZ-6I8CCCABATERAGAGGGTACAGATGG
G5 G5F4402- 4421 GGTGRGTTAGGAATTGGAACY
GEGH R5402G87383 CA BS ASAREGT ATHE TAGAAGCCCGGTACCAT
BB F538IR 5386 PRUAEHACCCETLRREAIRTGGTTCTGACA
G7G6R637%i _gg,sla%@T%ﬁa@w CATATGGC
GrGrre Gm6367 G cJ AAE‘EEG‘ATim

T173-715 AATACTTACAGC
G8 G8F 7145-7184 CGTAAGCTGTAAGTATTGTATGTA
TGTTGAATTAGTGTTG
G8R 559-528 TTACAGCTGGGTTTCTCTACGTGT
+ TCTTGATG
P2 P1F 7145-7184 CGTAAGCTGTAAGTATTGTATGTA
TGTTGAATTAGTGTTG )
P2R 122-94 CCTGTGGGTCCTGAAACATTGCAG
. TTCT
P4 P4F 7851-7886 TGTGTGCAAACCGTTTTGGGTTAC
ACATTTACAAG
P1R 569-528 TTACAGCTGGGTTTCTCTACGTGT
TCTTGATG
P5 PSF 99-132 ATGCACCAAAAGAGAACTGCAAT
GTTTCAGGAC
PSR 559-528 TTACAGCTGGGTTTCTCTACGTGT
TCTTGATG
P11 P11F 1-38 ACTACAATAATTCATGTATAAAAC
TAAGGGCGTAACCG
P2R 122-94 CCTGTGGGTCCTGAAACATTGCAG

TTCT

SEQ 1D NO:
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G7R7173- 7150 CAACATACATACAATACTTACAGCL4A
GBGBE7145- 7184CGTAAGCTGTAAGTATTGTATGTA 15
TGTTGAATTAGTGTTG G8R559- 528 TTACAGCTGGGTTTCTCTACGTGT 16
TCTTGATG P2P1 F7145-7184CGTAAGCTGTAAGTATTGT%@' o060
WHAGTGTTG P2R122- 94CCTGTGGGTCCTGAAACA 4
TTCT P4PAF7851- 7886 TGTGTGCAAACCGTTTTGGGTTAC 19
ACATTTACAAG P1 R559- 528 TTACAGCTGGGTTTCTCTACGTGT 20
TCTTGATG P5P5F99- 132ATGCACCAAAAGAGAACTGCAAT 21
GTTTCAGGAC P5R559- 528 TTACAGCTEEGTTTCTCTACGTGT 22
TCTTGATG | P11P11F1- 38ACTACAATAATTCATGTATAAAAC 23

. TAAGGGECGTAACCG P2R122- 94CCTGIGGGTCCTGAAACATTGCAG 24
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Example 4

A screen with fhe restriction enzyme McrBC is more powerful than the analysis by
Hpall/Mspl, as the McrBC enzyme cuts close to the sequence purine-meC (PumeC)
in the context of a second, arbitrarlly spaced PumeC (Sutherland, E., et al. and
Stewart, F.J. et al). As a consequence, McrBC recognizes pairs of PumeCpG
residues, and, on the average, cleaves every other meCpG, while Hpali/Mspl
analysis resolves only the methylation status of one in 16 CpGs.

The HPV-16 genome contalns 112 CpGs, and 81 of these are part of the sequence
purine-CpG, thus belng 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 amplifled 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 amplicon 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 pl NE buffer 2 (50 mM NaCl, 10 mM Tris-HCl,
10 mM MgCl,, 1 mM dithiothreltol pH 7.9).

As expected from the Hpall/Msp! 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

_ reproduclble 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,
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in the segment from 515 to 2526 (see Fig.6). Differential cleavage by McrBC was not

20 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 efficlently cleaved In CaSki, SiHa and T6 DNA, in
contrast to G2, which has elght sites.

25 The DNA from a carclnoma, whose LCR-E6 segment had, like those of nearly a'll
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 Flg.
6). The segment 5367-6370 led only to a weak amplicon.

30 The complete HPV-16 genome of a precursor lesion (cervical intraeplthelial
neoplasia |, 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.
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. DNA from 48 clinlcal specimens from New Mexico and 33 from Brazil were
examined.
25
Brazillan 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 blopsies.
Cytological and histopathological analyses followed the Bethesda system. For
smears classified as “asymptomatic”, ectocervical and endocervical cells were
30  collected with a cytobrush. Tissue blopsles were classified as cervical Intraepithelial
lesions (CIN | and lll) 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



DNA of tunor 4 was not cleaved by MrBC throughout the
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Br dwpérmeghylatede wisati DAL, none of 3 CIN 1 lesions, and 2 of 16 samples from
carclnomas. One of these two carcinoma DNAs was lightly methylated, the other
one, tumor 6, strongly, and was described In detail above. Among the New Mexican
20 samples, DNA of § of 11 asymptomatic smears contained methylated HPV-16
genomes, 3 of 10 CIN | leslons, 2 of 10 CIN Il 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 carclnomas, indicating that methylation of the LCR and the E6 gene decreases

25  with progression of the infection.

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

30
This Example shows that HPV-16 methylation is frequent in asymptomatic smears,
uncommon in precursors leslons, and rare in carcinomas.
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¥:r)}i(<))tsl(l%remrtei'%igueaSS(3 olgescfo%es@rggll ?essldgeé\.l 1ﬂ]1p?éotoo laborious to analyze

completely 7.9 kb genomes In numerous samples, this technique was used only for
selected samples and an analysls of the enhancer-promoter region between the
genomic positions 7498 and 161. This region contains eleven CpGs at the positions
7535, 7554, 7677, 7683, 7695, 7862, 31, 37, 43, 52, and 58 (see Fig. 1). The first five
of these CpGs are In close proximity to Important AP1 and NFI sites of the HPV-16
enhancer (Bernard et al. Apt, D et al., and Gloss, B ef al.). The last five CpGs overlap

~ with an Sp1 and two E2 binding sltes, which regulate the transcription start at

position 97 (Demeret. C et al. and Apt. D et 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 speclfic 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. MspaF (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
(4322-4946) served as a control and did not differ in SiHa and CaSki, as all four
CpGs of this amplicon wére methylated.
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preci sely by sequencing after sod
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ge¥Amelegosi ti ons 7498 and 161. This region contains
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control s. Msp4F (7498-7522,

In five asymptomatic smears, all eleven CpGs were methylated. In two CIN |
samples, three and four, respectively, of the five CpGs at the promoter were not
methylated, whlle all CpGs of the enhancer were methylated in one sample and two
In the other one. A CIN IIl 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
leslons. This site Is the only CpG dinucleotide between two specifically positioned
nucleosomes aﬁd close to an AP-1 slte 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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met hod according to claim1, wherein the presence of
nmet hyl ati on at all of

2 A method according to claim 1, wherein the presence of methylation at ali of
sald eleven CpG dinucleotides is Indicative of the absence of cervical cancer.

3 A method according to cialm 1 wherein there are CpG dinucleotides at
positions 37, 43, 52 and 58, in the HPV-16 genome, the absence of methylation In at

20 least one of said CpG dinucleotldés 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

25 7862 is indicative of at least a precursor lesion of level CIN 1.

5 A meth;:d according to claim 1, whereln step 2) comprises the step of
digesting the HPV-16 genome with a methylation sensitive endonuclease.

30 6 A method according to claim 5, whereln step 2) further comprises the step of:

adding primers to the sample and effecting the PCR process, the primers being at
elther end of an amplicon containing at least one CpG slte susceptible to cleavage by
the methylation sensitive endonuclease and;



sai d el even CpG dinucleotides is indicative of the
absence of cervical cancer. 3 A nethod according to
claim1 wherein there are CpG di nucl eoti des at
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according to claim1, wherein the HPV-16 genone has a
CpG dinucl eotide at position49d862 and wherein the
absence of nethylation at position 25 7862 Is
indicative of at |east a precursor lesion of level CIN
I. 5 A nethod according to claim11, whprein step 2)
c ompaliysing theltésults epthe PCRroeess tmdeterina-hethe sgisialigast one CpG
Wi tion sensitive endonucl ease. 30 6 A
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the at least one CpG site.

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

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

. process.
25 '
13 A method according to claim 9, whereln step 2) further comprises the step of
sequencing at least a portion of the HPV-16 genome containing the at least one CpG
slte after the step of selectively modifying the cytosine residue of the sald eleven
CpG dinuclectides.
30

14 A method according to claim 9 whereln the step of selectively modifying the
cytosine resldue of said eleven CpG dinucleotides comprises adding sodium bisulfite
to the sample in order to modify umnethylated cytosine residues to uracll residues.



"11 A nethod according to claim 10 wherein the priners
are SEQ ID NOs. 27 20 and 28. 25 30 12 A net hod
according to claim10 wherein step 2) further
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after the step of effecting the
process. 13 A nmet hod according to claim9, wherein
step 2) further conprises the step of sequencing at
| east a portion of the HPV-16 genone containing the at
| east one, CpG site after théistep of selectively
nodi fyi ng the cytosi ne residue of the said eleven CpG
dinucleotldes. 14 A nmethod according to claim?9
wherein the step of selectively nodifying the
cytosine resi due of said el even CpG-dinucleotides
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cytmadifpiag siepl due of the. CpG site has been nodifi ed;
and nonitoring the hybridisation of the detection
probe to the .portion of the HPV-16 genone containi nlg
10 ha&peﬁsmmoaac@prdm@eclaim 1ocuithar sompesngthedtensips adding to the
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and detecting the emisslon of light at the second wavelength over the range of
temperatures.
20
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 slte at positions 7635, 7554, 7677, 7683, 7695, 7862, 31, 37, 43, 52 and 58,
25 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
30  with HPV-16, comprising the steps of:

1) providing a sample contalining the HPV-16 genomic DNA from the cervical
cells of the patlent; and



such that they are capable of fluorescence resonance
energy transfer when they are in close proximty to
one anot her; exposing the sanple to light at the first
and detecting the em ssion of |
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20 17 A nethod according to claim 16, further
conprising the stepp of: dividing the sanple Into
el even sub-sanpl es; adding to each sub-sanple a
detection probe and a correspdRdi ng anchor probe, the
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7862 31, 37, 43, 52 and 58, 25 respectively, on the
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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  AKitfor 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 ellther end of an amplicon, the amplicon containing
at least one CpG site between positions 7498 and 161 of the HPV-16 genome
susceptible to modification by the agent.



HPV- 16 conprising a nmethyiation sensitive endonucl ease
and a pair of priners defining either end of an
anplicon within the HPV-16 genone, the anplicon
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22 A kit according to claim 21, wherein the priners
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,assessing the progression of cervical cancer in a
patient Infected with HPV-16 conprising: an agent
capabl e of selectively nodifying the sequence of a CpG
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CpG8site at the position in the HPV-16 genone sel ected
fromthe group consisting of 7535, 7554, 7677, 7683,

. 7695, 7862, 31, 37, 43, 52 and 58. 15 28 A kit
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genome.

.20 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
- 25  other of the donor dye and the acceptof 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 clalm 29 wherein the donor dye Is Fluorescein and the
30 acceptor dye Is selected from the group consisting of Light Cycler-Red 640 and Light
Cycler-Red 705.



7554, 7677, 7683, 7695, 7862, 31, 37, 43, 52 and 58,
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hybridising to the CoG site at position 7862 In the
HPV- 16 genonme. 32 A kit according to claim24 wherein
the agent |Is selected fromthe group 5 consisting of
sodi um bi sui fite and potassi um per nanganat e.



